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Air Resources Board
PUBLIC MEETING AGENDA

REVISED

05-7-5:

LOCATION:
Air Resources Board
BPQJI Sw Audthriurn, Second Floor
1001 1 Street
Sacramento, California 95814

This facility is accessible by public transit. For transit information, cat1
(916) 321-BUSS, website: htt~://ww.sacrt.com
(This facility is accessible to persons with disabilities.)

Public Meeting to Consider a ~esolutionProviding for $oard Ratificationof Future
Memoranda of Understanding Before They Become Effective

The Board will consider adoption of a Resolution, pursuant to Health and Safety Code
section 39516, providingthat the Executive O f f i c e F m ~ future
n ~ memora~of
understanding (MOU) and similar agreements with air pollution sources for emission reductions,
and present them to the Board for ratifcation; no such MOU or agreement shall be effective until
ratified by the Board by resolution at a public meeting.
05-7-1:

Report to the Board on a Health Update: Research Findings from the Southern California
Particle Center and Supersite

Staff will present results of recent research findings from the Southern California Particle Center
and Supersite, which receives some of its fmding from ARB. Much ~f thejr ARB-fugdec! work
consists of animal inhalation toxicology studies using concentrated ambient particulate
matter (PM) near freeways. Their results are contributing to a better understanding of the
measurement, sources, size distribution, chemical composition and physical state, spatial and
temporal variability, and health effects of PM in the Los Angeles area.
05-7-4:

Public Hearing to Consider Adoption of Proposed Malfunction and Diagnostic System
Requirements for 2010 and Subsequent Model Year Heavy Duty Engines (HD OBD)

Staff is proposing adoption of a regulation for heavy-duty engines to implement on-board diagnostic
(OBD) systems to monitor virtually every emission control for malfunctions that increase emissions.
OBD systems predominantly use the existing on-board computer, sensors, and actuators to verify that
emission controls are working as designed. The proposal includes, for some of the major emission
controls for diesel and gasoline engines, monitoring and detection of malfunctions before tailpipe
emissions exceed specified ieveis. The proposal also requires industry-wide standardization of how
the OBD system stores and communicates fault information to electronic tools that technicians use to
diagnosis and repair malfunctions. Staff proposes a phase-in for implementation of these
comprehensive OBD systems on 2010 through 2013 model year engines.
05-7-2:

Report to the Board on the Draft Planned Air Pollution Research for Fiscal Year 2005-2006

The draft report, "Planned Air Pollution Research for Fiscal Year 20052006" provides project
concepts for ARB'S extramural research program for fiscal year 2005-06. The proposed concepts
in the plan will be brought to the Board in the future as fully designed research proposals.
05-7-3:

Public Hearing to Consider a Research Proposal

A Study to Quantify Incremental Improvements in Air Quality, University of California, Berkeley,
Proposal No. 2586-248.
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TO SUBMIT WRllTEN COMMENTS ON AN AGENDA ITEM IN ADVANCE OF THE MEETING:
CONTACT THE CLERK OF THE BOARD, 1001 1 Street, 23d Floor, Sacramento, CA 95814
(916) 322-5594
FAX: (916) 322-3928
ARB Homepage: www.arb.ca.eov

To request special accommodation or language needs, please contact the following:
TTYITDDlSpeech-to-Speech users may dial 7-1-1 for the California Relay Service.
Assistance for Disability-relatedaccommodations, please go to httD://www.arb.ca.gov/hml/ada/ada.hm
or contact the Air Resources Board ADA Coordinator, at (916) 323-4916.
Assistance in a language other than English, please go to
httv://www.arb.ca.~ov/as/eeo/lan~uaneaccess.htm
or contact the Air Resources Board Bilingual Coordinator, at (916) 324-5049
OPEN SESSION TO PROVIDE AN OPPORTUNITY FOR MEMBERS OF THE PUBLIC TO ADDRESS THE BOARD
ON SUBJECT MATTERS WITHIN THE JURISDICTION OF THE BOARD.
THE AGENDA ITEMS LISTED ABOVE MAY BE CONSIDERED IN A DIFFERENT ORDER AT THE
BOARD MEETING.

SMOKING IS NOT PERMITTED AT MEETINGS OF THE CALIFORNIA AIR RESOURCES BOARD
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STATE OF CALIFORNIA
Air Resources Board
Research Screening Committee
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The Air Resources Board's (ARB) Research Screening Committee will hold a public
meeting at the time and place specified below to review and consider five interagency
proposals. The items for review and approval, and any other matters that will be
presented at the meeting, are'fisted on ilie afiached agentla. The piesentation and
discussion of the Planned Air Pollution Research for Fiscal Year 2005-2006 with the
Board will begin at 9:00 a.m. in the Byron Sher Auditorium. Upon completion of that
-- fefemhg
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Date:
Time:
Place:

July 21,2005
9:00 a.m.
Cal/EPA Headquarters Building
1001 1 Street, Room 510
Sacramento, California 95814

If you have any questions regarding this meeting, please contact Bart E. Croes, P.E.,
Chief, Research Division, Air Resources Board, P.O. Box 2815, Sacramento, California
95812, at (916) 323-4519, or bcroes@arb.ca.gov.
This notice and the advance agenda containing a brief summary of the items are
To
available on the ARB Internet site at htt~://www.arb.ca.aov/research/rsc/rsc/htm.
obtain this document in an alternative format, please contact the ARB Americans with
Disabilities Act Coordinator at (916) 323-4916, TDD (916) 324-9531, or (800) 700-8326
for TDD calls outside the Sacramento area.

Catherine Witherspoon
Executive Officer
Dated:

Jun 29,

2005

Attachment
The energy challenge facing California is very real. Every Californian needs to take immediate action to reduce energy
consumption. For a list of simple ways you can reduce demand and cut your energy costs, see our Web-site at www.arb.ca.aov

Location #2:

Location #3:

4518 Whisper Way Road
Troy, Michigan 48098

Environmental Protection Agency
National Health and Environmental Effects
Research Laboratory
Research Triangle Park, North Carolina 27711
Phone: 919-966-6255

State of Catifornia
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Joint Meeting with the Board and the
Research Screening Committee
To Present the Planned Air Pollution Research
Fiscal Year 200512006
CalIEPA Headquarters Building
1001 I Street
C-"m
!%%
Sacramento, California 95814
(916) 4454753
July 21,2005
9:00 a.m.

Minutes of Previous Meeting

Paqe

April 29,2005
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lnteraqency Proposals
1. "Foll~w-ondevelopment af CARBITS",
University of Califomia, Davis, $100,000,
Proposal No. 2587-249

Bill Dean

2. "Indoor PM Health Effects", University of
Califomia, Davis, $400,000, Proposal No. 2588-249

Ralph Propper

3. "Long-Term Follow-up of the Fresno Asthmatic
Ken Bowers
Children's Environment Study (FACES)", University
of California, Berkeley, $350,000, Proposal No. 2591-249
4. "Environmental Justice Saturation Monitoring of
Selected Pollutants in Wilmington", Desert
Research Institute, $399,994, Proposal No. 2589-249

Dongmin Luo

5. "Survey of the use of Ozone-generating Air
Jim Behrmann
Cleaners by the California Public", $99,997,
University of California, Berkeley, Proposal No. 2590-249

Other Business

6. Research Planning Process
7. Executive Office Meeting
8. Action Update

PLANNED AIR POLLUTION
RESEARCH

Fiscal Year 2005-2006

July 2005

The statements and conclusions in this paper are not necessarily those of the
California Air Resources Board. The mention of commercial products, their
source, or their use in connection with material reported is not to be construed
as either actual or implied endorsement of such products. To obtain this
document in an alternative format, please contact the Air Resources Board
ADA Coordinator at (916) 322-4505, TDD (916) 324-9531, or (800) 700-8326
for TDD calls from outside the Sacramento areas. This report is available for
viewing or downloading from the Air Resources Board's Internet site at
htto://www.arb.ca.sov/research/a~r/apr.
htm.

This report was prepared with the assistance and support of managers and staff from the
Research Division, Mobile Source Control Division, Monitoring and Laboratory Division,
Planning and Technical Support Division, and Stationary Source Division of the Air
Resources Board. We would also like to acknowledge the members of the academic
community, government agencies, private businesses, and the public who submitted
research ideas.

PrincipaO Author:
Annmarie Mora
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Summary
This report presents the Air Resources Board's planned air pollution research for the fiscal
year 2005-2006. Thirty-two projects are proposed. Twenty-seven projects are recommended
for funding and seven are recommended if funding is available. This research portfolio is
organized into five main areas of research: Environmental Justice, Health and Welfare
Effects, Exposure Assessment, Technology Advancement and Pollution Prevention, and
Global Air Pollution. This annual plan proposes research in these five areas, with a primary
emphasis on community monitoring, particulate matter (PM) health effects, exposure
assessment and control of fine and ultrafine PM, and greenhouse gas emission estimation
and mitigation. The proposed budget for the recommended projects is approximately
$6,800,000.

#a

43%

the cawsies, effects, and posdbie sdutions to air pollution problem in CaPirnia, and provides
support for establishing ambient air qualrty standards. The Board's research program was
established by the Legislature in 1971 (Health and Safety Code Sections 39700 et seq.) to
develop a better understanding of the various aspects of air pollution, including air pollution's
effects on health and the environment, the atmospheric reactions and transport of pollutants,

The ARB's mission to protect California's public health, welfare, and ecological resources is
bag&&.
,W,
2$JQa.61*The.
Plan is based on the ARB'S regulatory priorities for the next several years and provides
direction for the ARB'S research program. The four main areas of research identified in the
Strategic Plan are: Health and Welfare Effects, Exposure Assessment, Technology
Advancementand PoHutioiiPEvGtiin, and Global Air P o t k t i o n . T ~ y ~ ~ o t h e X i i i @ o f l ~
that guide this plan. These areas encompass the comprehensive mission of ARB's air pollution
research.
A
copy
of
the
Strategic
Plan
can
be
found
at
htt~://www.arb.ca.clov/research/apr/apr.htm.
4
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The proposed research projects are not intended to be exhaustive or exclusive. Unanticipated
opportunities, unique or innovative study approaches, or urgency may lead to consideration of
other projects.
Objective of the Research Program. The goal of the research program is to provide the
timely scientific and technical information that will allow the Board and local districts to make
the public policy decisions necessary to implement an effective air pollution control program in
California.
Process for Developing this Research Plan. The Board sends out a public solicitation
inviting and encouraging the public to contribute ideas for project consideration. Members of
the public, the academic community, and ARB staff submit research ideas. To aid in the
evaluation, the Board's Executive Officer established internal committees to review research
ideas. Proposed projects were examined for relevance to regulatory questions facing the
Board and modified as necessary. Committee members then prioritized candidate projects in
order of urgency and importance. The Board's scientific external review committee, the
Research Screening Committee (RSC), which was established by the Health and Safety Code,
reviewed these candidate projects. The list of projects, along with comments from the RSC,
was forwarded to the Executive Research Review Committee, whose members are the
Executive Officer, her three deputies, and the Chief of the Research Division. The Executive
Research Review Committee reviewed all of the proposed projects and established project
priorities. Selected projects are then placed into two categories: 1) those that are
recommended for funding, and 2) those that are recommended if funding is available. The
Research Screening Committee reviewed the selected projects and recommended the Plan to
the Board.
Implementation of the Plan. The next step for projects approved in the plan will be their
development into full research projects. The submission and selection of an idea does not

.

guarantee a resulting contract for the submitter. Rather, the ARB is required to consider public
California universities for expertise to execute these projects. If the universities do not possess
the expertise, then a public solicitation is issued or a sole source contract is awarded. There is
a list serve that individuals can subscribe to for receiving updates on research activities. More
information
on
the
list
serve
can
be
found
at
htt~://www.arb.ca.aov/listserv/research/research.htm.
Research Budget. The 27 recommended projects total approximately $6,800,000.
Project Cosponsorships. The Research Division is continually looking for cofunding
opportunities and other ways to leverage the state's research dollars. This effort allows the
ARB to be part of projects and studies that may otherwise be out of the state's fiscal reach.
ARB has had great success in working with other research organizations and has been part of
multimillion-dollar studies with nominal cash contributions. Several of the projects in this plan
have either confirmed or have potential cofunding dollars included in the cost category.
Summaries of Past Research. Ongoing research projects and projects completed since the
beginning of 1989 are summarized in the Research Division's publication, Air Pollution
Research,
which
is
available
on
the
World
Wide
Web
at
htt~:llwww.arb.ca.aov/research/a~r/~ast/~ast.
htm

Electronic copies of all of the Research Division's final reports are available for downloading at
the same web site.

Environmental Justice Saturation Monitoring of Selected Pollutants in
Wilmington, California...................................................................................................... 9
This project will expand current monitoring efforts, collect sufFicient temporal and
spatial data in order to i d e n t i hot spots of selected pollutants, allow
comparison with fine-scale modeling results, and demonstrate the usefulness of
low cost monitoring technologies such as passive monitors in EJ communities.
$400,000
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&Particles.. .................
............................................................I 0
This project will better determine the spatial variability of ambient particle
number concentrations
and thus im~roveestimates of human exposure to ult
-fine particles. $450,000
--

---

--

--

-

Mobile Monitoring of Ultrafine PM and Related Co-Pollutants in Community, NearRoadway, and Roadway Locations ..............................................................................11
This project will extend the Mobile Monitoring Platform approach to more fully
characterize in-vehicle, near-freeway, near-arterial, and community gradients of
ultrafine particulate matter as well as co-pollutant concentrations. $300,000
HEALTH AND WELFARE EFFECTS

-

Human Health Effects Recommended Projects

Assessment of the Health Impacts of Particulate Matter from Indoor Sources............. 12
This project will i d e n t i and quantify the impacts of PM of indoor origin on
human health. $400,000
Effects of Inhaled Fine and Ultrafine Particles on Lung Growth and Lung Disease......13
This project will test the hypothesis that chronic PM exposures will cause
pulmonary function deficits in rodents exposed from birth to adulthood. $450,000
Health Effects of Short-Term Particulate Exposures ....................................................15
This project will determine the human health impacts of brief (one to eight hour)
exposures to ambient PM in California. $600,000
Long-term follow-up of the Fresno Asthmatic Children's Environment Study
(FACES) ....................................................................................................... :.............. I6
This project will continue FACES field data collection, conduct innovative,
enhanced statistical analyses, and additional conventional statistical analyses
of longer-term respiratory health effects. $350,000

Recommended if fun,dingavailable

Mechanisms of Cardiopulmonary Injury Caused by Mobile SourceGenerated Fine
and Ultrafine Particles ................................................................................................. 17
This project will test the hypothesis that there are mechanistic and outcome
differences in the manner in which diesel particles illicit effects on health
compared to gasoline particles. $450,000
Benefits and Cost of Air Pollution- Recommended Projects

Life-Cycle Analysis of Air Pollution Control Regulations.......... .-.................................... 19
This project will develop a user-friendly spreadsheet that is based on the most
commonly used or agreed-upon assumptions, that can utilize readily available
information regarding a technology, that can perform life-cycle analysis of policy
alternatives, and that can provide a summary of the economic valuations.
$60,000
Follow-on Development of CARBITS ......................................................................... ..20
This project will upgrade CARBITS, to improve ARB'S in-house ability to model
consumer response in the passenger vehicle market. $100,000
The Economic Value of Avoiding Lifelong, Air Pollution Exposure-Related Health
Outcomes .....................................................................................................................21
This project will to identify, quantify and value chronicllifelong, air pollutionlinked health outcomes that have not been fully valued. $250,000
Quantitative Assessment of Health Benefits of Improvements in Air Quality in
Southern California ...................................................................................................... 22
This project will carryout a definitive analysis to quantitate additional
relationships between long-term changes in air pollutants on human health;
specifically an asthma discharge analysis for PM2.5 and a mortality analysis for
ozone and PM2.5. $200,000
EXPOSURE ASSESSMENT

-

-

Atmospheric Processes Recommended Projects

Effects of Sound Walls and Tree Lines on Concentrations of Particulate Pollutants
Above and Adjacent to Freeways in Residential Neighborhoods .................................23
This project will determine how particulate matter disperses in the presence of
sound walls and tree lines, as compared to control sites without these bamers.
$150,000
Impact of Reactive Halogen Gases on Air Quality in California Coastal Areas ............24
The objective of the proposed work is to measure reactive halogen gases and
associated pollutants at a Southern California coastal site and to assess the
potential significance of reactive halogen chemistry on California air quality.
$300,000

(3CMt$F m & b n .frrr VOC ttlWkm% at \Fafyffgm f N ' O x
mgwrk
Ratios .......................................................................................................................... -25
This project will determine the SOA concentrations and compositions from
selected aromatic compounds under a range of conditions in the ambient
concentration range. $225,000
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Emission Inventory

- Recommended Projects

Proc8ssssB& Farm Emission Model to Estimate Air Emissions from California
Dairies .........................................................................................................................-26
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be used to estimate and
kt the emission rates of these gaseous compounds at different temporal
patial scales. $300,000
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Measuring Agricultural Fumigant Pesticide Emissions through In-Field
Testing......................................................................................................................... -27
This project will conduct additional field research to build upon the ongoing
work to estimate the emissions and potential volatile organic cpmpounds
reductions from fumigant pesticides. $100,000
Improve Size and Chemical Species Profiles for Particulate Matter and Organic Gas
Emissions from Diesel Combusti~nin Commercial Ships ............................................28
This project will provide for fine and ultra-fine size and chemical species profiles
from diesel combustion in commercial ships. $175,000
On-Road Measurement of Fine Particles, NOx, and Volatile Hydrocarbons from Lightand Heavy-Duty Vehicles .............................................................................................29
This project will measure the emissions of a broad range of pollutants from both
motor vehicles and heavy-duty trucks during real-world operation. $250,000
Recommended if funding available
Physiochemical and Toxicological Assessment of the Semi-volatile and Non-Volatile
Fractions of PM From Heavy and Light Duty Vehicles Operating with and without
Emissions Control Technologies ..................................................................................30
This project will determine the physiochemical and toxicological properties of
the semi-volatile and non-volatile fractions of PM from heavy and light duty
vehicles operating with and without emissions control technologies. $500,000
Ammonia Emissions from California In-Use Light Duty Vehicles..................................31
This project will determine ammonia emission rates from a representative fleet
of light duty vehicles tested as part of the In-Use Vehicle Surveillance Program.
$150,000

Personal and Indoor Exposure

- RecommendedProjects

-

Ultrafine Particle Concentrations in ~choolroomsand Homes ..................................... 32
This project will characterize ultrafine particle concentrations in school rooms
and homes under conditions of varying proximity to roadways, and for
differences in types of activities, such as cleaning and cooking, that may serve
as indoor generators of ultrafines. $300,000
Survey of the Use of Ozone-generating Air Cleaners by the California Public .............33
This project will conduct a representative survey of the California public to
identify the extent of use of different types of air cleaners, especially ozonegenerating models, in California homes; the reasons for their purchase; the
frequency and duration of use; and other information needed to assess the
potential impact of these appliances on public health and the need for further
action. $100,000
Recommendedi f funding available
Characterization of Ventilation Rates and Indoor Environmental Quality (IEQ) on
Small Commercial Buildings........................................................................................ .34
This project will quantify the effects of building characteristics, energy use and
practices, and sources of indoor pollution on indoor environmental quality in
California. $1,700,000 .............................................................................................
TECHNOLOGY ADVANCMENT AND POLLUTION PREVENTION
Clean Air Technologies

- RecommendedProjects

Evaluation of the New European Methodology for Determination of Particle Number
Emissions and Its Potential in California for In-Use PM Compliance Testing ...............35
This project is to conduct a critical evaluation of the proposed PMP method for
determination of particle emissions and its potential in California for in-use PM
compliance testing. $250,000
Light-duty Gasoline PM: Characterization of High Emitters and Valuation of Repairs
for Emission Reductions............................................................................................... 36
This project will include the determination of the characteristics of the high PM
emitter in the California light-duty gasoline vehicle fleet and for the nominal high
emitter, the potential benefits of repairs for emission reductions will be
investigated. $250,000
COz Emission Quantification from Vehicle Air Conditioning Operation.........................37
This project will develop a whole vehicle test procedure for measuring the
impact that vehicle AIC system operation has on C02 emissions in "real-life"
conditions. $400,000
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Exposure Risks to Acrolein in Areas Heavily Impacted by Vehicufar Traffkc .................38
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measuring hourly concentrations af acrdein in ambient air. $150,1100
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GLOBAL AIR POLLUTION

-

Global Air Pollution Recommended Promts
Mitigation Strategies .................................................................................................... -39
This project will improve our understanding of greenhouse gas emissions and
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- --
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Improving the Carbon Dioxide Emission Estimates f m the Combustion of Fossil
,
,
.,.,.,,.
4Q
Fuels in California .................................................... ,
This project will improve C02 emission inventory by estimating the level of
uncertainty in the existing inventory and by determining what fuel data
collection activities should be initiated in order to substantially improve the
estimation of carbon dioxide emissions from the combustion of fossil fuels in
the state. $75,000

--

Clearinghouse of Technological Options for Reducing Anthropogenic, Non-C02
Green House Gas Emissions from All Sectors .............................................................41
This project will develop an International clearinghouse of technological options
that have been employed for reducing anthropogenic, non-COP green house
gas emissions from sectors which are relevant to California. $50,000
Impact of Climate Change Meteorological Variables and Urban Air Quality in
California ..................................................................................................................... -42
This project will assess the impacts on regional air quality from climate-induced
meteorological and emission changes, quantify the sensitivities and
uncertainties in climate change impacts, and determine if climate change forcing
has potentially significant and probable impacts on the direction and magnitude
of air pollution changes and on the effectiveness of control measures being
considered for improving ozone and PM air quality in major urban areas in
California in the future. $300,000

TITLE: Environmental Justice Saturation Monitoring of Selected Pollutants in
Wilmington, California
BACKGROUND: Air quality data are essential to characterize a community's exposure to air
pollutants; however, air quality data (criteria pollutants and air toxics) collected at any
environmental justice (EJ) community are very limited, typically at relatively few (one to five)
locations due to the cost of traditional monitoring technologies. Thus, there is a concern that air
quality monitoring location(s) may not reveal exposure to hot spots. In addition, the spatial
resolution of most air quality data is relatively coarse (a single monitor for tens of square miles)
compared to the spatial resolution of socioeconomic status (SES) data. To capture real
exposure in the community, air quality data of finer spatial resolution that are compatible with
SES data are needed.
PREVIOUS WORK: In order to address these issues, the ARB is currently sponsoring a
project being conducted by Professor Manuel Pastor that will develop a framework that takes
into account cumulative exposure, a more comprehensive model of vulnerability at the
community level including environmental, demographic, and SES factors, and develop a
screening tool for regulators and others to i d e n t i areas in need of special policy attention and
community outreach.
OBJECTIVES: The objectives are to: 1) complement Pastor's project and provide an air
quality data set that is of comparable spatial resolution as SES data for EJ analysis, 2) collect
spatially resolved data in order to i d e n t i hot spots of selected pollutants, their magnitude and
spatial extent, and relative importance compare to a regional background, 3) collect data of
sufficient spatial and temporal resolution to allow comparison with fine-scale modeling results,
and 4) demonstrate the use of low cost monitoring technologies such as passive monitors.
DESCRIPTION: Low-cost monitoring technologies such as passive monitors will be used in
this project to collect selected toxics in Wihnington at different locations each season or for a
long period (one year is desired). The selected monitors will be validated before and during the
field study against conventional monitoring technologies for accuracy and precision. The
monitoring sites to be determined, including hot spot identification, will be determined based on
criteria defined by ARB in consultation with the Pastor study team including consideration of
demographic and socioeconomic data, existing emission inventories, and model simulations.
The number of sites will be determined so that the concentration gradients from potential hot
spots can be detineated and some of the sites wilt be equipped with monitors for PM and
selected toxics with better temporal resolution. Potential pollutants to be measured include
nitrogen oxides, PM, key toxics and other pollutants.
BENEFITS: This project is intended to collect extensive spatial and temporal data to identtfy
hot spots of selected pollutants in Wilmington and determine the concentration gradient in the
area primarily from stationary as well as mobile and area sources. The data set collected is
also intended to combine with socioeconomic status data for EJ analysis and allow
comparisons with previous emission inventory and dispersion modeling results. The results of
this project are expected to improve our understanding of actual exposure level at an EJ
community. The methodology developed from this project can be applied to other EJ
communities.
-- .-

COST: ~ . , 0 0 0
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TITLE: Determination of the Community-Scale Spatiat Variability of UEtraflne Particles

PRCBBlEIIII: Measurements of ambient ultrafine (UF) particle concentrations at a single
central monitoring station may not be indicative of human exposure in the communities
surrounding a single monitoring site. Due to their short atmospheric lifetimes and strong
dependence on very local sources, UF particle numbers vary significantly on very small
spatial and temporal scales. In order to address this problem and more accurately determine
human exposure and the subsequent health impqcts of UF particles, more intensive particle
number measurements on finer spatial scales is needed.
PREVIOUS WORK: Recent studies have demonstrated that UF particles (less than -100
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individual particles are capable of penetrating cellular membranes and causing cell damage,
suwsting that partick number rather than .partidemass may be more i n d i h of potentkt
health -effects. A previous jointly-funded
ARBJAQMD study measured ultrafine epa&le
number concentrations at each of the Children's Health Study (CHS)communities at a single
central monitoring station in each community. Results showed very predictable daily and
seasonal patterns. But other studies showing that UF particle concentrations vary
dramatically within 100 meters of roadways point out the need for more spatially resolved UF
monitoring within impacted communities.

OBJECTIVE: The objective is to better determine the spatial variability of ambient particle
number concentrations and thus improve estimates of human exposure to UF particles.
DESCRIPTION: Using 10-12 of the condensation particle counters (CPC) from a previous
supplemental study to the CHS project that are currently owned by CARB, the intracommunity variability of UF number concentrations can be determined. The CPCs will be
deployed at 10-12 individual sites within a particular community within a 1-3 mile radius.
Sampled communities will be chosen based on specific pollution characteristics and
problems. Other communities will be chosen to correspond to CHS communities, allowing for
comparisons to historical central site data and to CHS health outcomes. Two to three
communities per year will be examined. The deployments will be accompanied by several
meteorological instruments recording highly time-resolved wind speed, wind direction,
humidity and temperature data. Such information can be used with the CPC continuous
number data to identify local sources based on wind speed and direction. An upcoming EPAfunded project will fund this type of analysis as well as additional analyses examining the
short and long term variations of highly time resolved number concentration data using
techniques similar to Fourier transform analysis.
BENEFITS: Better information on the local-scale variability and sources of UF particles will
improve our understanding of human exposure to and the health impacts of this unregulated
pollutant. Such information will lead to more effective control measures andlor UF particle
standards that will reduce the public health risk.
COST: $450,000

- -

-

-

TITLE: Mobile Monitoring of Ultrafine PM and Related Co-Pollutants in Community,
Near-Roadway, and Roadway Locations
PROBLEM: Ultrafine particulate matter (UFPM) is considered as potentially the most harmful
component of particulate air pollution, but exposure data are lacking. Measurements near
freeways have shown sharp concentration gradients, making fixed-site monitoring of limited
value for UFPM. Spatially resolved exposure data is needed to evaluate the health
consequence of UFPM.
PREVIOUS WORK: Animal exposure studies have found lung damage from UFPM and
human studies have found that UFPM directly enters the bloodstream. Monitoring studies have
found high concentrations and sharp gradients near roads and freeways. A pilot study that
used the Mobile Monitoring Platform (MMP) concept extended this work by outfitting an electric
vehicle for similar field measurements. UFPM concentrations and size data, along with
gaseous co-pollutants, were measured on roadways, in neighborhoods, and near LAX airport.
UFPM concentrations on roadways were one to two orders of magnitude higher than most
microenvironments, making in-vehicle time the route of most UFPM exposure for people who
commute via freeways.
OBJECTIVE: The objective is to extend the MMP approach to more fully characterize invehicle, near-freeway, near-arterial, and community gradients of UFPM as well as co-pollutant
concentrations. These data will then be used in estimates of UFPM exposure in these
important microenvironments.
DESCRIPTION: The MMP approach to measuring UFPM and other high-gradient pollutants
will be based on an electric vehicle platform with extensive instrumentation, and based at the
Southern California Particle Center and Supersite (SCPCS). Enhancements to the previous
MMP capabilities will include improved, rapid -response UFPM instrumentation with higher
dynamic range and a portable GC to measure VOCs. Measurements will focus on high- and
low-diesel traffic freeways, high and low-volume arterial roads, and characterizing the effects
of meteorology on impacts to downwind communities. ARB and SCPCS investigators will
perform this study.
BENEFITS: The findings of this study will allow better estimates of UFPM exposure for
Californians to WPM and other combustion-related pollutants, A better understanding of
freeways and community-level concentration gradients will be gained, as well as the
differences in impacts from truck traffic versus gasoline-powered vehicle traffic.

This new approach to monitoring also offers a versatile means to address questions that arise
regarding the impacts of sources and exposures. For example, measurements will provide
valuable baselines from which to judge the impacts of expansions at the Long Beach port and
increased Mexican truck traffic, as well as the effect of reductions in diesel truck fleet
emissions as the 2007 standards begin to take effect. The MMP has proven cost-effective,
involving resource leveraging with the SCPCS.
COST: $300,000
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asthma requiring emergency room visits and hospitalizations. Indoor sources of particles, such
as smoking, cooking, burning candles and incense, woodburning, and dust resuspension, are
only indirectly accounted for in ambient PM epidemiology studies. PM from indoor sources
such as combustion appliances and products are comprised of a variety of components known
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relative contributions of PM from indoor and outdoor sources to the indoor PM mix. Results
have been highly variable, but some of those studies have shown that a substantial portion
of indoor PM in some homes is emitted from indoor sources. Only one study to date has
directly examined the relative toxicity of indoor and outdoor PM; indoor PM showed greater
toxicity than outdoor PM, although some weaknesses in the study limit confidence in these
results.
OBJECTIVE: The objective is to identrfy and quanttfy the impacts of PM of indoor origin on
hurnar! health.
DESCRIPTION: Several types of projects could further our understanding of the impacts of
indoor PM on health. Two suggested starting points for this research include:
I.Animal studies of the impacts of PM of indoor origin (other than ETS).
2. Oxidative assay type studies or similar laboratory approaches in which PM from indoor
sources is assessed for its impacts on human or animal cellular activity and response.
BENEFITS: Results from these projects would begin to provide insight regarding the type
and extent of impacts of indoor PM sources on health. The initial question addressed would
be whether impacts comparable to those indicted with outdoor PM are seen in laboratory
studies using indoor-generated PM. Ultimately, results may identify whether new
epidemiology studies are needed and enable risk reduction approaches to focus on the
sources most responsible for PM impacts.
COST: $400,000

TITLE: Effects of Inhaled Fine and Ultrafine Particles on Lung Growth and Lung
Disease
PROBLEM: One of the most provocative and potentially important of the outcomes of the
Children's Health Study (CHS) conducted by the University of Southern California for the
ARB was the finding of reduced lung function growth associated with exposures to NOz, acid
vapor, fine ambient particles and elemental carbon (Gauderman et al., 2004 N Engl J Med.
351:I
057-1067). Pulmonary deficits, measured as the percent of children with clinically
of age adjusted expected level) of forced expiratory volume
significant depression (i.e. ~ 8 0 %
at one sec. (FEVl.o) increased with increasing community pollutant concentration levels. The
children were followed to 18 years of age, by which age, most lung growth is complete. One
can therefore speculate that any deficits might not be repaired after that time. Because the
pollutants in ambient air that were associated with the development of lung function deficits
were intercorrelated, it is not possible to definitively attribute the health effects to one or more
causal agents. It is also not known whether these deficits will manifest in chronic health
effects in adult life. These questions can be addressed using animal exposures and a mobile
exposure system that was developed and tested using ARB support.
PREVIOUS WORK: We have examined the effects of exposures to concentrated fine and
ultrafine aerosols in several communities using mice that were sensitized to chicken egg
albumin, OVA (Kleinman et al., 2005 JAWMA in Press) and acute changes in cardiac
physiology in geriatric rats. To perform these studies, a portable'particle concentfator (VACES)
was installed in a customized van and coupled to an exposure system to allow us to study
health effects and physical and chemical properties of particles in close proximrty to source
and receptor sites. We demonstrated that mice exposed to concentrated ambient particles
exhibited elevations of cytokines and OVA-specific immunoglobulin, which are biomarkers of
airway allergies. Mice exposed to purified air did not have significant elevations of these
biomarkers. In vitro assays determined that concentrated ambient ultrafine (UF) particles
induce the production of free radicals in a dose-responsive manner and that these particles
were taken up by macrophage cells, accumulated in the cells mitochondria, elicited antioxidant
defense mechanisms at moderate doses but caused mitochondria1disruption and cell death at
high concentrations.
OBJECTIVE: The objective of this proposed study is to test the hypothesis that chronic PM
exposures will cause pulmonary function deficits in rodents exposed from birth to adulthood.
We will examine the hypothesis that these deficits will persist after exposures are terminated.
We will perform analyses of lungs to determine whether pulmonary function deficits are
associated with pathological changes in lung structure and whether these changes are
dependent on dose.

-

-

DESCRIPTION: We will conduct repeated inhalation studies using the VACES in two or
more communities and using two concentrations of concentrated fine and UF particles at
each site. The low concentration will be proportional to the average concentration at the CHS
community location that had the lowest level of pulmonary function deficit. The high
concentration will be proportional to the concentration at the CHS site with the greatest
degree of pulmonary function deficit. We will dilute the concentrated aerosol with purified air
as necessary, to match the concentrations at the two sites. The concentrator will also
effectively reduce the concentrations of gaseous co-pollutants (CO, NO,). Acute and chronic
c a r d l o p u . j r y infiammatlOnTinjury wili be examined uslng transgenic mEe -with-
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the d'iwnces in adverse human responses were due to particle dose or to qualitative
differences in particle composition. Endpoints will include markers of inflammation,
histological examinations for evidence of pathology and pulmonary function measurements.
The physical and chemical composition of the particles will be determined and collected
particles will be tested in vitro for the potential of these particles to produce free radicals and
induce cytotoxicity, and heart myscle cell hypertro~hy.These experiments will he candover a period of 3 years. Although mice continue to grow throughout their lives, overall
growth is very slow after 7 weeks of age a
BENEFITS: This study would provide needed information on the effects from long-term
exposures to PM on lung development and function. These data will be relevant to ARB'S
mission toqrotect childrenshe-atth.
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COST: $450,000 and will be conducted in conjunction with the Southern California Particle
Center and Supersite.

TITLE: Health Effects of Short-term Particulate Exposures
PROBLEM: California and federal ambient air quality standards have been set for annual and
24-hour averaging periods for particulate matter. However, ambient particulate matter
concentrations vary by large factors, often by an order of magnitude over hourly timeframes.
These brief excursions may be especially harmful as suggested by cardiac and respiratory
outcomes associated with ambient PM. Little relevant health evidence exists to establish
health advisories or air standards for short-term fluctuations in PM.
PREVIOUS WORK: Considerable research on the effects of particulate matter has been
performed by epidemiologists who employ 24-hour metrics of pollutant concentrations
collected at routine air quality monitoring sites. These scientists report associations between
PM and cardiovascular and respiratory health outcomes. Some studies have examined
shorter-term effects. Los Amigos Research Institute employed two-hour exposures of
concentrated ambient particles in human clinical studies and observed changes in the
electrical activity of the heart and biochemical markers of inflammation. Researchers at the
University of Califomia, lrvine found lung function in asthmatic children varied with one and 8hour ambient PM levels. Studies of cardiovascular events performed by Peters et. al., in
Massachusetts found that hospital admissions followed PM exposures experienced in the
hours just prior to the event. In studies conducted at the University of California, San Francisco
with mildly asthmatic subjects exposed for %-hour periods to smoke from rice straw
combustion, minor lung function effects were identified.
OBJECTIVE: The objective is to determine the human health impacts of brief (one to &hour)
exposures to ambient PM in Califomia.
DESCRIPTION: Several experimental approaches may be considered to address this issue
including: panel, controlled human exposure, or statistical studies. Panel studies could be
conducted with people who are likely to suffer from exposures. To increase efficiency and
control costs, links to existing cohortlair monitoring projects will be considered. Personal air
monitoring could refine personal PM exposures and micro-environmental exposures. Multiple
health outcomes could be studied including: cardiovascular or respiratory outcomes (e.g.,
heart rate variability, markers of inflammation, lung function, and asthma medication use).
Alternate expressions of dose may be employed in statistical analysis. Controlled exposure
studies could investigate the nature of dose and dose rate on health outcomes, for example,
exposures of an equal dose could be provided over one, two or &hours followed by health
outcome measures. Statistical studies of effects could include admissions to the hospital for
asthma, respiratory illness, stroke, or heart attack with time-resolved data from ambient
monitors. Access to health records that contain highly-resolved time information is critical.
BENEFITS: This study would provide critical information on the health effects from short-term
exposures to PM. Since PM, as with all pollutants, varies on sub 24-hour time frames,
knowledge of the time frame, concentrations, and corresponding health effects of this pollutant
are critical to ARB'S mission to protect public health.
COST: $600,000
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PROBLEM: Children with as#ma have been repeatedly identified as a "suscep-tMe" subgroup with respect to air pollution-relqted health effects. The effects of chronic exposure to
ambient air pollutants on the long-term outcomes of children with asthma are largely unknown
in terms of overall pollutant mixture as well as particular components or properties of the
gaslparticle mixture that may be of greater importance. Such information is needed both for
and s$fiWnnf ri*), ,and,W
scientific reasons (better understanding of possible mgchgni~ms,
re&latory pohcy. ?he extensive body of data on effects of short-term exposure to air pollutants
on indices of asthma morbidity has been of limited vatue, both quarititatively and qualMerly,
with respect to effects of more longer-term exposure.
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PREVIOUS WORK: Through the FACES project, the ARB funded the creation of a cohort of
c h i r e n with asthma ages 6-1 1 who reside in Fresno, CA. Rem-t
began in Sept., 2WO.
Extensive exposure information on a wide variety of ambient pollutants and bioaeros~ls~in
indoor and outdoor environments of the children are available. A substantial amount o
analyses have been camed out with conventional and causal. statistical procedures. The
FACES investigators have submitted an application for a grant for an additional 5-years of
funding (fieldwork, 3-years; analysis and publication, 2-years) through the Division of Lung
Disease, NHLBI. The NHLBI grant will allow additional follow-up of the cohort to investigate
further long-term exposure effects.
OBJECTIVE: The objectives are to: I)
continue FACES field data collection for an additional
12 months, which will bridge the gap to the pr~posedNHLBl study if the study is not funded
until July, 2006 and, 2) conduct innovative, enhanced statistical analyses as well as additional
conventional statistical analyses of longer-term respiratory health effects using robust sample
sizes available with the additional data collection.
DESCRIPTION: The requested funds would be used to carry on the basic fieldwork and
maintain and enhance the analysis work begun in the FACES project. This additional follow-up
and analyses will exponentially improve the ability to detect effects in longitudinal studies
through additional data collection and the addition of enhanced statistical models. The
investigators will conduct robust analyses of longer-tenn respiratory health effects with
conventional and new and innovative marginal structural statistical models. The additional year
of health and exposure data and the use of advanced modeling techniques will result in
additional insights on the long-term effects in this sensitive population.
BENEFITS: The FACES study has the potential to provide vital information on the effects of
air pollution on asthmatic children, a sensitive population. This proposal will complement the
original FACES investigation by additional data collection and innovative analysis techniques
resulting in more information on the long-term health impacts of air pollution in asthmatic
children. The proposal will also provide funds to maintain this valuable cohort.
COST: $350,000

TITLE: Mechanisms of Cardiopulmonary Injury Caused by Mobile Source-Generated
Fine and Ultrafine Particles
PROBLEM: There are strong associations between exposures to motor vehicle-derived
and cardiopulmonary morbidity and mortality but there have been few studies that
realistically examined possible differences in the effects of gasoline vs. diesel-powered
engine emissions. The Caldecott Tunnel, which has segregated traffic patterns, offers an
opportunity to test the hypothesis that the health effects of diesel particles can be
differentiated from those of gasoline particles with real worid particles. Bore 1 is used by a
mix of light duty (LDV) and heavy duty vehicles (HDV) while bore 2 is almost exclusively
(99.8%) LDV (Gross, et al., Atmos. Sci. and Tech. 32: 152-163,2000).
PREVIOUS WORK: Exposures to fine and ultrafine aerosols from diesel exhaust were shown
to elicit allergic responses in chicken egg albumin-sensitized mice. This model was applied to
determine whether exposures to freshly emitted particles from motor vehicle exhaust would
also elicit airway allergies. A portable particle concentrator (VACES) concentrated fine and
ultrafine particles drawn from air 50 and 150 meters from the edge of a heavily trafficked
freeway system in Los Angeles and these particles were used to expose sensitized. Mice
exposed 50 meters from the freeway exhibited elevations of cytokines and albumin-specific
immunoglobulin, which are biomarkers associated with allergy-related changes in their
airways. Mice exposed to purified air or concentrated particles 150 m from the freeway did not
have significant elevations of these biomarkers (Kleinman et al., JAWMA, in press, 2005).
These particles were also shown to affect cardiac function and induce arrhythmias in rats.
OBJECTIVE: The objective is to test the hypothesis that there are mechanistic and outcome
differences in the manner in which particles from LDV (mostly gasoline powered) elicit effects
on health compared to HDV particles. Both vehicle types produce ultrafine particles that are
capable of inducing pulmonary inflammation, however the HDVs emit about 50x more
particles than LDVs and the composition is not the same especially with respect to metals
and reactive organic constituents. We propose is to examine the toxicity of the fine and
ultrafine particles in Bores 1 and 2 of the Caldecott Tunnel to test the hypothesis that
inflammatory, cytotoxic and allergic responses will be elicited to a greater degree by HDVderived particles, compared to LDV-derived particles, and that the acidity, reactive organic
species content and metal content of the particles will influence the mechanisms of action
and degree of toxicity in a dose-dependent fashion.
DESCRIPTION: We propose to conduct repeated inhalation studies in the mixing plenum
above Bores Iand 2 of the Caldecott Tunnel. We will use the VACES to provide adequate
and matched concentrations of particles from the tunnel tubes. The concentrator will also
effectively reduce the concentrations of gaseous co-pollutants (CO, NOx). Acute and chronic
cardiopulmonary inflammation and injury will be examined using transgenic mice with
specific knockouts or knockins along the NFkB and NRf2 signaling pathways to test specific
mechanistic hypotheses regarding the roles of inflammation and oxidative stress in the
development of pulmonary and cardiovascular injury. Endpoints will include measurements
of cytokines and chemokines, signal transduction mediators and histopathology. Samples to
evaluate the physical and chemical composition of the particles will be collected during
exposure and analyzed subsequently. In vitro tests will be performed to examine the
potential of these particles to produce free radicals and to elicit cytotoxicity and heart muscle
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BEWFFTS: This study would provide critical information on the heaith effects from exposures
to mobile source-derived PM using real-world aerosols. Knowledge of how differences
between HDV and LDV-derived PM with respect to toxicity and corresponding health effects
are critical to ARB'S mission to protect public health.

COST: $450,000 and will be conducted in coniunction with the Southern Califamia Partide
center and Supersite.

TITLE: Life-Cycle Analysis of Air Pollution Control Regulations
PROBLEM: Life-cycle analysis is used to determine the costs of a policy option or technology
choice over the entire expected lifetime of the technology or strategy. A life-cycle analysis of a
vehicle technology, for example, should encompass the purchase price, fuel use,
maintenance, learning curve, scrapping costs, environmental costs, congestion costs, etc.
aggregated in present discounted value terms over the typical life of a vehicle. The results of
this analysis usually are key inputs into subsequent analysis, from financial evaluation to
regional impact models. At the core of this analysis are the assumptions (e.g., discount rate,
fuel cost, etc.) used to compare costs among policy alternatives. An accurate ranking of policy
alternatives provide decision-makers useful information on the selection of the alternative that
has the lowest cost. The lack of consensus on assumptions unfortunately acts to limit the lifecycle analysis. It is, thus, important to achieve a consensus among competing stakeholders as
to the assumptions, methodologies, and data that should be used to compare various
alternatives to a policy action. The development of a user-friendly model (spreadsheet) that is
able to calculate the lifecycle benefit and cost values of alternative policy actions using the
most commonly used or agreed-upon assumptions would be extremely useful.
PREVIOUS WORK: There are numerous studies of life-cycle analysis. Some relevant
examples are the 1990 ARB cost-effectiveness guidance, the CalIEPA guide for reviewing
environmental policy studies, and the CalIEPA guidelines for evaluating alternatives to
proposed major regulations. However, the ARB lacks a model that can be used uniformly to
calculate the lifecycle benefit and cost values of all proposed regulations.
OBJECTIVE: The objective is to develop a user-friendly model that is based on the most
commonly used or agreed-upon assumptions, that can utilize readily available information
regarding a technology, that can perform life-cycle analysis of policy alternatives, and that can
provide a summary of the economic valuations.
DESCRIPTION: A thorough review of literatures will be conducted to identify key assumptions
used in the life-cycle cost analysis of a technology and to estimate the appropriate range and a
best estimate for each assumption. A user-friendly model for the life-cycle analysis using the
most commonly used assumptions in the literatures will be developed as well as guideline on
how the range for each assumption used in the model should be updated.
BENEFITS: The results of this study will help ARB'S regulatory development efforts. The
regulatory costs and impacts will be estimated in a consistent manner and based on a full
lifecycle cost and information. The staff's cost estimates would be comprehensive, robust, and
less susceptible to criticisms.
COST: $60,000

:ARB anctipi ates
that cansumer response wi4l be an important issue in future
regulations affecting passenger vehides. AutmobiJe manufacturers and their consultants
raised this issue during development of the Zero Emission Vehicle (ZEV) regulation and the
climate change regulation. So it is worthwhile to continue to upgrade CARBITS, ARB's inhouse model of consumer response in the passenger vehicle marker.
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PREVIOUS WOW: A M contsaczkd with Protossor David Bun& of the Uniwsity of
California Davis for the development of CARBITS. ARB used CARBITS in support of the
dmab change3. regulation adopted ,by the Board in September 2004. Time and money ran
out before completing all the desired features of the model. Also the experience of using the
**-*mp.
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analysis induded in the staff report. However, additional enhancements will increase its utility
for &her major motor v e h i i regulations.
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OBJECTIVE: The objective of this project is to upgrade CARBITS, to improve ARB'S inhouse ability to model consumer response in the passenger vehicle market.
DESCRIPTION: This project will enhance CARBITS by incorporating the following features:
Use more recent survey data
Include hybrid vehicles
Incorporate a scrappage sub-model
Calculate consumer surplus
Allow fiexibiiity in user-selected start year for regulation scenarios to cut run time nearly in
half
Recalibrate to take into account consumer perceptions of environmental attribute of
vehicles
Reduce or eliminate statistical noise.
BENEFITS: This project will enhance ARB's in-house ability to model consumer response in
the passenger vehicle market. ARB is gradually improving the sophistication of its economic
analysis. The next logical step is for ARB to continue to improve CARBITS, which has
received a great deal of attention from consultants of the automobile manufacturers.
CARBITS will be important for analyzing future proposed regulations that have a large
impact on passenger vehicle price or attributes.
COST: $1 00,000

TITLE: The Economic Value of Avoiding Lifelong, Air Pollution Exposure-Related
Health Outcomes
PROBLEM: Epidemiological studies have linked particulate matter and ozone to a variety of
chronic or lifelong adverse health outcomes. These include, but are not limited to, asthma,
permanently reduced lung function and pre-term birth. Regulation of air pollutants would result in
reduced incidence of these outcomes. But it is impossible to determine the economic benefits of
such regulation without estimating both the number of such cases caused by air pollution in
California, and their costs.
PREVIOUS WORK: ARB's 2004 Children's Health Study demonstrated an association between
air pollution and asthma as well as other health outcomes including lung function deficit.
Professor Beate Ritz of the University of California, Los Angeles, has shown an association
between air pollution and pre-term birth among children born in southern California. A 2003
ARB-funded study estimated the economic benefits of reducing respiratory and cardiovascular
hospitalizations by combining cost-of-illness (COI) and willingness-to-pay O/VTP) findings.
OBJECTIVE: This study's objective is to identi, quantify and value chronicnifelong, air
pollution-linked health outcomes that have not been fully valued.
DESCRIPTION: The contractor will perform a literature review to assess relevant doseresponse functions, quantification studies, and economic evaluation studies. An interim report
will present the results of this review, highlighting the highest-cost health outcomes for California
with adequately documented dose-response ratios. With ARB's guidance, the contractor will
assemble California-specific exposure data and quantify the baseline incidence rates of selected
chronicllifelong health outcomes. In cooperation with one or more health insurance andlor health
service providers that treat large numbers of patients in Califomia, the contractor will collect and
analyze representative COI and WTP data including socioeconomic factors such as
environmental justice considerations. Results will be integrated with previous findings on
hospitalization and premature death to comprehensively evaluate the direct and indirect benefits
of regulations that reduce the incidence or severity of asthma and other selected disorders due
to reduced exposure to air pollution.
BENEFIT: The study will extend both empirical and methodological bases for economic benefit
valuation of air quality control measures. tt witf-provide a more comptete, accurate, ana up-todate health benefit estimation, increasing the ARB's ability to assess the benefits of reducing
particulate and ozone exposure.
COST: $250,000
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PRO&LEM: Dmatic improvements in ambient air quality have occurred in southern
California over the last 25 years; however, very little quantitative information is available with
regard to the actual health benefits associated with the air quality improvements. The overall
health benefits and disease-specific benefits that can or cannot be ascribed to these
improvements have not been subject to rigorous quantitative analysis or economic valuation.

2ClW. They developed and have begun to test the appheation of causal mockling to; these
. .
data. Preliminary analyses on effect o fozonneexg_o_uce~>n
hospitaladmrssloasf
ave been conducted and will be completed by the end of the pilot study.
OBJECTIVE: The objectives are to: I ) carryout a definitive analysis to quantitate additional
relationships between long-term changes in air pollutants on human health; specifically an
asthma discharge analysis for PM2.5 and a mortality analysis for ozone and PM2.5; 2)
carryout parallel analyses that value these benefits in economic terms; and; 3) expand the
current database to include air pollution, hospitalization, mortality and demographic data
through 2004 to provide the most contemporary assessment possible.
DESCRIPTION: Air pollution, hospital discharge, mortality and demographic data will be
mapped to the previously established spatial units. Advanced methods of causal analysis will
be applied to estimate health effects that account for the multi-pollutant environmental, the
entire history of air pollution changes over the years 1980-2004, and' changing temporal
demographic patterns that could confound results. An economic valuation will be conducted
that uses methods based on hedonics and contingent valuation (CV) that includes the
emerging CV literature on valuation of adverse health impacts in children and the elderly.
These analyses can be supported by age and cause-specific hospital discharge and
mortality data, which accounts for underlying conditions.
BENEFITS: The analyses from this project will provide global population-based estimates of
health effects related to long-term reduction in air pollution and their resultant cost that
cannot be derived from the extant health effects database. Such data are valuable to
regulators and health policy analysts. These methods can be extended to cover other large
population areas in the state to enhance the scope of the analysis database upon which
regulators and health policy analysts can draw upon for decision making.
COST: $200,000

TITLE: Effects of Sound Walls on Concentrations of Particulate Pollutants Above and
Adjacent to Freeways in Residential Neighborhoods
PROBLEM: Sound walls and tree lines are often requested by communities as a way to
reduce concentrations of particulate matter at neighborhood sites near freeways. However,
data are not available to determine the effect of sound walls or tree lines under modem
conditions or dispersion of particulate matter into nearby residential neighborhoods, or the
effect of sound walls or tree lines on particulate concentrations immediately above the
freeway. Data collected could be used to "characterize and reduce community exposure to
air pollutants" (regulatory priority #2 found at p. 1, Sfrafegic Plan for Research, July 1, 2001).
A research project could partially address "how emissions are dispersed and transported in
the atmosphere" and how physical structures such as sound walls affect pollutant dispersion
and transport (ARB Research Need found at p. 31, ibid.).
PREVIOUS WORK: In 1984, Caltrans studied carbon monoxide concentrations in
neighborhoods adjacent to sound barriers. Carbon monoxide is a gas and would disperse
differently than particulate matter that is subject to deposition. In addition, modem sound
walls in general have become taller (14-16 feet high rather than 8-12 feet) since the 1984
study.
OBJECTIVE: The objective is to conduct experiments to determine how particulate matter
disperses in the presence of sound walls and tree lines, as compared to control sites without
sound walls or tree lines. Issues of interest include whether and to what degree particulate
matter concentrates within the confines of sound walls and tree lines, thereby increasing
exposure for vehicle occupants, how sound walls or tree lines may affect particulate matter
concentrations and deposition in neighborhoods adjacent to freeways, and appropriate
methods for modeling these effects using commonly available tools.
DESCRIPTION: PM sampling will be conducted immediately above and alongside freeways
with and without sound walls, and with and without tree lines. Conduct PM sampling at
breathing level at increasing distances from freeways. Compare results with modeling using
common microscale dispersion models such as Caline4, and suggest appropriate methods
for use of such models to predict particulate matter concentrations in the presence of sound
walls or tree lines consistent with the results of monitoring.
BENEFITS: If sound walls or tree lines significantly reduce particulate matter, especially
diesel exhaust particulate concentrations in neighborhoods or at school sites near major
freeways, they could be considered as mitigation measures. If sound walls or tree lines
significantly increase concentrations at roadway level within the confines of the walls,
particulate matter exposure to motorists may be increased. Developing and validating
appropriate modeling methods would assist with determining the optimal size and
configuration of sound walls or tree lines with respect to effects on particulate matter
concentrations.
COST: $150,000 (the South Coast Air Quality Management District is considering possible
cofunding)
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spcks, iniaiathg ozone chemical formation in the presence of VOCs and NOx.However, there
is increasing evidence that halogen atoms, specifically chlorine and bromine, also are
significant oxidants in coastal areas. Reactive halogen gases (C12, BrCI, Bra) are produced
from chemical reactions on sea saft partides and readily phototyze in the early morning to
produce halogen atoms. CI-atoms oxidize hydrocarbons 100 times faster than OH, thus
initiating ozone production and aerosol f o ~ a t i o nearlier than pogsible from OH chem&g
atone. For these reasons, it is suspected that this accelerated chemistry can lead to higher
dafime o m mwnlations, aE&
aerosol partick fixmatioh and cornpodon, am!
potentially increase human expasure in highly populated coastal dtes of California.
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emission control strategies in ozone non-attainment areas do not account for habgm
reactions and therefore may be seriously flawed when applied to coastal regions.
asirements of Gadtive halogen gases k%a&l a=
areneeded to assess their potential
importance and to determine if halogen chemistry should be included in air quality models.

PREVIOUS WORK: Direct measurements of up to 150 pptv C12 on the Long Island, NY, coast
and indirect measurements of up to 127 pptv C12 on the Florida coast have been made. Direct
measurements of up to 27 pptv Br2 and 35 pptv BrCl have been made in the Arctic prior to
polar sunrise. Laboratory studies have established that C12 is likely present in on-shore marine
airflow due to reactions involving sea-salt particles, which are ubiquitous in California coastal
regions. Modeling studies of Southern California have shown that Including chlorine chemistry
increases ozone levels by as much as 12 ppb over a base case at Long Beach. However,
chlorine and bromine effects on California photochemical air pollution cannot be truly assessed
until measurements of these gases are made.
OBJECTIVE: The objective is to measure reactive halogen gases and associated pollutants
at a Southern California coastal site and to assess the potential significance of reactive
halogen chemistry on California air quality.
DESCRIPTION: A two-week summertime field measurement campaign will occur during Year
1 in the Los Angeles area. The gases C12, BrCI, and Br2 will be measured on-line by
atmospheric pressure chemical ionization mass spectrometry to quantlfy their diurnal variation.
Differential optical absorption spectroscopy will be used to measure halogen oxide
concentrations, as well as ozone, NO2, and HCHO. On-line size resolved aerosol composition
measurements will be made to characterize the urbanlmarine aerosol and the evolution of its
composition (SO4, NH4, NOs, Cl, Br, Na, K, organics). In Year 2 these data will be used in an
appropriate gas-aerosol model to analyze the impacts of measured halogen gases on urban
air ozone and aldehyde concentrations, and on aerosol composition and size distributions.
BENEFITS: The results will be an improved understanding of coastal urban air chemistry.
This knowledge is needed to assess emission controls for reducing ozone concentrations.
COST: $300,000 (seeking potential cofunding opportunities)

TITLE: Secondary Organic Aerosol Formation for VOC Mixtures at Varying VOCINO,
Ratios
PROBLEM: Secondary organic aerosol (SOA) formed in the atmospheric reactions of volatile
organic compounds (VOCs) in the presence of oxides of nitrogen (NOx) constitutes an
important component of suspended fine atmospheric particulate matter (PM) that impacts
visibility, climate, and health, especially during summertime. The chemical compositions of
SOA are not well identified, and the semi-empirical models have been used to predict the
formation of SOA from anthropogenic and biogenic VOCs. As a mixture, SOA is predicted to
depend on reactant concentrations, temperature, humidity, and the nature of the background
PM, but current environmental chamber data to test predictions of these dependences are
limited and do not represent ambient conditions. The dependence of SOA on other reactive
species and ROG and NOxlevels may be significant but have not been determined. Such data
as well as speciated SOA compositions may significantly improve the accuracy of model
predictions of fine PM.
PREVIOUS WORK: SOA formation is typically modeled using gaslparticle partitioning theory
coupled with semi-empirical models with parameters based on environmental chamber
experiments carried out using much higher than ambient concentrations, and usually with
simple chemical systems such as single organic - NO,. The new UCR EPA chamber, which
was developed to conduct well-characterized model evaluation experiments at lower reactant
concentrations than possible previously, has been demonstrated to have utility for SOA
research and results from this chamber are already available. Further work on the interaction
of m-xylene and NOx at low organic aerosol loading demonstrates that the relative
concentrations of each species play a significant role in the secondary organic aerosol
formation potential of m-xylene in the atmosphere. Furthermore, initial tests on mixtures of
toluene and m-xylene did not produce the expected SOA formation potential as predicted by
their individual species.
OBJECTIVE: The objective is to determine the SOA concentrations and compositions from
selected aromatic compounds under a range of conditions in the ambient concentrations.
DESCRIPTION: Experiments will be carried out in the UCR EPA chamber to determine the
SOA concentrations and compositions from selected aromatic compounds under a range of
conditions in the ambient concentration range. The conditions varied will include VOC and
NOx levels, the presence of other reactive VOCs, and temperature. The experiments will be
carried out with the high level of characterization used for gas phase mechanism evaluation.
The results will be analyzed not only in terms of predictions of current and newly developing
theories and models for SOA formation, but also in terms of model simulations of the gas
phase processes occurring in the experiments. Such model predictions will be used as a tool in
designing the most useful experiments to carry out.
BENEFITS: Data on SOA formation in well-characterized experiments representing a range of
atmospheric conditions are essential to test and improve our theories and models for
predicting SOA in the atmosphere. Since SOA can exceed 70% of the fine particulate burden
on highly impacted days in summer, accurately predicting its formation is essential to
developing cost-effective control strategies for fine PM.

PRO43LEM: Accurate estimation of the emission rates of various pdiutants from dairies, wWich
are one of the major sources for air pollutants in the state, is important for both regulatory
agencies and dairy farmers. The current approach of regulatory agencies uses annually based
emission factors. It does not take into account the temporal and spatial variation of emissions
that occur on actual farms due to variation of animal housing and manure management
practices and changes of meteorological wnditians. Fsr the air dlWts that iqaactkxa4 and
regional air quality, such as ammonia (NH,), hydrogen sulfide (H2S) and volatile organic
compounds (VOCs), the annual cmkmion WOFS
have?very limit& use for analyzing the
dynamic causes of poor air quality and find sdutions for mitiming the emissions; tiourty
so that specific emission contrd stmtqyes can be effHkvdy developed.
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P R E V ~ O U S W O R K : A ~at~the
O ~university
~ C ~ of California, Davis has been deve
process based ammonia emission model for livestock farms under the sponsorship of Lake
Michigan Air Directors Consortium (LADCO). A first version of the model is expected in spring,
2005. However, there is a lack of accurate data for use as input values and for calibrating and
validating the model. On the measurement side, the investigators and UCD and the University
of California, Berkeley have developed highly capable research facilities (environmental
chambers for cow housing and laboratory waste treatment reactors) and measurement
techniques for gaseous emissions from dairy facilities. Both of these projects will be used to
support the proposed work.
OBJECTIVE: The objective is to develop a process-based dairy farm emission model for NH3,
H2S, and VOCs, which couid be used to estimate and predict the emission rates of these
gaseous compounds at different temporal and spatial scales.
DESCRIPTION: The process-based approach recently recommended by National Academy of
Sciences (NRC 2003), analyze all the emission sources (animal feeding, housing, manure
storage and land application) on dairies and develop a comprehensive farm-based emission
model for NH3, H2S, and VOCs. For ammonia, the models that have been developed LADCO
project will be used. Controlled experiments will be conducted to collect data on their emission
rates from different sources on dairies. After the completion of emission models, sensitivity
analyses will be performed for all the parameters involved in the models to identify the most
important ones and develop recommendations for emission mitigation strategies.
BENEFITS: The process-based emission model will provide the air quality regulatory
agencies, scientific community, and dairy industry with the capabilities to estimate the emission
rates of primary air pollutants and develop effective emission mitigation strategies for air
quality improvement.
COST:

TITLE: Measuring Agricultural Fumigant Pesticide Emissions Through ln-Field Testing
PROBLEM: Fumigant pesticides are the largest contributors to the pesticide volatile organic
compound (VOC) inventory. Under current assumptions, nearly 100% of the VOC emissions
from fumigants are thought to be released to the atmosphere. Although there is ongoing
work to obtain in-field measurements, additional research is needed to validate and expand
on the work that is currently being done.
PREVIOUS WORK: In fiscal year 2004-2005, Dr. Scott Yates (UC-Riverside) was granted a
contract by ARB to look at different methods to reduce fumigant pesticide emissions. Dr.
Yates will conduct a series of field experiments that are designed to estimate the emissions
and potential VOC reductions for three fumigant pesticides that are most commonly used in
California: metam sodium, 1,3dichloropropene (1,3-D), and chloropicrin. The purpose of the
experiments is to determine emissions estimates based on different application techniques
including (a) broadcast shank fumigation with and without intermittent water seals, (b) shank
fumigation comparing surface packing with an intermittent water seal, and (c) broadcastshank fumigation with and without a surface treatment. Each of the experiments will be
conducted on 5-acre fields in the San Joaquin Valley. Due to the high cost of in-field
research, a limited number of parameters are included in this research. Therefore, additional
work is needed to consider other parameters that may also reduce fumigant pesticide
emissions.
OBJECTIVE: The objective is to conduct additional field research to build upon the ongoing
work to estimate the emissions and potential VOC reductions from fumigant pesticides.
DESCRIPTION: Perform in-field testing on commercial agricultural fields to measure
fumigant pesticide emissions. Examples of additional work may include variations in
application technique, water sealing practices, mitigation measures, fumigant type, soil type,
andlor geographic region.
BENEFITS: This additional research will improve the accuracy of ARB'S pesticide emissions
inventory. It will also benefit the development of State Implementation Plans (SIPS) and
assist in identifying additional mitigation strategies.
COST: $100,000
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PROBLEM: ARB air quat'i analyses will use computer models to &hate the impof fine
and ultrafine particulate matter on the population, including the effects of secondary aerosol
formation, and to provide analyses for potential control strategies. Size and chemical species
profiles for categories of partide emissions are necessary to generate the emission inputs
required by computer models. However, the profile used to characterize PM emissions from
commercial marine vessels (CMV) is derived from on-road diesel engine measurements. The
prbfife used to characterize organic gases is derived from measurements fmm farm equipment
dies-. Also, where proMe fractions for 5 to 10 size bins below 2.5 microns are needed to
n input requirements for
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plementation Plan will require e
c
e
size bins (or cuts). To prioritize how to meet the needs of PM2.5 modding, a m
prioritization based on chemical mass balance anatyses was conducted under the Califomia
Reguns P M m z g Air -QualiQ-Sfu@. O n ~ i B iand
l off-road diesel sou6cesare the highest
priorities. Much of the on-road mobile source profile development could be conducted in-house
in ARB'S current or future testing laboratories. Diesel combustion from commercial marine
vessels is a high priority due to lack of measured data.
PREVIOUS WORK: ARB is currently in the process of developing a research pro~ectwork plan
for PM and total organic gas (TOG) speciation profiles from modem commercial aviation
engine emissions, using modem, commonly used jet aviation fuel.
OBJECTIVE: The objective is to measure fine and ultrafine size and chemical species profiles
for commercial marine vessels.
DESCRIPTION: This project involves 1) the design and conduct of emission source tests that
characterize particle sizes (fine and ultra-fine) and chemical species present in the emissions
streams of commercial marine vessels that frequent California ports and 2) building source
profiles based on the source tests. The source tests will be conducted on as many sources
possible under the available budget that use engines and fuels that are currently operational in
California. The resulting particle size and chemical speciation profiles must suit ARB-specific
needs for Chemical Mass Balance and PM2.5 (aerosol) modeling. With input from ARB staff
the contractor will develop a draft work plan for approval that details: specific particle size
ranges and chemical species to measure; available sources (including how they represent the
fleet of ships operating in California); a field/lab operational plan (including specific
instrumentation and analytical procedures; engine operating effects; effects of ambient,
seasonal, or background conditions; uncertainty; and levels of detection); and a specific
method to build readily usable profiles from source test data, including compositing data (if
required).

BENEFITS: Results will be more accurate estimates of emission inputs to air quality models
for use in State Implementation Plans as well as other population exposure and control
strategy analyses.
COST: $175,000

TITLE: On-Road Measurement of Fine Particles, NOx, and Volafile Hydrocarbons from
Light- and Heavy-Duty vehicles
PROBLEM: Motor vehicles are a significant source of hydrocarbon, NOx and fine particle
emissions. The rates and relative profiles of these emissions have likely been impacted by
recent changes in fuels and vehicle technologies; in particular, phase three reformulated
gasoline and new diesel engine emission control technologies. Of primary concern are
changes in total NOx (and ratio of NO: N02), total PM (and organic and elemental carbon
contributions), and volatile organic compounds.
PREVIOUS WORK: Quantifying emissions from motor vehicles during on-road operation is
relatively rare compared to laboratory-based studies because of the increased complexity of
on-road studies. Tunnel investigations have provided a reliable technique for measuring
light- and heavy-duty emissions during real-world operation. The most recent effort to
quantrfy fine particulate, NOx and volatile hydrocarbon emissions from California light- and
heavy-duty vehicles occurred in 1997 (Kirchstetter, T.W .; Harley, R.A.; Kreisberg, N.M.;
Stolzenburg, M.R.; Hering, S.V. Atmos. Environ. 33,2955, 1999).
OBJECTIVE: The objective is to measure the emissions of a broad range pollutants - fine
particulate, NOx, and volatile hydrocarbons - from both light- and heavy-duty motor vehicles
during real-world operation.
DESCRIPTION: In collaboration with the Bay Area Air Quality Management District,
measurement of NO, NO2, CO, volatile hydrocarbons (speciated), fine particles (mass,
elemental and organic carbon, black carbon), and C02 will be performed at the Caldecott
Tunnel to determine emission factors for both light-duty and heavy-duty vehicles. These
measurements will occur while vehicles are headed up a 4% grade through the tunnel, with
engine loads similar to typical freeway driving. The study is planned for two sets of weeklong
measurements in the summers of 2006 and 2007.
BENEFITS: This study is intended to quantify the efficacy of past efforts to control emissions
of pollutants as well as provide a baseline to understand the benefits of future efforts such as
ultra-low sulfur diesel fuel and diesel particulate traps. In addition, results can be used to
refine motor vehicle emission inventories.
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PROBLEM: Recent emissions testing in either dynamometer or on-road testing facilities
have shown that particles emitted from vehicles are externally mixed. Depending on vehicle
type, age and ambient conditions, between 70-90% of the particles by number and 10-30%
by mass may consist of more volatile material than others (known as semi-volatile), and
upon heating, will pafli,aily or corng,letely ey@o1:ak ( W r a i et al,, 20033. The c9cpcsue and
health implications of these findings have not yet been investigated. Considering that the
majority of people's exposwe during commute wiH be dominated (at least based on particle
particles, it would be use
know whether the non-votatiie or semiPREVIOUS WORK: In addition to the aforementioned studies by the Southern California
PmtJc@Ce@r andsupersitg, SCPCS, ( Z h n g ei a!., 200'1 s h ~ r w e d h t t h a t t h e
vakttkjcof
traffic-generated particles explains the more rapid decay in their concentration with respect
to distance from a roadway, compared to that of non-labile PM species (such as EC) or
gaseous co-pollutants such as CO and NOx. SCPCS studies (Kuhn et at., 2004) also showed
significant shrinkage of these particles as they infiltrate indoors. Yet to-date, there is no
information on the relative toxicity of these particles compared to the larger, non-volatile
(refractory), mostly carbonaceous fraction.
OBJECTIVE: The objective is to determine the physicochemical and toxicological properties
of the semi-volatile and con-volatile fractions cf PM frsm heavy and light duty vehicles
operating with and without emissions control technologies
DESCRIPTION: In this project, thernral denuders will be used, in conjunction with the USC
particle concentrators (VACES), to investigate the relative toxicity of PM of different
volatilities emitted from heavy duty and light duty, vehicles with-without PM filter traps and
catalysts, using a dynamometer. The suspension of the collected PM will be used to
determine whether particles of different volatility from different experimental configurations
induce mitochondria1 perturbation and reactive oxygen species (ROS) generation in a variety
of different cell types such as macrophages, epithelial cells, endotheiial cells, neuronal cells,
renal cells and hepatocytes. The methodology for these toxicological evaluations is
described in recent SCPCS papers by Li et al. (2003) and Xia et al. (2004) published in
Environmental Health Perspectives.
BENEFITS: The semi-volatile PM fraction of vehicle emissions is extremely important in terms
of its contribution to human exposure. Current emission control technologies remove
effectively the non-volatile fraction, but not the volatile fraction. In fact, removal of the nonvolatile PM fraction has been shown to increase the concentration of the volatile fraction by
enhancing nucleation of condensing organic vapors. Knowledge of how the toxicity of vehicular
PM varies with particle component volatility will direct the design of emissions control
technologies in order to better protect public health.
COST: $500,000 (the South Coast Air Quality Management District is considering possible
cofunding)

TITLE: Ammonia Emissions from California In-Use Light Duty Vehicles
PROBLEM: Ammonia emitted into the atmosphere is an important contributor to ambient
PM as it reacts with atmospheric nitric acid to form ammonium nitrate. Light duty, catalystequipped vehicles are known to emit significant concentrations of ammonia but a
comprehensive inventory for this emissions category is not available. Such an inventory is
needed as PM control strategies are developed.
PREVIOUS WORK: No comprehensive testing of a representative California fleet of in-use
light duty vehicles has been reported. In 1998, Cass (ES&T, 32, 1053-1057) reported results
of a tunnel study which indicated that motor vehicles represent approximately 15% of the
overall emissions inventory in the South Coast Air Basin. Investigators at CE-CERT (Durbin
et al., Atmospheric Environment, 3, 2699-2708, 2004) recently reported on fuel sulfur effects
from a 12-vehicle fleet.
OBJECTIVE: The objective is to determine ammonia emission rates from a representative
fleet of light duty vehicles tested at the Haagen-Smit Laboratory (HSL) of the Air Resources
Board as part of the In-Use Vehicle Surveillance Program. One deliverable will be a
database of ammonia emission rates integrated into ARB's VEDS database. A second
deliverable will be a final report that analyzes in detail the emissions rate of the fleet as a
function of the various parameters typically recorded in the VEDS database. This includes
factors such as emissions control technology, driving cycle, fuel type and vehicle mileage. A
correlation of ammonia emissions with nitrogen oxide emissions will also be obtained for the
various parameters.
DESCRIPTION: ARB's In-use Vehicle Surveillance Program is designed to provide a
comprehensive data base of criteria pollutant emissions from a representative fleet of
California light duty vehicles. This ongoing program can be readily expanded to include the
measurement of ammonia using FTlR spectroscopy. Even though in-house equipment and
expertise is available, a staffing shortage impedes this project. A two year collaborative
agreement is sought with a local university that would bring at least one student to the HSL
to work with ARB staff to carry out the FTlR measurements, reduce the data and complete a
final report. A similar collaboration recently led to the timely development of an inventory for
nitrous oxide emissions from light duty vehicles.
BENEFITS: Successful completion of this
with the data
they will need to develop sound control strategies for PM. In the long run this will benefit
Californians by reducing their exposure to this harmful substance.
COST: $150,000
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belowr abut 100 nm, with adverSe health effects. They have been specifically hpficated in
oxidative stress and as a risk factor for cardiovascular events. Yet, knowledge is limited of the
concentration of ultrafine particles in indoor environments, especially schools and homes.
PREVIOUS WORK: The presence of ultrafine particles in indoor environments may originate
f ~ the,
~ m
transa~rtQ# oWa~rair, and fmm indondo@ genera;tirxn prmesses. C4m.lyp3:&
and air fresheners contain terpenes that may react with ozone to form ultrafine particles.
Cmkhg is another source of &afire particles. Baseline data on t h e ' c a n c e n t ~ n s
of uRrafine
prtiiles inside schodrooms and homes is limited because conventional uttrafine particle
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e x k w t particles as ernall as 5 nm. This i n s t m t a l h , for the first time, the convenient
moniioring of indoor uItra3neparticles in occupied environments o w an extendedperi
OBJECTIVE: The objective is to characterize ultrafine particle concentrations in school rooms
and homes under conditions of varying proximity to roadways, and for differences in types of
activities, such as cleaning and cooking, that may serve as indoor generators of ultrafines.
DESCPRITION: Indoor and outdoor concentrations of ultrafine particles will be measured,
together with indoor and outdoor ozone, C o n and TIRH in approximately eight school rooms.
These will be selected to provide data near, and distant from heavily traveled roadways, and
with, and without the influence of the use of cleaning substances or air fresheners that could
provide a source of secondary ultrafines. A single instrument suite, with a manifold that
switches between indoors and outdoors, will be utilized to establish indoor-outdoor
concentration relationships. The decay of carbon dioxide once school children leave the room
will be used to infer the effective air-exchange rate. Monitors on doors and windows will
indicate when these are opened and closed. Data will be collected over a period of one week
at each location, and will be logged with a time resolution of approximately 10 s. The first year
will focus on data collection schools. In the second year, measurements will be extended to a
comparable number of homes. A pilot study will be conducted in one school and home location
prior to school and home testing to: verify acceptable accuracy and precision of the instrument
in measuring ultrafines in these settings; assure minimal line losses from the toggle approach;
and determine the adequacy of the proposed Con decay method for providing a usable air
exchange rate measurement.
BENEFITS: This project will provide a survey of ultrafine particle concentrations in schools and
homes as a function of traffic proximity, indoor activity and air exchange rate. This is important
baseline information that will establish a foundation of future work that could more closely
examine the mechanisms of transport and indoor ultrafine formation. The work will also provide
a direct empirical basis for improving estimates of inhalation exposure to ultrafine particles.
COST: $300,000

TITLE: Survey of the Use of Ozone-Generating Air Cleaners by the California Public
PROBLEM: The advertising for, and sales of, air cleaners for home use have increased
substantially in recent years. Some indoor air cleaners emit ozone, either purposely (ozone
generators) or as a by-product of their particle removal process (ionizers and electrostatic
precipitators [ESPs]). Both ozone generators and some ionizers have been shown in chamber
and test home studies to emit ozone at rates that result in unhealthful indoor concentrations,
sometimes several times greater than the 1-hour California ambient air quality standard of 0.09
ppm (90 ppb) ozone. However, reliable data are not available on the actual purchase and use
of ozone-generating air cleaners in California, nor is it known whether most purchasers are
aware of the potential harm to health the ozone emissions may cause. Without reliable data on
the extent of use of these devices by Californians, it is difficult to estimate the extent of their
potential impact on public health.
PREVIOUS WORK: No study has been conducted to provide information on the population
saturation of ozone-generating air cleaners. A recent report by Freedonia, an international
business research company, excluded purposeful ozone generators from their study of indoor
air cleaners. However, they assembled sales figures from about 80% of the companies that
produce filter-based air cleaners, ionizers, and ESPs, and estimated recent sales of about
$395 million per year nationwide, which yields an estimate of about $50 million a year in
California. However, the number of air cleaners of different types sold was not reported.
Freedonia estimates that the current annual average increase of 5.4% in sales of air cleaners
will continue for the next 5 years.
OBJECTIVE: The objective is to conduct a representative survey of the California public to
identify the extent of use of different types of air cleaners, especially ozone-generating models,
in California homes; the reasons for their purchase; the frequency and duration of use; and
other information needed to assess the potential impact of these appliances on public health
and the need for further action.
DESCRIPTION:
Sponsor a statewide mail or telephone survey (or combination of
approaches) of the California public to determine the extent to which they have purchased and
used indoor air cleaners, especially ozone-generating models. Obtain data on the type of
brand and model, year purchased, frequency and duration of use, reasons for purchase and
use, knowledge of function of the device and manufacturers' instructions and cautions,
knowledge of alternatives, and other pertinent information.
BENEFITS: Provide information needed to assess the scope of the possible impacts of air
cleaners on Californians' health and to guide future exposure and risk reduction approaches.
COST: $100,000

PROBLEM: The quality of indoor air has a significant effect on occupant health. Pollutant
levels inside buildings may be two to fwe times higher than those outside, and people may be
1000 times more likely to be exposed to pollutants indoors than outside. This exposure results
in increased asthma and other respiratory problems, and increased cancer risk. In fact, the
ARB estimates that 200 cancer cases arise each year in California as a result of indoor
chemical pollutants. The majonty of non-industrial, non-agricultural workers,,in ,the U W
stabs work in small commercial buildings; however, very little is known about IEQ in small
commercial buildings.
R m I *
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performed in buildings with a floor area greater than 5,000
field studies
have also concentrated on large commercial buildings. The prior focus on large buildings in
IEQ studies is due in large parl to the researchers' desire to obtain health symptom data fmm
large numb& of people and to the additional administrative burdens of gaining access to
multiple buildings for research purposes. It is believed by many researchers and building
professionals that the quality of building systems and the qualifications of building operational
personnel are far lower in the smaller commercial building stock resulting in a higher frequency
of indoor environmental and energy efficiency problems.
r.

OBJECTIVE: The objective is to quantify the effects of building characteristics, energy use and
practices, and sources of indoor pollution on IEQ in California.
DESCRIPTION: This project will: 1) obtain information that can be used to better understand
the sources of indoor air pollution and identify how emissions from those sources relate to
energy consumption; 2) quantify the relationship between IEQ and energy use; and 3) provide
guidance for improving IEQ while reducing energy consumption. Research in this project area
will include surveys of: a) ventilation system types, conditions, and performance; b) operation
and maintenance practices; c) pollutant sources; d) IEQ conditions (e.g., temperatures,
pollutant concentrations ; and, when possible, energy use in commercial buildings with a floor
area less than 5,000 m . The project will cover a range of building designs, occupancy types,
use patterns, and climate zones.
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BENEFITS: Information developed in this project will provide a better understanding of the
relationship between indoor IEQ and energy use and will provide guidance for achieving both
improved indoor energy efficiency and improved IEQ. Results will be used in developing
building standards. Data from this research will identify design features, technologies, and
practices that help to maintain acceptable IEQ without degrading building energy performance.
The findings should help researchers, building professionals, and policy makers identify the
extent and nature of ventilation and IEQ problems in small commercial buildings and will
elucidate where corrective measures should be focused.
COST: $1,700,000 (being considered for full funding by the California Energy Commission)

TITLE: Evaluation of the New European Methodology for Determination of Particle
Number Emissions and its Potential in California for In-Use PM Compliance Testing
PROBLEM: The need for a robust, on-vehicle PM sampling methodology or a surrogate for
determining over-the-road "real world" emissions is undisputed. A sufficiently robust and
defensible set of on-vehicle measurements for particle emissions could be used to determine
in-use compliance with engine emission standards if presented in consistent units. However, a
suitable option has not been identified at present time.
PREVIOUS WORK: Under the auspices of the UN, a multi-country Particle Measurement
Program (PMP) has been undeiway for a few years in Europe and Japan. Recognizing the
limitations of the gravimetric method for PM emission determination, the PMP is focused on
the identification of new andlor improved test methods for type approval (or certification as is
known in the U.S.) Significant progress has been accomplished by the PMP. At present,
validation of the new proposed method is underway in Europe and Japan. In addition, the PMP
suggested approach has been in use for field measurements in Europe since 1998. Since
2001, the method is used to verification of efficiency of diesel filters. The robustness and merit
of the new MPM method has led to the development of a new regulation by the Swiss Agency
for the Environment, Forests, and Landscape to limit the number of particles emitted by dieselpowered vehicles. This new regulatory limit would complement the existing limit on total
particle mass. It is noted that there is current work in the U.S. (in California specifically) that
involves the investigation of on vehicle measurement options. But none has included the
specific investigation of the PMP approach.
OBJECTIVE: The objective is to conduct a critical evaluation of the proposed PMP method for
determination of particle emissions and its potential in California for in-use PM compliance
testing.
DESCRIPTION: The proposed project is a two-prong effort. Initially, the technical merits of the
PM protocol would be evaluated critically, giving consideration to all of the technical aspects
associated with the correlation of solid particle number emission measurements and
measurements of total particle mass under the existing certification guidelines. The ARB
currently has the required instrumentation dictated in the PMP method. Thus, some of the
necessary assessment work may be carried out in house. The second phase would involve an
irlvestigation of the potential for application of the PMP method for in-use compliance testing.
This task is not trivial and would entail establishing a universal and statistically significant
correlation between the established measurement of total particle mass and the new proposed
metric of solid particle number.
BENEFITS: The U.S. was absent from the PMP initiative as the U.S. EPA declined to
participate actively. The PMP has generated leading and state-of-the-science advances in
metrology for engine emissions. This project would leverage all the PMP lessons in an
integrated effort with clear California benefit.
COST: $250,000
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PROBLEM: In 2005, the statewide on-road motor vehicle inventory estimates that LDGVs
account for as large a PMlo contribution (-40%) as heavy-duty trucks (-45%). However, the
LDGV PM emissions inventory has been characterized using a much smaller database than
LDGV gaseous emissions. Little emissions data exists for late model gasoline vehicles (ULEV
and later). However, there is reason to suspect that the implementation of the LEV programs
has yielded improvements in vehicle durability and, hence, a corresponding reduction in high
PM emitters.
PREVlOUS WORK: To develop the existing LDGV PM emission inventory, the ARB has
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National Cooperative Highway Research Program were used as data sources for determining
emission factors for the inventory. From these sources, a cutpoint between normal and high
PM emitters was determined for use in the inventory.
*
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In addition, LDGV PM emissions have been investigated for toxicity. It is the case that
research evidence suggests that gasoline PM may be implicated in some adverse health endpoint responses. A fundamental issue is that PM emission factors that have been obtained
under these toxicity studies have not been considered in the context of the inventory. In
addition, the reasons for the high PM emissions have not been evaluated systematically.

OBJECTIVE: The objective of this project is two-fold. First, it includes the determination of the
characteristics sf the high PN! emitter, with an emphasis on LEVs-SULEVs. Then, dcr the
nominal high emitters, the viability, cost-effectiveness, and potential benefits of professional
repairs for emission reductions will be investigated.
DESCRIPTION: The proposed project is intended to generate additional LDGV PM emission
factors that may complement the inventory. The project includes the determination of the
characteristics (e.g., population, VMT, emission factors) of the high PM emitter in relation to
the California LDGV in-use fleet, with an emphasis on LEVs-SULEVs. The project would
conduct emissions tests on a representative set of vehicles to compare PM and VOC
emissions from both black smokers (e.g., vehicles out of tune or with broken components) and
blue smokers (e.g., oil burners with worn out components). The project will define criteria for
identification of high PM emitters and will determine a nominal profile(s) for the high PM
emitting vehicle(s). Finally, the project will investigate the potential for professional repairs to
yield reductions in PM emissions from the high emitter.
BENEFITS: A key issue facing ARB is a better understanding of the role that motor vehicles
play in the total burden of ambient PM. LDGVs represent the most ubiquitous combustion
source in California and their PM emissions have changed significantly over the past 25 years.
Because of evolving tailpipe emission profiles, along with the wide variability of emissions
between vehicles of the same class, additional information on emission-source profiles for the
major contributors of motor vehicle PM emissions are needed.
COST:

TITLE: COz Emission Quantification from Vehicle Air Conditionin-g Operation
PROBLEM: Vehicle air conditioning (NC) systems contribute significantly to exhaust C02
emissions. This is largely due to the added load on the engine from N C system operation.
The resulting C02 emissions depend on AIC system design and control as well as
parameters that impact the vehicle solar load, such as glass angles, window glazing, interior
and exterior colors, and cabin insulation.

In ARB's recently adopted greenhouse gas regulation, credits are awarded for a limited
group of A/C system modifications that reduce COz emissions. The value of the credits is
based on estimates from vehicle simulation modeling because a reliable and comprehensive
test method has not been developed for measuring the impact that vehicle N C system
operation has on COz emissions under "real-life" conditions.
PREVIOUS WORK: The supplemental Federal Test Procedure (SFTP) prescribes a test
method for quantifying emission impacts from N C system operation. Vehicle testing is
performed with the N C system operating at maximum capacity within an environmental test
chamber maintained at 95 OF and equipped with high intensity solar lamps. The test
procedure is beneficial for limiting vehicle emissions under conditions of heavy N C usage.
OBJECTIVE: Develop a whole vehicle test procedure for measuring the impact that vehicle
N C system operation has on Con emissions in "real-life" conditions. The procedure will then
be incorporated into ARB's greenhouse gas regulation and will be used to quantify C02
emission reductions from technological advances in N C system design and from features
that reduce vehicle solar load.
DESCRIPTION: To properly quantify Con emissions, the test procedure should be geared,
where possib!e, to simulate typical environmental and driving conditions in California. It
appears that two of the more challenging issues in developing a test procedure will be solar
load simulation and the identification of representative N C operation and controls. This
second item is important in order to make a fair comparison between A/C system
modifications, but requires an integration of expected operator behavior with N C system
controls.

With respect to solar load simulation, some measures within the SFTPmay be transferable
to the proposed test procedure, such as the use of metal halide lamps to simulate solar load.
However, the lamp intensity may need to be moderated, and there may be opportunity to
mitigate some deficiencies in solar load replication that occur within the SFTP (e.g. vehicle
skin temperatures and heat radiation effects).
BENEFITS: A comprehensive test procedure would make it feasible for ARB to award
performance-based credits for a broad spectrum of technological advancements that reduce
COz emissions from N C system operation. Performance-based credits would promote
further innovations that obtain real-world reductions in C02emissions.
COST: $400,000
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Exposure Risks to Acrolein in Areas Heavily Impacted by Vehicular Traffic
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PROBLEM: Acrolein has been identified by the Office of Environmental Health Hazard
Assessment (OEHHA) as a pollutant that can cause infants and children to be especially
susceptible to illness. ARB'S current method (MLD066) for measuring acrolein in ambient air
provides only 24-hour measurements that can not be used to estimate the potential acute
health risks. Potential acute health risks are estimated using one-hour concentrations. Hourly
measurements of acrolein concentraiions in ambient air are needed to assess shark-term
exposure risks.
ARB staff believes that the acrolein measured in ambient air is predominately from motor
t&kk"-.
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reactions involving various hydrocarbons, including 1,3-butadiene. The contribution of acrolein
from secondary emissions due to photooxidation is unknown, but it is suspected to be
significant. To better understand the potential contribution of acrolein in ambient air due to
photooxidation, it is necessary to take acrolein measurements during the winter and late
summerlfall at different times of the day.
PREVIOUS WORK: The Department of Environmental Toxicology, University of California,
Davis measured ambient air concentrations of acrolein and other carbonyls at the OaklandSan Francisco Bay Bridge toll plaza. Four-hour measurements of acrolein and other potentially
toxic carbonyls in air were sampled during rush hour traffic, which was considered a "worstcase scenario" for outdoor air carbonyls.
OBJECTIVE: The objective is to: I ) evaluate and select and an appropriate test method for
measuring hourly concentrations of acrolein in ambient air; 2) the test method's level of
detection must be below OEHHA's acute noncancer Reference Exposure Level for acrolei,l of
0.19 micrograms per cubic meter or 0.09 parts per billion; 3) acrolein concentrations will be
measured hourly during winter and late summerlfall at selected sites that are heavily impacted
by vehicular traffic and 4) estimate the short-term exposure risks to acrolein at the selected
sites;.
DESCRIPTION: In consultation with ARB staff select a reliable test method for measuring
hourly concentrations of acrolein in ambient air. The placement of the 1-hour monitors will be
based on current sites having the highest 24-hour measurements of acrolein in ambient air.
Hourly measurements will be taken in the winter and late summer/fall to evaluate the different
hourlylseasonal patterns of acrolein in ambient air. Duplicate samples will be taken for
comparison. The maximum I-hour acrolein concentrations will be used to estimate the
potential acute health risks at each site.
BENEFITS: Hourly measurements of acrolein concentrations in ambient air will allow the ARB
to estimate the potential acute noncancer health risk from the exposure to acrolein in
communities that are impacted heavily by motor vehicle exhaust and help in determining the
need to further reduce acrolein emissions. Evaluating the dailylseasonal behavior patterns of
acrolein will help in understanding the contribution of acrolein due to secondary formation.
COST:

TTILE: Evaluate GHG Emissions from the Petroleum Sector and Determine Mitigation
Strategies
PROBLEM: The petroleum sector is one of the largest contributors of GHG emissions in the
state. Although some studies have been conducted, further analysis is needed to accurately
quantify the emissions and the source of the emissions as well as potential mitigation
strategies.
PREVIOUS WORK: Both CEC and ARB have evaluated GHG emissions from the
petroleum sector. Examples of work already completed include the well-to-wheels studies
done for the Air Resources Board (ARB) and refining industry modeling done for the
California Energy Commission (CEC).
OBJECTIVE: The objective is to improve our understanding of greenhouse gas emissions
and potential mitigation strategies associated with the petroleum industry.
DESCRIPTION: Better define GHG emissions from the petroleum industry and potential
mitigation strategies.
BENEFITS:
Governor Schwarzenegger's Environmental Action Plan commits to
establishing greenhouse gas reduction targets for the state. Attainment of those targets will
require accurate information on greenhouse gas emissions and possible mitigation measures
from a variety of sectors. One of the largest contributors to GHG emissions in the state, and
one of the least understood, is the petroleum industry. Better understanding GHG emissions
from the petroleum industry, the sources of those emissions, and potential mitigation
strategies will assist the state in working with the petroleum industry to reduce GHG
emissions.
COST: $130,000

PROBLEM: Central to any study of climate change is the development of an emission
inventory that identifies and quantifies the State's primary anthropogenic sources and sinks of
greenhouse gas (GHG)emissions. Fossil fuel combustion accounted for 98 percent of gross
California carbon dioxide (C02) emissions. Carbon dioxide emissions are one of the bestcharacterized emissions in the existing state inventory, but there still exist significant sources
of uncertainties. The existing inventory relies on fuel consumption rq,p,orted in the $ta,& E n e r ~ y
Data Report (SEDR), published by the U.S. Department of Energy's Energy Information
Administration (EIA). For some fuels EIA estimates consumption based on reported sales of
fuels and overall energy consumption at the Petroleum Administration for Defense (PAD)
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produce significantly different results.
PREVtOUS WORK: In September 2000, the California Legislature passed Senate Bill 1771,
requiring the California Energy Commission (CEC), in consultation with other state agencies,
to update California's inventory of GHG emissions in January 2002 and every five years
thereafter. The report concluded that there were major uncertainties associated with the
inventory of GHG emissions, and recommended that future GHG inventories could be
improved by: (1) incorporating improved data; (2) updating emissions estimates; and, (3)
presenting a discussion of the uncertainty in emissions estimates from key sources. The CEC
through the Public Interest Energy Research Program (PIER) has developed a roadmap of
research on GHG inventory methods. PlER has already selected research initiatives designed
to improve GHG inventory methods,
OBJECTIVE: The objective is to improve C02 emission inventory by estimating the level of
uncertainty in the existing inventory and by determining.what fuel data collection activities
should be initiated in order to substantially improve the estimation of carbon dioxide emissions
from the combustion of fossil fuels in the state. The work under this project should be
coordinated with related PlER activities.
DESCRIPTION: Using PlER sponsored research as a starting point, two PlER reports are of
particular importance: I ) the Energy Balances Report and 2) the Roadmap of Research on
GHG Inventory Methods. The differences in fuel consumption data reported in different reports
and data sets should be used as a starting point to estimate the level of uncertainty in the
existing C02 emission estimates. The carbon content of the different fuels is not measured but
inferred from the technical literature. The analysis should include an analysis of this source of
uncertainty. Finally, the study should recommend data collection activities that the state should
implement to improve its C 0 2 emission estimates.
BENEFITS: Improved emission estimates for greenhouse gases are needed for evaluating the
effects of existing and planned air quality programs on carbon dioxide emissions in the state.
More accurate fuel consumption data may also allow improving the estimation of criteria
pollutant emissions.
COST:

TITLE: Clearinghouse of Technological Options for Reducing Anthropogenic, Non-C02
GHG Emissions from All Sectors
PROBLEM: Emissions from a broad spectrum of sources including residential, industrial,
commercial, electricity generation, and transportation are contributing to climate change. To
date, much of the effort to characterize emissions as well as identrfy opportunities for emission
reductions have focused on carbon dioxide (Con). However, while C02 (natural and
anthropogenic) has been recognized as a dominant greenhouse gas (GHG), an integrated
effort for global climate protection is underway that considers anthropogenic, non-C02 GHG
emissions, nitrous oxide (N20), HFC, PFC, and SF6 from important sectors when considering
the global warming potential (GWP) of the GHGs. Specifically, when considering the GWP of
the pollutants emitted as well as the options available for reducing emissions, there may be
cost-effective, readily available options for realizing significant emissions reductions from
several sectors. Estimates of non-C02 GHG emission reductions by sector and the
identification of the enabling technology for such reductions are desirable, but presently not
readily available.
PREVIOUS WORK: In California, the California Energy Commission (CEC) has led early
climate change analyses, starting with its 1988 legislative mandate to study global warming
trends. The CEC's efforts have included the development and update of GHG emission
inventories. The CEC is presently sponsoring an effort by ICF to develop non-C02GHG supply
curves for California where they are highly focused on the identifying the potential to reduce
CH4, N20, other high global warming potential compounds (e.g., refrigerants). In addition, the
existing research literature contains excellent general discussions on technology
developments and innovations that can be used for GHG emission reductions from various
sectors of interest. However, most of these discussions do not focus on non-C02 GHGs.
Therefore, the resulting suggestions for improvement have emphasized cleaner fossil fuels,
the hydrogen economy, and advanced end-use technology fe.g., intelligent buildings).
OBJECTIVE: The objective is to develop an international clearinghouse of technological
options that have been employed for reducing anthropogenic, non-C02 GHG emissions from
sectors which are relevant to California.
DESCRIPTION: The project is a paper study of the existing literature to determine (1) all of the
relevant-sources of non-CO2GHG emissions inCalifornia and (2) the technology options for
emission reductions. As such, there is an opportunity for leveraging this work wth that of the
CEC.
BENEFITS: The information is needed to advance the debate about California's efforts in
global climate protection. The work would contribute towards efforts to better characterize costeffective opportunities for reduction in non-C02 emissions from both motor vehicles and
stationary sources.
COST: $50,000

TITLE: Impact of Climate Change Meteorological Variables and Urban Air Quality in
California

PROBLEM: Weather is a key variable affecting air quality. Surface concentrations of pollutants
are highly sensitive to mixing depth, boundary layer ventilation, winds, temperature, humidity,
and other meteorological variables. As greenhouse gas concentrations increase and rapid
climate change takes place over the next century, the consequences for air quality are likely to
be significant but the magnitude is uncertain. Most climate models estimate a continuation of
asymmetric changes in diurnal temperature (mare nocturnal warming). A need exists to
systematically identify the important linkages between air quality and climate so that the
important drivers for future changes to air quality are understood.

US ?iVORR Previous irivest@$t!ans have @e'tefmirledthe dlmct sens.itWity of ozone
and airborne particulate matter (PM) to temperature. For example, Kleeman et al. (2004)
estimate an increased ozone level but decreased PM concentrations with higher temperatures
in a region in California. However, this study assumes a uniform increase of diurnal
temperatures, which is not in agreement with observed trends and the output of most climate
models.
OBJECTIVE: The objectives are to: 1) assess the impacts on regional air quality from climateinduced meteorological and emission changes, 2) quantify the sensitivities and uncertainties in
climate change impacts, and 3) determine if climate change forcing has potentially significant
and probable impacts on the direction and magnitude of air pollution changes and on the
effectiveness of control measures being considered for improving ozone and PM air quality in
major urban areas in California in future.
DESCRIPTION: The goal of this research project is to identify important linkages between
climate and air quality for major urban areas in California. The regional air quality assessment
should focus on the effects of climate variability and change, especially related to
meteorological variables such as variations in mixing depth, temperature, and relative
humidity, on ground-level ozone and PM production. Available empirical data on
meteorological and air quality relationships will be coupled with the selected climate scenarios
to estimate changes in ground-levels ozone and PM. Air quality modeling in conjunction with
online sensitivity analysis techniques can be used to quantify how ozone and PM levels and
duration of the high air pollution concentrations respond to changes in key meteorological
factors such as mixing depths, frequency of stagnation episodes, regional ventilation, etc.
BENEFITS: The study will provide an integrated assessment of the effects of climate change
on ozone and particulate matter air quality in California. Better understanding of the linkages
between air pollution problems on local, regional, and global scales will help support more
cost-effective allocation of federal and state environmental protection resources.
COST: $300,000

TTT'LE 13. CALFORNIA AIR RESOURCCf
S BOARD
NOTICE OF PUBLIC HEARifdG TO CTO.tJSrnER CrWBOAW) DIAGtNDSTICSYSTEM
REQUIREMENTS FOR 2010 AND SUBSEQUENT MODEL YEAR HEAVY-DUN
ENGINES (HD OBD)
The Air Resources Board (the "Board" or "ARB") will conduct a public hearing at the
time and place noted below to consider adoption of proposed California OBD
requirements for 2010 and subsequent model year heavy-duty engines.
DATE:

July 21,2005

PLACE:

California Envi~onmentalProtection Agency
Air Resources Board
Byron Sher Auditorium
1001 1 Street
Sacramento, California 95814

This item will be considered at a two-day meeting of the Board, which will commence at
9:00 a.m., July 21, 2005, and may continue at 8:30 a.m., July 22, 2005. This item might
not be considered until July 22, 2005. Please consult the agenda for the meeting, which
will be available at least ten days before July 21,2005, to determine the day on which
this item will be considered.
If you have a disability-related accommodation need, please go to
http:llwww.arb.ca.gov/html/ada/ada. htm for assistance or contact the ADA Coordinator
at (916) 323-4916. If you are a person who needs assistance in a language other than
English, please contact the Bilingual Coordinator at (916) 324-5049. TTYTTDDISpeechto-Speech users may dial 7-1-1 for the California Relay Service.
INFORMATIVE DIGEST OF PROPOSED ACTION AND POLICY STATEMENT
OVERVIEW
Sections Affected: Proposed adoption of title 13, California Code of Regulations
(CCR) section 1971.I- On-Board Diagnostic System Requirements for 2010 and
Subsequent Model-Year Heavy-Duty Engines (HD OBD).

Documents Incorporated bv Reference:
International Standards organization' (ISO) 15765-42001 "Road Vehicles ~ i a ~ n o s t i on
c s Controller Area Network (CAN) - Part 4: Requirements for emissionrelated systems," December 2001.
Society of Automotive ~ngineers*(SAE) 51930 "ElectricallElectronic Systems
Diagnostic Terms, Definitions, Abbreviations, and Acronyms - Equivalent to ISOfrR
15031-2:April 30,2002," April 2002.
SAE J1939 APROO-"Recommended Practice for a Serial Control and Communications
Vehicle Network and the associated subparts included in SAE HS-1939, "Truck and
Bus Control and Communications Network Standards Manual," 2001 Edition.
SAE J1962 "Diagnostic Connector - Equivalent to ISOIDIS 15031-3:December 14,
2001," April 2002.
SAE J1978 "OBD II Scan Tool - Equivalent to ISOIDIS 15031-4:December 14,2001 ,"
April 2002.
SAE J1979 "EIE Diagnostic Test Modes - Equivalent to ISOIDIS 15031-5:April30,
2002," April 2002.
SAE J2012 "Diagnostic Trouble Code Definitions - Equivalent to ISOIDIS 15031-6:April
30,2002," April 2002.
SAE J2403 "MediumIHeavy-Duty EIE Systems Diagnosis Nomenclature," August 2004.
Backaround: The Board originally adopted title 13, CCR section 1968.1 in 1989, which
required manufacturers to implement second generation on-board diagnostic (OBD II)
systems on all 1996 and later model year passenger cars, light-duty trucks, and
medium-duty vehicles and engines sold in California. OBD II systems serve an
re that vehicles maintain low emissions throughout their
important
Iry requires monitoring of engine misfire, catalysts,
full life. T
oxygen sensors, evaporative systems, fuel systems, and elektronic powertrain
components, among other components and systems that can affect emissions when
malfunctioning. The regulation also requires OBD II systems to provide specific
diagnostic information in a standardized format through a standardized serial data link
1

Copies of I S 0 documents are available through IS0 by mail at Copyright Manager, IS0 Central
Secretariat, 1 rue de Varembe, 1211 Geneva 20 Switzerland; by phone at +41 22 749 01 11; by fax at +41
22 734 1079; or by e-mail at iso@iso.ch.
Copies of SAE documents are available through SAE by mail at SAE Customer Sales and
Support, 400 Commonwealth Drive, Warrendale, PA 15096-0001, U.S.A.; by phone at 1-800-606-7323
(US. and Canada only) or 724-776-4970 (outside U.S. and Canada); by fax at 724-776-0790; by e-mail
at CustomerService@sae.org;or by website at http://www.sae.org.

on-board the vehicles. subsequently, the Board adopted section 1968.2 in 2002, which
I!
fix
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lightduty trucks, and medium-duty vehicles and engines.
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The Board also recently adopted diagnostic system requirements to apply to heavy-duty
vehicles (i.e., vehicles with a gross vehicle weight rating ( G W R ) greater than
14,000 pounds). Oxides of nitrogen (NOx) and particulate rn-atter(PM) emissions
with
emitted from heavy-duty trucks, especia(1ybies$j tnacks, are od: weat
those from diesel trucks accounting for about 28 percent and 16 percent of the total
statewide m ~ b source
b
NOx and PM emissions, respectively. Nbx is a precursor to
c has been identified
ozone as well as a lung irritant, while dksei PM is c a r c ~ i and
asabxk.
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particular cancern, emissions fmm heavyduty gasotine vehicles are also of concern,
given the state's ongoing problem in meeting state anb federal ambient air quality
standards. AcMitionalty, more stringent emission standads for heavy-duty vehicles will
be phased in starting in the 2007-2008 timeframe. There must be some assurance that
these standards continue to be met in-use, since emission-related malfunctions can
cause vehicle emissions to increase well beyond the standards that they are intended to
meet. Thus, the Board adopted section 1971 in 2004, requiring engine manufacturer
diagnostic (EMD) systems to be installed on all 2007 and subsequent model year
heavyduty engines. However, the EMD regulation is much less comprehensive than
the OBD II regulation applicable to light- and medium-duty vehicles, requiring the
monitoring of a few major emission control technologies and containing no standardized
requirements. Essentially, the EMD regulation was developed to ensure that all heavyduty engine manufacturers implement a basic diagnostic system for major emission
controls. Accordingly, as the staff had indicated during the EMD rulemaking, it was the
intention of ARB to come back in 2005 and adopt more comprehensive diagnostic,
testing, and standardization requirements for future heavy-duty engines.
California's problems with ozone pollution continue to be the worst in the nation. In an
effort to meet federal and state ambient air quality standardsand comply with the
federally mandated State Implementation Plan (SIP) to meet those standards, California
.
has continued to be in the forefront in adopting the most stringent motor vehicle
emissions control program in the nation. To complement the new emission standards
for heavy-duty diesel engines, On-Road Heavy-Duty strategy #5 (previously called
measure 17) was included as part of the SIP. This strategy targeted NOx emission
reductions from the on-road heavy-duty fleet through improved inspection programs.
The proposed OBD regulation is an essential part of this strategy because it can be
used in an inspection to easily identify vehicles in need of emission-related repair.
Adopting enhanced diagnostic requirements for heavy-duty vehicles is an essential step
towards meeting the goals of On-Road Heavy-Duty strategy #5 to reduce emissions
from on-road heavy-duty diesels.
Staff Proposal: As stated above, considering the amount of pollution emitted from
heavy-duty vehicles (particularly NOx and PM emissions from diesel vehicles) and the

increasingly stringent emission standards being phased in, there must be some
assurance that low emissions are maintained in-use.
Staff is proposing the adoption of title 13, CCR section 1971.I that would require OBD
systems to be phased-in starting with 2010 model year on-road heavy-duty engines
produced for sale in California with a GVWR greater than 14,000 pounds. As stated
above, the OBD systems would be much more comprehensive than the EMD systems.
Sufficient leadtime exists to implement the OBD system by the 2010 model year when
emission standards become substantially more stringent. The OBD system would help
ensure that the engines are able to meet the stringent emission standards and maintain
low emissions for the life of the engine. It would accomplish this by monitoring the
performance of the emission control components and systems, and by providing
technicians with information that would help in diagnosing and fixing malfunctions.
The proposed OBD regulation would require manufacturers to monitor virtually every
emission-related component and system on the engine. These include the fuel system,
catalyst systems (e.g., oxidation catalysts, selective catalytic reduction systems),
exhaust gas recirculation system, particulate matter filter, variable valve timing andlor
control system, and electronic engine components (e.g., sensors). Engine
manufacturers would be required to indicate a malfunction of these components or
systems before emissions exceed a specific threshold (e.g., 1.5 times the standards).
For other systems and components, manufacturers would be required to design
functional monitors that are capable of detecting malfunctions when the emission
system or component is not operating properly. When a malfunction is detected, the
proposed regulation would require the OBD system to illuminate a warning light to alert
the driver of the problem. Additionally, the proposed regulation would establish
standardized requirements defining the content and format of specific diagnostic
information required to be output for use by repair technicians.
In addition to monitoring requirements, other provisions being proposed include:
A standardized methodology for determining the frequency of monitor operation
during in-use driving and a minimum operating frequency
(d)(3.2) and (d)(4)).
monitors (sections 1971.I
Standardization requirements for the availability of diagnostic information to assist
repair technicians in effectively diagnosing and repairing vehicles and to assist in
roadside inspections (section 1971.I(h)).
Requirements for demonstration testing of engines to verify compliance with the
(i)).
emission threshold-based monitoring requirements (section 1971.I
Requirements that manufacturers submit specified documentation with an
application for certifying OBD systems (section 1971.I
Deficiency provisions that would provide manufacturers with flexibility to have OBD
systems certified even though they are not fully compliant with the requirements of
section 197 I.I(section 197 1.1(k)).
Requirements for post-assembly line testing of production engines and vehicles to
verify
compliance with
requirements
of section
1971--.I(section
1971.I
(1)). --the
-----

a)).

- -

-

-

Intermediate invse compliance standards (section 1971.l
(m)).
Yt

To alleviate engine manufacturers' concerns about worktoad, the proposed regutation
would phase-in the incorporation of OBD systems into heavy-duty engines during the
first few years of implementation. Specifically, the proposed requirements would require
manufacturers to implement an OBD system on only a single engine family for the 2010
through 2012 model years. During this time, other engine families would continue to
follow the EMD requirements of title 13, CCR, seaion 1971, with one esepti~n.In
addition to the other requirements of section 1971, manufacturers would be required to
monitor NOx aftertreatment (e.g., NOx adsorber monitoring).' (See section
1971.1(dX7)). Manufacturers wouid not be required
mratt..
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manufacturers to more effectively use their personnel and testing resources (which are
already being stretched to ensure comphance with the 2010 emission standards) and
allow h e m to gain experience on a smaller number of engines prior to wide-scale
implementation.

**

COMPARABLE FEDERAL REGULATIONS

Currently, the United States Environmental Protection Agency (U.S. EPA) has OBD
requirements only for light-duty vehicles and trucks and federally defined "heavy-duty"
vehicles and engines with a GVVVR between 8,500 to 14,000 pounds. These are the
same categories of vehicles covered by ARB's OBD II regulations, which apply to lightand medium-duty vehicles (where medium-duty is defined in California as the 8,500 to
14,000 pound G W R range). However, the U.S. EPA currently does not have OBD
requirements for vehicles and engines above 14,000 pounds, which is the weight range
for. California's "heavy-dutynclass. The U.S. EPA staff has indicated its intent to
propose and adopt an OBD regulation for heavy-duty vehicles and engines over
14,000 pounds in the near future, and has indicated a strong interest in developing
harmonized ARB and federal OBD programs.
AVAILABILITY OF DOCUMENTS AND AGENCY CONTACT PERSONS

The ARB staff has prepared a Staff Report: Initial Statement of Reasons (ISOR) for the
proposed regulatory action that includes a summary of the environmental and economic
impacts of the proposal. The report is entitled: Malfunction and Diagnostic System
Requirements for 2010 and Subsequent Model Year Heavy-Duty Engines (HD OBD).
Copies of the ISOR and the full text of the proposed regulatory language may be
accessed on the ARB's web site listed below, or may be obtained from the Public
Information Office, Air Resources Board, 1001 1 Street, Visitors and Environmental
Services Center, 1st Floor, Sacramento, California 95814, (916) 322-2990 at least
45 days prior to the scheduled hearing (July 21, 2005).

Upon its completion, the ~ i n aStatement
l
of Reasons (FSOR) will be available and
copies may be requested from the agency contact persons in this notice, or may be
accessed on the web site listed below.
Inquiries concerning the substance of the proposed regulation may be directed to the
n
Air Resources
designated agency contact persons for this rulemaking: J a s ~ Wong,
Engineer, at (626) 575-6838 or email jwona@arb.ca.aov, or Mike McCarthy, Manager,
Advanced Engineering Section, Mobile Source Control Division, at (626) 575-6615 or
e-mail mmccarth@arb.ca.aov.
Further, the agency representative and designated back-up contact persons to whom
nonsubstantive inquiries concerning the proposed administrative action may be directed
are Artavia Edwards, Manager, Board Administration & Regulatory Coordination Unit,
(916) 322-6070, or Alexa Malik, Regulations Coordinator, (916) 322-401 1. The Board
has compiled a record for this rulemaking action, which includes all the information upon
which the proposal is based. This material is available for inspection upon request to
the agency contact persons.
This notice, the ISOR, and subsequent regulatory documents, including the FSOR,
when completed, are available on the ARB Internet site for this rulemaking at: .
htt~://www.arb.ca.aov/re~act/hdobd05/hdobdO5.
htm.
COSTS TO PUBLIC AGENCIES AND TO BUSINESSES AND PERSONS AFFECTED

The determinations of the Board's Executive Officer concerning the costs or savings
necessarily incurred by public agencies and private persons and businesses in
reasonable compliance with the proposed regulations are presented below.
Pursuant to Government Code section 11346.5(a)(5), the Executive Officer has
determined that the proposed regulations will not impose a mandate on local agencies
or school districts. The Executive Officer has further determined pursuant to
Government Code section 11346.5(a)(6), that the proposed regulatory action will result
in some additional costs to ARB and will create minimal costs to all other state agencies
that purchase heavy-duty vehicles. In addition, the Executive Officer has determined
that the proposed regulatory action will not create costs or savings in federal funding to
the state, will create minimal costs to local agencies or school districts in the form of
increased vehicle prices for heavy-duty vehicles (>14,000 ibs GVWR), which are not
reimbursable by the state pursuant to Part 7 (commencing with section 17500),
Division 4, Title 2 of the Government Code, and will not result in other nondiscretionary
savings to state or local agencies.
In developing this regulatory proposal, ARB staff evaluated the potential economic
impacts on representative private persons and businesses. Staff determined that any
business or individual purchasing a 2010 or subsequent model year heavy-duty vehicle
equipped with an OBD system would incur additional costs as a result of this regulation.
Specifically, retail costs for new heavy-duty vehicles equippd with an OBD system are

expected to increase by $132 per vehicle (an increase of approximately 0.2% of the
9

the regulation is expected to result in owners and operators having to make additional
emission-related repairs. It is expected that that these repairs will result in average
costs of approximately $23 per vehicle, per year (two-thirds of the vehides are expected
to incur one additional repair over the first 21 years of operation at an average repair
The Executive Officer has made an initial determinatiin, pursuant to Government Code
section 11346.5(a)(8), that the adoption of this regulation will not have a significant
of
determination is set fort
The Executive Officer has further found, pursuant to Government Code sections
I1346.5(a)(I 0) and 11346.3(b), that the proposed regulation would have minor or no
impact on the creation and elimination of jobs within the State of California, the creation
of new businesses or elimination of existing businesses within California, or the
expansion of businesses currently doing business within California. The Executive
Officer's determination is based on the following: Heavy-duty vehicle manufacturers,
the businesses to which the proposed requirements primarily apply, are located outside
of California. Although the proposed requirements have some application to
manufacturers of heavy-duty vehicles (assemblers, coach builders, etc.) installed with
California-certified heavy-duty engines, the requirements imposed are negligible.
For the engine manufacturers, the costs to comply with the proposed regulatory action
are expected to be less than the $132 retail price increase that was calculated for
implementation of the requirements. Manufacturers would incur these costs in the form
of additional hardware and software installed on the engine and the testing and
development costs to implement the requirements. These costs are expected to be
recouped through the anticipated $132 retail price increase on each engine they sell to
heavy-duty vehicle manufacturers. Likewise, the heavy-duty vehicle manufacturers are
expected to pass these costs onto purchasers of assembled vehicles.
In developing this regulatory proposal, ARB staff has found that the proposed regulation
will pose no adverse economic impact on private persons and businesses as
consumers. The $132 cost increase represents less than a 0.2% increase in the retail
price of a heavy-duty vehicle, and the $23 per engine per year in increased
maintenance c ~ s t sis negligible. Accordingly, the Executive Officer has determined that
there will be negligible potential cost impact on representative private persons or
businesses as a result of the proposed regulatory action.
The Executive Officer has also determined, pursuant to title 1, CCR, section 4, that the
proposed regulatory action will affect small businesses.

In accordance with Government Code sections 11346.3(c) and 11346.5(a)(11), the
Executive Officer has found that the reporting requirements of the regulation which
apply to businesses are necessary for the health, safety, and welfare of the people of
the State of California.
Before taking final action on the proposed regulatory action, the board must determine
that no reasonable alternative considered by the board or that has otherwise been
identified and brought to the attention of the board would be more effective in carrying
out the purpose for which the action is proposed or would be as effective and less
burdensome to affected private persons than the proposed action.
SUBMITTAL OF COMMENTS

The public may present comments relating to this matter orally or in writing at the
hearing, and in writing or by email before the hearing. To be considered by the Board,
written submissions not physically submitted at the hearing must be received by no
later than 12:OO noon, July 20,2005 and addressed to the following:
Postal Mail is to be sent to:
Clerk of the Board
Air Resources Board
1001 1 Street, 23rd Floor
Sacramento, California 95814

-

Electronic mail is to be sent to: hdobd05@listserv.arb.ca.aov and received at ihe
ARB no later than 12:OO noon, July 20,2005.
Facsimile submissions are to be transmitted to the Clerk of the Board at
(916) 322-3928 and received at the ARB no later than 12:OO noon, July 20,2005.
The Board requests, but does not require, that 30 copies of any written statement be
submitted and that all wmen statements be filed at Teast 10 days priorto the hearing so
that ARB staff and Board Members have time to fully consider each comment. The
ARB encourages members of the public to bring to the attention of the staff in advance
of the hearing any suggestions for modification of the proposed regulatory action.
STATUTORY AUTHORITY AND REFERENCES

This regulatory action is proposed under that authority granted in Health and Safety
Code, sections 39600,39601,43000.5,43013,43018,43100,43101,43104,43105,
43105.5, and 43106. This action is proposed to implement, interpret and make specific
sections 39002,39003,3901 0-39060,39515,39600,39601,43000,43000.5,43004,
43006,43013,43016,4301 8,431 00,431 01,43102,431 04,431 05,431 05.5,43106,

43150,43151,43152,43153,43154,43155,43156,43204,43211, and 43212 of the
H d t h and Safw Co8sHEARING PROCEDURES AND AVAlLlBlLlN OF MODIFIED TEXT
The public hearing will be conducted in accordance with the California Administrative
Procedure Act, Title 2, Division 3, Part 1, Chapter 3.5 (commencing with section 11340)
of the Government Code.
Following the public hearing, the Board may adopt the regulatory language as originally
proposed, or with nonsubstantial or grammatical modifscations. The Board may also

~~~~~
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is sufficiently related to the originally proposed text that the public was adequately
placed on notice that the regulatory language as modified could result fmm the
proposed regutatory action; in such event the full regutatory text, with the modifications
clearly indicated, will be made available to the public, for written comment, at least
15 days before it is adopted.

The public may request a copy of the modified regulatory text from the Board's Public
Information Office, Air Resources Board, 1001 "I" Street, Visitors and Environmental
Services Center, 1" Floor, Sacramento, California 95814, (916) 322-2990.
CALIFORNIA AIR RESOURCES BOARD
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I.

EXECUTIVE SUMMARY

On-board diagnostics (OBD) systems are comprised mainly of software designed into
the vehicle's on-board computer to detect emission control system malfunctions as they
occur by monitoring virtually every component and system that can cause increases in
emissions. When an emission-related malfunction is detected, the OBD system alerts
the vehicle owner by illuminating the malfunction indicator light (MIL) on the instrument
panel. By alerting the owner of malfunctions as they occur, repairs can be sought
promptly, which results in fewer emissions from the vehicle. Additionally, the
OBD system stores important information, including identifying the faulty component or
system and the nature of the fault, which would allow for quick diagnosis and proper
repair of the problem by technicians. This helps owners achieve less expensive repairs
and promotes repairs done correctly the first time.
The Califomia Air Resources Board (ARB) originally adopted OBD regulations in 1989
requiring all 1996 and newer model year passenger cars, lightduty trucks, and mediumduty vehicles and engines to be equipped with OBD systems (referred to as OBD 11).
Only recently had ARB adopted diagnostic requirements to apply to heavy-duty vehicles
(i.e., vehicles with a gross vehicle weight rating (GWVR) greater than 14,000 pounds).
Specifically, in 2004, ARB adopted the Engine Manufacturer Diagnostic system (EMD)
regulation (section 1971, title 13, California Code of Regulations (CCR)), which requires
heavy-duty engine manufacturers to implement diagnostic systems on all 2007 and
subsequent model year on-road heavyduty Otto-cycle (gasoline) and diesel engines.
However, the EMD regulation is much less comprehensive than the OBD II regulation,
requiring the monitoring of a few major emission control technologies and containing no
standardized requirements. Essentially, the EMD regulation was developed to require
heavy-duty engine manufacturers to achieve a minimum level of diagnostic capability
while focusing most of their resources on meeting the new 2007 exhaust emission
standards. Thus, as the staff had indicated during the EMD rulemaking, it was the
intention of ARB to come back in 2005 and adopt more comprehensive diagnostic,
testing, and standardization requirements for future heavyduty engines.
th its stated position, ARB staff has developed proposed OBD
to phase in beanning with the 2010modet year heavy-duty gasoline and
title 13, CCR, which is included herewith as
diesel engines (proposed section 1971.I,
Attachment A). The OBD requirements for heavy-duty engines are important, especially
considering the increasingly stringent heavy-duty emission standards that will be
phased in during the 2007-2010 timeframe. As new engines are being designed to
meet these stringent standards (which include the application of new emission control
technologies), the OBD system would help ensure that the engines are able to meet
these standards and maintain low emissions for the life of the engine. It would
accomplish this by monitoring the durability and performance of the emission control
components and systems, and by providing technicians with information that would help
in diagnosing and fixing the malfunctions. The proposed requirements would allow
manufacturers to implement an OBD system on a single engine family for the 2010
through 2012 model years before implementing it on all engines in the 2013 model year.
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Ttiis phase-in is primarily designed to allow manufacturers to more effectively use their
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compliance with the 2040 emission standards) and allow them to gain experience on a
smaller number of engines prior to widescale implementation.
Among the emission control system and components the proposed OBD regulation
would require manufacturers to monitor are the fuel system, catalyst system, exhaust
f b r f and"
gas reciqulation (EGR) system, paticWe mtkr ,(PM)
proposed heavyduty OBD regulation would require the calibration
emission control system and component monitors to emission levels correlated to the
., require a fault to be detected before emissions exceed the
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emission-related components and systems to be monitored for proper performanceand
functionality. The &ff is also proposing that manufacturers be required to conduct
post-assembly testing on a sample of production engines and vehicles to ensure that
the OBD systems, as buitt, are able to properly detect malfunctions, store the
appropriate fault codes, and illuminate the MIL.
The proposed regulation would also include requirements regarding the availability of
diagnostic information to assist repair technicians in effectively diagnosing and repairing
vehicles as well as to assist inspectors in the heavy-duty roadside inspection program.
The proposed required information would include fault codes, freeze frames, test
results, and readiness status. The staff is also proposing to have the on-board
computer make available the vehicle identification number (VIN), the software
calibration number (CAL ID), and the software calibration verification number (CVN) to
simplify roadside inspections and help detect and deter fraud during inspections.
Additionally, during OBD II implementation on light-duty vehicles, many communication
problems (e.g., the inability to retrieve vehicle data with a scan tool) were found in the
field. These problems resulted because the regulation allowed manufacturers to use
several different protocols for communication and because manufacturers interpreted
the applicable International Standards Organization (ISO) and Society of Automotive
Engineers (SAE) protocol standards differently. To help avoid this problem with heavyduty vehicles, the staff is proposing to allow the use of only two communication
protocols for all heavyduty vehicles. Further, to ensure that vehicles are complying
with the applicable IS0 and SAE standards in a consistent manner, manufacturers
would be required to conduct post-assembly line testing of a sample of production
vehicles using a standardized off-board test device developed in conjunction with SAE.
ARB staff is also proposing adoption of a standardized methodology for determining the
frequency of OBD monitor operation for most monitors during in-use driving and a
minimum operating frequency that manufacturers are required to meet. In the past with
OBD II implementation, ARB had found vehicles with OBD II monitors that did not run
as frequently as required. In addition, ARB staff had found it difficult to determine
whether monitoring frequency was adequate based solely on the written material and
data manufacturers provided during certification. To address these problems, ARB staff
is proposing the adoption of an in-use monitor performance methodology to help staff

determine which OBD monitors would need to be improved or whether the minimum
required frequency needs to be modified. To ensure that vehicles are able to meet
these new requirements (i.e., calculate and report the monitor frequency value and
meet the minimum frequency requirement in accordance with the proposed regulation),
the staff is proposing that manufacturers collect data from a sample of in-use vehicles.
In developing this proposal, ARB staff and U.S. EPA staff have been discussing the
heavy-duty OBD requirements and U.S. EPA staff has indicated its intent to propose
and adopt an OBD regulation for heavyduty vehicles and engines over 14,000 pounds.
U.S. EPA staff have indicated a strong interest in continuing to work with ARB, the
heavy-duty industry, and other stakeholders to develop harmonized ARB and federal
OBD programs.
Lastly, staff has worked with the engine manufacturers in developing this proposal. As
can be expected, however, there are a number of issues where staff and industry differ
significantly as to the necessity of or the level of a proposed monitoring requirement. A
short summary of the items most likely expected to be discussed at the Board hearing is
provided in section XVI "Issues of Controversy" beginning on page 128 of this
document.

II. INTRODUCTION AND BACKGROUND INFORMATION
Introduction
OBD systems are comprised mainly of software designed into the vehicle's on-board
computer to detect emission-control system malfunctions as they occur. This is done by
monitoring virtually every component and system that can cause increases in
emissions. With a couple of exceptions, no additional hardware is required to perform
the monitoring; rather, the powertrain control computer is designed to better evaluate
the electronic component signals that are already available, thereby minimizing any
added complexity. When an emission-related malfunction is detected, the OBD system
alerts the vehicle operator by illuminating the MIL on the instrument panel. By alerting
the operator of malfunctions as they occur, repairs can be sought promptly, which
results in fewer emissions over the life of the vehicle. -Additionalty, the OBD system
stores important information, including identrfying the faulty component or system and
the nature of the fault, which would allow for quick diagnosis and proper repair of the
problem by technicians. This helps vehicle owners achieve less expensive repairs and
promotes repairs being done correctly the first time.
Currently, California regulations require all 1996 and newer passenger cars, lightduty
trucks, and mediumduty vehicles and engines to be equipped with OBD systems
(referred to as OBD I1 systems). ARB first adopted the OBD II regulation (title 13,
California Code of Regulations (CCR) section 1968.1) in 1989 and subsequently
modified the regulation in regular updates in later years to address, among other things,
manufacturers' implementation concerns and, where needed, to strengthen specific
monitoring requirements. In 2002, ARB amended the OBD I1regulation by adopting title
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model year passenger cars, light-duty trucks, and medium-duty vehictes and engines.
The OBD II requirements serve an important role in achieving and maintaining low
vehicle emissions. Manufacturers are required to improve their emission control system
performance and durability in order to meet the very low and near-zero emission
s t a n d a b af YIR, lCMbl
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designed to ensure maximum emission wntrol system performame for the entire I@ of
the v&idm (wgadtess of miteage), it is able to monitor the low-emission performance
and accumutate high mileage.
Input from manufacturers, service technicians, inspeclion and Maintenance (IIM)
programs, and in-use evaluation programs indicate that the OBD II program is very
effective in finding emission problems and facilitating repairs. The United States
Environmental Protection Agency (U.S. EPA), in fact, issued a final rule that indicates its
confidence in the performance of OBD il systems by requiring states to perform OBD II
checks for these newer vehicles and allowing them to be used in lieu of current tailpipe
tests in I/M programs. Overall, ARB staff is pleased with the significant and effective
efforts of the automotive industry in implementing the program requirements.
In 2004, ARB adopted section 1971, title 13, CCR, requiring implementation of
diagnostic systems (i.e., engine manufacturer diagnostic (EMD) systems) on all 2007
and subsequent model year heavy-duty vehicles and engines. These diagnostic system
requirements, however, are not as comprehensive as the OBD I1requirements,
containing no standardization requirements, and requiring monitoring of only a few of
the major emission control components and systems, among other things.
Whv Reauire OBD Svstems on Heavv-Dutv Vehicles and Enaines?
Heavy-duty vehicles are an important part of the country's transportation network. Due
to their fuel efficiency, low maintenance costs, and durability, diesel engines are
employed on the vast majority of the heavy-duty trucks in lieu of gasoline engines.
Unfortunately, the emissions emitted from these heavy-duty trucks, especially diesel
trucks, are of great concern. Currently, diesel truck emissions account for about 28
percent and 16 percent of the total statewide mobile source oxides of nitrogen (NOx)
and particulate matter (PM) emissions, respectively. NOx is a precursor to ozone as
well as a lung irritant, while diesel PM is carcinogenic and has been identified as a toxic
air contaminant by ARB. While emissions from heavy-duty diesels are of particular
concern, emissions from heavy-duty gasoline vehicles are also of concern, given the
state's ongoing problem in meeting state and federal ambient air quality standards.
The emission standards for heavy-duty vehicles have become increasingly stringent
over the years. By 2004, the heavy-duty diesel emission standards for NOx and PM

have been reduced by over 60 to 80 percent compared to the standards in 1990.
Starting in 2007, both emission standards would be reduced further by 90 percent
compared to the 2004 standards. The reduced PM standard starts in 2007 while the
reduced NOx standard is phased-in during the 2007 through 2010 timeframe. Emission
standards for heavy-duty gasoline vehicles and engines are also reduced in 2008.
While the adoption of increasingly stringent standards are a step towards meeting
California's air quality goals, there must be some assurance that these standards
continue to be met in-use, since emission-related malfunctions can cause vehicle
emissions to increase well beyond the standards that they are intended to meet. To
meet these stringent standards, manufacturers must improve existing emission control
technologies as well as utilize new technologies. The technologies include
combinsltions of electronic powertrain and emission controls as well as exhaust
aftertreatment components. Accordingly, in order to maintain low emissions throughout
the vehicle's life, the durability and performance of these components and systems
must be monitored. Additionally, with these changes comes the development of more
complex electronic emission control systems, which increasingly rely on computerbased control. Therefore, the diagnosing of malfunctions related to emission-related
components and systems becomes more complicated as well. OBD systems would
ensure that emission-related malfunctions are quickly detected as well as properly
identified and repaired by providing repair technicians with enough information
concerning the malfunctioning component and the type of failure present.
As previously stated, ARB recently adopted diagnostic requirements that apply to
heavy-duty vehicles. ARB adopted the EMD regulation to apply to all 2007 and
subsequent model year on-road heavy-duty Otto-cycle (gasoline) and diesel engines.
However, the requirements in the EMD regulation for heavy-duty vehicles are much less
comprehensive than those in the OBD II regulation for lightduty vehicles. Specifically,
the EMD regulation contains monitoring requirements for only a few of the major
emission control technologies and contains no standardized requirements. That is
because the staff developed the regulation to enable engine manufacturers to make
minimal or, no changes to the existing diagnostic systems on their engines. However,
during the EMD rulemaking, staff had indicated its intention to return to the Board in
2005 to adopt more comprehensive diagnostic, testing, and standardization
requirements for future heavy-dutyengines. Thus, ARB staff is proposing at this time
adoption of a separate OBD regulation (proposed title 13, CCR section 1971-1) to apply
to all 2010 and subsequent model year heavy-duty gasoline and diesel engines and
vehicles.
Staff expects that diesel engine manufacturers will likely be required to substantially
revise the emission control systems on all engines during the 2007 to 2010 model year
timeframe to meet the 2007 standards. Typically, these modifications will include
hardware changes (such as the addition of PM filters) and software modifications (such
as EGR flow rates and fuel injection parameters). As such, staff believes that it would
be both cost-effective and efficient for manufacturers to use their engineering resources
to implement OBD-required modifications at the same time.

What W.ould the Heavy-Duty 050 Reoutation Reauire?
As stated previously, the proposed heavy-duty OBD regulation would contain more
comprehensive diagnostic requirements than the EMD regulation. Specifically, several
of the major system and component monitors would be directly calibrated to an
emission level correlated to the emission standards (i.e., require a fault to be detected
before emissions exceed the standards by a certain amount) white other component
WI
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cases, the staff has identified only one or two potential mon
particular component even though many other equally &&ve strategies may exist.
FtMtt.ter, as history has often shown, manufacturers will be quite innovative and may
develop even better techniques as the underlying emission control technology evolves.
The proposed heavy-duty OBD regulation would require the phase-in of OBD systems
on heavy-duty gasoline and diesel engines starting with the 2010 modei year. For the
2010 through 2012 model years, manufacturers would be required to implement the
OBD system on one engine family. All other 2010 through 2012 engine families would
be subject to the existing EMD requirements. For 2013, manufacturers would be
required to implement OBD on all engine families. This phase-in allows manufacturers
to more effectively stagger their resources (especially test cell resources) between
meeting the emission standards in 2010 and meeting the OBD requirements for 2010
and 2013. Further, this allows manufacturers to gain valuable experience on a smaller
portion of the engine fleet before undertaking widespread implementation.
For some of the major emission control systems and components, the proposed heavyduty OBD regulation would require malfunctions to be identified before any problem
becomes serious enough to cause vehicle emissions to exceed the standards by a
certain amount. For diesel engines, these major emission control systems would likely
be the fuel system, EGR system, PM filter, and NOx aftertreatment components. For
gasoline engines, these major emission control systems would likely be the catalyst,
fuel system, oxygen sensor, and, if equipped, EGR system or secondary air system.
The proposed regulation would require manufacturers to correlate component and
system performance with emission levels to determine when deterioration of the system
or component will cause emissions to exceed a certain emission threshold. For
gasoline engines, the proposed regulation would specrfy this threshold as a multiple of
the emission standards (e.g., 1.5 or 1.75 times the standards). For diesel engines, the
proposed regulation would specify this threshold as either a multiple of the standards,
an additive value above the standards (e-g., 0.2 glbhp-hr above the standards), or an
absolute emission level (e.g., 0.05 glbhp-hr). When this threshold is exceeded, the
proposed regulation would require the diagnostic system to alert the operator to the
problem by illuminating the MIL. The malfunction thresholds will be based on the

emission standards that the particular engine is certified to, be it an established engine
emission standard or a manufacturer-specificfamily emission limit (FEL) used in
accordance with the averaging, banking, and trading program.
Diesel engine manufacturers have expressed concem about developing emission
threshold-based monitors, stating that they have had no prior experience developing
OBD systems and therefore need some flexibility in the first years of monitor
implementation. Therefore, for aftertreatment monitors (e.g., PM filters, catalyst
systems), the proposed regulation would allow manufacturers to use a higher emission
threshold for fault detection for the 2010 through 2012 model years. For example, the
emission threshold for the PM filter performance monitor would be 0.05 glbhp-hr for the
2010 through 2012 model years which is five times the PM emission standard, and
decreases to 0.025 glbhp-hr for 2013 and subsequent model years. However, staff is
proposing more stringent emission thresholds with no phase-in for major components
and systems (e-g., EGR and fuel system) located upstream of the aftertreatment as the
aftertreatment is expected to compensate for some of the emission increase caused by
a deteriorated emission control component, thereby reducing the actual impact on
tailpipe emissions. As such, the system should be able to withstand fairly substantial
deterioration of these components before the aftertreatment is overwhelmed and
tailpipe emissions exceed the proposed thresholds of 1.5 or 1.75 times the standard.
Diesel engines are currently subject to emission standards over three different emission
test procedures including the Federal Test Procedure (FTP), the European Stationary
Cycle (ESC), and the Not-to-Exceed (NTE) control area. Combined, these cycles cover
a substantial portion of the diesel engine operating region to ensure good emission
control over the majority of in-use operation. However, for purposes of determining the
emission levers for OBD system calibration, manufacturers would only be liable for
calibrating to a certain emission threshold on either the FTP or the ESC cycle,
whichever is more stringent. This reduces a manufacturer's development workload
while still providing reasonable quantification of the emission impact of a malfunction.
Further, for the 2010 through 2012 model years, the proposed regulation allows
manufacturers to use engineering judgment to determine which of the two test
ore stringent and to calibrate accordingly, in lieu of performing actual
component on both cycTes.
For the components and systems in which the emission threshold criterion is not
sufficient or cannot easily be applied, the proposed regulation would establish different
malfunction criteria to identify emission problems. For example, in addition to having to
detect engine misfire before emissions exceed 1.5 times the standards on gasoline
engines, the proposed regulation would require that misfire levels be detected that will
cause catalyst damage due to overheating.
Given that diesel and gasoline applications often utilize different emission control
technologies or strategies, the proposed regulation would contain several separate
monitoring requirements for diesel and gasoline applications. For example, diesel
applications would be required to monitor diesel-related emission control technologies

such as particulate filters and NOx absorbers, while gasoline ap@btionswould be
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systems. Additionally, for emission controls common to both diesel and gasoline
engines, the proposed regulation would include a section that details monitoring
requirements that apply to both diesel and gasoline applications. These include engine
cooling system monitoring and comprehensive component monitoring.

Regardung wapmatiue system mr&mingh
a f @ ~ & h t+-+eef?3+&~
,
threshold criterion would not be applicable. T
sed regulation would require the
OBD system to detect leaks equivalent or greater in magnitude to a 0.090 inch diameter
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(up to 15 times the standard), current monitoring technology for the large tanks typically
found on heavy-duty vehides and servicsabilfty issues liwt detection and repair of that
size of reak. Further, in the heavy-duty industry, truck builders are currently given
significant additional flexibility in fuel tank size, shape, location, and associated
hardware. It is impractical for engine manufacturers to develop robust calibrations for
very small leaks that would be able to handle the amount of variations that exist in the
marketplace today. As a compromise, a larger ieak of 0.098" should allow engine
manufacturers to place some restrictions on tank size, location, and hardware (more
restrictions than exist today), but not to the extent of eliminating virtually all variations,
and still robustly detect leaks.
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The emission threshold criterion would also not be applicable to monitoring of electronic
engine components that can cause emissions to increase when malfunctioning, but
generally to less than the malfunction emission thresholds (e.g., 1.5 times the standard).
The proposed regulation would require such components (i.e., comprehensive
components) to be monitored for proper function on both diesel and gasoline
applications. For example, for components that provide input to the on-board computer,
the OBD system would be required to monitor for out-of-range values (generally open or
short circuit malfunctions) and input values that are not reasonable based on other
information available to the computer (e.g., sensor readings that are stuck at a particular
value or biased significantly from the correct value). For output components that
receive commands from the on-board computer, the OBD system would be required to
monitor for proper function in response to these commands (e.g., the system verifies
that a valve actually opens and closes when commanded to do so). Monitoring of all
such components is important because, while a single malfunction of one of these
components may not cause an exceedance of the emission standards, multiple failures
could synergistically cause high in-use emissions.' Further, the OBD system relies on
many of these components to perform monitoring of the more critical emission control
devices. Therefore, a malfunction of one of these input or output components, if
1

The proposed regulation would only require detection of any single component failure that can
affect emissions rather than detection of every combination of multiple component degradations that can
cause emissions to exceed the standards, due to the overwhelming time and cost resources that would
be required to evaluate the latter.

undetected, could lead to incorrect diagnosis of emission malfunctions or even prevent
the OBD system from checking for malfunctions.
In addition to malfunction detection requirements, the proposed regulation would require
diagnostic repair information to be provided to aid service technicians in isolating and
fixing detected malfunctions. For each malfunction detected, a specific fault code would
be stored, pinpointing to the extent feasible, the area and nature of the malfunction
(e.g., a mass air flow sensor with an inappropriately high reading). The OBD system
would also provide technicians with access to current engine operating conditions such
as engine speed, engine load, and coolant temperature. The OBD system would even
store the operating conditions that exist at the time a malfunction is detected. All of this
information would be accessed with the use of a generic scan tool (i.e., a tool that can
access all makes and models of vehicles), and would help assist the technician in
accurately diagnosing and repairing problems.
Additionally, the proposed regulation would allow exemption from the OBD system
requirements for engines that are certified to run on alternate fuels until the 2020 model
year. Instead, for 2013 through 2019 model year alternate-fueled engines, the
proposed regulation would require manufacturers to implement EMD systems on these
engines. They would also be required to monitor for NOx aftertreatment malfunctions.
This allowance will reduce the burden on manufacturers of these engines, which are
produced in much lower numbers than their gasoline and diesel counterparts and since
it is likely that the manufacturers would be required to redevelop a significant portion of
the OBD system specifically for alternate-fueled engines (i.e., manufacturers would not
be able to use their diesel engine-based OBD systems on alternate-fueled engines
because of the vast differences in emission control components). Lastly, the role for
alternate fuel englnes in the heavyduty industry is still uncertain and these allowances
should provide more time for the market to decide what role these engines will play and
in what volumes rather than having manufacturers prematurely elect to discontinue
production of these engines partially due to OBD requirements.
What Do the Federal OBD Requlations Require?
Currently, the U.S. EPA only has OBD requirements for iight-duty vehicles and trucks
and for federally defined "heavyduty" vehicles and engines with a GVWR between
8,500 to 14,000 pounds. These are the same categories of vehicles covered by ARB'S
OBD II regulations which apply to light- and medium-duty vehicles (where medium-duty
is defined in California as the 8,500 to 14,000 pound GWVR range). Presently, the U.S.
EPA does not have OBD requirements for vehicles and engines above 14,000 pounds,
which is the weight range for California's "heavyduty" class. ARB staff and the U.S.
EPA staff have been discussing the heavy-duty OBD requirements and the U .S. EPA
staff has indicated its intent to propose and adopt an OBD regulation for heavy-duty
vehicles and engines over 14,000 pounds. U.S. EPA staff have indicated a strong
interest in continuing to work with ARB, the heavy-duty industry, and other stakeholders
to develop harmonized ARB and federal OBD programs.

OBD and Haaw-Dutv Inspection Proarams
As stated before, one of the main purposes of OBD is to keep emissions low for the
entire life of the vehicle. In order to achieve this, a mechanism is needed to ensure that
emission-related malfunctions detected by the OBD system are repaired in a
reasonable timeframe. Before the OBD II system check was incorporated into the I/M
program for light- and medium-duty vehicles, California's IIM program (i.e., "Smog
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malfunctions. When these vehicles were identifiled, repair technicins then were
required to diagnose the cause of the emission failure and performed the necessary
repairs. The effectiveness of the repairs in bringing the vehicle
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incorporation of OBD II system checks greatly simplifies and improves this process.
Instead of measuring tailpipe emissions directly once every two years, the technician
will only have to check the OBD tI system. If the MIL were not illuminated, nor any fault
codes stored, there would be considerable assurance that the vehicle is not emitting
excessive emissions (i.e., virtually all the potential sources for an emission problem are
operating without defect). In addition, an OBD-I/M check can catch faults of emissionrelated components and systems that cannot otherwise be checked during a tailpipeonly I/M test, such as cold start emission reduction devices or fuel system malfunctions
that occur exclusively outside of the IIM driving conditions.
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Currently, ARB has two enforcement programs that target excessive smoke emissions
from heavy-duty trucks and buses. The first program, the Heavy-Duty Vehicle
Inspection Program (HDVIP), consists of ARB inspectors conducting smoke opacity
snap-acceleration tests on diesel-powered vehicles and visual tamper inspections
(where inspectors look under the hood for visible signs of tampering) on both diesel and
gasoline-powered vehicles at various roadside locations, such as California Highway
Patrol weigh stations. The second program, the Periodic Smoke lnspection Program
(PSIP), requires owners of heavy-duty truck and bus fleets to perform and maintain
records of annual self-inspections of their own vehicles. These also consist of smoke
opacity snap-acceleration tests and tamper inspections of the vehicles. These current
programs, however, focus mostly on reductions of hydrocarbons and particulate matter
(which smoke is mostly composed of) and reflect how the vehicle is performing only at
the moment of inspection (as opposed to continuously on the road) and under the
conditions tested (i.e., snap acceleration). The incorporation of OBD checks into this
program would enable a more thorough inspection by continuously monitoring the entire
emission control system while the vehicle is in-use and providing emission-related
information at the time of inspection. Further, a heavy-duty vehicle operator will know
before the inspection whether the vehicle will pass or fail based on the presence or
absence of the MIL warning light. This can eliminate uncertainty on the vehicle
operator's part in wondering whether or not the truck will fail the inspection and can lead
to reduced risk of citations or notice-of-violations (NOVs).

.Enforcementfor Heavv-Dutv OBD
Under the OBD II requirements for light- and medium-duty vehicles, ARB has adopted a
separate, stand-alone enforcement regulation for OBD II systems (title 13, CCR section
1968.5). For heavy-duty OBD, staff anticipates doing the same but does not have a
staff proposal at this time. Staff anticipates adopting enforcement regulations specific to
heavyduty OBD compliance under a separate rulemaking (or during a biennial review
of this regulation) prior to implementation of OBD systems in the 2010 and subsequent
model years. Accordingly, the staff report and proposed regulation do not contain a
complete set of specific enforcement provisions.
The proposal does, however, include some items related to enforcement. Specifically,
the proposal includes higher interim in-use compliance standards for the OBD monitors
that are calibrated to specific emission thresholds. For the 2010 through 2015 model
year engines, an OBD monitor would not be considered non-compliant (or subject to
enforcement action) unless emissions exceeded twice the OBD threshold without
detection of a fault. For example, for a PM filter with an OBD threshold of 0.05 glbhp-hr
PM, a manufacturer would not be subject to enforcement action unless emissions
exceed twice that, or 0.10 glbhp-hr PM, without detection of a malfunction. Additionally,
the number of engines that would be liable in-use for compliance with the OBD emission
thresholds would be limited. With the proposal, manufacturers would only be'liable inuse for the highest sales volume engine rating (e.g., a specific rated power variant)
within the one engine family that has OBD in the 2010 through 2012 model years.
Other engine ratings in that engine family would have no liability in-use for detecting a
fault at the specified emission threshold. For 2013 through 2015 model years, all
engine ratings within this original OBD engine family would be liable for meeting the
emission thresholds. Additionally, a limited additional number of engine ratings in other
engine families would become in-use liable in the 2013 model year. Emission threshold
liability for all engines in-use would not take effect until the 2016 model year. These
provisions allow manufacturers to gain experience in-use without an excessive level of
risk for mistakes and allow them to fine-tune their calibration techniques over a six year
period.
Staff has spent some time consideringthe uniqueness of the heavy-duty industry with
separate engine and component suppliers and the difficulties this can present in
enforcement. The heavy-duty industry is similar in some aspects to other regulated
industries or products such as marine engines, off-road engines, and incomplete
vehicles, and ARB has experience in dealing with complicated supplier, manufacturer,
importer, and dealer relationships both in certification as well as in enforcement. With
OBD being fairly complicated and sensitive to interaction from the various components
installed with an engine into an end vehicle, staff expects these relationships may
become even further complicated. In the end, however, the vast majority of the
proposed OBD requirements would apply directly to the engine or its associated
emission controls, and the engine manufacturer would have complete responsibility to
ensure those requirements are met. Given the central role the engine and engine
control unit would play in the OBD system, the staff anticipates proposing that the party
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already subject to various emission requirements including engine emission standards,
labels, and ceR#catfan, engine manufacturers curren€ly do impose restrictions on
engine purchasers to ensure the engines do not deviate from their certified configuration
when installed. As such, it is likely the engine manufacturers already require such
agreements from engine purchasers to protect themselves. Further, if not done for
emission certification purposes, the engine manufacturer likely have similar-type
protections in place for items that result in premature engine component failure or
warranty cost caused by the engine purchaser (e.g., insufficient engine cooling system
installed resulting in overheating and premature engine damage).
Ill. GENERAL MONITORING REQUIREMENTS

A. Monitoring Conditions
As stated previously, the purpose of the OBD system is to detect malfunctions of the
emission control system while the vehicle is being operated. To best achieve this, the
OBD monitors would have to be designed to run during conditions routinely
encountered by drivers of heavy-duty vehicles. If OBD monitors were designed to run
only during extreme (i-e., rarely encountered) conditions, emission-related malfunctions
would rarely, if ever, be detected, which could lead to unnecessary excess emissions,
defeating the purpose of OBD. While manufacturers may limit the conditions under
which certain monitors would run to ensure effective monitoring of the component or
system, it is important that these conditions are not so restrictive that monitoring would
rarely occur during real-world driving. Given the wide variety of operating patterns used
within the heavy-duty industry (e.g., refuse trucks and transit buses to line-haul
applications), it is especially imperative that heavy-duty manufacturers design monitors
to run under as broad a range of driving conditions as possible.
To ensure this, the staff is proposing some guidelines that manufacturers would need to
follow when developing their OBD monitors. The proposed regulation would require
that monitors run during conditions that (1) are technically necessary to ensure robust
detection of malfunctions, and (2) ensure monitoring will occur during normal vehicle
operation. ARB would determine if the monitoring conditions proposed by the
manufacturer for each monitor abide by these requirements. The staff is also proposing
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requirements that would measure the real world monitoring performance of many OBD
monitors (see section VII. of the Staff Report for more details). These proposed
requirements would assist the staff in determining if the monitoring conditions are
sufficiently broad for frequent monitoring during normal operation.
The proposed regulation would require each monitor to run at least once per driving
cycle in which the applicable monitoring conditions are met. The proposal would also
require certain monitors to run continuously throughout the driving cycle. These include
a few major monitors (e.g., fuel system monitor) and most circuit monitors. While a
basic definition of a "driving cyclen(e.g., from ignition key on and engine start up to
engine shut-off) has been sufficient for passenger cars, the driving habits of many types
of vehicles in the heavy-duty industry dictate an alternate definition. Typically, many
heavy-duty operators will start the engine and leave it running for an entire day or, in
some cases, several days or weeks, continuously. As such, in addition to the basic
definition of a driving cycle, the staff is proposing a modification to the definition to also
include any period of continuous engine-on operation of four hours to be considered a
complete driving cycle and to trigger the start of a new driving cycle. Thus, monitors
that are required to run once per driving cycle would be reset to run again (in the same
key-on engine start or trip) once the engine has been operated for over four hours
continuously. This will avoid an unnecessary delay in detection of malfunctions simply
because the heavy-duty vehicle operator has elected to leave the vehicle running
continuously for an entire day or days at a time.
B. MIL and Fault Code Requirements
When an emission-related malfunction is detected by the OBD system, there must be
some indication to the driver of the presence of this fault so that it can be repaired as
soon as possible. In the event of a malfunction, the proposed regulation would require
the manufacturer to store a fault code identifying the nature of the malfunction and
illuminate the MIL to alert the driver of the presence of the fault.
The staff is proposing to standardize the location and image of the MIL. Generally, the
MIL would be required to be located on the driver's side instrument panel and, when
illuminated, to display the International Standards Organization (tSO) engine symboi,
which is the symbol currently proposed by the National Highway Traffic Safety
Administration. The proposed regulation would not allow manufacturers to use the MIL
for any other purpose other than those related to OBD (i.e., those purposes specified in
the proposed regulation). Manufacturers have expressed their desire to utilize existing
engine and transmission-specific lights on the dashboard to indicate both emissionrelated and non-emission-relatedmalfunctions. While the proposed regulation would
not prohibit the additional illumination of the current lights when engine or transmissionrelated problems occur, the staff believes that a separate, OBD-specific light must also
be illuminated in conjunction with the other light when the problem is an emissionrelated fault. This would significantly help the incorporation of OBD checks into the
heavy-duty inspection programs, in which vehicles would "failndue to the presence of an
emission-related fault. If a vehicle did not have an OBD-specffic light, heavy-duty
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has occurred on two separate driving cycles. The fist time a malfunction is detected, a
"pending"fault wde identiig the suspected failing component or system would be
stored in the on-board computer. If the same malfunction is again detected the next
time the vehicle is operated, the MIL would be illuminated and a "confirmed" or "actiie"
fault code would be stored. Alternatively, if the same malfunction was not detected on
the second time the vehicle was operated, the pending fault code would be erased. A
technician would use the "confirmed" or "active" fault code to determine what system or
component has failed, what the exact problem is, and how to fix the problem.
In order to minimize the possibility of the MIL cycling on and off, the staff is proposing
specific requirements to prevent the MIL from extinguishing too readily. This should
improve technician and vehicle owner confidence in the diagnostic system. Specifically,
once the MIL is illuminated, the MIL would not be allowed to extinguish unless the
monitor related to the malfunction runs on three subsequent successive driving cycles
(or trips) and no longer detects a malfunction present. Thus, in the case of an
intermittent fault, the malfunction would need to be present for "two-trips-in-a-row" to
illuminate the MIL and subsequently, it would have to not occur for "three-trips-in-a-row"
to extinguish the MIL.
The staff is also proposing specific requirements that fault code information be retained
for a longer period of time for the purpose of aiding repair technicians. The proposed
regulation would allow in most instances a confirmed or previously active fault code to
be erased only if the identied malfunction has not been again detected in at least 40
engine warm-up cycles and the MIL is not presently illuminated for that malfunction.
This would provide added benefit to the vehicle operator and repair technicians by
allowing access to fault information even if the MIL is not currently illuminated.
There may be malfunctions of the MIL itself that would prevent the illumination of the
MIL. While a technician or inspector can still determine the status of the MIL (i-e.,
commanded "on" or "off') by reading electronic information available through a scan
tool, if the MIL malfunctions, there would be no indication to the driver of any emissionrelated faults should they occur. Unidentified malfunctions may cause excess
emissions to be emitted from the vehicle and may even cause subsequent deterioration
or failure of other components or systems without the driver's knowledge. In order to

prevent this, the proposed regulation would require the manufacturer to provide several
means for checking whether the MIL is functioning properly. First, the MIL would be
required to illuminate for a minimum of 15 to 20 seconds when the vehicle is in the keyon, engine-off position. This would allow an inspector, technician, or vehicle operator to
ensure the MIL is capable of illuminating by simply cycling the key on. While the MIL
would be physically illuminated during this functional check, the MIL command status
would be required to indicate "off during this check (unless the MIL was currently being
commanded "on" for a detected malfunction).
The manufacturer would also be required to include a second functional check of the
MIL. The proposed regulation would require a circuit continuity check of the electrical
circuit that is used to illuminate the MIL to verify the circuit is not shorted or open (e.g.,
burned out bulb). While the MIL will not be able to illuminate when such a malfunction
is detected, the electronically readable MIL command status in the on-board computer
would be changed from commanded "off to commanded "on". This precaution would
again greatly simplify the heavy-duty inspection program and allows the inspection to be
completely automated instead of a combination of passlfail criteria based on electronic
information obtained through a scan tool plus manually inputted visual results entered
by the inspector. Feedback from passenger car IIM programs has indicated that the
current visual bulb check performed by inspectors is subject to error and has resulted in
numerous vehicles being falsely failed or passed. By requiring monitoring of the circuit
itself, the entire passlfail criteria of an inspection program could be determined by the
electronic information available through a scan tool, thus better facilitating quick and
effective inspections and minimizing the chance for manually-entered errors.
While most monitors are expected to be designed as "two-in-a-rown driving cycle
monitors (i.e., illuminate the MIL and store a confirmed fault code in two driving cycles),
the proposed regulation would allow manufacturers to seek ARB approval to use
"statistical algorithms" in their monitoring strategies, which generally analyze diagnostic
information collected over more than two driving cycles. For ARB approval of the
alternate statistical MIL illumination and fault code storage protocol, the manufacturer
would have to submit information demonstrating that the alternate protocol is able to
evaluate the system performance and detect malfunctions in an effective and timely
manner equivalent to the standard "two-in-arrow" protocol. The staff is proposing to limit the "run length" of these alternate strategies to six driving cycles on average. With
alternate strategies, even with a limit of six on average, some malfunctions would not be
detected until 10 or more driving cycles due to the variation associated with the
algorithm. Should the limit be increased, the variation would also increase, causing
malfunction detections to be delayed until 20 or more driving cycles in some cases,
which would not be reasonably timely nor equivalent to the standard MIL illumination
protocol.
The proposed regulation would also require manufacturers to illuminate the MIL when
the vehicle enters a default mode of operation (e.g., over-temperature management
strategies) that can affect emissions or the performance of the OBD system. However,
manufacturers would be exempt from illuminating the MIL if either of the following
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strategy that is properly activated due to the occurrence of conditions that have been
approved by the Executive Officer. The manufacturer would be required to submit
documentation supporting the exemption for ARB approval.
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section VII1. (Standardization Requirements) of the Staff Report.
IV.

PROPOSED WNITORING SYSTEM WEQUREM

A. FUEL SYSTEM RAOMiTORlNG
Backaround
An important component in emission control is the fuel system. Proper delivery of fuel
(in both-quantityand injection timing) plays a crucial rde in maintaining low engine-out
emissions. The performance of the fuel system is also critical for aftertreatment device
control strategies. As such, thorough monitoring of the fuel system is an essential
element in an OBD system. The fuel system is primarily comprised of a fuel pump, fuel
pressure control device, and fuel injectors. Additionally, the fuel system generally has
sophisticated control strategies that utilize one or more feedback sensors to ensure the
proper amount of fuel is being delivered to the cylinders. While gasoline engines have.
undergone relatively minor hardware changes (but substantial fine-tuning in the control
strategy and feedback inputs), diesel engines have more recently undergone substantial
changes to the fuel system hardware and now incorporate more refined control
strategies and feedback inputs.
For diesel engines, a substantial change has occurred in recent years as manufacturers
have transitioned to new high-pressure fuel systems. One of the most widely used is a
"common-railnfuel injection system, which is generally comprised of a high-pressure
fuel pump, a fuel rail pressure sensor, a common fuel rail that feeds all the individual
fuel injectors that directly inject fuel into each cylinder, and a closed-loop feedback
system that uses the fuel rail pressure sensor to achieve the commanded fuel rail
pressure. Unlike older style fuel systems where fuel pressure was mechanically linked
to engine speed (and thus, varied from low to high as engine speed increased),
common-rail systems are capable of controlling to any desired fuel pressure
independent of engine speed. Increased fuel pressure control allows greater precision
relative to fuel quantity and fuel injection timing, and provides engine manufacturers
with tremendous flexibility in optimizing the performance and emission characteristics of
the engine. The ability of the system to generate high pressure independent of engine
speed also improves fuel delivery at low engine speeds.

While most diesel engine manufacturers use common-rail systems, some use improved
unit injector systems. In these systems, fuel pressure is generated within the injector
itself rather than via an engine-driven high-pressure fuel pump in a common-rail system.
Typically, the injector unit is both electrically and hydraulically-controlled. A highpressure oil pump is used to deliver oil to the injector, which in turn activates a plunger
in the injector to increase the fuel pressure to the desired level. Earlier versions of unit
injector systems were able to achieve some of the advantages of common-rail systems
(e.g., high fuel pressures) but still had limitations on the pressure that they could build
based on engine speed. Further, the fuel pressure was a function of engine speed and
could not be modified to a lower or higher pressure at a given engine speed. Newer
design iterations have created an injector with extra valves that allow the system to
deliver higher or lower pressures at a given engine speed. Thus, while there is still
some dependence on engine speed for the fuel pressure, it is largely adjustable and
can achieve much of the same fuel pressure range a common-rail system is capable of
achieving.
Precise control of the fuel injection timing is crucial for optimal engine and emission
performance. As injection timing is advanced (i.e., fuel injection occurs earlier),
hydrocarbon (HC) emissions and fuel consumption are minimized but oxides of nitrogen
(NOx) emissions are increased. As injection timing is retarded (i.e., fuel injection occurs
later), NOx emissions can be dramatically reduced but HC emissions, particulate matter
(PM) emissions, and fuel consumption increase. Engine manufacturers must
continually optimize the system to deliver the desired fuel quantity precisely at the right
time.
The common-rail system or improved unit injector system also provides engine
manufacturers with the ability to separate a single fuel injection event ir~todiscrete
events such as pilot (or pre) injection, main injection, and post injection. A system using
a pilot injection and a main injection instead of a single injection event has been shown
to generate a 16 percent reduction in NOx emissions2in addition to providing a
substantial reduction in engine noise. Another study has shown that the use of pilot
injection versus no pilot injection can lead to a 20 percent reduction in PM emissions
and a five percent reduction in fuel usage at a similar NOx leveL3
Lastly, the high pressures and near infinite control in a common-rail or improved unit
injector system begin to open the door for manufacturers to mod@ the fuel injection
pressure during a fuel injection event which results in different fuel quantity injection rate
profiles or "shapes." "Rate-shaping," as it is commonly known, allows manufacturers to
begin a fuel injection event with a set injection rate and end the injection at a different

Tullis, S., Greeves G., 1996. "Improving NOx Versus BSFC with EUI 200 Using EGR and Pilot
Injection for Heavy-Duty Diesel Engines", SAE 960843 (www.dieselnet.com,Diesel Fuel Injection,
Common-Rail Fuel Injection).
Greeves, G., Tullis, S., and Barker, B., 2003, "Advanced Two-Actuator EUI and Emission
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Given these various aspects of common-rail systems and improved unit injector
systems, malfunctions that would affect the fuel pressure control, injection timing,
pilot/main/post injection timing or quantity, or ability to accurately perform rate-shaping
could lead to substantial increases in emissions (primarily NOx or PM), often times with
an ass~ciakdchange in fuel c
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overall fuel system's ability to meet the emission standards and to verify that individual
aspects or capabilities of the system are properly functioning.
Fuel System Pressure Control Monitoring
The staff is proposing monitoring requirements that continuousiy verify the system is
able to control to the desired fuei pressure. The OBD system would be required to
indicate a malfunction when the system can no longer control the fuel system pressure
with the consequence that emissions exceed 1.5 times the applicable standards. If no
failure of the system can cause emissions to exceed 1.5 times the applicable standards,
then the OBD system would be required to detect a fault when the fuel pressure control
system has reached its control authority limits and can no longer increase or decrease
the commanded injection quantity to achieve the desired fuel system pressure.
Fuel Injection Quantity Monitoring
The staff is proposing monitoring requirements that verify the fuel system is able to
accurately deliver the proper quantity of fuel required for each injection. The OBD
system would be required to indicate a fault when the system is unable to accurately
deliver the desired fuel quantity with the consequence that emissions exceed 1.5 times
the applicable standards. If no failure can cause emissions to exceed 1.5 times the
applicable standards, then the OBD system would be required to detect a fault when the
fuel injection system has reached its control authority limits and can no longer increase
or decrease the commanded injection quantity to achieve the desired fuel injection
quantity. Malfunctions or deterioration of the system such as injector deposits or
injector wear that restrict flow can result in individual cylinder variations that alter the
injection quantity or injection profile and lead to increases in emissions. Unlike gasoline
engines, diesel engines have no feedback system that directly verifies the proper fuel
quantity. While large decreases in the fuel injection quantity can be noticed by the
vehicle operator (e.g., reduction in maximum power output of the engine), small
changes go unnoticed and may have a substantial impact on emissions by reducing the
ability of the system to accurately deliver fuel (through separate pilot, main, or post
injections or timing). As an example, pilot injections typically represent only a few
4
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percent (e.g., four to five percent) of the total fuel injected for an individual cylinder
fueling event but can have a disproportional impact on increases in NOx emissions
(e.g., +
6Ipercent). Deterioration or other malfunctions could affect the ability of the
system to accurately deliver the pilot injection yet still achieve acceptable performance
to the vehicle operator.
Fuel Injection 77ming Monitoring
Lastly, the staff is proposing that manufacturers implement monitoring to venfy that fuel
injection timing is correct; that is, that fuel is injected at the precise time that it is
commanded to happen. Small changes in fuel timing (advance or retard) can have
significant impacts on emissions. If the injector were to open too soon (due to a
deteriorated needle lift return spring, etc.), fuel would be injected too soon and
potentially at a lower than desired fuel pressure. If the injector were to be delayed in
opening (due to restrictions in the injector body passages, etc.), fuel would be injected
later than desired and potentially at a higher fuel pressure than desired. As such, the
OBD system would be required to verify that the fuel injection occurs within a
manufacturer-specifiedtolerance of the commanded fuel timing point and indicate a
malfunction prior to emissions exceeding 1.5 times any of the applicable standards.
Feedback Control Monitoring
Regarding feedback-controlled fuel systems, staff is proposing that manufacturers
indicate a malfunction if the fuel system fails to begin feedback control within a
manufacturer specified time interval. Manufacturers would also be required to indicate
a malfunction if failure or deterioration of components used as part of the feedback
control strategy causes the system to go open loop (i.e., stops feedback cor;trol) or
default operation of the fuel system. Lastly, manufacturers would also be required to
indicate a malfunction if feedback control has used up all of the adjustment allowed by
the manufacturer. Malfunctions that cause delays in starting feedback control and
malfunctions that cause open loop operation could either be detected with a fuel-system
specific monitor or with individual component monitors.
Technical Feasibifitv of Pr0~0sedMonitorins Reauirements
For diesel engines, under the light- and medium-duty OBD ll requirements, a few
passenger cars and several medium-duty applications utilizing diesel engines have
been monitoring the fuel system components since the 1997 model year. Recently, this
has included vehicles using common-rail fuel injection and improved unit injector
systems, the same new technology expected to be used throughout the heavyduty
industry. For some aspects of these high-pressure fuel systems, however, the
monitoring proposed by the staff for heavy-duty diesel engines does extend beyond
those presently required for existing mediumduty applications.
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The first monitoring requirement proposed by the staff is to identify malfunctions that
prevent the system from controlling the fuel pressure to the desired level.
Manufacturers control fuel pressure by using a closed-loop feedback algorithm that
allows them to increase or decrease fuei pressure until the fuel pressure sensor
indicates they have achieved the desired pressure level. For the common-rail systems
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two. r e error limits are
estaMished by engine dynamometer emission tests to ensure a malfunction will be
detected before emissnl"bhsex1.5 t i w s the a@icabJe emission standards h
some cases, manufacturers have developed separate strategies that can identify small
errors over a long period of time versus large errors over a short period of time. In other
cases, one strategy is capable of detecting both types of malfunctions at the appropriate
level. In cases where no fuei pressure error can generate a iarge enough emission
increase to exceed 1.5 times any of the applicable standards, manufacturers are
required to set the threshold at their control limits (e.g., when they reach a point where
they can no longer increase or decrease fuel pressure to achieve the desired fuel
pressure). Several medium-duty applications already meet this monitoring requirement.
By its nature, a closed-loop system is inherently capable of being monitored because it
simply requires analysis of the same closed-loop feedback parameter that is also being
used by the system for control purposes.
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Fuel Injection Quantity Monitoring

The second diesel fuel system monitoring requirement being proposed is that the
system verify that the proper quantity of fuel is being injected. Again, manufacturers
would be required to establish the malfunction criteria by engine dynamometer emission
tests to ensure a malfunction will be detected before emissions exceed 1.5 times the
applicable emission standards. In cases where no fuel quantity error can generate a
large enough emission increase to exceed 1.5 times any of the applicable standards,
manufacturers would be required to set the threshold at their control limits (e.g., when
they reach a point where they can no longer increase or decrease fuel quantity to
achieve the desired fuel quantity).
As there is no overall feedback sensor to indicate that the proper mass of fuel has been
injected, this monitoring is more difficult. One manufacturer, however, is currently using
a strategy that verifies the injection quantity under very specific engine operating
conditions and appears to be capable of determining that the system is accurately
delivering the desired fuel quantity. This strategy entails intrusive operation of the fuel
injection system during a deceleration event where fuel injection is normally shut off
(e.g., coasting or braking from a higher vehicle speed down to a low speed or a stop).
During the deceleration, fuel injection to a single cylinder is turned back on to deliver a

very small amount of fuel. Typically, the amount of fuel would be smaller than, or
perhaps comparable to, the amount of fuel injected during a pilot or pre injection. If the
fuel injection system is working correctly, that known injected fuel quantity will generate
a known increase in fluctuations (accelerations) of the crankshaft that can be measured
by the crankshaft position sensor. If too little fuel is delivered, the measured crankshaft
acceleration will be smaller than expected. If too much fuel is delivered, the measured
crankshaft acceleration will be larger than expected. This process can even be used to
"balance" out each cylinder or correct for system tolerances or deterioration by
modifying the commanded injection quantity until it produces the desired crankshaft
acceleration and applying a correction or adaptive term to that cylinder to compensate
future injections of that cylinder to the desired nominal amount. Each cylinder can, in
turn, be cycled through this process and a separate analysis can be made for the
performance of the fuel injection system for each cylinder. Even if this procedure
requires only one cylinder be tested per revolution (to eliminate any change in engine
operation or output that would be noticeable to the driver) and requires each cylinder to
be tested on four separate revolutions, this process would only take two seconds for a
six cylinder engine decelerating through 1500 rpm.
The crankshaft position sensor is commonly used to identrfy the precise position of the
piston relative to the intake and exhaust valves to allow for very accurate fuel injection
timing control and, as such, has sufficient resolution and data sampling within the onboard computer to be able to measure such crankshaft accelerations. Further, in
addition to the current use of this strategy by a medium-duty diesel engine
manufacturer, a nearly identical crankshaft fluctuation technique has been commonly
used on mediumduty diesel engines during idle conditions to determine if individual
cylinders are misfiring since the 1997 model year.
Another technique that may be used to achieve the same monitoring capability is some
variation on the current cylinder balance tests used by many manufacturers to improve
idle quality. In such strategies, fueling to individual cylinders is increased, decreased, or
shut off to determine if the cylinder is contributing an equal share to the output of the
engine. This strategy again relies on changes in crankshamengine speed to measure
the individual cylinder's contribution relative to known good values andlor the other
cymers. Such an approach would be viabte to effectivety determine the fuet injection
quantity is correct for each cyiinder but has the disadvantage of not necessarily being
able to verify the system is able to deliver small amounts of fuel precisely (such as
those commanded during a pilot injection).
Staff expects other monitoring techniques will likely surface as manufacturers begin to
develop their systems. One other approach that has been newly mentioned but not
investigated very thoroughly is the use of a wide-range air-fuel (NF) sensor in the
exhaust to confirm fuel injection quantity. The monitoring concept is that the N F sensor
output can be compared to the measured air going into the engine and calculated fuel
quantity injected to see if the two agree. Differences in the comparison may be able to
be used to identify incorrect fuel injection quantity.

Fuel Injection Timing Monitoring
A similar, or even the same, technique could potentially be used to meet this monitoring
requirement. By monitoring the crankshaft speed fluctuation and, most notably, the time
at which such fluctuation begins, ends, or reaches a peak, the OBD system could
compare the time to the commanded fuel injection timing point and verify the fluctuation
occurred within an acceptable time delay from the commanded fuel injection. If the
system was w~rkingimpand actual W i
~ cktayedm
relative to when
~ it
would also be
was commanded, the corresponding crankshaft speed W & n
delayed and m u t t in a longer than acceptable time period between commanded fuel
injection tim
in diewhet

In fact, some experiments were conducted at the Bendix Diesel Engine
Controls in which a signal was obtained and digitized to analyze the
impulsive flywheel motion that results from the torque development.
Figure 5 shows the results of this experiment which was conducted on a
4-cylinder Volkswagen diesel engine. While the general observation is that
in an engine the flywheei is rotating at a steady speed, it is in fact rotating
in a pulsating pattern as shown in Figure 5. By referencing the trace in
Figure 5, control engineers at Bendix were able to infer injection timing
and fueling for each cylinder. Analysis of such trace can yield information
regarding when the piston began its downward acceleration. From this
determination, an injection timing is inferred by referencing the start of
piston acceleration to a set top-dead-center reference. Comparative
analysis is then conducted by the electronic control unit to determine the
injection timing for each individualcylinder. In injection systems where
individual cylinder control of the fuel injection is available, adjustments can
be made to equalize the effective injection timing in all cylinders.
Likewise, the rate and amount of acceleration of each flywheel impulse
can be used to infer the fueling in each cylinder. Once again, the
electronic control unit is capable to adjust the cylinder-to-cylinder fueling
rate for smoother engine operation.. .[Emphasis added]
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Figure 5. Torque Pulses Development in a CCylinder Diesel Engine
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Another technique that has been mentioned to staff but not studied in depth is to
confirm fuel injection timing involves an electrical feedback signal from the injector to
the computer to confirm when the injection occurred. Such techniques would likely use
an inductive signature to identify exactly when an injector opened or closed and verify
that it was at the expected timing. Staff expects further investigation would be needed
to confirm such a monitoring technique would be sufficient to verify fuel injection timing.
Feedback Control ~ o n i t o r i ~

The conditions necessary for feedback control (i.e., the feedback enable criteria) are
defined as part of the control strategy in the engine computer. The feedback enable
criteria are typically based on minimum conditions necessary for reliable and stable
feedback control. When the manufacturer is designing and calibrating the OBD
system, the manufacture would determine how long it takes to satisfy these feedback
enable criteria on a properly functioning engine for the range of in-use operating
conditions. The OBD system can evaluate whether it takes too long for these conditions
to be satisfied after engine start relative to normal behavior for the system, and a
malfunction can be indiczited when the time exceeds a specified value (i.e., the
malfunction criterion). For example for fuel pressure feedback control, a manufacturer
may wait to begin feedback control until fuel system pressure has reached a minimum
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speMted value. For a pmperfy functioning system, preswre builds in the sp4m as the
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econds after engine start. However, a malfunctioning system
(e.g., due to a faulty low-pressure fuel pump) may take a significantly longer time to
reach the feedback enable pressure. A malfunction would be indicated when the actual
time to reach feedback enable pressure exceeds the malfunction criterion.
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As discussed above, the feedback enable criteria are clearly defined i
and are based on what is necessary for reliable control. After feedback control hhs
being satisfied and
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pressure sensor has to be within a certain range. The upper pressure limit would be
based on the maximum presswe that can be g
e in a property
~
functioning
~
system. A maffunction would be indicated when the pressure exceeds the upper limit
and the fuel system stops feedback control and goes open loop.
The feedback control system has limits on how much adjustment can be made. The
limits would likely be based on the abiliv te maintain acceptable control. Like the
feedback enable criteria, the control limits are defined in the computer. The OBD
system would continuously track the actual adjustments made by the control system
and indicate a malfunction if the limits are reached.

B. MISFIRE MONITORING
Backqround
Misfire, the lack of combustion in the cylinder, causes increased engineout
hydrocarbon emissions. On gasoline engines, misfire is due to absence of spark, poor
fuel metering, and poor compression. Further, misfire can be intermittent on gasoline
engines (e.g., the misfire only occurs under certain engine speeds or loads).
Consequently, the existing light- and mediumduty OBD II regulation requires
continuous monitoring for misfire malfunctions on gasoline engines. However, for diesel
engines, manufacturers have maintained that misfire only occurs due to poor
compression (e.g., worn valves or piston rings, improper injector or glow plug seating),
and when poor compression results in a misfiring cylinder, the cylinder will misfire under
all operating conditions. Accordingly, the existing light- and mediumduty OBD II
regulation does not require continuous monitoring for misfire malfunctions on diesel
engines.
Proposed Monitorina Requirements
For diesel engines, the staff is proposing to require the OBD system to monitor for
engine misfire that occurs continuously in one or more cylinders during idle conditions.
Additionally, to the extent possible, the OBD system would be required to identify the
misfiring cylinder or indicate if multiple cylinder misfiring is occurring (through the
storage of the appropriate fault codes). The proposed regulation would require misfire

monitoring to occur at least once per drive cycle in which the monitoring conditions (i.e.,
idle conditions) are met. The proposed regulation would not allow the idle period under
which misfire monitoring is to occur to require more than 15 seconds of continuous data
collection, nor would it allow more than I000 continuous engine revolutions of data to
make a decision. The proposed regulation would, however, allow manufacturers to
conduct this monitoring under conditions other than those conditions stated as long as
they meet the general monitoring conditions requirements for all monitors. This would
allow for future innovations or alternate strategies that may more robustly detect misfire
under non-idle conditions.
This proposed monitoring requirement is identical to the requirement for light- and
mediumduty diesel vehicles and is based on the premise that a misfiring diesel engine
always misfires, as the engine manufacturers have asserted. However, the staff is
concerned that real world malfunctions that cause misfires on diesel engines may occur
intermittently or only during off-idle conditions, contrary to manufacturers' assessment.
The staff will continue to investigate the possibility of these misfires but currently does
not have sufficient information or data to thoroughly validate these concerns. As
additional information becomes available for future Board reviews of the HD OBD
regulation, the staff may propose a more comprehensive requirement.
Additionally, for 2013 and subsequent model year engines equipped with sensors that
can detect combustion or combustion quality (e-g., for use in homogeneous charge
compression ignition (HCCI) control systems), the OBD system would required to detect
a misfire malfunction prior to emissions exceeding 1.5 times the applicable standards.
For these engines, the premise that a misfiring diesel engine misfires under all speeds
and loads is clearly not correct. These engines precisely control the combustion
process and require additional sensors to accurately measure combustion
characteristics. Given the presence of these additional sensors and the likelihood that
these types of engines can experience misfire in very specific speed and load regions,
continuous monitoring for misfire is appropriate. Staff expects that combustion sensors
will only be used on engines that require precise control of air and fuel metering and
mixing to achieve proper combustion and maintain low engine-out emission levels.
Technical Feasibility of Proposed Monitorina ReauEments
Diesel engines certified under the light- and mediumduty OBD II requirements have
been monitoring for misfire since the 1998 model year. The monitoring requirements
proposed by staff for heavy-duty diesel engines that do not use combustion sensors are
identical to those of current medium-duty diesel applications. The technical feasibility
has clearly been demonstrated for these packages. For engines that use combustion
sensors, misfire monitoring is feasible because these sensors provide a direct
measurement of combustion and, therefore, lack of combustion (i.e., misfire) can be
directly measured as well. These sensors are intended to measure various
characteristics of a combustion event for feedback control of the precise air and fuel
metering. Accordingly, the resolution of sensors that have this capabilrty is well beyond
what would be needed to detect a complete lack of combustion.

C. EXHAUST GAS RECERCULATION (EGR)SYSTEM M(%4fTORENG

Since the 198OYs,diesel engine NOx emissions have dropped from an uncontrolled level
of 15 grams per horsepower-hour (glhp-hr) to less than four glhp-hr through the
kctmkges.
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and electronic fuel injection (replacing mechanical systems). In addition, advanced

Exhaust gas recirculation (EGR) systems are currently being used to complement these
advanced fuel injection and turbocharger systems to meet NOx levels of approximately
two gfhp-hr (the 2004 standard is 2.5 glhp-hr NMHC+NOx with a 0.5 glhp-hr NMHC
cap). Some systems also use an EGR cooler to further reduce NOx emissions. While
NOx control technologies have evolved and been refined on gasoline engines over the
last 30 years, they had not been as readily adapted to diesel engines. However, as
light- and mediumduty diesel engines have been subject to increasingly more stringent
emission standards, EGR systems have become more commonplace and will likely be a
key emission control component on future heavy-duty diesel engines. In fact, most
heavy-duty diesel engines certified for the 2002 model year are equipped with EGR.
The staff anticipates that EGR usage will continue as even more stringent heavy-duty
diesel standards are phased-in in the near future.
NOx emissions are formed under high combustion chamber temperature and pressure
conditions. EGR reduces NOx emissions through two mechanisms. First, recirculated
exhaust gas dilutes the intake air (i.e., oxygen and nitrogen are displaced with relatively
non-reactive exhaust gases). Dilution of the fresh air provides less reactants to form
NOx. Second, EGR absorbs heat from the combustion process, thereby reducing
combustion chamber temperatures with an attendant reduction in NOx formation. Heat
absorption capacity is in turn a function of EGR flow rate and its temperature, both of
which are commonly controlled to minimize NOx emissions. EGR coolers can be added
to the EGR system to lower the EGR temperature.
While in theory the EGR system simply routes some exhaust gas back to the intake,
production systems can be complex and involve many components to ensure accurate
control of EGR flow and maintain acceptable PM and NOx emissions while minimizing
effects on fuel economy. To determine the necessary EGR flow rates and control EGR
flow, EGR systems normally use the following components: an EGR valve, valve
position sensor, boost pressure sensor, intake temperature sensor, intake (fresh) airflow
sensor, and tubing or piping to connect the various components of the system. EGR
temperature sensors and exhaust backpressure sensors are also commonly used.
Additionally, some systems use a variable geometry turbocharger to provide the
backpressure necessary to drive the EGR flow. Therefore, EGR is not a stand alone
emission control device. Rather, it is carefully integrated with the air handling system

(supercharging and intake cooling) to control NOx while not adversely affecting PM
emissions and fuel economy.
The staff anticipates manufacturers will need to design EGR systems that accurately
and continuously control EGR flow under both transient and steady state load
conditions to meet the certification standards applicable for the 2007 and subsequent
model years. Further, EGR will have to be accurately controlled under the range of
ambient conditions represented by the Not-to-Exceed, or NTE, test to maintain
emissions while maximizing in-use fuel economy (refer to section VIII. G. of the Staff
Report for more details of the NTE zone). The staff believes all of the components used
for control (including auxiliary emission control device or "AECD" operation) purposes
can also be used for monitoring. The staff projects that manufacturers would not have
to add any components specifically for EGR monitoring.
Pro~osedMonitorinq Requirements
A common phrase in diesel emission control discussions is the "NOxlPM trade-off."
Typically, as air-fuel ratio, fuel injection (e-g., start of injection) and EGR parameters are
varied, changes that improve NOx emissions tend to increase PM emissions, and
changes that improve PM emissions tend to increase NOx emissions. Specifically for
EGR system design, excessive EGR flow causes increased PM emissions, and
insufficient EGR flow causes increased NOx emissions. When manufacturers design
engines and emission control systems, they have to balance this trade-off to achieve
both the NOx and PM emission standards.
Given the need to accurately control EGR to maintain acceptable emission levels, the
staff is proposing monitoring requirements for flow rate and response rate malfunctions.
Additionally, on vehicles equipped with EGR coolers, the OBD system would be
required to monitor the cooler for insufficient cooling malfunctions.

EGR Flow Rate Monitoring
Under the staffs proposal, the OBD system would be required to indicate an EGR
system malfunction before the change (i-e., decrease or increase) in flow from the
manufacturer's specified EGR flow rate causes vehicle emissions to exceed 1.5 times
any of the applicable emission standards. In situations where no failure or deterioration
of the EGR system that causes a decrease in flow could result in vehicle emissions
exceeding 1.5 times any of the applicable standards, the OBD system would be
required to indicate a malfunction when the system has reached its control limits such
that it cannot increase EGR flow to achieve the commanded flow rate. Similarly, if high
flow malfunctions do not cause emissions to exceed 1.5 times any of the applicable
standards, the OBD system would be required to indicate a malfunction when the EGR
system has reached its control limits such that it cannot reduce EGR flow to achieve the
commanded flow rate. Since the EGR system may experience flow rate malfunctions
only under some conditions (e.g., a "sticking" EGR valve may not fully open to achieve a
desired high flow EGR condition but may still be able to open enough to achieve lower

flow rates), the EGR system would be c ~ n ~ u o u smot?jEE~wd
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Under the high flow rate monitor, the OBD system would also be required to monitor for
leaking EGR valves. A leaking EGR valve can cause increased PM emissions under
conditions where EGR flow is commanded off (i.e., during aggressive engine
transients). While a leaking valve may be characterized as a high flow malfunction, it
m i ~ m t ~ y b e ~ & f h f E . ~ ~ ~ ~ m A~ d a
leaking valve is likely to be caused by a failure of the valve to seat properly when
commanded closed, and only has an emission impact under conditions where the valve
failures for valve openiaand valve
is commanded dosed or turned off. Functional
,sru*. ..****
-*
'"b"y7IYeTow and response %agnostics d~scussedabove, but
these diagnostics may not detect proper valve closingiseating (e.g., if the EGR control
system is in an "open Impmmode when it is commanded closed, the flow and response
diagnostics would likely be disabled and would not detect the leaking valve).
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EGR Response Rate Monitoring
Nlaniifacturers wili likely use transient EGR control to meet the emissions standards.
EGR rates will be varied with transient engine operating conditions to maintain the
balance between NOx and PM emissions. Therefore, staff is proposing a response rate
diagnostic to verify that the system has sufficient response. This monitor would detect
the inability of the EGR system to modulate EGR flow rates under transient engine
conditions. Specifically, the OBD system would be required to indicate a response
malfunction of the EGR system if it is unable to achieve the commanded flow rate within
a manufacturer-specifiedtime with the consequence that emissions would exceed 1.5
times any of the applicable standards.
The manufacturer would be required to monitor response rate during both increasing
and decreasing EGR flow rate conditions. Considering the NOxfPM trade-off discussed
above, slow response while trying to increase EGR rates may result in increased NOx
emissions. Similarly, slow response while trying to decrease EGR rates may yield in
increased PM emissions. Manufacturers would have to account for these trends when
determining their malfunction thresholds. Further, it is necessary to monitor response
rate under both increasing and decreasing conditions because some malfunctions may
only affect response under one (i.e., increasing or decreasing) condition. For example,
some EGR valves are held in the closed position with a spring. As the spring
deteriorates, it may still properly hold the valve in the closed position, but the valve
would close at a slower rate (and might even open at a faster rate). Such a malfunction
would only be detected by monitoring the response rate under decreasing EGR
conditions.
Feedback Control Monitoring

Regarding feedback-controlled EGR systems, staff is proposing that manufacturers
indicate a malfunction if the EGR system fails to begin feedback control within a

b o v

manufacturer specified time interval. Manufacturers would also be required to indicate
a malfunction if failure or deterioration of components used as part of the feedback
control strategy causes the system to go open loop (i.e., stops feedback control) or
default operation of the EGR system. Lastly, manufacturers would also be required to
indicate a malfunction if feedback control has used up all of the adjustment allowed by
the manufacturer. Malfunctions that cause delays in starting feedback control and
malfunctions that cause open loop operation could either be detected with an EGR
system specific monitor or with individual component monitors.

-

EGR Cooling System Monitoring
Insufficient EGR cooling can result in higher NOx emissions and can lead to default
operation where EGR is shutoff. Accordingly, the staff is proposing monitoring
requirements for proper EGR cooling system performance. Specifically, the OBD
system would be required to indicate an EGR cooling system malfunction when the
reduction in cooling ofthe exhaust gas causes emissions to exceed 1.5 times any of the
applicable standards. For vehicles in which no failure or deterioration of the EGR
system cooler could result in a vehicle's emissions exceeding 1.5 times any of the
applicable standards, the OBD system would be required to indicate a malfunction when
the system has no detectable amount of EGR cooling. Some manufacturers using EGR
coolers have indicated that the cooler is not used for emission reduction but rather for
EGR valve and system durability. These manufacturers have also requested to forego
monitoring of the EGR cooler. If a manufacturer demonstrates that emissions will not
be affected under any reasonable driving condition due to a complete lack of EGR
cooling,-the manufacturer would not be required to monitor the EGR cooler.
At this time, the staff is not proposing monitoring requirements for malfunctions that
result in EGR overcooling. While overcooling can lead to accelerated deterioration of
the EGR system and engine components due to formation and condensation of
corrosive gases, the staff has not reviewed any data indicating emissions are affected
due to overcooling of EGR gases. However, to address the condensation issue,
manufacturers may employ bypass designs that do not cool the exhaust gas under
conditions that can result in condensation. Manufacturers would be required to monitor
the bypass system to verify that bypass does not occur when cooling is needed.
Other Monitoring Requirements
Manufacturers would be required to monitor all electronic components of the EGR
system (e.g., temperature sensors, valves) for proper function and rationality under the
comprehensive component monitoring requirements.
Technical Feasibilitv of Pro~osedMonitorinq Requirements
EGR Flow Rate Monitoring
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These closed-loop control strategies could be readily monitored and are the basis for
many existing monitors on both gasoline and diesel light- and medium-duty vehicles.
The OBD system could evaluate the difference (i.e., error) between the look-up value
and the final commanded value to achieve the desired flow rate. When the error
exceeds a specific threshold, a malfunction would be indicated. Typically, as the
feedback parameter or learned offset increases, there is an attendant increase in
emissions, and a correlation could be made between feedback adjustment and
emissions. This type of monitoring strategy could be used to detect both high and low
flow malfunctions, and is currently in production on a medium-duty ~ehicle.~
While the closed-loop control strategy described above is effective in measuring and
controlling EGR flow, some manufacturers are currently investigating the use of a
second control loop based on an air-fuel ratio (AIF) sensor (also known as wide-range
oxygen sensors or linear oxygen sensors) to further improve EGR control and
emissions. With this second control loop the desired air-fuel ratio is calculated based
on engine operating conditions (i.e., intake airflow, commanded EGR flow and
commanded fuel). The calculated air-fuel ratio is compared to the air-fuel ratio from the
AIF sensor and refinements can be made to the EGR and airflow rates (i.e., the control
can be "trimmed") to actually achieve the desired rates. On systems that use the
second control loop, flow rate malfunctions could also be detected using the feedback
information from the AIF sensor and by applying a similar monitoring strategy as
discussed above for the primary EGR control loop.
Two types of leaking valves are required to be detected. One type is the failure of the
valve to seal when in the closed position (e-g., if the valve or seating surface is eroded,
the valve could close and seat, yet still allow some flow across the valve). A flow check
is necessary to detect a malfunctioning valve that closes properly but still leaks. EGR
flow (total intake charge minus fresh air charge) could be calculated with the valve
closed using the monitoring strategy described above for high and low malfunctions,
and when flow exceeds unacceptable levels, a malfunction would be indicated. Some
"2003 MY OBD System Operation Summary for 6.OL Diesel Engine" at website
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cooled EGR systems will incorporate an EGR temperature sensor, which could also be
used to detect a leaking EGR valve. For a properly functioning EGR valve, EGR
temperature should be a minimum when the EGR valve is closed. An elevated EGR
temperature when the valve is ciosed would indicate a malfunctioning valve. A leaking
valve can also be caused by failure of the valve to closelseat (e-g., carbon deposits on
the valve or seat that prevent the valve from fully closing). The flow check described
above would detect failure of the valve to closelseat but would require a repair
technician to further diagnose whether the problem is a sealing or seating problem.
Failure of the valve to closelseat could be specifically monitored by checking the zero
position of the valve with the position sensor when the valve is closed. If the valve
position is out of the acceptable range for a closed valve, a malfunction would be
indicated. This type of zero position sensor check is commonly used to verify the
closed position of valves/actuators used in gasoline OBD II systems (e.g., gasoline EGR
valves, electronic throttle) and would be feasible for diesel EGR valves.

EGR Response Rate Monitoring
The EGR response rate diagnostic is similar to the flow rate diagnostic. While the flow
rate diagnostic would evaluate the ability of the EGR system to achieve a commanded
flow rate under relatively steady state conditions, the response diagnostic would
evaluate the ability of the EGR system to modulate (i.e., increase and decrease) EGR
flow as engine operating conditions and, consequently, commanded EGR rates change.
Specifically, as engine operating conditions and commanded EGR flow rates change,
the monitor would evaluate the time it takes for the EGR control system to achieve the
commanded change in EGR flow. This monitor could evaluate EGR response passively
during transient engine operating conditions encountered during in-use operation. The
monitor colrld also intrusively evaluate EGR response by commanding a change in EGR
flow under a steady state engine operating condition and measuring the time it takes to
achieve the new EGR flow rate. Similar passive and intrusive strategies have been
developed for variable valve control andlor timing (WT) monitoring on light- and
medium-duty vehicles. Staff believes similar approaches can be used for EGR system
monitoring.

Feedback Control Monitoring
Monitoring of EGR feedback control could be performed using the same strategies
discussed for fuel system feedback control monitoring in Section 1V.A of this report.

EGR Cooling System Monitoring
Some diesel engine manufacturers are currently using exhaust gas temperature
sensors as an input to their EGR control systems. On these systems, EGR
temperature, which is measured downstream of the EGR cooler, could be used to
monitor the effectiveness of the EGR cooler. For a given engine operating condition
(e.g., a steady speedlload that generates a known exhaust mass flow and exhaust
temperature to the EGR cooler), EGR temperature will increase as the performance of

the EGR cooling system decreases. D u r i q the OBD qfjwqq
m a m W CW@'d&ii.&wa c6kMbn b e h e n increased EGR temperatures and
cooling system performance (i.e., increased emissions). The EGR cooling monitor
would use such a correlation and indicate a malfunction when the EGR temperature
increases to the level that causes emissions to exceed 1.5 times the emission
standards.
that mast, if net all, menwitE use EGR T!mperature
sensors to meet future standards, EGR cooler monitoring may also be feasible without
an EGR temperature sensor by using the intake manifold temperature (IMT) sensor.
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turned-on). If there is significant cooling capacity with a normally functioning cooling
system, there muM &e a significant difference in intake manifold temperature w&h EGR
turned on and off. As cooling system performance decreases, the change in IMT would
increase. Delta IMT could be correlated to decreased cooling system performance and
increased emissions.
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C. BOOST PRESSURE CBNTROi SYSTEM MONITORING

Backaround
Turbochargers are used on internal combustion engines to enhance performance by
increasing the mass and density of the intake air. Some of the benefits of turbocharging
include increased horsepower, improved fuel economy, and decreased exhaust smoke
density.' Most modern diesel engines take advantage of these benefits and are
equipped with turbocharging systems. The power increase associated with
turbocharging also brings higher engine stresses, so the robust design of the diesel
engine makes the addition of a turbocharger less problematic compared to gasoline
engines. While turbochargers increase the efficiency of the diesel engine, exhaust
emissions are also improved. Moreover, smaller turbocharged diesel engines can be
used in place of larger non-turbocharged engines to achieve the desired engine
performance characteristics.
The most widely used turbochargers utilize exhaust gas to spin a turbine at speeds from
10,000 to over 150,000 rpm. The turbine is mounted on the same rotating shaft as an
adjacent centrifugal pump. The energy that would otherwise be exhausted as waste
heat is used to drive the turbine, which in turn drives the centrifugal pump. This pump
draws in fresh air and compresses it to increase the density of the air charge to the
cylinders, thereby increasing power.

A boost pressure sensor is typically located in the intake manifold to provide a feedback
signal of the current turbo boost. As turbo speed (boost) increases, the pressure in the
intake manifold also increases. Hence, engine designers may compare the boost
Ecopoint Inc., 2000. "Turbochargers for Diesel Engines", DieselNet Technology Guide.

pressure signal to a target boost for the given engine speed and load conditions. Target
boost pressure is then obtained by either modulating a wastegate valve or turbo vanes.
Proper boost control is essential to optimize emission levels. Even short periods of
over- or under-boost can result in undesired air-fuel ratio excursions and corresponding
emission increases. Additionally, the boost control system directly affects exhaust and
intake manifold pressures. Another critical emission control system, EGR, is very
dependent on these two pressures and generally uses the differential between them to
force exhaust gas into the intake manifold. If the boost control system is not operating
correctly, the exhaust or intake pressures may not be as expected and EGR may not
function as designed. In high-pressure EGR systems, higher exhaust pressures will
generate more EGR flow and, conversely, lower pressures will reduce EGR flow. A
malfunction that causes excessive exhaust pressures (e-g., wastegate stuck closed at
high engine speed) can produce higher EGR flowrates at high load conditions and have
a negative impact on emission^.^
Manufacturers commonly use charge air coolers to maximize the benefits of
turbocharging. .As the turbocharger compresses the intake air, the temperature of the
intake air charge increases. This increasing air temperature causes the air to expand,
which is directionally opposite of what turbocharging is attempting to accomplish.
Charge air coolers are used to exchange heat between the compressed air and ambient
air (or coolant) and cool the compressed air. Accordingly, a decrease in charge air
cooler performance can affect emissions by causing higher intake air temperatures that
can lead to increased NOx emissions from higher combustion temperatures.
One drawback of turbocharging is known as turbo lag. Turbo lag occurs when the
driver attempts to accelerate quickly from a low engine speed. Since the turbocharger
is a mechanical device, a delay exists from the driver demand for more boost until the
exhaust flow can physically speed up the turbocharger. In addition to a negative effect
on driveability and performance, improper fueling (e.g., over-fueling) during this lag can
cause emission increases (typically PM).
To decrease the effects of turbo lag, manufacturers design turbos that spool up quickly
at low engine speeds and tow exhaust flowrates. However, designing a turbo that witt
accelerate quickly from a low engine speed but will not result in an over-speedloverboost condition at higher engine speeds is difficult. That is, as the engine speed and
exhaust flowrates near their maximum, the turbo speed increases to levels that cause
excessive boost pressures and heat that could lead to engine or turbo damage. To
prevent excessive turbine speeds and boost pressures at higher engine speeds, a
wastegate is often used to bypass part of the exhaust stream around the turbocharger.
The wastegate valve is typically closed at lower engine speeds so that all exhaust is
directed through the turbocharger, thus providing quick response from the turbocharger
when the driver accelerates quickly from low engine speeds. The wastegate is then
opened at higher engine speeds to prevent engine or turbo damage from an overspeedlover-boost condition.
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cornmonky referred to as a varSatrle geometry turbo VGT). To prevent over-boost
conditions and to decrease turbo lag, VGTs are designed such that the geometry of the
turbocharger changes with engine speed. White various physical mechanisms are used
to achieve the variable geometry, the overall result is essentially the same. At low
engine speeds, the exhaust gas into the turbo is restricted in a manner that maximizes
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turbocharger is that aft exhaust flow is directed through the turbocharger under all
operating conditions. This can be viewed as maximiiing the use of the available
exhaust energy.
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Prooosed Monitorina Requirements
The staff is proposing manufacturers be required to monitor boost control systems for
proper operation. Manufacturers would be required to continuously monitor for
appropriate boost to verify that the turbocharger is operating as designed and conditions
of over-boost or under-boost are not occurring. Specifically, the OBD system would be
required to indicate a malfunction before an increase or decrease in boost pressure
causes emissions to exceed 1.5 times the emission standards.
The staff is also proposing that manufacturers be required to monitor for slow response
malfunctions of the VGT system. That is, the OBD system would be required to monitor
the time required to reach the desired boost, whether transitioning from high to low
boost or low to high, and indicate a malfunction before an increase in the response time
causes emission to exceedl.5 times the emission standards.
The proposed regulation would also require the OBD system to monitor the electronic
components of the boost control system (e-g., actuators, pressure sensors, position
sensors) that provide or receive a signal from the engine control module (ECM)under
the comprehensive component requirements for malfunctions such as circuit failures,
rationality faults, and functional response to computer commands.
Lastly, the staff is proposing that charge air coolers be monitored for proper cooling of
the intake air. That is, the OBD system would be required to detect a charge air cooling
system malfunction before a decrease in cooling from the manufacturer's specified
cooling rate causes emissions to exceed 1.5 times the emission standards. If no charge
air undercooling malfunction can cause emissions to exceed 1.5 times the emission
standards, then the cooler would need to be monitored for proper functionality (e.g.,
verify that some detectable level of cooling is occurring).

Regarding feedback-controlled boost pressure systems, staff is proposing that
manufacturers indicate a malfunction if the boost pressure system fails to begin
feedback control within a manufacturer specified time interval. Manufacturers would
also be required to indicate a malfunction if failure or deterioration of components used
as part of the feedback control strategy causes the system to go open loop (i.e., stops
feedback control) or default operation of the boost pressure system. Lastly,
manufacturers would also be required to indicate a malfunction if feedback control has
used up all of the adjustment allowed by the manufacturer. Malfunctions that cause
delays in starting feedback control and malfunctions that cause open loop operation
could either be detected with a boost pressure system specific monitor or with individual
component monitors.
Technical Feasibility of Proposed Monitorinq Requirements
To monitor boost control systems, manufacturers are expected to look at the difference
between the actual pressure sensor reading (or calculation thereof) and the
desiredltarget boost pressure. If the error between the two is too large or persists for
too long, a malfunction would be detected. Manufacturers would need to calibrate the
length of time and size of error to ensure robust detection of a fault occurs before the
emission malfunction threshold is exceeded. Given the purpose of a closed-loop control
system with a feedback sensor is to continually measure the difference between actual
and desired boost pressure, the control system is already continually monitoring the
difference and attempting to minimize it. As such, a diagnostic requirement to indicate a
fault when the difference gets too large and the system can no longer properly achieve
the desired boost is essentially an extension of the existing control strategy.
Additionally, multiple diesel mediumduty engines are currently certified to the light- and
mediumduty OBD 11 regulation requirements with OBD II systems that meet these
proposed requirements.
To monitor for malfunction or deterioration of pressure sensors, manufacturers could
validate sensor readings against other sensors present on the vehicle or against
ambient conditions. For example, at initial key-on before the engine is running, the
boost pressure sensor should read ambient pressure. If the vehicle is equipped with a
barometricpressure sensor, the two sensors could b e compared and a malfunction
indicated when the two readings differ beyond the specific tolerances. A more crude
rationality check of the boost pressure sensor may be accomplished by verifying that
the pressure reading is within reasonable atmospheric limits for the conditions the
vehicle will be subjected to.
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Rationality monitoring of VGT position sensors may be accomplished by comparing the
measured sensor value to expected values for the given engine speed and load
conditions. For example, at high engine speed and loads, the position sensor should
indicate that the VGT position is opened more than would be expected at low engine
speed and loads. These rationality checks would need to be two-sided. That is,
position sensors would be checked for appropriate reading at both high and low engine
operating conditions.
-----_
_____ ___--

LaStIy, moptitoring of boast pressure feedback control could be performed using the
same strategies discussed for fuel system feedback control monitoring in Section 1V.A
of this report.
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19and on some trucks and buses in the U.S. since the early 1990s. Oxidation
catatyt&s are generaw used for reducing HC and carbon monoxide (CO)emisslhs via
an oxidation process. Current die& oxidation catalysts, however, are also optimized to
reduce PM emissions. SWcal4y, while promoting the chemical oxidation of HC and
CO, diesel oxidation catalysts also oxidize the soluble organic fraction (SOF) of diesel
particulates. The SOF consists of hydrocarbons adsorbed to the carbonaceous solid
particles and may also include nydrocarbonsthat have condensed into droplets of
liquid. At sufficiently high temperatures diesel oxidation catalysts can convert up to 90
percent of HC and CO emissions and 30 percent of PM emissions. Oxidation catalysts
may also be used in conjunction with other aftertreatment emission controls such as
NOx adsorber systems, selective catalytic reduction (SCR) systems, and PM filters to
improve their performance. Manufacturers are likely to include oxidation catalysts to
enhance the performance of other aftertreatment emission controls while also using
them for a small reduction in HC, CO and PM emissions.

Pro~osedMonitorina Reauirements
The staff is proposing that manufacturers monitor the oxidation catalyst for proper
performance. Specifically, the OBD system would be required to indicate a malfunction
when the conversion efficiency decreases to a point that emissions exceed 2.0 times
the applicable NMHC or PM (or if applicable, NMHC+NOx) standards for 2010-2012
model year engines and 1.5 times the standards for 2013 and subsequent model year
engines. If a malfunctioning catalyst cannot cause emissions to exceed the applicable
emission threshold, a manufacturer would only be required to functionally monitor the
system and indicate a malfunction when no conversion efficiency of the emission of
concern could be detected. At a minimum, manufacturers would be required to monitor
the catalyst once per driving cycle in which the monitoring conditions are met.
The OBD system would also be required to monitor the oxidation catalyst for other
aftertreatment assistance functions. For example, for catalysts used to generate an
exotherm to assist PM filter regeneration, the OBD system would be required to indicate
a malfunction when the catalyst is unable to generate a sufficient exotherm to achieve
regeneration of the PM filter. Similarly for catalysts used to generate a feedgas
constituency to assist SCR systems (e.g., to increase NO2 concentration upstream of

an SCR system), the OBD system would be required to indicate a malfunction when the
catalyst is unable to generate the necessary feedgas constituents for proper SCR
system operation. Lastly for catalysts located downstream of a PM filter and used to
convert NMHC emissions during PM filter regeneration, the OBD system would be
required to indicate a malfunction when the catalyst has no detectable amount of NMHC
conversion capability.
In order to determine the proper OBD malfunction threshold for the oxidation catalyst,
manufacturers would be required to progressively deteriorate or "age" the catalyst(s) to
the point where emissions exceed 2.0 times the standard. The method used to age the
catalyst(s) must be representative of real world catalyst deterioration (e-g., thermal
andlor poisoning degradation) under normal and malfunctioning operating conditions.
For engines with aftertreatment systems that only utilize diesel oxidation catalysts, the
catalyst(s) can be aged as a system to the emission threshold for determining the
malfunction threshold. However, for engines with aftertreatment systems that utilize
multiple catalyst technologies (e.g., an aftertreatment system that includes an oxidation
catalyst, catalyzed NOx adsorber, catalyzed PM filter, and lean NOx catalyst),
determining the OBD malfunction threshold for the diesel oxidation catalyst becomes
more complex since the aging effects on the catalyst are dependent on many factors,
including the location of the oxidation catalyst relative to the other aftertreatment
technologies and the synergism between each component in the system. Given that
each component in the system is dependent on every other component of the overall
catalyst system and deteriorate in-use as a system, it would not be appropriate to treat
each component in the system independent of the others. Since it is uncertain what
exhaust configurations and aftertreatment systems manufacturers will use to comply
with the future emission standards for the 2010 and later model years, it is important for
the staff to develop and spec@ a "one-size-fits-all" aging process that accurately
represents every possible future aftertreatment configuration. Once diesel
aftertreament system designs have stabilized to a level similar to gasoline
aftertreatment systems (i-e., the variation of aftertreatment systems is limited) defining a
generic catalyst aging plan will be more simple and practical. Until then, the staff would
require manufacturers to submit a monitoring plan to the Executive Officer for review
and approval of the monitoring strategy, malfunction criteria,
s
prior to introduction on a production eng7ne. Executive 0
based on the representativenessof the catalyst system aging to real world catalyst
deterioration under normal and malfunctioning operating conditions, the effectiveness of
the monitor to pinpoint the likely area of malfunction, and verification that each catalyst
component is functioning as designed.
Technical Feasibility of Pro~osedMonitorina Requirements
Monitoring of the oxidation catalysts could be performed similar to three-way catalyst
monitoring, which uses the concept that oxygen storage correlates well with
hydrocarbon and NOx conversion efficiency. Thus, oxygen sensors located upstream
and downstream of the catalyst can be used to determine when the oxygen storage
capability of the catalyst deteriorates below a predetermined threshold. Determining the

oxygen storage capacity WWM reqire lean air-fuel (NF)opeNf
operatton or vice-versa during catalyst monitoring. Since a diesel
operates lean of stoichiometry, the lean A/F operation portion will be a normal event.
However, the rich N F operation would have to be commanded intrusively when the
catalyst monitor is active. The rich A/F operation could be achieved with the engine fuel
injectors through late fuel injection or with a dedicated injector in the exhaust upstream
of the catalyst. With lean operation, the catalyst wilt be saturated with stored oxygen.
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lean would become progressively smaller. Thus, by comparing the time difference
between the responses of We frOnt and rear oxygen sensors to the lean-to-&her ri&to-lean N F changes, the performance of the catalyst could be determined. Although
conventional oxygen sensors are utilized to itbstrate the monitoring method above,
these sensors could be substituted with A/F sensors for additional engine control
benefits such as EGR trimming and fuel trimming.
Alternatively, if only a functional monitor of the catalyst is required (e.g., a
malfunctioning catalyst cannot cause emissions to exceed 2.0 times the emission
standard), temperature sensors could be used for monitoring. A functioning oxidation
catalyst is expected to provide a significant exotherm when it oxidizes HC and CO. By
placing one or more temperature sensors at or near the catalyst, the temperature of the
catalyst could be measured. Depending upon the efficiency of the catalyst and the duty
cycle of the vehicle, the exotherm may be difficult to discern from the inlet exhaust
temperatures. To add robustness to the monitor, the functional diagnostic would need
to be conducted during predetermined operating conditions where the amount of HC
and CO entering the catalyst are known. This may require an intrusive diagnostic that
actively forces the fueling strategy richer (e-g., through late or post injection) than
normal for a short period of time. If the measured exotherm does not exceed a
predetermined amount that only a properly-working catalyst can achieve, the diagnostic
would fail.
For monitoring of the oxidation catalysts capability for other aftertreatment assistance
functions (such as generating an exotherm for PM regeneration or proper feedgas for
subsequent aftertreatment), a functional monitor is all that is required. It is expected
that manufacturers would also use the exotherm approach mentioned above to either
directly measure the function (e.g., proper exotherm generation) or correlate to the
required function (e.g., proper feedgas generation). For catalysts upstream of the PM
filter, it is expected that this monitoring would be conducted during an active
regeneration event. For catalysts downstream of the PM filter, however, it is likely that
manufacturers will have to intrusively add fuel (either in-exhaust or through in-cylinder
post-injection) to create a sufficient exotherm to distinguish malfunctioning catalysts.
F. OXIDES OF NITROGEN (NOx) CONVERTING CATALYST MONITORING

Lean NOx Catalyst
Backaround
Lean NOx catalysts are essentially reduction catalysts (i.e., catalysts primarily involved
in reducing NOx emissions via reduction processes with hydrocarbons) specifically
aimed at reducing NOx emissions in the presence of oxygen-rich exhaust gases (i-e.,
lean conditions) characteristic of diesel engines. Lean NOx catalysts are relatively
simple systems that can utilize hydrocarbons from diesel exhaust (a process known as
passive lean NOx reduction) to reduce NOx emissions. In general, lean NOx catalysts
show increasing NOx conversion rates with increasing HC concentrations. Since the
concentration of HC in diesel exhaust is normally low, enrichment of the exhaust with
added HC (a process known as active lean NOx reduction) has been pursued as an
approach to improve NOx conversion rates. Enrichment of the diesel exhaust can be
done by injecting diesel fuel through a dedicated injector into the exhaust system
upstream of the catalyst or through late fuel injection into the cylinder. However, even
with the addition of HC into the exhaust stream, the average NOx conversion efficiency
of lean NOx catalysts remains generally low (less than 30 percent). These catalysts
also tend to possess a less favorable efficiencylfuel penalty tradeoff and are most
effective in a limited temperature-operatingwindow that does not always correspond to
the exhaust temperature at which most NOx emissions are generated. Additionally,
catalyst efficiency is affected by HClNOx ratios and oxygen content in the exhaustg
Due to these problems, further improvements need to be made for lean NOx catalysts
to achieve widespread commercialization. Currently, lean NOx catalyst technology is
primarily aimed at providing small NOx reduction functionality in other technologies,
such as diesel oxidation cataiysts.
Proposed Monitorinq Requirements
The proposed monitoring requirements would require monitoring of the lean NOx
catalyst (i.e., catalysts primarily involved in reducing NOx emissions via reduction
processes) for proper NOx conversion performance. Specifically, for 2010 through
2012 model year engines with lean NOx catalysts that utilize an activelintrusive diesel
injection strategy (i.e., active lean NOx catalysts), the OBD system would indicate a
malfunction when the catalyst conversion capability decreases to the point that would
cause the engine's NOx emissions to exceed the applicable NOx standards by more
than 0.3 glbhp-hr (e.g., cause emissions to exceed 0.5 glbhp-hr if the emission standard
is 0.2 glbhp-hr) as measured from an applicable cycle emission test. For 2013 and
subsequent model year engines, manufacturers would be required to indicate a
malfunction when the conversion efficiency decreases to a point that NOx emissions
exceed the applicable NOx standards by more than 0.2 glbhp-hr. If a malfunctioning
catalyst cannot cause emissions to exceed these emission thresholds, a manufacturer
would only be required to functionally monitor the system and indicate a malfunction
when no NOx conversion efficiency could be detected. At a minimum, manufacturers

wwld be required to monitor the catad* once per driving c@iein wNGh the moRitoring
lean NOx catafysts, monitoring must be conducted
con&oris an m. For
continuousty since precise control of reductant addition throughout the engine's
operation range is essential for good NOx performance from the system.
Further, if an active lean NOx catalyst is utilized, the mechanism for adding the fuel
reductant must be monitored for proper function. For 2010 through 2012 model year
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would be required to indicate a
matfunction of this fault when NOx emissions exceed the applicable NOx standards by
mwe than 0.2 glbhp-hr. Additionally, for all 2010 and subsequent model year engines,
.if the reductant tank is separate from the fuel tank, manufacturers would be required to
indicate a malfunction when there is no longer sufficient reductant available (i.e., the
reductant tank is empty) or when the incorrect reductant is used.
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Technical Feasibilitv of Pro~osedMonitorina Requirements
In order to monitor the lean NOx catalyst, manufacturers are projected to use NOx
sensors. NOx sensors placed upstream and downstream of the lean NOx catalyst
could be used to determine the NOx conversion efficiency directly. Alternatively,
manufacturers could potentially use a single NOx sensor placed downstream of the
catalyst to measure catalyst-out NOx emissions during engine operation within a
controlled window where NOx engine-out (i.e., catalyst inlet) emission performance is
relatively stable and can be reliably estimated. Within this engine oparation window,
NOx catalyst-out measurements could be compared with a calibrated emission
threshold for determining a malfunctioning or deteriorated lean NOx catalyst system. If
both an upstream and downstream NOx sensor are used for monitoring, the upstream
sensor could be used to improve the overall effectiveness of the catalyst by controlling
the air-fuel ratio in the exhaust precisely to the levels where the catalyst is most
effective.
If an active lean NOx catalyst is utilized, manufacturers would be required to monitor the
mechanism for adding the fuel reductant for proper function. This could be done by
using a temperature sensor located near or at the catalyst to determine if an exotherrn
resulting from the injection has occurred. A temperature sensor placed near or at the
catalyst is projected to be needed for control purposes on these catalysts to deterrnine
when the catalyst is active. As previously described, lean NOx catalysts tend to have a
narrow temperature range where they are most effective. Adding reductant when the
catalyst is not sufficiently active would adversely affect fuel economy without a reduction
in emission levels. Therefore, a temperature sensor placed in the exhaust could help
determine when reductant injection should occur. This same sensor can also be used
to monitor the injection. Alternatively, the NOx sensors that are used to monitor the
lean NOx catalyst can be utilized to determine if the injection has occurred. Since NOx

sensors also have the capability to determine the air-fuel ratio in the exhaust stream,
the diesel fuel injection into the exhaust can also be verified with this sensor.
Selective Catalvtic Reduction (SCR) Catalvst
Backsround
The SCR catalyst has been used on power plants and stationary engines since the
1970s and is now being developed for use on on-road diesel engines. SCR catalysts
are considered one of the most promising exhaust aftertreatment technologies for NOx
control. While lean NOx catalysts use hydrocarbons as reductants to reduce NOx, SCR
systems use nitrogen-containing compounds such as ammonia or urea, which are
injected from a separate reservoir into the gas stream before the catalyst. Currently the
SCR system, with NOx reduction rates of over 80 percent achieved on heavy-duty
engines, is one of the'more promising catalyst technologies capable of achieving the
most stringent future low NOx emission standards.
SCR catalyst systems require an accurate ammonia control system to inject precise
amounts of reductant. Currently, urea is considered the best reductant for providing
ammonia on heavy-duty applications due to its non-toxicity, ease of transport and
handling, and potentially wide availability. At temperatures above 160 degrees Celsius,
urea thermally decomposes to ammonia in the exhaust, thereby providing ammonia to
the SCR catalyst. Concerning ammonia, an injection rate that is too low may result in
lower NOx conversions while an injection that is too high may release unwanted
ammonia emissions (referred to as ammonia slip) to the atmosphere. In general,
ammonia to NOx ratios of around 1:1 are used to provide the highest NOx conversion
rates with minimal ammonia slip. Therefore, it is important to inject just the right amount
of ammonia appropriate for the amount of NOx in the exhaust. For stationary source
engines, estimating the exhaust NOx levels is fairly easy since the engine usually
operates at a constant speed and load and the NOx emission rate is generally stable.
However, on-road diesel engines operate over a range of speeds and loads, thereby
making NOx exhaust estimates difficult without a dedicated NOx sensor in the exhaust.
With an accurate fast response NOx sensor, closed-loop control of the ammonia
injection can be used to achieve and maintain the desiretl ammonia1NOx ratios in the
SCR catalyst for high NOx conversion efficiency (i-e., greater than 90 percent)
necessary to achieve the 2010 emission levels under various engine operating
conditions. Currently, however, such an accurate fast response NOx sensor is not yet
available. It has been estimated that achieving the 2010 NOx emission standards with
SCR systems will require NOx sensors that can measure NOx levels accurately around
the 10 to 20 ppm range with little cross sensitivity to ammonia.1° Current NOx sensors
do not yet meet these specifications, but sensor technology is improving quickly such
that zero to 500 ppm resolution sensors have been achievedf1and zero to 100 ppm
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sensors are being developed.'* W l h further development, sensors are expect& to
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Regarding cross-sensitivity to ammonia, work has been done that indicates ammonia
and NOx measurements can be independently measured by conditioning the output
signal.'' This signal conditioning method resulted in a linear output for both ammonia
and NOx from the NOx sensor downstream of the catalyst.

@OUMbe zmhhwed using
For SCR syst,em@,clo8Rd-h~paakd &4he re&&%M
one or two NOx sensors. If two are used, the first NOx sensor would be located
u p s h a m at the catalyst and the reductant injection point and would be used for
the amount of reductant,"
Ox emissions and determining
*" ,*"
':"%'*SitZ3hTmx sensorrocated downstream of
the catalyst would be used for measuring the amount of ammonia and NOx emissions
exiting the catalyst and providingfedback to the reductant i n w o n control system. If
the downstream NOx sensor detects too much NOx emissions exiting the catalyst, the
control system can inject higher quantities of redutant. Conversely, if the dawnstream
NOx sensor detects too much ammonia slip exiting the catalyst, the control system can
decrease the amount of reductant injection. With further development, staff projects
that manufacturers will be able to modei the upstream NC9x levels (based on other
engine operating parameters such as engine speed, fuel injection quantity and timing,
EGR flow rate), thereby eliminating the need for the front NOx sensor for both control
and monitoring purposes.
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In addition to exhaust NOx levels, another important parameter for achieving high NOx
conversion rates with minimum ammonia slip is catalyst temperature. SCR catalysts
have a defined temperature range where they are most effective. For example,
platinum catalysts are effective between 175 and 250 degrees Celsius, vanadium
catalysts are effective between 300 and 450 degrees Celsius, and zeolite catalysts are
most effective between 350 and 600 degrees Celsius. Injecting urea into the SCR
catalyst outside the effective temperature band could lead to deactivation through
poisoning or collapse of the crystal structure of the cata~yst.'~FurZherrnore, the reaction
kinetics between ammonia and NOx are sensitive to temperature. In general, at higher
catalyst temperatures, more ammonia needs to be added to the exhaust to achieve the
desired NOx conversion rates while at lower temperatures, ammonia injection rates
need to be limited to prevent ammonia slip.I5 To determine exhaust catalyst
temperature for reductant control purposes, manufacturers are likely to use temperature
sensors placed in the exhaust system. It is projected that only one temperature sensor
positioned just upstream of the SCR system will be utilized for reductant injection
control purposes.
l2 Kobayashi, N., et al., "Development of Simultaneous NOxINH3 Sensor in Exhaust Gas,"
Mitsubishi Heavy Industries, Ltd., Technical Review Vo1.38 No.3 (Oct. 2001).
13
Schaer, C. M., Onder, C. H., Geering, H. P., and Elsener, M., "Control of a Urea SCR Catalytic
Converter System for a Mobile Heavy Duty Diesel Engine," SAE Paper 2003-01-0776.
14
"Selective Catalyst Reduction," www.dieselnet.com.
Van Helden, R., van Genderen, M., van Aken, M., et al., "Engine Dynamometer and Vehicle
Performance of a Urea SCR-System for Heavy-Duty Truck Engines," SAE Paper 2002-01-0286.

Production SCR catalyst systems may also contain auxiliary catalysts to improve the
overall NOx conversion rate of the system. An oxidation catalyst is often positioned
downstream of the SCR catalyst to help control ammonia slip on systems without
closed-loop control of ammonia injection. The use of a "guard" catalyst could allow
higher ammonia injection levels, thereby increasing the NOx conversion efficiency
without releasing un-reacted ammonia into the exhaust. The guard catalyst can also
reduce HC and CO emission levels and diesel odors. However, increased N20
emissions may occur and NOx emission levels may actually increase if too much
ammonia is oxidized in the catalyst. Some SCR systems may also include an oxidation
catalyst upstream of the SCR catalyst and urea injection point to generate NO2for
reducing the operating temperature range andlor volume of the SCR catalyst. Studies
have indicated that increasing the NO2 content in the exhaust stream can reduce the
SCR temperature requirements by about 100 degrees celsius.16 This "pre-oxidation"
catalyst also has the added benefit of reducing HC emissions. However, additional
sulfate PM emissions can occur when high sulfur fuel is used.''
Despite its high NOx conversion efficiency, there are several concerns in applying SCR
systems to mobile applications. First, proper injection control is difficult under transient
conditions. Second, design modifications to accommodate the necessarily large SCR
catalysts may be difficult and costly. Further, there are many as yet unresolved issues
regarding infrastructure changes that would be necessary to address the storage and
refilling of the reductant supply on vehicles. Nonetheless, there is extensive research
going on in the development and improvement of applying SCR to heavyduty vehicles.
Proposed Monitorina Requirements
The proposed regulation would require monitoring of SCR catalyst systems for proper
NOx conversion performance. Specifically, for 2010 through 2012 model year engines,
manufacturers would be required to indicate a catalyst malfunction when the catalyst
conversion capability decreases to the point that would cause an engine's NOx
emissions to exceed any of the applicable NOx standards by more than 0.3 glbhp-hr
(eif the emission stan
as
n test. For 2013 an
year engines, manufacturers would be required to indicate a catalyst malfunction when
the catalyst conversion capability decreases to the point that would cause an engine's
NOx emissions to exceed any of the applicable NOx standards by more than 0.2 glbhphr. If no failure or deterioration of the catalyst NOx conversion capability could result in
an engine's NOx emissions exceeding any of the applicable standards by more than
thresholds specified above, a manufacturer would only be required to functionally
monitor the system and indicate a malfunction when no conversion efficiency of the
emission(s) of concern could be detected.
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The proposed regulation would also require monaoaog ofthe
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criteria for the eatatpt sy&bm conversion eRciency.
Specifically for 2010 through 2012 model year engines, manufacturers would be
required to indicate a reductant injection system malfunction when the performance of
the reductant injection system decreases to the point that would cause an engine's NOx
emissions to exceed any of the a

emission levels, mtmdkturem woutd be required to indicate a reductant injection
system malfunction when the system has reached its control limits and can no longer
deliver the desired quantity of reductant. Additionally, for all 2010 and subsequent
model year engines, ifthe reductant tank is separate from the fuel tank, manufacturers
would be required to indicate a malfunction when there is no longer sufficient reductant
available (i-e.,the reductant tank is empty) or when the incorrect reductant is used.
Since precise control of reductant addition is essential for good NOx performance from
the SCR system, manufacturers would be required to continuously monitor the
reductant injection system while it is in operation.
,

Technical Feasibilitv of P ~ O D O
Monitorina
S ~ ~ Reauirements
As mentioned earlier, current NOx sensor technology tends to have a cross-sensitivity
to ammonia (i.e., as much as 65 percent of ammonia can be read as NOx).13 Although
this cross-sensitivity can be detrimental to SCR controls (i.e., reductant injection/NOx
reduction efficiencies), it is actually beneficial for monitoring purposes. Monitoring of the
catalyst can be done by using the same NOx sensors that are used for SCR control.
When the SCR catalyst is functioning properly, the upstream sensor should read high
(for high NOx levels) while the downstream sensor should read low (for low NOx and
low ammonia levels). With a deteriorated SCR catalyst, the downstream sensor should
read similar values as the upstream sensor or higher (i.e., high NOx and high ammonia
levels) since the NOx reduction capability of the catalyst has diminished. Therefore, a
malfunctioning SCR catalyst could be detected when the downstream sensor output is
near or greater than the upstream sensor output. A similar monitoring approach can be
used if a manufacturer models upstream NOx emissions instead of using an upstream
NOx sensor. In this case, the comparison is simply made between the modeled
upstream NOx value and the downstream sensor value.
Monitoring of the fuel reductant injection functionality could be done in a manner similar
to that for lean NOx catalyst monitoring. The same temperature sensor that is used for
control purposes could also be used for monitoring the injection. With proper injection,
the catalyst should see a temperature increase afterwards. In addition, the NOx
sensors that are used for control purposes could be used to monitor the reductant

injection. With a properly functioning injector, the downstream NOx sensor should see
a change from high NOx levels to low NOx levels. In contrast, a lack of reductant
injection would result in continuously high NOx levels at the downstream NOx sensor.
Therefore, a malfunctioning injector could be found when the downstream NOx sensor
continues to measure high NOx after an injection event has been commanded.
Reductant level monitoring can be conducted by utilizing the existing NOx sensors that
are used for control purposes. Specifically, the downstream NOx sensor can be used to
determine if the reductant tank no longer has sufficient reductant available. Similar to
the fuel reductant injection functionality monitor described previously, when the
reductant tank has sufficient reductant quantities and the injection system is working
properly, the downstream NOx sensor should see a change from high NOx levels to low
NOx levels. If the NOx levels remain constant both before and after reductant injection,
then the reductant was not properly delivered and either the injection system is
malfunctioning or there is no longer sufficient reductant available for injection in the
reservoir. Alternatively, reductant level monitoring can also be conducted by utilizing a
dedicated Vloat" type level sensor similar to the ones used on fuel tanks to determine
sufficient reductant levels. Some manufacturers may prefer using a dedicated reductant
level sensor in the reductant tank to inform the vehicle operator of current reductant
levels with a gauge on the instrument panel. If such a sensor is utilized by the
manufacturer for operator convenience, it can also be used to monitor the reductant
level in the tank. The level sensor will provide an output (e.g., voltage) that is
dependent upon the reductant level. When the output of the level sensor decreases
below a calibrated voltage for an empty tank, there is no longer sufficient reductant
available for proper function of the SCR system.
Monitoring for incorrect reductant can also be conducted indirectly by utilizing the
existing NOx sensors that are used for control purposes. If an improper reductant is
utilized, the SCR system will not function properly. Therefore, NOx emissions
downstream from the SCR catalyst will remain high both before and after injection. The
downstream NOx sensor will see the high NOx levels after injection and inform the OBD
system of a problem.
G. NOx ADSORBER MONlTORtNG
Backsround
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NOx adsorbers are another NOx control technology that has been experiencing
significant progress in development and optimization. This is one of the newer
technologies being optimized for use in diesel vehicles as well as lean-bum gasoline
vehicles. NOx adsorber systems generally consist of a conventional three-way catalyst
(e.g., platinum) with NOx storage components (i.e., adsorbents) incorporated into the
washcoat. The concept of the NOx adsorber involves the trapping, release, and
reduction of NOx from the exhaust stream in the catalyst washcoat. The adsorbers
chemically bind (i.e., 'Yrapn)the oxides of nitrogen during lean engine operation.
Generally, when the storage capacity of the adsorbers is saturated, regeneration occurs
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and includes the chemical reduction of the released NOx to nitrogen by @n
,bg&qpn, and cfytW%%&s on a pfedws metal site. The rich running
condM5, which generaflyk s t fbr severel seconds, are typicaify achieved using
combination of intake air throttling (to reduce the amount of intake air), exhaust gas
recirculation, and post-combustion fuei injection.
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NOx adsorber systems have demonstrated NOx reduction efficiencies from 50 percent
hrgtrtgde?p;m@2?nt
to in ,excess of 80 tr> 80QWXX& This & j y has be^ #t~~&*~.be
on the fuel sulfur content because NOx adsorbers are extremely semitiwe to sulfur. The
NOx adsaption m e e m has a w a t e r affmity for sulfur compounds than NOx. Thus,
sulfur compoucan saturate the &soher and limit the number
of act'ive sites for NOx
"W i l l l
"Ai=cordtngTy, low sulfur fuel
is requkrd to achieve the greatest NOx reduction efficiencies. Although new adsorber
washaat materiais are being &?vetopedwith a higher resistance to sulfur poisoning
and uftra-low sulfur fuel wllT be required in the future, it is projected that NOx adsorber
systems will still be subject to sulfur poisoning and will require a sulfur regeneration
mechanism." Sulfur poisoning, however, is generally reversible through a
desulfurization process, which requires high temperatures (i.e., 500 to 700 degrees
Celsi~s)accompanied by a rick fuel mixture that can be achieved with pod-injection
and installation of a light-off catalyst upstream of the NOx adsorber. Because the sulfur
regeneration process takes much longer (e.g., several minutes) and requires more fuel
and heat than the NOx regeneration step, permanent thermal degradation of the NOx
adsorber and fuel economy penalties may result from too frequent sulfur regeneration.
However, if regeneration is not done frequently enough, NOx conversion efficiency is
compromised and fuel economy penalties will also be incurred from excessive purging
of the NOx adsorber.ls
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Installation of sulfur traps upstream of the NOx adsorber can help in alleviating sulfur
poisoning problems. The sulfur trap is essentially an adsorber catalyst aimed at
trapping sulfur compounds. Similar to the NOx adsorber, once the sulfur trap becomes
saturated, the trap must undergo sulfur regeneration. Unfortunately, depending on the
temperatures, this regenerated sulfur may be re-adsorbed downstream in the NOx
adsorber, so strategies must be carefully developed to minimize this effect (e.g.,
allowing sulfur trap regeneration to occur less frequently than NOx adsorber
regeneration or using bypass valves).
In order to achieve and maintain high NOx conversion efficiencies while limiting
negative impacts on fuel economy and driveability, vehicles with NOx adsorption
systems will require precise air-fuel control in the engine and in the exhaust stream.
Many of these control strategies are still undergoing rapid development. However,
diesel manufacturers are expected to utilize NOx sensors and temperature sensors to
17

Bailey, O., H., Dou, D., and Molinier, M., "Sulfur Traps for NOx Adsorbers: Materials
Development and Maintenance Strategies for Their Application," SAE Paper 2000-01-1205; "NOx
Adsorbers," www.dieselnet.com.
ingram, G. A. and Surnilla, G., "On-Line Estimation of Sulfation Levels in a Lean NOx Trap,"
SAE Paper 2002-01-0731.

'*

provide the most precise closed-loop control for the NOx adsorber system.19 These
sensors will provide the adsorber control system with valuable information regarding the
NOx levels, oxygen levelslair-fuel ratio, and adsorber temperatures that are needed to
achieve and maintain the highest NOx conversion efficiencies possible with minimum
fuel consumption penalties during all types of operating conditions. Further, these same
sensors can also be used to monitor the adsorber system as will be described later.
Alternatively, if NOx sensors are not used to control the NOx adsorber system, it is
projected that AIF sensors (located upstream and downstream of the adsorber) can be
used effectively as a substitute. A/F sensors are currently used by one manufacturer on
a gasoline-fueled vehicle equipped with a NOx adsorber system to control and monitor
the system, and at least one other gasoline-fueled engine manufacturer plans to
introduce a similar system soon. Although manufacturers have previously expressed
concerns regarding the durability of A/F sensors in diesel applications, these concerns
apparently have been sufficiently addressed since at least one diesel manufacturer is
using A/F sensors for EGR control. On diesel applications, N F sensors have several
advantages over NOx sensors including lower cost, wide availability, and a mature
technology. However, A/F sensors cannot provide an instantaneous indication of
tailpipe NOx levels, which would allow the control system to precisely determine when
the adsorber system is filled to capacity and regeneration should be initiated. If A/F
sensors are used in lieu of NOx sensors, an estimation of NOx engine-out emissions
and their subsequent storage in the NOx adsorber can be achieved indirectly through
modeling. However, this may require significant development work.
Pro~osedMonitorins Requirements
To ensure the desired NOx emission levels are achieved throughout the engine's tiseful
life, the NOx adsorber must maintain a high conversion efficiency. Therefore, the staff
is proposing that manufacturers monitor the NOx adsorber for proper performance. The
OBD system would be required to indicate a malfunction when the adsorber capability
decreases to a point such that emissions exceed a certain NOx emission threshold. For
2010 through 2012 model year engines, the threshold is 0.3 glbhp-hr above.the NOx
emission standard, and for 2013 and subsequent model year engines, the threshold is
0.2 glbhp-hr above the NOx emission standard. If a malfunctioning NOx adsorkr
cannot cause emissions to exceed the malfunction emission threshold, a manufacturer
would only be required to functionally monitor the system and indicate a malfunction
when no NOx adsorber capabilrty could be detected.
Additionally, due to the importance of desulfurization on the performance of the NOx
adsorber, the NOx adsorber system diagnostic must be sufficiently robust to distinguish
poor NOx conversion performance from temporarylreversible sulfur poisoning.
Although manufacturers would not be required to separately monitor for proper
desulfurization, manufacturers would be required to design their NOx adsorber
diagnostic to be able to rule out temporary sulfur poisoning as the source of poor NOx
conversion performance. If the NOx adsorber diagnostic continues to indicate poor
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Additionally, for NOx adsorber systems that use active or intrusive injection (e.g., incylinder post-fuel injection) to achieve desorption of the adsorber, the OBD system

RegaKSfng feedback-controned injection systems, staff is proposing that manufacturers
a maffunc3ion if failure or deterioration of components used as part of the feedback
control strategy causes the system to go open loop (i.e., staps feedback antoC) or
default operation of the injection system. Lastly, manufacturers would also be required
to indicate a malfunction if feedback control has used up ail of the adjustment allowed
by the manufacturer. Malfunctions that cause delays in starting feedback control and
malfunctions that cause open loop operation could either be detected with an injection system specific monitor or with individual component monitors.
Technical Feasibiiitv of Proposed Monitorina Reauirements
As mentioned earlier, either NOx sensors or N F sensors along with a temperature
sensor are projected to be used for controlling the NOx adsorber system. These same
sensors could also be used to monitor the adsorber system. The use of NOx sensors
placed upstream and downstream of the adsorber system would allow the system's
NOx reduction performance to be continuously monitored. For example, the upstream
NOx sensor on a properly functioning adsorber system operating with lean fuel
mixtures, will read high NOx levels while the downstream NOx sensor should read low
NOx levels. With a deteriorated NOx adsorber system, the upstream NOx levels will
continue to be high while the downstream NOx levels will also be high. Therefore, a
malfunction of the system can be detected by comparing the NOx levels measured by
the downstream NOx sensor versus the upstream sensor. With further development,
staff projects that manufacturers will be able to model the upstream NOx levels (based
on other engine operating parameters such as engine speed, fuel injection quantity and
timing, EGR flow rate), thereby eliminating the need for the front NOx sensor for both
control and monitoring purposes.
Alternatively, if NOx sensors are not used by the adsorber system for control purposes,
monitoring of the system could be conducted by using N F sensors to replace one or
both of the NOx sensor^.'^ Under lean engine operation conditions with a properly
operating NOx adsorber system, both the upstream and downstream N F sensors will
indicate lean mixtures. However, when the exhaust gas is intrusively commanded rich,
the upstream N F sensor will quickly indicate a rich mixture while the downstream 0 2
sensor should continue to see a lean mixture in the exhaust due to the release and
reduction of NO2 in the adsorber. Once all of the stored NO2 has been reduced, the

downstream A/F sensor will indicate a rich reading. The more NOx that is stored in the
adsorber, the longer the delay before the downstream A/F sensor indicates a rich
exhaust gas. Thus, the time differential between the upstream and downstream A/F
sensors' lean-to-rich indication is a gauge of the NOx adsorption capability of the
adsorber and can be calibrated to indicate different levels of performance. Fresh NOx
adsorber systems will have the highest NOx adsorption capability and consequently the
longest "lean-to-rich switch" time differential while deteriorated adsorbers with no
adsorption capability will have the shortest time differential. Therefore, the NOx
adsorber system could be monitored by calibrating the lean-to-rich time differential to
indicate a fault when the NOx adsorber system has deteriorated-to a level such that the
emission thresholds (e.g., 0.2 glbhp-hr above the NOx emission standard for 2013 and
subsequent model year engines) would be exceeded. Honda currently utilizes A/F
.sensors in a similar manner as described above to monitor the NOx adsorber on a 2003
model year gasoline vehicle.
Since sulfur poisoning reversibly diminishes the performance of the NOx adsorber
system, it is imperative that sulfur poisoning be distinguished from a true deteriorated
system. Otherwise, perfectly good NOx adsorber systems could erroneously be
identified as being bad (i.e., false MILScould occur). Manufacturers of gasoline
vehicles with NOx adsorber systems are aware of this issue and are taking various
measures to account for adsorber sulfation. These approaches should also work on
diesel vehicles. Basically, the monitoring method relies on several phenomena. As
sulfation of the adsorber increases, the NOx adsorption capacity of the system
progressively decreases. When the NOx adsorption capacity decreases past a
predetermined threshold, a desulfation event is intrusively commanded (e-g., with an
external heat source or rich fuel mixture) to sufficiently heat up the adsorber for sulfur
removal. After desulfation, the adsorber system's NOx capacity is again reevaluated. If
the NOx capacity is now below the predetermined threshold, the NOx adsorber is
judged good and the previous deteriorated result was due to sulfur poisoning. However,
if the NOx capacity is still below the threshold, the NOx adsorber is truly bad and the
MIL should be commanded on and a fault code identifying the deteriorated adsorber
stored.
-

The injection system used to achieve desorption of the adsorber could also be
monitored with AIF sensors. When the control system injects extra fuel to achieve a
rich mixture, the front A/F sensor will respond to the change in fueling and can be used
to directly measure whether or not the proper amount of fuel has been injected. If
manufacturers employ a NOx adsorber system design that uses only a single A/F
sensor downstream of the adsorber for monitoring and control of desorption, the
downstream sensor could also be used to monitor the performance of the injection
system. As discussed above, the sensor downstream of the adsorber will switch from a
lean reading to a rich reading when the stored NOz has been released and reduced. If
the sensor switches too quickly after rich fueling is initiated, it is an indication that either
too much fuel is being injected or the adsorber itself has poor storage capability.
Conversely, if the sensor takes too long to switch after rich fueling is initiated, it may be
an indication that the adsorber has very good storage capability. However, excessive
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injected) or a sensor malfunction (i.e., the sensor has slow response).
Lastly, monitoring of injection feedback control could be performed using the same
strategies.discussedfor fuel system feedback control monitoring in Section 1V.A of this
report.

As indicated eartier, the particulate matter (PM) emission standards for the 2007 model
year will be reduced by 90 percent f m We 2004 model year standards. In order to
meet the increasinglystn'ngent standards, manufacturers will likely use aftertreatment
devices such as PM filters to achieve the necessary emission levels. PM filters are
considered the most effective control technology for the reduction of particulate
emissions and can typically achieve PM reductions in excess of 90 percent. In general,
a PM filter consists sf a filter matepiai that permits exhaust gases to pass ihrougi-I but
traps the PM emissions. In order to maintain the performance of the PM filter and the
vehicle, the trapped PM must be periodically removed before too much particulate is
accumulated and exhaust backpressure reaches unacceptable levels. The process of
periodically removing accumulated PM from the filter is known as regeneration and is
very important for maintaining low PM emission levels. PM filter regeneration can be
passive (i.e., occur continuously during regular operation of the filter), active (i.e., occur
periodically after a predetermined quantity of particulates have been accumulated), or a
combination of the two. With passive regeneration, oxidation catalyst material is
typically placed on the PM filter system to lower the temperature for oxidizing PM. This
allows the filter to continuously oxidize trapped PM material during normal driving. In
contrast, active systems utilize an external heat source such as an electric heater or fuel
burner to facilitate PM filter regeneration. It is projected that virtually all PM filter
systems will have some sort of active regeneration mechanism.
One of the key factors that needs to be taken into account for a filter regeneration
control system is the amount of soot quantity that is stored in the PM filter (often called
soot ~oading).~'If too much soot is stored in the PM filter when regeneration is
activated, the soot can bum uncontrollably and damage the filter. However, activating
regeneration when there is too little trapped soot is also undesirable since there is a
minimum amount of soot quantity needed to ensure good bum propagation. Another
important factor to be considered in the control system design is the fuel economy
penalty involved with filter regeneration. Prolonged operation with high backpressures
in the exhaust and too frequent regenerations are both detrimental to fuel economy and
durability. Therefore, filter designers will need to carefully balance the regeneration
frequency with various conflicting factors. In order to optimize the filter regeneration for
20 Salvat, O., Marez, P., and Belot, G., "Passenger Car Serial Application of a Particulate Filter
System on a Common Rail Direct Injection Diesel Engine," SAE Paper 2000-01-0473.

these design factors, the control system for the regeneration system is projected to
utilize both pressure sensors and temperature sensors to model soot loading among
other propertiesS2"Through the information provided by these sensors, designers can
optimize the PM filter for high effectiveness and maximum durability while minimizing
fuel economy and performance penalties.
Proposed Monitorinq Reauirements
The staff is proposing monitoring requirements that would verify the PM filter's filtering,
regeneration, and (for catalyzed PM filters) NMHC conversion performances.

PM Filter Monitoring
The OBD system would be required to indicate a malfunction of the PM filter (e.g.,
cracks in the filter) when the filtering capability decreased to a point such that the PM
emissions exceed a certain emission threshold. For 2010 through 2012 model year
engines, the threshold is 0.05 glbhp-hr, while for 2013 and subsequent model year
engines, the threshold is 0.025 g/bhp-hr. Similarly, the proposed regulation would
require the OBD system to indicate a fault for an "empty can" (i.e., completely
removedldestroyed substrate) or an inappropriately replaced filter (i.e., PM filter
assembly replaced by a muffler or a straight pipe).
Additionally, for catalyzed PM filters that are able to convert NMHC emissions, the
proposed regulation would require the OBD system to indicate a malfunction when the
NMHC conversion efficiency decreases to the point that emissions exceed 2.0 times the
NMHC standard. If any malfunction of the NMHC conversion capability cannot cause
NMHC emissions to exceed 2.0 times the standard, the OBD system would be required
to indicate a malfunction when there is no detectable amount of NMHC conversion.

PM Filter Regeneration Monitoring
Regeneration must be monitored by the OBD system since this process is vital in
maintaining the performance of the PM filter. Thus, the staff is proposing to require
manufact~rer~to
monitor PM filters for proper performance of the regeneration process.
The OBD system would be required to indicate a malfunction when the regeneration
frequency increases to a level past the manufacturer's specified regeneration frequency
such that NMHC emissions exceed 2.0 times the NHMC standard. If excess
regeneration frequency cannot cause emissions to exceed 2.0 times the NMHC
standard, the OBD system would be required to indicate a malfunction when the
regeneration frequency exceeds the manufacturer's specified design limit for allowable
regeneration frequency. The proposed regulation would also require the OBD system
to indicate a fault when no regeneration occurs during conditions where the
manufacturer designates regeneration to occur.
Additionally, for PM filter systems that use active or intrusive injection (e-g., in-cylinder
post-fuel injection) to achieve regeneration of the filter, the OBD system would be

required to indicate any malfunction of the injection system that would prevent
r e g e n e m sf the PM filter.
Regarding feedback-controlled PM filter regeneration systems, staff is proposing that
manufacturers indicate a malfunction if the regeneration control system faits to begin
feedback control within a manufacturer specified time interval. Manufacturers would
also be required to indicate a malfunction if failure or deterioration of components used
a ~ & w t d t h , e ~ ~ ~ d
hh
ge epmk9q~fi.e.
,
feedback control) or default op
m, Lzas;tly, rnawfaurers
would also be required to indicate a malfunction if feedback control has used up all of
starting
&&
.' *
9

P.

detected with a regeneration control system specific monitor or with individual
component monitors.
Technoloaical Feasibilitv of Proposed Monitorina Reauirements
It is anticipated that manufacturers will not need additional hardware to meet the PM
filter monitoring requirements. The same pressure and temperature sensors that are
used to controt trap regeneration are projected to be used for monitoring. In general, a
differe~tialpressure sensor piaced across the filter and at least one temperature sensor
located near the PM filter are used for the control system. As mentioned earlier, a
differential pressure sensor is expected to be used on PM filter systems to prevent
damage due to delayed or incomplete regeneration that could lead to excess
temperatures. When the pressure sensor senses high pressures, regeneration can be
activated. However, while backpressure sensors are a necessary part of the control
strategies for the PM filter, pressure sensors alone are not sufficient for proper control
and protection of the filter. Staff understands from discussions with engine
manufacturers, PM filter suppliers, and consultants, that backpressure by itself does not
provide a robust indication of soot loading. To make up for the shortcomings of
backpressure sensors, manufacturers will also utilize soot-loading models to predict the
loading of the filter and to initiate regeneration. The model will estimate the degree of
filter loading by tracking the difference between the modeled engine-out PM (i.e., the
emissions that are being loaded on to the filter) and regenerated PM (i.e., the PM that is
being burned off the filter due to the vehicle operating conditions and /or active
regeneration). If the model indicates the PM filter is heavily loaded but the
backpressure sensor does not indicate heavy loading, regeneration will be activated
based on the model.

A comprehensive and accurate soot-loading model is necessary for successful
monitoring of the PM filter. The proposed monitoring requirements are feasible with
further development of the PM filter soot-loading model to make it sufficiently accurate
to detect when the actual filter loading inferred from the pressure sensor does not agree
with the predicted loading from the soot loading model. The pressure sensor, in
combination with the model, could also be used to determine if regeneration is
functioning correctly and to evaluate the suitability of the filter for controlling particulate

emissions. For example, after a regeneration event, the backpressure should drop
significantly since the trapped soot and particles are removed. If backpressure does not
drop within the range expected after a regeneration event as predicted by the model,
the regeneration did not function correctly (or the filter could have excessive ash
loading) and the OBD system would alert the vehicle operator of a problem. Also,
backpressure on a normal PM filter should progressively increase as the mass of soot
and trapped particles increases. In general, the mass of soot and trapped particles
should increase as the mileage traveled or time of operation increases. However, a
cracked filter or missing filter may not experience increased backpressure as expected.
Therefore, a cracked or missing filter can be detected if the backpressure fails to
increase at the rate projected by the soot-loading model. Backpressure increases with
both increased soot loading on the filter and with increasing exhaust flowrate (i.e., as
engine load increases). To optimize comparison between the soot-loading model and
the backpressure sensor, it is important to account for this increase in backpressure due
to exhaust flow (e.g., by normalizing the backpressure based on exhaust flow rate).
Manufacturers have expressed a concern, that over time, ash will accumulate on the
PM filter, thus altering the soot-loading characteristics of the PM filter. A PM filter with
significant ash loading will not drop to as low backpressure levels immediately following
a thorough regeneration event and it will load up quicker (because the soot capacity will
be reduced by the accumulated ash). If not accounted for, this ash loading could result
in inappropriate indication of a fault. Ash loading is a normal byproduct of engine
operation (the ash loading is largely a function of oil consumption by the engine and the
ash content of the engine oil). Manufacturers could monitor the ash accumulation rate
and include that in their soot-loading model. While the ash accumulation rate varies
based on the ash content of the engine oil, one manufacturer has indicated it plans on
specifying the type of engine oil that must be used so the ash accumulation rate can be
accurately accounted for. If the ash accumulation rate significantly exceeds the normal
acceptable rate predicted by the model, or the model has determined that the filter has
reached its maximum ash loading and the required maintenance is not performed
(manufacturers are investigating maintenance intervals and procedures to remove the
ash from the filter), a malfunction could then be appropriately indicated.
Lastly, manufacturers have indicated that they are concerned that smlt differences in
crack size or location may generate large differences in tailpipe emission levels, and
they are not confident that they can reliably detect all leaks that would result in the
emission levels proposed for the malfunction criteria (five times the standard in 2010
through 2012 model years and 2.5 times the standard in 2013 and subsequent model
years). Accordingly, the manufacturers have suggested pursuing an altemate
malfunction criterion independent of emission level such as a percent of exhaust flow
leakage or a specified hole size for a leak. However, staff does not believe that pursuit
of such altemate thresholds is appropriate at this time. Manufacturers have not even
completed work on initial widespread implementation of PM filters for the 2007 model
year, and staff expects substantial refinement and optimization will be made by
manufacturers based on their field experience prior to the introduction of this monitor in
the 2010 model year.
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1V.A of this report.

Backqround
Exhaust gas sensors (e.g., oxygen sensors, air-fuel ratio (AIF) sensors, NOx sensors)
are important to the emission control systems of these heavy duty engines. These
sensors are expected to be used by heavyduty diesel engine manufacturers to optimize
their emission control technologies as well as satisfy many of the proposed heavy-duty
OBD monitoring requirements, such as catalyst monitoring, NOx adsorber monitoring,
and EGR system monitoring. For example, AIF sensors, which provide a precise
reading of the actual air-fuel ratio, may be used upstream and downstream of a NOx
adsorber both to provide precise closed-loop control of the NOx adsorber system and
for OBD monitoring of the system. NOx sensors are also anticipated to be used for
optimization of several diesel emission control technologies, such as lean NOx catalysts
and selective catalytic reduction (SCR) systems. Since an exhaust gas sensor will be a
critical component of a vehicle's emission control system, the proper performance of
this component needs to be assured in order to maintain low emissions. Thus, it is
important that any malfunction that adversely affects the performance of any of these
exhaust gas sensors is detected by the OBD system.
Proposed Monitorinq Requirements
The staff is proposing that a manufacturer be required to monitor the sensor
performance (i-e., output voltage, resistance, impedance, response rate, and any other
characteristic) of all exhaust gas sensors before emissions exceed a certain emission
thresholds. For AIF sensors located upstream of the aftertreatment, the staff is
proposing that the OBD system be required to indicate a malfunction before emissions
exceed 1.5 times the applicable standards. For AIF sensors located downstream of the
aftertreatment and for NOx sensors, the thresholds for 2010 through 2012 model year
engines are 1.5 times the NMHC standard, 0.3 glbhp-hr above the NOx standard, and
0.05 glbhp-hr for PM emissions, while for 2013 and subsequent model year engines,

the thresholds are I.5 times the NMHC standard, 0.2 glbhp-hr above the NOx standard,
and 0.025 glbhp-hr for PM emissions.
For all exhaust gas sensors, the proposed regulation would also require the OBD
system to monitor for circuit continuity and out-of-range faults and faults that would
cause the sensor to no longer be sufficient for use for other OBD monitors (e.g., catalyst
monitors). Since emission control system performance is essential in meeting the
emission standards and maintaining low emissions, malfunctions where the system is
unable to optimize this should be detected. Thus, the staff is also proposing that for all
exhaust gas sensors, the OBD system would be required to indicate a malfunction.when
a sensor fault occurs such that an emission control system stops using the sensor as a
feedback input. Additionally, for heated exhaust gas sensors, manufacturers would be
required to monitor the heater for proper performance as well as circuit continuity faults.
Most of the exhaust gas sensor monitors (e.g., sensor performance) would be required
to operate at least once per driving cycle. However, the staff is proposing that for circuit
continuity faults, out-of-range values, and faults that prevent the sensor from being used
as a feedback input, continuous monitoring would be required. A manufacturer may
request Executive Officer approval to disable the continuous exhaust gas sensor
monitoring when a sensor malfunction cannot be distinguished from other effects (e.g.,
disable out-of-range low oxygen sensor monitoring during fuel cut conditions).
Technical Feasibilitv of Proposed Monitorina Requirements
The light- and medium-duty OBD II regulations have required similar oxygen sensor
monitoring since the 1996 model year. The technical feasibility has clearly been
demonstrated for these packages. Additionally, N F sensor monitoring has also been
required and demonstrated on these vehicles for many years.
NOx sensors are a recent technology and currently still being developed and improved.
However, the staff is expecting manufacturers would design their upstream NOx sensor
monitors to be similar the N F sensor monitors used in light and medium duty gasoline
and diesel applications. Monitoring of downstream sensors may require modifications
to exisFng AIF sensor strategies andlor new strategies. Since NOx-sensors a
projected to only be used for control and monitoring of aftertreatment systems that
reduce NOx emissions (e-g., SCR systems), the OBD system would have to distinguish
between deterioration of the aftertreatment system and the NOx sensor itself for the
reasons discussed below. As the aftertreatment deteriorates, NOx emissions will
increase (i.e.,the NOx concentration levels in the exhaust increase), and assuming
there is no attendant deterioration in the NOx sensor, the NOx sensor will read these
increasing NOx levels. As discussed in sections 1V.F and 1V.G of this report, the
increased NOx levels can be the basis for determining a malfunction of the
aftertreatment system. However, if the NOx sensor experiences deterioration (has an
increasingly stower response rate) along with the aftertreatment system, the sensor may
not properly read the increased NOx levels from the malfunctioning aftertreatment
system, and the aftertreatment monitor would conciude the malfunctioning
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e n g b u t NOx condition). Under a relatively steady-state condition, reductant injection
could be Ymzm," that is, t4w redttdant Injedion quantity could be heil mnstant*which
woutd also freeze the conversion efficiency of the SCR system. With SCR performance
held constant, engine-out NOx emissions could be intrusively increased by a known
amount (e-g., by reducing EGR flow or changing fuel injection timing and allowing the
engine-out NOx model to determine the increase in emissions). The resulting increase
ir, emissions would pass through the SCR catalyst unconverted, and the sensor
response to the known increase in NOx concentrations could be measured and
evaluated. This strategy csild be used to detect both response malfunctions (i.e., the
sensor reads the correct NOx concentration levels but the sensor reading does not
change fast enough to changing exhaust NOx concentrations) and rationality
malfunctions (i.e., the sensor reads the wrong concentration level). Rationality
malfunctions could be detected by making sure the sensor reading changes by the
same amount as the intrusive change in emissions. Lastly, the sensor response to
decreasing NOx concentrations could be also be evaluated by measuring the response
when the intrusive strategy is turned off and engine out NOx emissions are returned to
normal levels. Malfunction criteria could then be determined by correlating sensor
response and emission levels from conducting emission tests with sensors having
various levels of deterioration.
V. PROPOSED MONITORING SYSTEM REQUIREMENTS FOR
GASOLINEISPARK-IGNITED ENGINES
A. FUEL SYSTEM MONITORING

Backaround
An important component in emission control on gasoline engines is the fuel system.
Proper delivery of fuel is essential to maintain stoichiometric operation and minimize
engine out emissions. Proper stoichiometric control is also critical to maximize catalyst
conversion efficiency and reach low tailpipe emission levels. As such, thorough
monitoring of the fuel system is an essential element in an OBD system.

For gasoline engines, the fuel system generally includes a fuel pump, fuel pressure
regulator, fuel rail, individual injectors for each cylinder, and a closed-loop feedback
control system using oxygen sensor(s) or air-fuel ratio (AIF) sensor(s). The feedback
sensors are located in the exhaust system and are used to regulate the fuel injection
quantity to achieve a stoichiometric mixture in the exhaust. If the sensor indicates a rich
(or lean) mixture, the system reduces (or increases) the amount of fuel being injected by
applying a short term correction to the fuel injection quantity calculated for the current
engine operation condition. To account for aging or deterioration in the system such as
reduced injector flow, more permanent long term corrections are also learned and
applied to the fuel injection quantity for more precise fueling.
Pro~osedMonitorina Requirements
For gasoline engines, fuel system monitoring has been implemented on light- and
mediumduty vehicles from the 1996 model year under the OBD II regulations. For
heavyduty gasoline engines (many of which are the same engine used in lighter
mediumduty applications), the system components and control strategies are identical
to those used in the light- and medium-duty categories. As such, the monitoring
requirements established for light- and medium-duty engines can be directly applied to
heavy-duty gasoline engines.
The staff is proposing that the fuel system be continuously monitored for its ability to
maintain engine emissions below the standards. Manufacturers would be required to
detect a malfunction when the system can no longer achieve this. Since the systems
are essentially "self-correctingnand adapt for deterioration, monitoring of the system is
accomplished by looking at the adaptive terms (e.g., short term and long term fuel trim)
and indicating a fault when the corrections get so large (or reach their adaptive limits)
that emissions cannot be maintained below the emission standard. Manufacturers
would also be required to verify that the fuel system is in closed-loop operation (e.g., is
using the oxygen sensor for feedback and can make changes to the adaptive correction
values). Manufacturers have a pre-defined set of criteria that must be satisfied to begin
closed-loop operation which typically include a minimum time after engine start, a
separate diagnostics that verify each individual criterion is satisfied (which also pro.vides
valuable diagnostic information to help repair technicians pinpoint the root cause of the
malfunction).
The individual components of the fuel system would also be covered by separate
monitoring requirements for oxygen sensors, misfire (for the fuel injectors), and
comprehensive components (in systems such as those with electronically-controlled
variable speed fuel pumps or electronically-controlledfuel pressure regulators).

Technical FeaeiWi of FVm6s.d M
. , * ,

o mR e w i r m t s
*

l

For gasdine engines, the Q h t and m e d i u w OBD ti regutations have required
identical fuel system monitoring since the 1996 model year. Over 84 million cars have
been built and sold in the U.S. t o these fuel system monitoring requirements including
mediumduty vehicles which utilize the exact same gasoline engines that are also used
in some heavy-duty vehicle applications. The technical feasibilitv has clearly been

One of the primary causes of catalyst degradation is engine misfire, which is the lack of

combustion due to% absence d spa-rk or poor fuel metering, among other causes.
When misfire occurs, unburned fuel and air are pumped into the catalyst, greatly
increasing its operating temperature (where the temperature can soar to above 900
degrees Celsius). This problem is usually most severe under high load, high speed
engine operating conditions, causing irreversible damage to the catalyst. Though the
durability of catalysts has been improving, most are unable to sustain continuous
operation at such high temperatures. Engine misfire also contributes to excess
emissions, especially when the misfire is present during engine warm-up and the
catalyst has not reached its operating temperature.
Proposed Monitorina Requirements
Accordingly, for gasoline engines, the staff is proposing continuously monitoring for
engine misfire at all positive torque engine speeds and load conditions. Additionally,
manufacturers would be required to identq a misfiring cylinder or indicate if multiple
cylinder misfiring is occurring (through the storage of the appropriate fault codes). With
regards to catalyst-damaging misfire, manufacturers would be required to determine the
level (i.e., percentage) of misfire per 200 revolution increments (e.g., two seconds at
6000 rpm) for each engine speed and load condition that would result in a temperature
that causes catalyst damage. The proposed regulation would establish a specific
means of determining the temperature at which catalyst damage occurs. With regards
to misfire that can cause excess emissions, manufacturers would be required to
determine the level of misfire per 1000 revolution increments that would result in
emissions exceeding 1.5 times the applicable standards. To establish this percentage
of misfire, manufacturers would utilize misfire events occurring at equally spaced,
complete engine cycle intervals, across randomly selected cylinders throughout each
1000-revolution increment. The staff is also proposing to set a lower limit on the level of
misfire that is required to be detected (i.e., five percent for misfire causing catalyst
damage, and one percent for misfire causing emissions to exceed 1.5 times the
standards), due to increased difficulty in diagnosing misfire at such low percentages.

Although the proposal would require misfire monitoring to occur continuously for
gasoline engines, the proposed regulation would allow manufacturers to temporarily
disable misfire monitoring during certain operating conditions where misfire cannot be
reliably detected. These conditions include driving on rough roads, during manual
transmission gear changes, and during extremely rapid throttle changes. Manufacturers
that want to disable misfire monitoring during conditions not specifically stated in the
proposed regulation would be required to request Executive Officer approval of such
disablement. Some manufacturers may request disablement during a certain amount of
time from engine start-up (end of crank), since they may contend that such conditions
may cause unreliable misfire detection. The staff, however, is concerned that misfire
could occur during start-up (i.e., during cold start when the engine can run rough) and
then cease once warming of the engine has occurred. Such misfire problems would
significantly impact emissions, since the catalyst would not have reached its operating
temperature. Thus, the proposed regulation would require misfire monitoring to occur
no later than the end of the second crankshaft revolution after engine start-up.
Technical Feasibility of Proposed Monitorina Reauirements
For gasoline engines, the light- and medium-duty OBD II regulations have required
identical misfire monitoring requirements since the 1996 model year. One of the most
reliable methods for detecting misfire that has been demonstrated is the use of a
crankshaft position sensor, which would measure the fluctuations in engine angular
velocity and determine if misfire exists, and a camshaft position sensor, which can be
used to identrfy the misfiring cylinder. This method has been shown to be technically
feasible for misfire monitoring on light- and medium-duty vehicles.
C. EXHAUST GAS RECIRCULATION (EGR)SYSTEM MONITORiNG
Backaround
Exhaust gas recirculation (EGR) is one of the most effective emission control
technologies for reducing NOx emissions in vehicles today. Generally, NOx emissions
er temperature and pressure conditions. EGR
from the exhaust sweam to the intake system
to dilute the oxygen concentration and increase the heat capacity of the airlfuel charge.
This effectively reduces the combustion temperature, which results in lower levels of
NOx emissions. EGR systems can involve many components to ensure accurate
control of EGR flow, including valves, valve position sensors, and actuators.
Proposed Monitoring Requirements
The EGR system would need to be monitored to ensure that the appropriate amount of
EGR flow reaches the intake system. The staff is proposing that manufacturers be
required to indicate an EGR system malfunction when the EGR flow rate increases or
decreases to a point where emissions exceed 1.5 times the applicable standards.
While decreased EGR flow can cause increased emissions, excessive EGR flow can
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also cause increased ernissidns and driveability problems. Manufacturers would be
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monitoring conditions are met. If a malfunctioning EGR system (witt~a reduced Row or
excessive flow fault) cannot cause emissions to exceed the emission threshold of 1.5
times the applicable standards, a manufacturer would only be required to perform
functional monitoring of the malfunction of concern (e.g., indicate a malfunction when no
detectable amount of EGR flow is detected). The individual eiectronjc components
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utilized by the EGP system would be monitqred under aft,
mondonng requirements.

The light- and medium-duty OBD II regulations have required identical EGR system
monitoring since the 19% model year. Manufacturers have been detecting
matfunctions of EGR flow rate generalry by looking at the change in fuel trim or manifold
pressure under conditions when the EGR system is active. The technical feasibility of
EGR monitoring has already been demonstrated for these applications.

D. COLD START EMiSSION REDUCTION STRATEGY MONiTORlNG

The largest portion of exhaust emissions from gasoline vehicles is generated during the
brief period following a cold start before the engine and catalyst have warmed up. In
order to meet increasingly stringent emission standards, manufacturers are developing
hardware and associated control strategies to reduce these emissions. Most efforts are
centering around reducing catalyst warm-up time. A cold catalyst is heated mainly by
two mechanisms - heat transferred from the exhaust gases and heat that is generated
in the catalyst as a result of the catalytic reactions.
Manufacturers are implementing various hardware and control strategies to quickly light
off the catalyst (i.e., reach the catalyst temperature at which 50 percent conversion
efficiency is achieved). Most manufacturers use substantial spark retard andlor
increased idle speed to maximize the heat available in the exhaust following a cold start
to quickly light off the catalyst. However, customer satisfaction and safety (i.e., vehicle
driveability and engine idle quality) limit the amount of spark retard or increased idle
speed that a manufacturer will use to accelerate catalyst light off. On a normally
functioning vehicle, engine speed drops when the spark is retarded, therefore causing
the idle speed control system to compensate and allow more airflow (with a
corresponding increase in fuel) to the engine in order to maintain idle speed stability
during spark retard. Since idle quality is given a high priority, spark retard is typically
limited to an extent that the idle control system can quickly respond to and maintain idle
quality. Conversely, a deteriorated or poorly responding idle control system would
reduce the capability of the engine to compensate and may cause the on-board
computer to command less spark retard than would normally be achieved for a properly
functioning system, thereby causing delayed catalyst light off and higher emissions.

Though the proposed regulation would require monitoring of the idle control system and
mo~itoringof the ignition system by the misfire monitor, the idle control system is
normally monitored only after the engine has warmed up, and malfunctions that occur
during cold start may not be detected by the OBD system, yet have significant emission
consequences.
Additionally, given the escalating cost of precious metals, there is an industry trend to
minimize their use in catalysts. To compensate for the reduction in catalyst
performance, manufacturers will likely employ increasingly more aggressive cold start
emission reduction strategies. It is crucial that these strategies be successful and
properly monitored in order to meet the new, more stringent emission standards and to
maintain low emissions in-use.
Proposed Monitorincl Requirements
Considering the issues outlined above, the staff is proposing a requirement to monitor
the individual components used to implement cold start emission reduction strategies.
This would ensure that the target conditions necessary to reduce emissions or catalyst
light-off time are indeed achieved and emissions do not exceed 1.5 times the emission
standard. These components would need to be monitored while the strategy is active.
For example, ifthe target idle speed for catalyst light-off could not be achieved or
maintained adequately to maintain emissions below 1.5 times the standard, a
malfunction would need to be indicated. Similarly, if the target spark retard necessary
for catalyst light-off could not be achieved due to an idle control system malfunction, a
fuel system malfunction, or any other malfunction, a fault would need to be indicated.
Technical Feasibilitv of Pro~osedMonitorina Re~uirements
Monitoring techniques that are projected to be used for cold start monitoring strategies
would be similar to those already outlined during the light- and medium-duty OBD
rulemaking, which mainly involve software modifications. For example, if spark retard is
used during cold starts, the commanded amount of spark retard would have to be
monitored if the amount of spark retard can be restricted by external factors such as idle
quality or driveabiitty. This can be done with software algorithms thafcompare the
actual overall commanded final ignition timing with the threshold timing that would result
in emissions that exceed 1.5 times the standard. Cold start strategies that always
command a predetermined amount of ignition retard independent of all other factors and
do not allow idle quality or other factors to override the desired ignition retard do not
require monitoring of the commanded timing. Other methods to ensure the actual
timing has been reached include verifying other factors such as corresponding
increases in mass air flow and idle speed indicative of retarded spark 'combustion.
Since mass air flow and idle speed are both currently used by the engine control system
and the OBD system, only minor software modifications should be required to further
analyze these signals while the cold start strategy is invoked.
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E. SECONDARY AIR SYSTEM MONITORING

Secondary air systems, which are expected to be utiliied only on gasoline vehicles, are
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Although many of today's vehicles operate near stoichiometric (where the amount of air
is just sufficient to completely combust all of the fuel) afkr a GOMengine start, more
stringent emission standards may require secondary air systems, generalty in
combination with a richer than stoichiometric cold start mixture, to quickly warm up the
catalyst for improved cold start emission performance. Secondary air systems typically
consist of an electric air pump, various hoses, and check valves to deliver outside air to
the exhaust system upstream of the catalytic converters. This system usually operates
only after a cold engine start for a brief period of time. When the electric air pump is
operating, fresh air is delivered to the exhaust systerr! and mixes with the unburned fuel
at the catalyst, so that the fuel can bum and rapidly heat up the catalyst. Problems with
the secondary air systems that may be found in the field include corroded check valves,
damaged tubing and hoses, and malfunctioning air switching valves. Given the
importance of properly functioning secondary air systems to emission performance,
monitoring is needed.
Proposed Monitoring Reauirements
The secondary air system would have to be monitored to verify secondary air delivery to
the exhaust system during cold engine starts when it is normally active. Thus, the staff
is proposing that manufacturers be required to monitor proper functioning of the
secondary air delivery system including all air switching valves. Specifically, a
manufacturer would be required to indicate a malfunction prior to a decrease from the
manufacturer's specified air flow during normal operation (e-g., during vehicle warm-up
following engine start) that would cause a vehicle's emissions to exceed 1.5 times the
applicable standards. Manufacturers would be required to monitor the secondary air
system at least once per driving cycle in which the monitoring conditions are met. If a
malfunctioning secondary air system cannot cause emissions to exceed the emission
threshold of 1.5 times the applicable standards, a manufacturer would only be required
to perform functional monitoring of the system by indicating a malfunction when no
detectable amount of air flow is delivered during normal operation. The individual
electronic components utilized by the secondary air system would be monitored under
the comprehensive components monitoring requirements.

Technical Feasibility of Proposed Monitorina Reauirements
In order for the OBD system to effectively monitor the secondary air system when it is
normally active, N F sensors would most likely be required. These sensors are currently
installed on many new cars and their implementation is projected to increase in the
future as more stringent emission standards are phased in. N F sensors are useful in
determining air-fuel ratio over a broader range than conventional oxygen sensors and
are especially valuable for controlling fueling in lean-bum engines and other engine
designs that require very precise fuel control. They would be useful for secondary air
system monitoring because of their ability to determine air-fuel ratio accurately, which
would enable correlating the amount of secondary airflow needed to keep emissions
below 1.5 times the tailpipe en-tission standard to the air-fuel ratio.

F. CATALYST MONITORING
Backaround
Three-way catalysts are one of the most important emission-control components utilized
by gasoline engines. They consist of ceramic or metal honeycomb structures (i-e.,
"substrates") coated with precious metals such as platinum, palladium, or rhodium.
These precious metals are dispersed within an alumina washcoat containing ceria, and
the substrates are mounted in a stainless steel container in the vehicle exhaust system.
Three-way catalysts are so designated because they are capable of simultaneously
oxidizing HC and CO emissions into water and carbon dioxide, and of reducing NOx
emissions (by reacting with CO and hydrogen) into elemental nitrogen, carbon dioxide,
and water.
This three-way conversion activity only takes place efficiently, however, when the fuel
system operates at stoichiometric (i.e., the airlfuel ratio where there is just the required
amount of air to completely bum all of the fuel in the engine). Manufacturers achieve
and maintain stoichiometric fuel delivery by incorporating closed-loop fuel control
systems that utilize an exhaust gas oxygen sensor to provide feedback on the status of
the air-fuel ratio being achieved. Most closed-loop fuel control systems actively cycle
the air-fuel ratbslightly above and betow the stoichiometric point to maximize three-way
catalyst conversion efficiency. The precious metals are used to temporarily retain the
HC, CO, and NOx molecules in the catalyst and promote the chemical reactions while
the ceria in the washcoat is used to store and release oxygen that is needed to
complete the reactions. Oxygen is stored in the catalyst during the lean portion of the
fuel system's cycling (i.e., when the air-fuel ratio is slightly higher than stoichiometric)
and is released during the rich excursion.
While improvements to catalysts over the years have increased their durability, they are
still subject to high temperature deterioration that occurs when excess air and fuel enter
the catalyst. This can be caused by misfire (i.e., unburned fuel and air that are pumped
into the catalyst) among other factors, and will result in reduced catalyst conversion
efficiency. Catalyst performance can also deteriorate due to catalyst deactivation from
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Pro~osedMonitorina Reauirements
Due to the importance of the catalyst system En a vehicle's emission control system, the
staff is proposing monitoring for proper catalyst system performance. Specifically,
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be damaged and would provide the earliest indication of a catalyst system problem.
Reptacement of these catalysts alone would also restore a high conversion efficiency to
the system since the majority of emissions occur during a cold start and the forward
catalysts are the most important for controlling cold start emissions.
'Nher, determining the proper OBD maiftinction tkreskoid for catalysts, manufadurers
would progressively deteriorate or "age" catalysts (by replicating excessive temperature
conditicns via over; aging or misfire agiiig) to the point where emissions exceed i.75
times the standard. Thus, the staff is also proposing specific requirements for catalyst
aging and determining the malfunction thresholds for the catalyst monitor. Specifically,
manufacturers would be required to use deterioration methods that more closely
represent real world deterioration, thereby ensuring that the MIL would illuminate at the
appropriate emission level during real world operation. The proposal would further
require that the catalyst system be aged as a whole (i.e., manufacturers would
simultaneously age the monitored and unmonitored catalysts) to the malfunction criteria.
This accounts for the fact that the unmonitored catalysts could also experience some
real world deterioration. However, manufacturers that use fuel shutoff to misfiring
cylinders in order to minimize catalyst over-temperature would be allowed to age the
monitored catalyst to the malfunction criteria and the unmonitored catalysts to the end
of the useful life. Such systems are less likely to be subjected to extreme temperatures,
so they would likely age with the monitored catalyst experiencing most of the
deterioration.
Technical Feasibility of Proposed Monitorina Reauirements
A common method used for estimating catalyst efficiency is to measure the catalyst's
oxygen storage capacity. This monitoring method is utilized by all current light- and
medium-duty gasoline vehicles since the OBD 1
I regulation was first fully implemented in
the 1996 model year. Generally, as the catalyst's oxygen storage capacity decreases,
its conversion efficiency of HC and NOx also decreases. With this strategy, a catalyst
malfunction would be detected when its oxygen storage capacity has deteriorated to a
predetermined level. Manufacturers could determine this by utilizing the information
from the upstream oxygen sensor and a second oxygen sensor located downstream of

the monitored portion of the 'catalyst (this second sensor is also used for trimming the
front sensor to maintain precise fuel control). By comparing the level of oxygen
measured by the second sensor with that measured by the primary sensor located
upstream of the catalyst, manufacturers determine the oxygen storage capacity of the
catalyst and thus, estimate the conversion efficiency. With a properly functioning
catalyst, the second oxygen sensor signal will be fairly steady since the fluctuating
oxygen concentration (due to the fuel system cycling about stoichiometric) at the inlet of
the catalyst is damped by the storage and release of oxygen in the catalyst. When a
catalyst is deteriorated, such damping is reduced, causing the frequency and peak-topeak voltage of the second oxygen sensor to simulate the signal from the front oxygen
sensor because the catalyst is no longer capable of storing and releasing oxygen.

G. EVAPORATIVE SYSTEM MONITORING
Backclround
In addition to emissions from a vehicle's tailpipe, ARB is concerned about emissions
from a vehicle's evaporative system. Emissions that vent to the atmosphere through
leaks in the evaporative system (e.g., disconnected evaporative system hoses) can be
many times the evaporative emission standards. Additionally, evaporative purge
system defects such as deteriorated vacuum lines, damaged canisters, and nonfunctioning purge control valves may occur, also resulting in high evaporative
emissions.
Pro~osedMonitorincl Reauirements
Thus, the staff is proposing to require manufacturers to monitor the evaporative system
for leaks equal to or greater than a 0.090 inch diameter hole. The 0.090 inch leak
monitoring requirement is intended to detect larger leaks such as split or disconnected
evaporative system hoses or loose/missing gas caps. With regards to the orifice shape
and length, the staff proposes the use of a specific orifice supplied by O'Keefe Controls
Corporation, a manufacturer and supplier of precision orifices used by many in the
industry. Orifices with equivalent specifications from other suppliers would also be
Additionatty, the proposed regulation would require manufacturers to verify
the purge flow from the vehicle canister system (i.e., to venfy that the purge flow is
actually reaching the engine and not venting into the atmosphere).
While the OBD II regulations have required leak detection for 0.020 inch leaks
beginning with 2000 model year, light- and mediumduty manufacturers have found that
fuel tanks larger than 25 gallons are extremely difficult to monitor to the leak sizes
required by the OBD ll regulation. To address this issue, the OBD II regulation
contained a provision that allowed manufacturers to revise the leak size requirements
for vehicles equipped with larger fuel tanks provided the manufacturer demonstrate the
need for this allowance. Given that the vast majority, ifnot all, of the gasoline tanks in
the heavy-duty industry are likely larger than 25 gallons, the staff evaluated the
capability of the medium-duty manufacturers with large tanks and has accordingly

proposed heavy-duty OBD monitoring only to 0.090 inch leaks in lieu of 0.020 inch
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for tremendous variation and modification of the evaporative emission control system
including the size, shape, and location of the tank. These variations have a signiffcant
impact on the ability of the monitor to accurately detect leaks. Accordingly, the 0.090
inch size was selected to compromise between reasonable leak detection and the ability
to calibrate a robust monitor that could handle some variarion in e v m e system
configuration.
Technical Feasibilitv of Proeosed Mnitcwho Rwukements
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As mentioned above, the OBD 1
I regulation has required monitoring of evaporative
system leaks as small as 0.020 inches on light- and me&um-duty vehicles for several
years. These include medium-duty applications such as incomplete trucks and engine
dynamometer certified configurations similar (and in many cases, identical) to the
configurations used on heavy-duty applications. Applications successfully meeting the
OBD II requirements have also included dual tank configurations as well as applications
with tanks tap t~ 55 gallons. h'ianrsfacturers have silccessfuily irnpiemented these
requirements by utilizing monitoring techniques that create either a vacuum or .
pressurized conditior! In the fuel tank and evaps~tivesystem and check ine change in
vacuumlpressure over time. In general, these systems require the addition of an
evaporative system pressure sensor and a canister vent valve capable of closing the
vent line. In some cases, manufacturers have elected to add pressure pumps to
generate a positive pressure in lieu of using the engine as a vacuum source. Further, in
a few cases, manufacturers have implemented changes to the on-board computer to
allow a portion of the control module to remain "onn even while the engine is off and
monitor the natural vacuum and pressure fluctuations that occur in the system due to
heating and cooling of the gasoline in the tank. Evaporative systems that have too large
of a leak will be unable to build or hold pressure or vacuum for a sufficient amount of
time and can be distinguished from systems without a leak.
Heavy-duty gasoline applications are expected to use near identical, if not identical,
evaporative system components and the staff is not aware of any reason the existing
monitoring techniques would not continue to work on heavy-duty applications. Further,
by limiting the monitoring to leaks of 0.090 inch or larger, the monitor should be less
sensitive to tank location, size, shape, and other factors that have much larger
influences on robustly detecting very small leaks. It is expected that gasoline engine
manufacturers will need to impose tighter restrictions on their engine purchasers than
they currently do with regards to tank specifications and evaporative system
components.
H. EXHAUST GAS SENSOR MONITORING

&
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Backaround
Exhaust gas sensors (e.g., oxygen sensors, air-fuel ratio (NF)sensors) are important to
the emission control system of these engines. In addition to maintaining the air-fuel
ratio at stoichiometric, which helps achieve the lowest engine emissions, these sensors
are also used for enhancing the performance of several emission control technologies
(e.g., catalysts, EGR systems). Many modem vehicles traditionally perform fuel control
with an oxygen sensor feedback system. In order for the emission control system to
operate most efficiently, the air-fuel ratio must remain within a very narrow range (less
than one percent deviation) around the stoichiometric ratio. Oxygen sensors are
typically located in the exhaust system upstream and downstream of catalytic
converters. The front or upstream oxygen sensor is generally used for fuel control,
while the rear or downstream oxygen sensor is generally used for adjusting the front
oxygen sensor as it ages and for monitoring the catalyst system. Many vehicles use
NF sensors, which provide a precise reading of the actual air-fuel ratio, in lieu of
conventional oxygen sensors for fuel control and catalyst monitoring. Both of these
sensors are expected to be used by the heavy-duty manufacturers to optimize their
emission control technologies as well as satisfy many of the proposed heavy-duty OBD
monitoring requirements, such as fuel system monitoring, catalyst monitoring, and EGR
system monitoring. Since an exhaust gas sensor can be a critical component of a
vehicle's fuel and emission control system, the proper performance of this component
needs to be assured in order to maintain low emissions. Thus, it is important that any
malfunction that adversely affects the performance of any of these exhaust gas sensors
is detected by the OBD system.
Proposed Monitorina Reauirements
The staff is proposing that a manufacturer be required to monitor the output voltage,
resistance, impedance, response rate, and any other characteristic of an exhaust gas
sensor that can affect emissions and/or other diagnostics. This requirement applies to
both primary sensors (which are used for fuel control) and secondary sensors (which
are used for controlifeedback and monitoring of certain emission control technologies).
m performance is essential in
w emissions, malfuncfions where the system is unable to optimize these functions should be detected. Thus, manufacturers
would also be required to indicate a malfunction when a sensor fault occurs such that
the fuel system or an emission control system stops using the sensor as a feedback
input. Additionally, for heated exhaust gas sensors, manufacturers would be required to
monitor the heater for proper performance as well as circuit continuity faults.
Most of the exhaust gas sensor monitors (e.g., response rate) would be required to
operate at least once per driving cycle. However, the staff is proposing that for circuit
continuity faults, out-of-range values, and faults that prevent the sensor from being used
as a feedback input, continuous monitoring would be required. While fuel system
monitors may already be able to identify some of the oxygen and AIF sensor
malfunctions, fuel system faults are generally one of the most difficult faults to diagnose

and repair due tothe substantial number of possible c a w s . As such,
axygen ck M Sepm
l r as the malfunctionhg
g. A manuiact~ermay request Executive
Officer approval to disable the continuous exhaust gas sensor monitoring when a
sensor malfunction cannot be distinguished from other effects (e.g., disable out-of-range
low oxygen sensor monitoring during fuel cut conditions).

VI. PROPOSED MONITORING SYSTEM REQUIREMENTS FOR ALL VEHICLES

A. VARIABLE VALVE TIMING AND/OR CONTROL O/VT) SYSTEM MONlTORlNG
Backaround
Variable valve timing (VVT) andlor control systems are used primarily to optimize
engine performance and have many advantages over conventional valve control.
Instead of opening and closing the valves by fixed amounts, VVT controls can vary the
valve opening and closing timing (as well as lift amount in some systems) depending on
the driving conditions (e.g., high engine speed and load). This feature permits a hatter
compromise between performance, driveability, and emissions than conventional
systems. With more stringent NOx emission standards being phased in, more vehicles
are anticipated to utilize WT. By utilizing VVT to retain some exhaust gas in the
combustion chamber to reduce peak combustion temperatures, NOx emissions are
reduced.
Proposed Monitorinq Requirements
Since valve timing can directly affect exhaust emissions, the staff is proposing specific
requirements for monitoring VVT andlor control systems. In addition to monitoring the
individual electronic components used in the VVT system, manufacturers would be
responsible for detecting target errors and slow response malfunctions of these
systems. For target error and slow response malfunctions, the diagnostic system would
be required to detect malfunctions when the actual valve timing andlor lift deviates from
the commanded valve timing andlor lift such that 1.5 times the applicable emission
standard would be exceeded. For VVT and/or control systems that cannot cause
emissions to exceed 1.5 times the standard, manufacturers would still be required to
monitor the system for proper functional response under the comprehensive component
requirements.

Technical Feasibilitv of P ~ O D O
Monitorina
S ~ ~ Reauirements

VVT systems are already in general use in light- and some mediumduty applications.
Further, under the OBD ll requirements, such systems have been monitored for proper
function on the applications that have used VVT systems since the 1996 model year.
More recently light and medium manufacturers have designed monitoring strategies to
detect VVT system malfunctions that cause emissions to exceed an emission threshold.
Such strategies include the use of the crank angle sensor and camshaft position sensor
to confirm that the valve opening and closing occurs within an allowable tolerance of the
commanded crank angle. By calculating the difference between the commanded valve
opening crank angle and the achieved valve opening crank angle, a diagnostic
algorithm could differentiate between a malfunctioning system with too large of an error
and a properly functioning system with very little to no error. By calibrating the size of
this error (or integrating it over time), manufacturers could design the system to indicate
a malfunction prior to the required emission threshold. In the same manner, system
response can be measured by monitoring the length of time necessary to achieve the
commanded valve timing. To ensure adequate resolution between properly functioning
systems and malfunctioning systems, most manufacturers only perform this type of
check when a large enough "step change" in commanded valve timing occurs.
B. ENGINE COOLING SYSTEM MONITORING
Thermostat
Manufacturers typically use a thermostat to block the flow of coolant within the engine
block during cold starts to promote rapid warming of the engine. As the coolant
approaches a specific temperature, the thennostat begins to open and allows circulation
of coolant through the radiator. The thermostat then acts to regulate the coolant to the
specified temperature. If the temperature rises above the regulated temperature, the
thermostat opens further to allow more coolant to circulate, thus reducing the
temperature. If the temperature drops below the regulated temperature, the thermostat
partially closes to reduce the amount of coolant circulating, thereby increasing the
temperature. If a thermostat malfunctions in such a manner that it does not adequately
restrict coolant flow during vehicle warm-up, an increase-in emissions coutd occur do to
the prolonged operation of the vehicle at temperatures below the stabilized, warmed-up
value (i.e., due to cold start engine control strategies). The emission impact may vary
considerably from one manufacturer to another based on cooling system design and airfuel control strategies; however, it is generally acknowledged that the component can
impact emissions significantly, particularly at lower ambient temperatures (e-g., 50
degrees Fahrenheit), Further, since the engine coolant temperature would potentially
be used as an enable criterion for other OBD diagnostics, if the vehicle's coolant
temperature does not reach a manufacturer-specifiedwarmed-up value, several
diagnostics may effectively be permanently disabled from identifying other
emission-related malfunctions.

The staff is pqmsing that bnufacturers be required to monRor the thermostat for

degrees Fahrenheit of the manufacturer-specifiedthermostat regulating temperature.
The time period threshdd(s) (i.e., the time after engine start when the thermostat would
be considered malfunctioning) would be a fundion of starting engine codant
temperature and vehicle operatinq conditions
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temperature if it adequately bemmt&
that a thef'fmstaoperatingat the lcrwer
temperature will not w s e an W e & kwof 50 or m m pram4 of m y of the
appiicatk standards (e.g.,a 50 degree Fahrenheit emission test). Manufacturerswould
be required to submit test data andlor an engineering analysis of the coolant
temperature-based modifications to t . k engine control strategies to support their
request. The thermostat monitoring requirement could be satisfied by verifying that the
coolant temperature reaches a stabilized value after a period of engine operation, taking
into account engine load and coolant temperature at engine start.
Some of the manufacturers' largest vehicles require a high capacity passenger
compartment heating system. In cold weather, use of the heaters may not allow
sufficient coolant temperature to be achieved in order to avoid illumination of the
malfunction light, even when the thermostat is functioning normally. As a result,
manufacturers have been forced to select very restrictive monitoring conditions that may
not be frequently encountered in-use to ensure an accurate decision.
Therefore, the staff is proposing that vehicles that do not reach the temperatures
specified by the malfunction criteria would be allowed to use alternate malfunction
criteria andlor temperatures that are a function of coolant temperature at engine start.
Manufactures could use this provision upon demonstrating that a properly operating
system does not reach the specified temperatures and that the possibility for cooling
system malfunctions to go undetected and disable other OBD monitors is minimized to
the extent technically feasible.
Enaine Coolant Temperature Sensor
Manufacturers generally utilize engine coolant temperature (ECT) as an input for many
of the emission-related engine control systems. For gasoline engines, the ECT is often
one of the most important factors in determining if closed-loop fuel control will be
allowed by the engine's powertrain computer. If the engine coolant does not warm up
sufficiently, closed-loop fuel control is usually not allowed and the vehicle remains in
open-loop fuel control. Since open-loop fuel control does not provide precise fuel
control, this results in increased emission levels. Diesel engines generally use ECT to
initiate closed-loop control of some emission control systems, such as EGR systems.
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Similar to closed-loop fuel co'ntrol on gasoline engines, if the coolant temperature does
not warm up, closed-loop control of these emission control systems will usually not
begin, which will also result in increased emissions. For both gasoline and diesel
engines, ECT would potentially be used to enable many of the diagnostics that are
required by the heavy-duty OBD regulation (e.g., an OBD monitor would not run until
the coolant temperature is above or below a certain temperature to ensure accurate
detection capability). If the ECT sensor malfunctions and remains at a low or high
reading, many diagnostics would not be enabled.
The staff is proposing that manufacturers be required to monitor the ECT sensor for
proper performance. Manufacturers would be required to monitor the sensor to ensure
that the vehicle achieved the highest minimum temperature needed for closed-loop
control of all emission control systems (e.g., fuel system, EGR system) on gasoline and
diesel vehicles within an Executive Officer-approved time after start-up, which would be
based on ECT at start-up andlor intake air temperature. The Executive Officer would
approve the time interval upon determining that the data andlor engineering evaluation
submitted by the manufacturer supports the specified times. Vehicles that do not utilize
engine coolant temperature to enable closed-loop control of any emission control
system would be exempted from this monitoring requirement.
Additionally, manufacturers would be required to monitor the coolant temperature
sensor for rationality, electrical, and out-of-range failures. Since the ECT sensor is
essential for both fuel and spark timing control as well as for other OBD monitors, the
rationality monitor needs to be more capable in detecting sensor faults than rationality
monitors of non-temperature sensors (which follow the comprehensive component
monitoring requirements). Accordingly, the proposed regulation would require that
rationality monitoring for ECT sensors identify ones that read inappropriately low or high
(and thus, disable or delay operation of other monitors). Generally, however,
manufacturers may be exempt from rationality monitoring of low sensor readings that
disable other OBD monitors, since the OBD monitor for the thermostat (described
above) would generally be designed to detect this fault. Additionally, manufacturers
may be exempt from monitoring ECT sensors stuck at high temperature regions: (1)
where the MIL would be illuminated for default mode operation (e.g., overtemperature
protection strategies), or f2) thatfatl within the-red zone of the temperature gauge in
cases where the ECT sensor is used for both the OBD system and the temperature
gauge.
Technical Feasibilitv of Proposed Monitorina Requirements
The light- and medium-duty OBD ll regulations have required identical ECT sensor and
thermostat monitoring since the 1996 model year. While the technical feasibility of the
proposed requirements has clearly been demonstrated on light- and medium-duty
vehicles, the engine manufacturers have expressed concerns that monitoring of the
cooling system on heavy-duty applications creates unique and possibly insurmountable
challenges. Generally, the cooling system is divided into two cooling circuits connected
by the thermostat. The two circuits are the engine circuit and the radiator circuit.
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heat toffrom the system which will prevent them from reliably predicting proper system
behavior (e-g., warm up) and indicating a fault when the system is malfunctioning (e.g.,
not warming up as expected).
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radiator).
Staff recognizes the manufacturers' concerns that devices in the engine circuit (e-g.,
passenger compartment heaters) can affect the warm-up of the system. However, lightand medium-duty manufacturers have demonstrated robust thermostat monitoring with
high capacity passenger heaters in the cooling system. In order to design a robust
cooling system monitor, the manufacturer has to now the maximum rate of heat loss
due to the heater. Engine manufacturers have control over this by providing limits on
S subl
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.-A- :11 I +lie buiid specfiations provided to the vehicie manufacturers.
in some
cases, an engine manufacturer might need multiple build specifications with
corresponding thermostat monitoring calibrations to accommodate the ranges of heater
capacities that are needed when a given engine is used in a range of vehicle
applications (e.g., a local delivery truck with a passenger compartment for two people
and a small capacity heater versus a bus with a passenger compartment for 20 people
and a large capacity heater). The vehicle manufacturerwould then select the
appropriate calibration for the engine when it is installed in the vehicle. The engine
manufacturers have nonetheless requested limited enable conditions for the thermostat
monitor (e.g., to disable the thermostat monitor below 50 mF) to minimize their
resources spent calibrating the thermostat monitor. While this may mitigate the
manufacturers concerns', it is unacceptable because it would result in no monitoring of
the thermostat during cold ambient conditions for regions that have prolonged cold
ambient conditions. In such regions, a vehicle could experience a thermostat
malfunction with no indication to the vehicle operator with consequent disablement of
the monitors that require warmed-up coolant temperate to execute.
C. CRANKCASE VENTILATION (CV) SYSTEM MONITORING
Backqround
Combustion in each cylinder is achieved by drawing air and fuel into the cylinder,
compressing the mixture with a piston, and then igniting the mixture. After the
combustion event, the mixture is exhausted from the cylinder with another stroke of the
piston. However, during the combustion process, exhaust gases can escape past the

piston into the crankcase and subsequently to the atmosphere. The CV system is used
to remove these gases (known as "blow-by") from the crankcase and direct them to the
intake manifold to be burned by the engine. The CV system generally consists of a
fresh air inlet hose, a crankcase vapor outlet hose, and a CV valve to control the flow
through the system. Fresh air is introduced to the crankcase via the inlet (typically a
connection from the intake air cleaner assembly). On the opposite side of the
crankcase, vapors are vented from the crankcase through the valve by way of the outlet
hose to the intake manifold. On gasoline engines, the intake manifold provides the
vacuum that is needed to accomplish the circulation while the engine is running.
For gasoline engines, the valve is used to regulate the amount of flow based on engine
speed. During low engine load operation (e-g., idle), ihe valve is nearly closed allowing
only a small portion of air to flow through the system. With open throttle conditions, the
valve opens to allow more air into the system. At high engine load operation (i-e., hard
accelerations), the valve begins to close again, limiting air flow to a small amount. For
most systems, a mechanical valve is all that is necessary to adequately regulate CV
system air flow. The CV system on diesel engines, while slightly different in the typical
routing of the hoses and conditions for introducing blow-by gasses into the engine, has
essentially the same function.
Problems may occur such that the CV system does not function properly and emissions
are vented into the atmosphere. The hoses utilized by the CV system may be subject to
cracks or deterioration. However, the staff does not believe that such failures have a
significant impact on emissions because vapors are drawn by intake manifold vacuum
into the engine. Therefore, air is likely to be drawn into the hose through the crack as
opposed to crankcase vapor being forced out. The more likely cause of CV system
malfunctions and excess emissions is improper service or tampering of the CV system.
These failures include misrouted or disconnected hoses, and missing valves. Of these
failures, hose disconnections on the vapor vent side of the systems and/or missing
valves can cause emissions to be vented to the atmosphere.
Proposed Monitorina Reauirements
monitor the CV system for malfunctions. Specifically, staff proposes that manufacturers
be required to monitor the CV system for disconnections between the crankcase and
the CV valve and between the CV valve and the intake manifold. Because
disconnections between the valve and the intake manifold on gasoline engines will
result in a significant intake air leak, effective monitoring should be readily achievable
through the existing monitoring strategies for the idle air control system or the fuel
system. Additionally, if the leak is sufficiently large, the disconnection will render the
vehicle inoperable by causing the engine to stall. The staffs proposal does not require
the stored fault code to specifically identrfy the disconnection if additional hardware
would be required for this purpose, and provided service information generated by the
manufacturer directs technicians to examine the connection as a possible cause of the
indicated fault.
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ure switch to ensure flow in the system.
However, in order to facilitate cost-effective compliance, the staff proposes to exempt
manufacturers from detecting this type of disconnection if certain system design
requirements are satisfied. Specifically, for gasoline engines, manufacturers can be
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when the service procedure is completed will be a-kMto a diagnostic fault as
explained in the p i o u s paragraph that will Seed the technician back k,the
d-isconnecte-d hose.
For gasoline CV system designs that utilize tubing beiween the crankcase and the valve
or any additional tubing or hoses used to equalize pressure or to provide a ventilation
path between various areas of the engine (e.g., crankcase and vaive cove;), the
proposed regulation would allow for an exemption from detecting disconnection in this
area. This exernptisr! wou!d be obtained i? it Is demonstrated that a!! cf these
connections are resistant to deterioration or accidental disconnection, are significantly
more difficult to remove than the connections between the intake manifold and the
valve, and are not subject to disconnection during any of the manufacturer's repair
procedures for non-CV system repair work. Again, the staff believes these safeguards
will eliminate most of the disconnected hose and valve failures previously observed in
the field while still providing manufacturers with adequate design flexibility to meet the
requirement.
For gasoline engines, the staff is not proposing to require monitoring of the identified CV
valve failures that generally do not have a significant impact on emissions such as
disconnected fresh air lines and plugged valves. As stated previously, the emission
impact is generally minimal (if any effect at all) due to the fact that vapors are not
directly vented to the atmosphere. Further, detection of these additional failure modes
would almost certainly require additional vehicle hardware. Considering the small
emission benefit expected, monitoring would not be cost-effective.
Lastly, manufacturers that utilize CV systems that do not have any external hoses or
tubing would be exempted from these monitoring requirements completely. These
systems typically use internally machined passageways or other similar arrangements
which are not subject to failure modes causing emissions to be vented to the
atmosphere.
For vehicles with diesel engines, the staff is proposing that prior to introduction on a
production vehicle, manufacturers would be required to submit a plan for Executive
Officer approval of the monitoring strategy, malfunction criteria, and monitoring
conditions. Executive Officer approval shall be based on the effectiveness of the

monitoring strategy to monitor the performance of the CV system to the extent feasible
with respect to the proposed maffunctioncriteria detailed above.
Technical Feasibilitv of Proposed Monitorinq Reauirements
The light- and medium-duty OBD II regulations have required identical CV monitoring
since the 1996 model year. The technical feasibility has cleariy been demonstrated for
these packages.
In general, diesel engine manufacturers would be required to meet design requirements
for the entire system in lieu of actually monitoring any of the hoses for disconnection.
Specifically, the proposed regulation would allow for an exemption for any portion of the
system that is resistant to deterioration or accidental disconnection and not subject to
disconnection during any of the manufacturer's repair procedures for non-CV system
repair work. These safeguards should eliminate most of the disconnected or improperly
connected hoses while allowing manufacturers to meet the requirements without adding
any additional hardware solely to meet the monitoring requirements.
D. COMPREHENSIVE COMPONENT MONITORING
Backeround
Similar to the OBD II requirements for light- and mediumduty vehicles, the staff is
proposing that manufacturers monitor for malfunctions of comprehensive components
on heavyduty vehicles, which covers all other electronic engine components or
systems not mentioned above that either can affect vehicla emissions or are used as
part of the OBD diagnostic strategy for another monitored component or system.
Comprehensive components are generally identied as input components, which
provide input directly or indirectly to the on-board computer, or as output
components/systems, which receive commands from the on-board computer. Typical
examples of input components include temperature sensors and pressure sensors,
while examples of output components/systems include the idle control system, glow
plugs, and wait-tmtart lamps.
While the emission impact of a malfunctioning comprehensive component may not be
as high as the major emission-related components, they still could result in a
measurable increase in emissions. With the heavyduty emission standards becoming
increasingly stringent in the near future, manufacturers need to ensure that their
emission-control systems are working properly in order to meet these standards.
Furthermore, the proper performance of these components can be critical to the
monitoring strategies of other components or systems. Malfunctions of comprehensive
components that go undetected by the OBD system may disable or adversely affect the
robustness of other OBD monitors without any indication. This could potentially result in
the failure to detect other faulty emission-related components or systems. Due to the
vital role these components play, it is important that they are properly monitored.

campmm thatJWe*pcopasedregulatlon~kf&quire
monitor include those that are utilized as part of their heavy-duty idle
emission reduction strategies. These strategies would minimize the time spent at idle
and require engine manufacturers to forcibly tum off the engine after a specified amount
of idle operation, which consequently will lead to less emissions. A malfunction of any
of the components used in thesestrategies may cause the engine to tum off much later
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The staff is proposing@tatmarmfacQlreM monitor for malfunctions of comprehensive
components. The staff is proposing that input components be monitored continuously
for outof-range and cirudt continuky faults (shorts, opens, etc.). Additionally, they
would be monitored for rationatii faults (e-g., where a sensor reads inappropriately high
or low but, unlike out-of-range faults, still within the valid operating range of the sensor)
whenever the monitoring conditions are met. Regarding rationality checks, the monitors
would be "two-sidedn(i.e., detect both inappropriately high and low readings) to the
extent feasible and would have reasonable malfunction thresholds and operating
conditions (not extreme operating conditions) so that faults are detected efficiently. For
example, a reasonable diagnostic for a mass air Row sensor would look for a signal
indicating moderate or moderate-to-high engine load, not extremely high engine load
(i.e., a near out-of-range value) while the engine is operating at or near idle. Rationality
monitoring would be required to use all available information and would generally be
accomplished by comparing the output characteristics of multiple sensors that read the
same metric during certain engine operating conditions. For example, the output
characteristics of the barometric pressure sensor and manifold absolute pressure
sensor could be compared during certain conditions to venfy either sensor.
The staff is proposing that output components be monitored for proper functional
response (i.e., that the component has properly carried out a command from the onboard computer) at least once per driving cycle. If functional monitoring is not feasible,
then circuit continuity monitoring would be required. The proposed regulation would
contain more specific monitoring requirements for the idle control system, glow plugs,
and intake air heater system monitors.
In contrast with other monitors, the proposed regulation would not require illumination
of the MIL for all comprehensive component malfunctions. The staff is proposing that a
manufacturer illuminate the MIL for comprehensive component failure only if it meets
two requirements: (1) a malfunction of the component causes emissions to exceed
15 percent or more of the FTP standard, and (2) the component is used as part of the
diagnostic strategy for any other monitored component or system. Even if the MIL is not
required to be illuminated, the manufacturer would still be required to store the
associated confirmed fault code.
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Auxiliarv Emission Control Devices
Heavy-duty engine manufacturers are currently allowed to implement auxiliary emission
control device (AECD) strategies that activate an alternate engine/fuel/emissions control
strategy in order to protect the engine or emission control system. An AECD generally
refers to any device or element of design that (1) senses temperature, engine speed,
vehicle speed, manifold vacuum, or any other parameter for the purpose of activating,
modulating, delaying, or deactivating the operation of the emission control system; and
(2) reduces the effectiveness of the emission control system under conditions that may
reasonably be expected to be encountered in normal urban vehicle operation and use.
Consequently, when an AECD strategy is active, the engine usually emits more
emissions into the atmosphere due to the nature of the engine control changes. For the
goal of minimizing in-use emissions, it is important to limit manufacturers' use of AECDs
to only when they are absolutely necessary. From the perspective of OBD and the
more specific goal of minimizing in-use emissions due to emission-related malfunctions,
it is important to venfy that manufacturers invoke AECDs only when the vehicle is
actually operated in conditions that warrant the use of the AECD.
AECDs are usually activated when input parameters reach specific values or other
combinations of sensed values meet certain criteria. An overly simplified example is an
AECD device that shuts off the exhaust gas recirculation (EGR) system for engine
protection if the engine reaches an over-temperature condition. The over-temperature
condition may be identified by the engine coolant temperature (or the engine oil
temperature) sensor output exceeding a specific temperature. Currently, manufacturers
are required to submit their AECD descriptions to ARB for review and approval. When
everything is working correctly, most AECDs are generally activated only under
"extreme" conditions.
However, when a faulty input component or sensed parameter outputs an incorrect
reading, the AECDs can be erroneously activated. For example, if the engine coolant
temperature sensor outputs a temperature reading that is much higher than the actual
temperature and causes the
overhesng, the AECD wil
malfunctions may occur that cause the AECD to activate even during normal driving
without any indication to the driver that there is a problem. During such occurrences,
vehicle emissions may likely increase substantially.
Accordingly, the staff is proposing that manufacturers be required to monitor any input
component, sensed/calculated value, or other parameter that is used to activate an
AECD (which, by definition, is emission-related). Specifically, the OBD system would
be required to detect a failure of a component, sensed value, or other parameter that
would cause the system to falsely activate an AECD. This monitoring requirement
would be included as part of the comprehensive component monitoring requirements in
the proposed regulation which requires monitoring of any electronic engine component
that can affect emissions or is used as part of the monitoring strategy for any other

emission-related component. Undec We proposed comprehensive component
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To the extent
technically feasible, the staff is expecting manufacturers to design the input
comprehensive component rationality monitor to catch the AECD-related faults
described above. As described above, a typical rationality monitor uses all available
information b identify componenl that are operating within their mnnsl range but no
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Additionally, to enable the staff to vet@ that the monitoring strategies used by the
manufacturer cover malfunctions that would falsely trigger AECD activation,
manufacturers would be required to submit detailed descriptions of all the AECDs used
as part of their OBD certification application (refer to section X of the Staff Report). This
description would include the purpose of the AECD, the actions iaken when tne AECD
is activated, and the exact criteria used to decide when the AECD is activated. While
this Infamatis:: is cimntly siibiiiftteu"as pari of the engine emission certification
application, it is anticipated that manufacturers may follow the path of light-duty
manufacturers and submit their OBD certification application for review and approval in
advance of the engine emission certification application. As such, the description of the
AECDs will need to be included in the OBD application. -However,the description
required with the OBD application is identical to that required for engine emission
certification, so the manufacturer will simply be requ'ired to submit the same information
at the time of OBD certification (should it occur at a different time than the engine
emission certiication review).
Technical Feasibilitv of Pro~osedMonitorina Reauirements
The light- and medium-duty OBD I1regulations have required identical comprehensive
component monitoring since the 1996 model year. The technical feasibility has clearly
been demonstrated for these packages.

E. OTHER EMISSION CONTROL SYSTEM MONITORING
While the heavy-duty OBD regulation would list very specific requirements for most
emission controls commonly used today, manufacturers are continually innovating new
emission control technologies in addition to refining existing ones. In cases where the
technology simply reflects refinements over current technology, the heavy-duty OBD
monitoring requirements described above would generally be sufficient to ensure the
improved devices are properly monitored. However, in cases where the new
technology represents a completely different type of emission control device, the
monitoring requirements for existing emission controls may not be easily applied.
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Typical devices that fall under this category include hydrocarbon traps and thermal
storage devices.
Given that the purpose of OBD is to monitor all emission-related and emission control
devices, the staff is proposing to require manufacturers to submit a monitoring plan for
ARB'S review and approval for any new emission control technology prior to introduction
on any future model year vehicles. This policy has worked effectively for the light- and
medium-duty OBD ll regulation, allowing manufacturers and ARB staff to evaluate the
new technology and determine an appropriate level of monitoring that was both feasible
and consistent with the monitoring requirements for conventional emission control
devices.
Within the proposed requirement, the staff would provide guidance as to what type of
components would fall under the requirements of this section instead of under the
comprehensive component section. Specifically, staff is concerned that uncertainty may
arise for emission control components or systems that also meet the definition of
electronic engine components. As such, the proposal would delineate the two by
requiring components/systems that frt both definitions but are not corrected or
compensated for by the adaptive fuel control system to be monitored as "other emission
control devicesnrather than as comprehensive components. A typical device that would
fall under this category instead of the comprehensive components category because of
this delineation is a swirl control valve system. Such delineation is necessary because
emission control components generally require more thorough monitoring than
comprehensive components to ensure low emission levels throughout a vehicle's life.
Further, emission control components that are not compensated for by the fuel control
system as they age or deteriorate can have a larger impact on tailpipe emissions
relative to comprehensive components that are corrected for by the fuel control system
as they deteriorate.
F. EXCEPTIONS TO MONITORING REQUIREMENTS
Under certain conditions, the reliability of certain monitors may be significantly
ly, ARB is proppsing to allow manaacturers to disable _the
affected monitors when these conditions are encountered in-use. These include
situations of extreme conditions (e-g., very low ambient temperatures, high altitudes)
and of periods where default modes of operation are active (e-g., when a tire pressure
problem is detected). In some of these cases, ARB may allow manufacturers to revise
the emission malfunction threshold to ensure the most reliable monitoring performance.
More details of the exceptions to the proposed monitoring requirements are specified in
the proposed regulation.
VII. A STANDARDIZED METHOD TO MEASURE REAL WORLD MONITORING
PERFORMANCE

A. &a&c~wnd

In designing an GZBD mitor, manufacturers must $&me enable conditions that baund
the vehicle operating conditions where the monitor will execute and make a judgment as
to whether a component or system is malfunctioning. Manufacturers would be required
to design these enable conditions so that the monitor is: (a) robust (i-e., accurately
making passtfail decisions), (b) running frequently in the real world, and, (c) in general,
If designed i n a x e , tbse
also running during the FTP heavy-g&& tmRien&ME:+
enable coGdb6ns
be either too broad and result in inaccurate monitors, or overly
restrictive and prevent the monitor from e m * kquently in the real worfd.
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emm.sion-related
mal-functions while the vehicle is opeMmg in the real world, a
kibe beneficial to
standardized metlwbbgy for quanbfyhg real w d d petftmnan.ce m
both ARB and engine manufacturers. Generally, in determining whether a
manufacturer's monitoring conditions are sufficient, a manufacturer would discuss the
proposed monitoring conditions with ARB staff. The finalized conditions would be
included in the certification applications and submitted to ARB staff, who would review
the conditions and make determinations on a case-by-casebasis based on tne expert
judgment of the staff. In cases where the staff is concerned that the documented
mnditions may set be met cluing i ~ a ~ ~ i i in-iise
a b k driving conditions, tne siaii wouid
most likely ask the manufacturer for data or other engineering analysis used by the
manufacturer to determine that the conditions will occur in-use. In proposing a
standardized methodology for quantifying real world perfdrmance, the staff believes this
review process would be made easier and faster. Furthermore, it would better ensure
that all manufacturers are held to the same standard for real world performance.
Additionally, the staff believes it is necessary to propose procedures that will ensure that
monitors operate properly and frequently in the field.
The staff is therefore proposing that all manufacturers be required to use a standardized
method for determining real world monitoring performance and hold manufacturers
liable if monitoring occurs less frequently than a minimum acceptable level, expressed
as minimum acceptable in-use performance ratio. The proposed regulation would
require manufacturers to implement software in the on-board computers to track how
often several of the major monitors (e.g., catalyst, EGR, PM filter, other diesel
aftertreatment devices) execute during real world driving. The on-board computer
would keep track of how many times each of these monitors has executed as well as
how often the vehicle has been driven. By measuring both these values, the ratio of
monitor operation relative to vehicle operation can be calculated to determine
monitoring frequency. The proposed requirements would also establish a minimum
acceptable monitoring frequency, also expressed as a minimum acceptable in-use
performance ratio, that manufacturers must meet for each monitor. The proposal would
make it easier for ARB to identify problematic monitors.
The proposed minimum acceptable frequency requirement would apply to many of the
OBD system monitors. In the proposed OBD regulation, monitors would be required to

operate either continuously (i.e., all the time), "once-perdriving-cyclen(i.e., once per
driving event), or in a few cases, "multiple-times-per-driving-cycle" (but only when the
proper monitoring conditions are present, not continuously). For components or
systems that are more likely to experience intermittent failures or failures that can
routinely happen in distinct portions of a vehicle's operating range (e-g., only at high
engine speed and load, only when the engine is cold or hot), monitors would be
required to be continuous. Examples of continuous monitors include the fuel system
monitor and most electrical/circuit continuity monitors. For components or systems that
are less likely to experience intermittent failures or failures that only occur in specific
vehicle operating regions or for components or systems where accurate monitoring can
only be performed under limited operating conditions, monitors would be required to run
"once per driving cycle." Examples of "once-perdriving-cycle" monitors typically include
gasoline catalyst monitors, evaporative system leak detection monitors, and output
comprehensive component functional monitors. For components or systems that are
routinely used and perform functions that are crucial to maintaining low emissions but
may still require monitoring under fairly limited conditions, monitors would be required to
run each and every time the manufacturer-defined enable conditions are present.
Examples of "multiple-times-per-driving-cyclen monitors typically include input
comprehensive component rationality monitors and some diesel exhaust aftertreatment
monitors.
Monitors that would be required to run continuously, by definition, would always be
running and a minimum frequency requirement is unnecessary. The new frequency
requirement would essentially apply only to those monitors that are designated as
"once-perdriving-cyclenor "muItiple-times-perdriving-cycle.n For all of these monitors,
manufacturers would be required to define monitoring conditions that ensure adequate
frequency in-use. Specifically, the monitors would need to run often enough so the
measured monitor frequency on in-use vehicles would exceed the minimum acceptable
frequency. However, even though the minimum frequency requirement would apply to
nearly all "once-perdriving-cycle" and "multiple-times-per-driving-cycle" monitors,
manufacturers would only be required to implement software to track and report the inuse frequency for a few of the major monitors. These few monitors generally represent
the most critical emission control components and the most difficult monitors to run.
Standardized tracking aria reporting of only fhese monitors shoutif, therefore, provide
sufficient indication of monitoring performance.

B. Whv frequent monitorinq is important
It is important that OBD monitors run frequently to ensure early detection of emissionrelated malfunctions and, consequently, maintain low emissions. Allowing malfunctions
to continue undetected, and thus go without repair, for long periods of time allows
emissions to increase unnecessarily. In other words, the sooner the emission-related
malfunction is detected and fixed, the fewer the excess emissions that are generated
from the vehicle.

Frequent monitoring can a\& help assure that intermittent emission-related bults (ie.,
faukWetaefmkcan(irruacJlgaesfflt, butowurbrcb*dndeven weeksata time)
are ckkcW. The nature of mechanical and electrical systems is that intermittent faults
can and do occur, and the less frequent the monitoring, the less likely these faults will
be detected and repaired. Additionally, for both intermittent and continuous faults,
earlier detection is equivalent to preventative maintenance in h a t the original
malfunction can be detected and repaired prior to it causing subsequent damage to
vebkbA
mweaMy
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have resulted had the first fault gone undetected.
InFrequ&nt m o n b h g can also have an impact an the servSce a
coukl hinder vehicle repair sewies. In general, upon completing an OBD-related repair
wit1 attempt to verify that me repair has indeed fixed the
to a vehicle, a teetg-m
problem. Specifically, a technician will ideally operate the vehicle in a manner that will
exercise the apprapriate OBD monitor and atlow the OB-0 system to confirm that a
.
malfunction is no longer present. This affords a technician the highest level of
assurance that the repair was indeed successful.
However, ifOBD monitors operate infrequently and are therefore difficult to exercise,
technicians may not be abie (or may not be ii~eiyj
to perform such testing. Despite the
future proposed ARB service information regulation amendments that would require
manufacturers to make all of their service and repair information available to all
technicians, including the information necessary to exercise OBD monitors, technicians
would still have difficulty in exercising monitors that require infrequently encountered
vehicle operating conditions (e.g., abnormally steady constant speed operation for an
extended period of time). Furthermore, service information and the time required by the
technician to perform this verification would not be free. Ultimately, vehicle owners
would pay for this information and labor time through their repair bills. Additionally, in
an effort to execute OBD monitors in an expeditious manner or to execute monitors that
would require unusual or infrequently encountered conditions, technicians may be
required to operate the vehicle in an unsafe manner (e.g., at freeway speeds on
residential streets or during heavy traffic). If unsuccessful in executing these monitors,
technicians may elect to take shortcuts in attempting to validate the repair while
maintaining a reasonable cost for heavy-duty vehicle operators. These shortcuts,
however, would likely not be as thorough in verifying repairs and could increase the
chance for improperly repaired vehicles being returned to the vehicle owner or
additional repairs being performed just to ensure the problem is fixed. In the end,
monitors that operate less frequently can result in unnecessary increased costs and
inconvenience to both vehicle owners and technicians.
While technicians (andlor heavy-duty vehicle users) may elect not to spend the
additional time and money to validate a routine repair, repairs made to pass a heavyduty inspection test or correct a notice of violation or other citation would require this
validation. For an OBD-based inspection, the driver or technician would be required to
exercise the OBD monitors and verify that the repairs are successful before the

,*.

inspection can be performed.' This inspection would require specific internal flags in the
OBD system known as readiness flags to be set before the vehicle can pass the
inspection. These flags would only set upon each of the major OBD monitors executing
and completing at least once since the last time fault codes were erased. Vehicles that
fail an OBD-based inspection due to the presence of a malfunction would be required to
have malfunctions repaired and fault codes cleared before re-testing to verify the
repairs. If OBD monitors cannot execute frequently and verify repairs in a timely
manner, technicians would have a difficult time preparing a vehicle for re-inspection or
would be able to do so only with considerable effort and cost to the heavy-duty vehicle
owner. With especially troublesome monitors, heavy-duty vehicle owners may have to
wait several weeks or months before the repair is verified, the readiness flag is set by
the OBD system, and the vehicle can show proof of correction. In contrast, monitors
that function frequently would be easier for technicians and even heavy-duty vehicle
owners to exercise. Clearly, monitors that function infrequently would subject heavyduty vehicle owners to unnecessary delays andlor increased repair costs that would
hinder the effectiveness and efficiency of an OBD-based heavyduty inspection
program.

C. Detailed description of software counters to track real world performance
As stated above, manufacturers would be required to track monitor performance by
counting the number of monitoring events (i.e., how often each diagnostic has run) and
the number of vehicle driving events (i.e., how often has the vehicle been operated).
The ratio of the two would give an indication of how often4he monitor is operating
relative to vehicle operation. Thus:

In - Use Performance (Ratio) =

Number of Monitoring Events (Numerator)
Number of Driving Events (Denominator)

To ensure all manufacturers are tracking performance in the same manner, the
proposed regulation would include very detailed requirements for defining and
incrementing both the numerator and denominator of this ratio. Manufacturers would be
required to
for each of
vehicle is turned off. The numerators and denominators would be allowed-to reset to
zero only in extreme circumstances when the non-volatile memory has been cleared
(e-g., when the on-board computer has been reprogrammed in the field, when the onboard computer memory has been corrupted). The values could not be reset to zero
during normal occurrences such as when fault codes have been cleared or when
routine service or maintenance has been performed.
Further, the proposed regulation requires the numerator and denominator to be
structured so that the maximum value each can obtain is 65,535 (the maximum number
that can be stored in a 2-byte location) to ensure manufacturers allocate sufficient
memory space in the on-board computer. If either the numerator or denominator for a
particular monitor reaches the maximum value, both values for that particular monitor
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would be reqtdmd to be divided by two b e f m counting resumes. In general, the
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driving cycle because most of the major monitors are designed to operate only once per
driving cycle. Additionally, incrementing of both the numerator and denominator for a
particular monitor would be disabled (i.e., paused but the stored values would not be
erased or reset) only when a fault has been detected (i.e., a pending or confirmed code
has been stored) that prevents the monitor from executing. On
deteded and the pending
fault e d g is,@rm,ed,*
thnqh the
pro&i& or u p 6 comma& by a technician via a scan tool, incrementing of both values
would be required to resume.
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standards for storing and reporting Me data to a generic scan tool. This would also help
ensure that all manufacturers m p t the data in an identical manner and thus help
facilitate data collection in the field.
1.

Number of monitorina events ("numerator")

For the numerator, manufacturers would be required to keep a separate numeric
count of how often each of the particular monitors has operated. However, this is
finnot as simp!$ as k rn=y see=. mIVIUIS
spec%miiy,manufacturers would have to
implement a software counter that increments by one every time the particular
monitor meets all of the enablelmonitoring conditions for a long enough period of
time such that a malfunctioning component would have been detected. For
example, if a manufacturer requires a vehicle to be warmed-up and at idle for 20
seconds continuously to detect a malfunctioning catalyst, the catalyst monitor
numerator could only be incremented if the vehicle has actually operated in all of
those conditions simultaneously. If the vehicle is operated in some but not all of the
conditions (e.g., at idle but not warmed-up), the numerator would not be allowed to
increment because the monitor would not have been able to detect a malfunctioning
catalyst unless all of the conditions were simultaneously satisfied.
Another complication is the difference between a monitor reaching a 'pass" or "fail"
decision. At first glance, it would appear that a manufacturer should simply
increment the numerator anytime the particular monitor reaches a decision, be it
"pass" or "fail". However, monitoring strategies may have a different set of criteria
that must be met to reach a "pass" decision versus a "fail" decision. As a simple
example, a manufacturer may appropriately require only 10 seconds of operation at
idle to reach a "pass" decision but require 30 seconds of operation at idle to reach a
"fail" decision. Manufacturers would only be allowed to increment the numerator if
the vehicle was at idle for 30 seconds even if the monitor actually executed and
reached a "pass" decision after 10 seconds. This is necessary because the primary
function of OBD systems is to detect malfunctions (i.e., to correctly reach "fail"
decisions, not "pass" decisions), and thus, the real world ability of the monitors to
detect malfunctions is the parameter that needs to be measured. Therefore,
monitors with different criteria to reach a "pass" decision versus a "fail" decision

would not be able to increment the numerator solely on the "pass" criteria being
satisfied.

It is imperative that manufacturers implement the numerators correctly to ensure a
reliable measure for determining real world performance. "Overcounting" would
falsely indicate the monitor is executing more often than it really is, while
"undercounting" would make it appear as if the monitor is not running as often as it
really is. Manufacturers would be required to demonstrate the proper function of the
numerator incrementing strategy to ARB prior to certification, and to venfy the proper
performance during production vehicle evaluation testing.
Number of drivina events ("denominator")

2.

The proposed amendments would also require manufacturers to separately track
how often the vehicle is operated. In the simplest of terms, the denominator would
be a counter that increments by one each time the vehicle is operated. The issue of
how to best count or measure vehicle operation was the subject of considerable
discussion. Several proposals were considered, including very simple measures
such as the number of key starts as well as more complex measures that require
several individual criteria to be met on a single driving cycle before it would
increment the denominator counter. At this time, the staff is proposing to increment
the denominator counter only if several criteria were satisfied on a single driving
cycle. This method allows very short trips or trips during extreme conditions such as
very cold temperatures or very high altitude to be filtered out and excluded from the
count. This is appropriate because these are also conditions where most OBD
monitors are neither expected nor required to operate.
Specifically, the denominator would be incremented if on a single key start, the
following criteria were satisfied:
(1) minimum engine run time of .lo minutes;
(2) minimum of 5 minutes, cumulatively, of vehicle operation at vehicle
speeds greater than 25 miles-per-hour for gasoline engines or
calculated load greater than 15 percent for diesel engines; and
(3) at least one continuous i c e for a minimum of30 seconds encountered;
and the above three conditions met while:
(4) ambient temperature above 20 degrees Fahrenheit;
(5) altitude of <I= 8000 feet.
The staff will work with industry to collect data during the first few years of
implementation and make any adjustments, if necessary, to the criteria used to
increment the denominator to ensure the ratio provides a meaningful measure of inuse monitoring performance.

D. Proposed standard for the minimum acceptable in-use wrfonance ("ratio")
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Determining how frequent is 'Ysequent enough" for monitors to operate is a complex task
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considering all of these factors, the sOaff has establi
malfunction detection (and MIL illumination) within two weeks from occurrence of the
fault for 90 percent of the vehicle population. The vast differences in vehicle operation
over a two-week period, however, make it difficult to objectively ascertain whether or not
this critericm is satisfied. The proposed regulation would
specifying a min,i4nqm.aseg&z&1,e , m o m fhwemy a
as the minimum acceptable in-use performance ratio.
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In order to determine the appropriate minimum acceptable in-use performance ratio that*
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rns
of heavyduty vehicles would need to be conducted. This would take into account the
real world v a W M y inMvhg habits, M e t r woutd h t p ensure that the vast majority of
heavy-duty vehicies are capable of detecting malfunctions in a timely manner. This
analysis requires a fairly large data set of reat wortd driving cycles from ail types of
vehicles in the heavy-duty industry. While the staff did indeed perform such an analysis
for the light-duty OBD II regulation, the staff has not yet identified a suitable database
that contains the information necessary to perform such an analysis for the heavy-duty
industry. Nevertheless, the staff believes that a minimum ratio must be set to ensure
that 0BD monit~rsare irideed mnning and detecting emission-reiaied malfunctions.
Therefore, starting with the 2013 model year, the staff is proposing a minimum ratio of
0.100 for all monitors required to meet the in-use performance requirement. Based on
the analysis done during the OBD II regulatory development, a ratio of 0.100 will
generally translate to a frequency of malfunction detection within six weeks which is
much less frequent than the target of two weeks. However, this ratio will still ensure
monitoring is occurring in-use on some portion of the heavy-duty vehicles and will
provide manufacturers with considerable flexibility to gain experience during the first few
years OBD is required on heavy-duty vehicles. As more data become available, staff
will perform a more accurate analysis targeting the two-week standard and modify the
proposed minimum acceptable ratio@)during future rulemaking reviews.
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For implementation, the proposal requires manufacturers to implement the software to
track and report in-use frequency on one engine family in the 2010 through 2012 model
years and on all engine families in the 2013 model year. However, to give
manufacturers sufficient time to gain experience with the various drive cycles and habits
of heavy-duty applications, the proposal does not require manufacturers to meet a
minimum ratio (and thus also includes no in-use liability for enforcement action based
on the in-use ratios) for the 2010-2012 model years. For the 2013-2015 model years,
all engines will be required to meet the minimum ratio of 0.100, however, in-use liability
will be limited. Specifically, liability for enforcement action will be limited to monitors that
fall below a ratio of 0.05 (which represents a frequency of MIL detection in 12 weeks or
twice as long as the required minimum ratio). For 2016 and subsequent model years,
all engine families would be liable for in-use enforcement action ifthey fail to meet the
minimum ratio of 0.100.

.
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VIII. STANDARDIZATION REQUIREMENTS
Starting with the 2013 model year, the heavy-duty OBD regulation would include
requirements for manufacturers to standardize certain features of the OBD system.
Effective standardization assists all repair technicians in diagnosing and repairing
malfunctions by providing equal access to essential repair information, and requires
structuring the information in a common format from manufacturer to manufacturer.
Additionally, the standardization would help facilitate the potential incorporation of OBD
checks into the existing heavy-duty inspection programs.
Among the features that would be standardized under the proposed heavy-duty OBD
regulation include the diagnostic connector, communication protocol, hardware and
software specifications for tools used by service technicians, the information made
available by the on-board computer, the methods for accessing the information, the
numeric fault codes stored when a malfunction is detected, and the terminology used by
the manufacturer in service manuals.
One important aspect to keep in mind is that the proposal by staff would only require
that a certain minimum set of emission-related information be made available through
the standardized format, protocol, and connector selected by staff. It does not limit
engine or vehicle manufacturers as to what protocol they use for engine or vehicle
control, communication between on-board computers, or communication to
manufacturer-specific scan tools or test equipment. Further, it does not prohibit engine
or vehicle manufacturers from equipping the vehicle with additional diagnostic
connectors or protocols as required by other suppliers or purchasers. For example,
fleets that use data logging or other equipment that requires the use of SAE J1587
communication and connectors could still be installed and supported by the engine and
vehicle manufacturers. The OBD rules would only require that manufacturers also
equip their vehicles with a specific connector and communication protocol that meet the
standardized requirements to communicate a minimum set of emission-related
inspection and diagnostic information.
The standa
II not be required until 2013. While the staff's
proposal requires the phase-in of OBD systems on one engine family for the 2010
through 2012 model years, all other engines sold in that timeframe will essentially
continue to meet the requirements of EMD. Because EMD does not require any
standardization, truck and coach builders could be faced with several integration issues
when building product in 2010 through 2012. Specifically, they would be faced with
items like accommodating a standardized MIL, diagnostic connector, and
communication protocol on some engines while having completely different systems on
other engines. Rather than force truck and coach builders to try and handle two
different systems and risk incompatibilities, the proposed regulation exempts all 2010
through 2012 model year engines from meeting the standardization requirements of
OBD. This will allow truck and coach builders to integrate engines in the same manner
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During the initial years of implementationof the tight- and medium-duty OBD II
regulation, ARB allowed manufacturers to use one of four protoeo.ls for communication
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wogd autbmaticatty cycle through each of the allowable protocols to establish
communication with the on-board computer. While this has generally workled
successfully in the field, sake communication problems have arisen in the figtd due, in
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require all nt.anWurers to use onfy one protocol by the 2008 model year to hatp
address this issue.
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Thus, from staffs experience with standardization under the OBD II regulation, it is
desirable to have a single set of standards used by all heavy-duty vehicles. Staff has
found this is generally beneficial for the service and repair industry, inspections,
diagnostic equipment and tool rnaniifacttirei-s, and the regu9atot-y agencies in terms of
verifying all vehicles are built in conformance with the standards. A single protocol also
~ f f e r sG tremendoi;~benefit t~ scan taol designers as weil as technicians. Scan iooi
designers .can focus on added feature content and can expend much less time and
money validating basic functionality of their product on all the various permutations of
protocol interpretations that are implemented. As such, technicians will likely get a scan
tool that works properly on all vehicles without the need for repeated software updates
that incorporate "work-arounds" or other patches to fix bugs or adapt the tool to
accommodate slight variances in how the multiple protocols interact with each other or
are implemented by various manufacturers. Further, a single protocol is also beneficial
for fleet operators that utilize add-on equipment such as data loggers and for vehicle
manufacturers that integrate various engine and component suppliers that eventually
must all work together. Thus, it was initially staffs goal to end-upwith a single set of
standards for all heavy-duty vehicles.
The heavy-duty industry, however, has been divided over which single protocol to use
and has strongly argued for more than one protocol to be allowed. Thus, for vehicles
with diesel engines, the staff is proposing to require manufacturers to conform to either
one of the following two sets of standards: SAE 1939 or IS0 15765 (500 kbps baud rate
version). For vehicles with gasoline engines, the staff is proposing to require
manufacturers to only use IS0 15765 (500kbps baud rate version). Manufacturers
would be required to use only one standard to meet all the standardization requirements
on a single vehicle; that is, a vehicle must use only one protocol for all OBD modules on
the vehicle.
Several in the heavy-duty industry have also argued for more than these two protocols
as options for heavy-duty engines. Others have even argued for combinations of these
protocols (e.g., diagnostic connector and messages of IS0 15765 on an SAE J1939

physical layer network). However, as described above, staffs experience from multiple
protocols and multiple variants within the protocols has unnecessarily caused a
significant number of problems with proper communication. Further, equipment and tool
manufacturers (e.g., scan tool manufacturers) have also expressed a concern regarding
proliferation of multiple variants and have generally indicated support for a single
protocol. Lastly, during discussions with staff members for various state I/M programs
(outside of California), repeated requests have been made to limit the communication
protocol options to avoid the problems they have faced in updating and modrfying their
test equipment to communicate with every variant of protocols that were allowed on
light-duty vehicles.
As stated above, heavy-duty vehicles with gasoline and diesel engines would be
allowed to use IS0 15765 (500 kbps baud rate version) as the communication protocol.
This is the same standard starting to be used in the light-duty industry in the 2003
model year and required on all light- and medium-duty vehicles by the 2008 model year.
By harmonizing with the light-duty protocol, equipment and tool manufacturers will be
able to adapt existing tools very easily to work on heavy-duty vehicles and will provide
even more diagnostic equipment choices for heavy-duty repair and maintenance
personnel. Further, the IS0 15765 and associated IS0 15031 standards have already
been updated to accommodate nearly every standardized requirement proposed for
heavy-duty vehicles. The use of the 15765 protocol and 15031 messages will also
provide a consistent format for technicians and inspectors on all types of vehicles.
Lastly, the use of the same protocol used in current medium-duty applications provides
vehicle and engine manufacturers (as well as other suppliers) that currently produce
product for both the medium-duty and the heavy-duty sectors the ability to use a
common software set for all products.
As stated above, the proposed regulation would allow heavyduty vehicles with diesel
engines to use SAE J1939. There are some distinct advantages that SAE J1939 could
have over the IS0 15765 protocol. One such advantage could be the opportunity to
access not only the minimum parameter set required by the OBD regulation but to
access all parameters available on the vehicle through the same protocol and message
structure. This would be a clear advantage for repair technicians by providing a more
powerful repair tool ifall of these additional parameters are dandardized and carbe
automatically translated by the scan tool without any additional manufacturer-specific
software. In the same manner, SAE J1939 could offer the ability to access enhanced
emission-related (and potentially non-emission-related) diagnostic information other
than just parameters with a single tool and without manufacturer-specific
software/cartridges/adaptersto translate the information. However, discussions with
some in the heavy-duty industry have indicated that the majority of "enhanced" (e.g.,
beyond the minimum required by the OBD regulation) diagnostic information, while
accessed through the J1939 connector on the J1939 network, is not accessed using
defined and standardized J1939 messages (nor is it required to be by SAE J 1939) in a
manner that would automatically translate the results to useable information for a repair
technician. As such, manufacturer-specific scan tool software is still required to access
and use the enhanced information for a particular engine model and make. If this is the

case, then SAE J1938 ud%rs'We advantage in this agpect relawe to the J$O 1576$,
&Aa1
scantDol
as
**w
software every year for each specific make and model..
B. Diagnostic Connector
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connector, the manufacturer wouM be required ta label the cover with the text "OBD" to
assist technicians in MnhfyrPg its tocation and would be required to make the cover
easily removabte by hand (without the use of tools). The manufacturer would be
required to submit the label to ARB for approval. The staffs experience from the lightduty industry has been that connectors that are difficult to locate cause unnecessary but
substantial problems both in the repair community and the IIM community. Further,
feedback from ARB heavy-duty inspectors has indicated that a location that would be
easily accessible without entering the vehicle and while standing on the ground provides
the most efficient means for inspection and wouia be preferred by most vehicle
ownerloperators.

C. Readiness Status
Manufacturers would be required to incorporate readiness status indications of several
major emission control systems and components into their vehicles, which would
determine if the OBD monitors have performed their system evaluations. When the
vehicle is scanned, the monitor would report a readiness status of either 'completen (if
the monitor has run a sufficient number of times to detect a malfunction since the
memory was last cleared), "incompleten(if the monitor has not yet had the chance to run
since the memory was last cleared), or 'not applicablen(if the monitored component in
question is not equipped or monitored on the vehicle). The readiness status of monitors
that are required to run continuously would always indicate "complete." The proposed
heavy-duty OBD regulation details the process of setting readiness status for each
monitor. The readiness status would be set to "incompletenwhenever the fault memory
is cleared either by a battery disconnect or by a scan tool, but not after a normal vehicle
shutdown (i.e., key-off).

The main intent of the readiness status is to ensure a vehicle is ready for an OBDbased inspection (i-e., that monitors have run) and to prevent fraudulent testing. In
general, for OBD-based inspections, technicians "fail" a vehicle if the MIL is illuminated,
which indicates a fault is currently present. Without readiness status, drivers (or even
technicians) could possibly avoid "fail" designations by disconnecting the battery and
clearing the computer memory prior to an inspection, which erases any pre-existing fault
codes and extinguishes the MIL. The readiness status information allows a technician

or inspector to determine if the memory in the on-board computer has been recently
cleared (e.g., by a technician clearing fault codes or disconnecting the battery). With
the potential incorporation of OBD checks into the existing heavy-duty inspection
programs in the future, the staff anticipates that the readiness status would be used in
this manner.
Technicians could also potentially use the readiness status to verify OBD-related
repairs. Specifically, technicians would clear the computer memory after repairing an
OBD-detected fault in order to erase the fault code, extinguish the MIL, and reset the
readiness status to "incomplete." Then the vehicle could be operated in such a manner
that the monitor of the repaired component would be exercised (i.e., the readiness
status of the monitor is set to "complete"). The absence of any fault codes or MIL
illumination would indicate a successful repair.
Unfortunately, the presence of unset readiness flags may be due to circumstances
beyond the driver's control (i-e., the vehicle was not driven under the conditions
necessary to run some of the monitors) and these drivers would be rejected during
inspection testing. For example, vehicle operation solely in extreme ambient conditions
would prohibit monitors from running and setting readiness status to "completen.21 As
another example, if a vehicle with the MIL illuminated was repaired shortly before an
inspection, there may be instances where the vehicle has not had sufficient time to
operate (i.e., exercise the monitors) after the repair services so that it may have unset
readiness flags. These vehicles may consequently be rejected or failed in an
inspection.
Originally, ARB staff envisioned that all readiness flags on a vehicle would be required
to be set to "completenprior to inspection testing. Given the situations cited above and
trying to balance vehicle operator inconvenience with fraud detection, the U.S. EPA
recommends allowing vehicles to pass the light- and medium-duty OBD-based
inspection as long as there are two or fewer readiness flags set to "incomplete" (most
vehicles have a total of four readiness flags). However, a substantial amount of
feedback regarding readiness flags and clearing of codes prior to inspection has been
gathered in the last few years as 17 states across the nation, including California, have
cificalry, there is -impleme%ted some form of a D II inspection into
now more evidence that the "two or fewer" criterion that knowingly created a potential
loophole for vehicles to fraudulently get through an I/M inspection is indeed being
exploited by vehicle owners, technicians, and inspectors. As such, the proposal for
heavy-duty OBD includes additional improvements to the readiness flag logic that will
better differentiate between vehicles that are attempting to fraudulently get through an
OBD-based inspection prior to re-detection of a fault and those that have been correctly
repaired recently or otherwise have unset readiness flags through no fault of the vehicle
operator.
To address the issue of extreine ambient conditions, the proposed regulation would allow,
approval, that in situations where monitors have bee" disabled for multiple
subject to Executive
conditions, the readiness status for the subject monitors would be
driving cycles due to extreme .ambient
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The staff's proposal would require all vehicles to make available data on the distance
elapsed (or engine run time for engines that do not utilize vehicle speed information)
and the nurnber.of warm-up cycles since the fault memory was last cleared. By
combining these data with the readiness data, technicians or inspectors would better be
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~nspection.On the "otherhand, a vehicle even wiZh only one or two "incomplete"
readiness oodes end a very low number of miles travefed (or engine run time) and
warm-up cycles since code clear would be a more likely candidate to be rejected or
failed at an inspection. This wouM better allow an inspection program to be set up to
reject only those vehicles with recently cleared memories while minimizing the chance
to reject vehicles that have monitors that are difficult to execute or possess monitoring
conditions that are not frequently encountered due to the specific vehicle owner's driving
habits.
Permanent Diaqnostic Trouble Code Storaae
The staff is also proposing a requirement to make it much more difficult for a vehicle
owner or technician to clear the fault memory and erase all traces of a previously
detected fault. Currently for light- and medium-duty vehicles, a technician or vehicle
owner can erase all fault codes and extinguish the MIL by issuing a command from a
generic scan tool plugged into the vehicle or, in many cases, simply by disconnecting
the vehicle battery. While this does reset the readiness status for all monitors to
"incomplete" and would reset the two counters described in the previous paragraph to
zero, it also removes all trace of the previous fault that was detected on the vehicle.
The staffs proposal would require manufacturers to be able to store a minimum of four
confirmed or active fault codes that are presently commanding the MIL on in nonvolatile memory (NVRAM) at the end of every key cycle. By requiring these permanent
fault codes to be stored in NVRAM, vehicle owners would not be able to erase them
simply by disconnecting the battery. Further, manufacturers would not be allowed to
clear or erase these "permanentufault codes by any generic or manufacturer-specific
scan tool command. Instead, these fault codes would only be allowed to be self-cleared
by the OBD system itself, once the monitor responsible for setting that fault code has
indeed run and passed enough times that is has confirmed that the fault is no longer
present. Once this has occurred, the specific fault code stored in NVRAM would be
erased. Thus, if more than one emission-related fault existed, to erase all the
permanent fault codes stored in NVRAM, each monitor related to each permanent fault
code would have to run and pass.

This approach provides several benefits to an inspection program. First, it would allow
a program to very specifically target and rejectifail only those vehicles that have recently
had the MIL illuminated and have not subsequently been driven enough to exercise the
specific monitor previously responsible for illuminating the MIL on that vehicle. With
readiness status, programs are forced to either require that all monitors have run and
passed since the last code clear or allow some monitors to remain incomplete and
gamble that the incomplete monitors are not the ones that were previously responsible
for illuminating the MIL on that particular vehicle. For example, a vehicle could show up
at an inspection with the catalyst monitor incomplete and the EGR monitor complete. If
that particular vehicle recently had a MIL on for a catalyst fault, it could still have the
fault present and ideally, it would fail until the catalyst monitor was complete. However,
if that particular vehicle recently had a MIL on for an EGR fault, it is highly likely that the
EGR fault has been confirmed to no longer be present because the readiness status for
EGR is complete and there is less likelihood that the vehicle is sneaking through the
inspection with a fault still present, even though the catalyst monitor is still incomplete.
Unfortunately, with only the readiness status to make a decision on, there is no way for
a technician or inspector to know which of the above two cases applies to the vehicle.
With the permanent fault code method, however, an inspection program could better
pinpoint and rejectifail only those vehicles that indeed have recently had the MIL on and
have not had an opportunity to re-run that same monitor. For the first case in the above
example, a permanent fault code for the catalyst would be present if the vehicle indeed
had recently had a catalyst MIL-on fault and had not yet had a chance to re-run the
monitor. The lack of a permanent fault code for the catalyst would provide a high
degree of confidence that the vehicle does not need to be failed because, even though
the catalyst monitor has not run since code clear to reset the readiness status, this
particular vehicle has not recently had the MIL on for a catalyst fault. In this manner,
inspecti~nprograms could rejectlfail any vehicle that has a permanent fault code stored
in it while it could potentially pass any vehicle that had zero permanent fault codes
stored in it.22
The permanent fault code method also has advantages for a technician attempting to
repair a vehicle and then prepare it for inspection or proof of correction. The permanent
fault code would i d e n t i the specific diagnostic that would need .to be
repair and prior to inspection to removethe permanent fault code. By combining this
information with the vehicle manufacturer's service information, technicians could
. identify the exact conditions necessary to operate a particular monitor. As such,
technicians could more effectively target after repair verification and would be able to
verify that the specific monitor that previously illuminated the MIL has run and confirmed
the repair has been made correctly. This also provides added incentive for the
2 2 An OBD based inspection program would likely still want to require some or all of the
readiness flags to be complete at the time of inspection instead of relying solely on the presence of
permanent fault codes. This is due to the structure of most OBD systems, which may disable relevant
monitors upon detection of a fault with one or more related components. If the vehicle owner ignored the
detected fault for a substantial period of time, other components could have subsequently malfunctioned
but will not be monitored until the first malfunction has been repaired. Requiring some or all readiness
complete will increase !he likelihood that the vehicle is not in a condition to trigger a "chain"of successive
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Real Time Indication of Monitor Status
Provisions are also proposed to make it easier for technicians to prepare the vehicle for
an inspection following a repair by providing real time data which indicates whether
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service infwnationwit1 do that), this information in combination with the service
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venfy'ig repairs anrVor preparing a vehicle
for inspection. Technicians would be able to use this information to identify when
specific monitors have indeed completed or to identify situations where they have
overlooked one or more of the enable criteria and need to check the service information
and try again.
Communicating Readiness Status to Vehicle O~erator
As mentioned above, substantial feedback has been received through the roll-out of
OBD 11-IIM programs throughout the U.S. and much of this feedback has to do with the
issues regarding the effect on vehicle owners because of possible rejection from IIM
testing due to unset readiness flags. To address this, some light-duty manufacturers
requested the option to communicate the vehicle's readiness status directly to the
vehicle owner without the use of a scan tool. This would allow the vehicle owner to Re
sure that the vehicle is ready for inspection prior to taking the vehicle to an IIM station.
Such a provision was recently adopted in the OBD I1regulation. The staff is also
proposing to allow heavy-duty manufacturers to do the same. If manufacturers choose
to implement this option, though, they would be required to do so in the standardized
manner prescribed in the proposed regulation. On vehicles equipped with this option,
the vehicle owner would be able to initiate a self-check of the readiness status, thereby
knowing ahead of time whether the vehicle would likely pass a re-inspection (e.g., to
show proof of correction after failing a previous roadside inspection).

D. Fault Codes
Fault codes are the means by which malfunctions are reported by the OBD system and
displayed on a scan tool for service technicians. The proposed heavy-duty OBD
regulation would require manufacturers to report all emission-related fault codes using a
standardized format and to make them accessible to all service technicians, including
the independent service industry. The standards selected would define many generic
fault codes to be used by all manufacturers. In the rare circumstances that a
manufacturer cannot find a suitable fault code already standardized, a unique
"manufacturer-specific" fault code could be used. However, these manufacturer-specific

codes are not as easily interpreted by the independent service industry. Increased
usage of manufacturer-specific codes may increase the time and cost for vehicle
repairs. Thus, the proposed regulation would restrict the use of manufacturer-specific
fault codes. If a generic fault code suitable for a given malfunction cannot be found, the
regulation would require the manufacturer to pursue approval of additional generic fault
codes to be added. This proposal would affirm the intent of the OBD regulation to
standardize as much information as possible.
Additionally, the staff is proposing that the OBD system store fault codes that are as
specific as possible to identrfy the nature of the fault, which would provide technicians
with detailed information necessary to diagnose and repair vehicles in an efficient
manner. In other words, manufacturers should use separate fault codes for every
diagnostic where the diagnostic and repair procedure or likely cause of the failure is
different. Generally, a manufacturer would design an OBD monitor that detects different
root causes (e-g., sensor shorted to ground or battery) for a malfunctioning component
or systems. The staff expects manufacturers to store a specific fault code such as
"sensor circuit high input" or "sensor circuit low input" rather than a general code such
as "sensor circuit malfunction." The staff further expects manufacturers to store
different fault codes distinguishing circuit faults from rationality and functional checks,
since the root cause for each problem is different, and thus the repair procedures may
be different.
For most OBD strategies, manufacturers would be expected to illuminate the MIL only
after the same malfunction has occurred on two separate driving events. This "double"
detection would ensure that a malfunction truly exists before alerting the vehicle
operator. The first time a malfunction is detected, a "pending" fault code identrfying the
suspected failing component or system would be stored in the on-board computer. If
the same malfunction is again detected the next time the vehicle is operated, the MIL
would be illuminated and a "confirmed" or "active" fault code would be stored. A
technician would use the "confirmed" or "active" fault code to determine what system or
component has failed. A "pending" fault code, however, could be used by service
technicians to help diagnose intermittent problems as well as to verrfy that repairs were
that manufGturers store and'make available a 'pendingv fault code for each
currently malfunctioning monitored component or system, regardless of the MIL status
or the presence of a "confirmed" or "active" fault code. Descriptions of the proposed
fault code storage and erasure requirements are described in section Ill. B. of the Staff
Report.
The staff is also proposing requirements that would help distinguish between fault codes
stored for present faults and fault codes stored for past faults on engines using IS0
15765-4 as the communication protocol. As described in section Ill. B., a manufacturer
would generally be allowed to extinguish the MIL ifthe malfunction responsible for the
MIL illumination is not detected (i.e., the monitor runs and determines that the fault no
longer exists) on three subsequent sequential driving cycles. However, a manufacturer
--
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MIL is not presentty illuminated for M maifunction. So even though the malfunction
may no longer be present and the MIL not illuminated, the fault code would still remain
as a "history" code. Consequently, if another unrelated fault occurs and the MIL
illuminates for this new fault, another fault code would be stored in addition to the
"history" code. When trying to diagnose the OBD problem, technicians accessing fault
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distinction is atready available and defined as pending codes, active codes, and
previously active codes.
"Permanentnfault codes (described above in d o n YIH. C.) wouM atso need to be
separately identified from the other types of fault codes. The staff is also working with
the standards setting committees to best determine the method for doing this, but it will
iikeiy be done in a similar manner to that used to distinguish the other types of codes.
Additionally, as mentioned above, manufacturers would be required to develop
addiiionai somare rouiines i o properiy store and erase permanent fault codes in
NVRAM and prevent erasure from any battery disconnect or scan tool command.

E. Data StreamIFreeze Framemest Results
An important aspect of OBD is the ability of technicians to access critical information
from the on-board computer in order to diagnose and repair emission-related
malfunctions. ARB believes there are certain emission critical components and systems
for which electronic information access through the data link connection would provide
invaluable assistance in properly repairing vehicles. The availability of real-time
information would also greatly assist technicians in responding to driveability complaints
because the vehicle could be operated under the problem conditions and the technician
would be able to know how various sensors and systems were acting at that time. Fuel
economy complaints, loss of performance complaints, intermittent problems, and others
could also be addressed.
The proposed regulation defines a number of data parameters that manufacturers
would be required to report to generic scan tools. These parameters, which would
include information such as engine speed and exhaust gas sensor readings, would
allow technicians to understand how the vehicle engine control system is functioning,
either as the vehicle operates in a service bay or during actual driving. They would also
help technicians diagnose and repair emission-related malfunctions by allowing them to
watch instantaneous changes in the values while operating the vehicle.
Some of the data parameters proposed are also intended to assist ARB and U.S. EPA
staff in performing testing of the engines including testing for compliance with the
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emission standards themselves. One of these parameters that manufacturers would be
required to report is the real-time status of the NOx and PM "not-to-exceed" (NTE)
control areas. The NTE standards define a wide range of engine operating points
where a manufacturer must design the engine to be below a maximum emission level.
In theory, whenever the engine is operated within the speed and load region defined as
the NTE zone, emissions will be below the required standards. However, within the
NTE zone, manufacturers are allowed, on a caseby-case basis, to be exempted from
the emission standards within specific regions. Manufacturers can request and be
approved for both 5 percent carve-out regions (limited test regions where no more than
5 percent of in-use operation is expected and thus, no more than 5 percent of emission
sampling can be collected) and for NTE deficiencies (defined exemption areas where
manufacturers are not required to meet the emission standards). These regions can be
defined by directly measured signals, or more often, by complicated modeled values
calculated internally in the engine computer. When conducting emission testing of
these engines, it is imperative to know if the engine is in the NTE region (and thus,
subject to the standards) or outside of the region or in a NTE deficiency region (and
thus, not subject to the standards), or in a 5 percent carve-out region (and thus, subject
to only limited testing in that region). Without this parameter, emission testing by ARB
and U.S. EPA would be significantly more difficult to accomplish (e-g., by requiring offboard duplication of the internal engine computer's proprietary algorithms, models, and
calculations to try and determine if any of the 5 percent carve-out or NTE deficiency
conditions are presently active).
In the event an emission-related malfunction is detected by the OBD system, the
proposed regulation would also require manufacturers to make available "freeze frame"
information, which displays the operating conditions of the vehicle at the time of
malfunction detection, in addition to the fault code associated with the data. The
required freeze frame data would include the calculated load value, engine speed, and
engine coolant temperature. Further, the required freeze frame data would be required
to include all other standardized data parameters available in the on-board computer
that detected and stored the fault. For the purposes of this requirement, "available"
means any other data parameter that is input to (directly wired or sent via other modules
ages) or calculated
computer. This would allow the
to assist the techn
t, the technician should be
able to identtfy how the vehicle was being operated by the driver at the time of the fault
should he or she need to duplicate the driving conditions to find an intermittent
malfunction or verify a repair under the same conditions where it was originally
detected. Second, the inclusion of all other available data provides the technician with
the ability to "see" some of what the on-board computer was seeing when it set the
malfunction. This can be particularly useful when a specific fault is indeterminate (e.g.,
could have been caused by more than one root cause or more than one malfunctioning
sensor).
The proposed iegulation would also require manufacturers to store the most recent
monitoring results for most of the major monitors. Manufacturers would be required to
store and make available to the scan tool certain test information (i-e., the minimum and
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storage of test results would greatly assist technicians in diagnosing and repairing
malfunctions and would help distinguish between components that are performing well
below the malfunction threshotds from those that are potentially marginally passing the
malfunction thresholds.

computer. The fmt k m ,C;lti$s:a& I d e * n W b e r ( O f i ID), wuid identify the
version of soffware installed in the vehicle. Subsequent releases of software by the
manufacturer that make changes to the emission controls or U5D system would require
a new CAL ID. The second item, Calibration Verification Number (CVN), would help
ensure that the software has not been inappropriately corrupted, modified, or tampered
with. Both CAL ID and CLIN help ensure the integrity sf the OBD ii system. CVN would
require mariufacturers to develop sophisticated software algorithms that can verify the
integ? of the emission-related software and efistiie that the diagnostic routines and
calibrat~onvalues have not been corrupted or modified inappropriately. The CVN would
essentially be a self-check calculation of all of the emission-related software and
calibration values in the on-board computer and would return the result of the
calculation to a scan tool. If the calculated result did not equal the expected result for
that CAL ID, the software would be known to be corrupted or otherwise modified. The
proposed regulation would require that the CVN result be made available at all times to
a generic scan tool.
The proposed regulation would also require manufacturers to make available an
additional identification number, the Vehicle Identification Number (VIN), in a
standardized format. The VIN would be a unique number assigned by the vehicle
manufacturer to every vehicle built. The VIN is commonly used for purposes of
ownership and registration to uniquely identify every vehicle. For the heavy-duty
industry, the VIN is used to identify the vehicle on citations or notice-of-violations
(NOVs) issued at roadside inspections under the HDVIP. By requiring the VIN to be
stored in the vehicle and available electronically to a generic scan tool, the possibility of
a technician or inspector performing a fraudulent inspection (e.g., by plugging into a
different vehicle than the citation or NOV was issued for to generate a proof of
correction) would be minimized. Electronic access to this number would also greatly
simplify the inspection process and reduce transcription errors from manual entry.
The proposed heavy-duty OBD regulation would require the VIN to be electronically
stored in a control module, not necessarily the engine control module, in the vehicle. As
long as the VIN is correctly reported according to the standards selected, it is irrelevant
as to which vehicle module (e.g., engine controller, instrument cluster controller)

contains the information. And, while the ultimate responsibility would lie with the engine
manufacturer to ensure that every vehicle manufactured with one of its engines satisfied
this requirement by having the VIN available, the physical task of implementing this
requirement would likely be passed from the engine manufacturer to the vehicle
manufacturer via an additional build specification. Thus, analogous to how the engine
manufacturer currently provides engine purchasers with detailed specifications
regarding engine cooling requirements, additional sensor inputs, physical mounting
specifications, weight limitations, etc., the engine manufacturer would likely include an
additional specification dictating the need for the VIN to be made available
electronically. It would be left to each engine manufacturer to determine the most
effective method to achieve this, as long as the VIN requirement is met. Some
manufacturers may find it most effective to provide the capability in the engine control
module delivered with the engine coupled with a mechanism for the vehicle
manufacturer to program the module with the VIN upon installation of the engine into an
actual vehicle. Others may find it more effective to require the vehicle manufacturer to
have the capability built into other modules installed on the vehicle such as instrument
cluster modules, etc. It should also be noted that staff has observed several current
vehicles with engines from three different engine manufacturers that already have the
vehicle VIN available through engine-manufacturer specific scan tools indicating that
such arrangements already exist in one form or another.
G. Tracking Requirements

In-use Performance Ratio Trackina Reauirements
The tracking requirements for the in-use performance ratios are discussed in section VII
of the Staff Report and listed in the proposed regulation.
Enaine Run Time Trackina Requirements
The staff is proposing a requirement for manufacturers to log engine operating time
spent in various operating conditions. Specifically, manufacturers would be required to
log basic engine operating data including cumulative engine on run time, cumulative
engine on idte time, and curnutative errgine run time with a power-takeoff (PTO) unit - active.. The proposed regulation would set a minimum resolution for each of these
counters and require all these counters to be stored in non-volatile memory (NVRAM)
so that vehicle owners or operators would not be able to erase them simply by
disconnecting the battery nor would the values be able to be erased via a scan tool
command.
Regarding the logging of idle operation, in some truck applications such as long-haulers
with sleeper cabs, considerable time can be spent operating at idle. By requiring
manufacturers to implement a separate counter identifying "engine operating at idle,"
the staff would be better able to separate out engine run time at idle from non-idle.
Further, as stated previously in section V1.D. of the Staff Report, ARB is proposing
under a separate rulemaking, idle-off requirements to minimize time spent at idle and to
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could also potentially use this parameter to help identify vehicles that warrant further
testing andlor inspection to see if they have been tampered or otherwise modified to
bypass the idle-off strategies.
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manufacturers are requiredb do when vatidating monitors, the proposed OBD
regulations aUow m8rwk&wm to disable &fed* mn%brswhbn fhe FTO device is
activated. However, given the range of PTO devices and usage patterns, it is relatively
unknown what impact this has on in-use monitoring frequency. As such, manufacturers
who utilize the provision to disable one or more OBD monitors during PTO device
activation would also be required to log engine run time while a ?TO device is active.
This would provide an indication of what percentage of engine operating time is spent
with monitors disabled and could be used to determine if the policy of allowing monitor
dIsab!emer,t du:ir,g BTC device activation needs to be revisited or modified in the
future. The staff would also be better able to interpret in-use monitoring frequency data
(as detailed in section VII. of the Staff Report). Specifically, for monitors that seem to
demonstrate very low monitoring frequency, the staff could determine if this was due to
frequent PTO activation (if the PTO active counter was really high) or due to other
conditions.

H. Service Information
Once a malfunction has been detected by the OBD system, the emission reduction
benefits are obtained only when the problem is corrected. When repairing an OBDrelated problem, a repair technician generally accesses the available information from
the on-board computer to determine the component or system that failed. After
repairing the malfunction, the vehicle would then be driven in a manner such that the
monitor for the malfunctioning component runs and determines that the fault no longer
exists. In order to do this, the repair technician would need information that would help
pinpoint the malfunctioning component, determine the cause of the malfunction, and
ensure that the problem has indeed been corrected. Therefore, access to adequate
service information is an important part of the OBD program. Specifically, all emissionrelated vehicle service information necessary to make use of the OBD system and to
perform emission-related repairs should be made available to all service technicians,
including independent and aftermarket service technicians, and in a format for easy
accessibility of the information.
For the light- and medium-duty vehicles, the service information requirements are
detailed in a stand-alone regulation, section 1969 of title 13, California Code of

Regulations, which requires this information to be made available on the internet. The
required information includes OBD monitor descriptions, information necessary to
execute each monitor (e-g., enable conditions), information on how to interpret the test
data accessed from the on-board computer, and other information. ARB is currently
revising section 1969 to include service information requirements for heavyduty
vehicles.
However, in the unlikely event the proposed amendments to section 1969 (which are
scheduled to go before the Board at a later date) are not adopted and effective before
the proposed heavy-duty OBD regulation becomes effective, the proposed heavy-duty
OBD regulation includes language detailing basic service information requirements.
Additionally, the staff is including language in the proposed OBD regulation that clarifies
that, to the extent the service information regulation is effective and operative, it
supersedes any redundant service information requirement in the proposed OBD
regulation.

IX. CERTIFICATION DEMONSTRATION TESTING REQUIREMENTS
As stated previously, the OBD system is designed to detect malfunctions of the
emission control system to help prevent increases in emission levels. The proposed
OBD regulation would require manufacturers to design OBD monitors for each
emission-related component or system to indicate a malfunction before emissions
exceeded a proposed emission malfunction threshold (generally in the range of 1.5 to
5.0 times the applicable standards for most monitors). While the proposed certification
requirements (discussed in section X of the Staff Report) would require manufacturers to submit technical details of each monitor (e-g., how each monitor worked, when the
monitor would run), ARB staff would still need some assurance that the manufacturers'
monitors are indeed calibrated correctly and able to detect a malfunction before the
emission threshold is exceeded. Thus, in order to spot-check that the OBD malfunction
threshold values set by manufacturers are appropriate, the skff is proposing that
manufacturers conduct certification demonstration testing on the major monitors to
verify their malfunction threshold values on one to three engines per year. The
urers to submit documentation
-duty regulation woul
fa demonstratingThat
malfunction before emissions exceed the emission threshold as part of the proposed
certification requirements. In addition to testing the system with "threshold" components
(i.e., components that are deteriorated or malfunctioning right at the threshold required
for MIL illumination) for the PM filter and NOx aftertreatment system, manufacturers
would also be required to test the system with "worst casewcomponents. By testing
both the threshold, or best performing failing system, and the worst case, or worst
performing failing system, the-staffwould be better able to verify that the OBD system
should perform as expected regardless of the level of deterioration of the component.
This could become increasingly important with new technology aftertreatment devices
that could be subject to complete failure (such as PM filters) or even to tampering by
vehicle operators looking to improve fuel economy or vehicle performance. From staffs
analysis of likely combinations of emission hardware, a diesel engine manufacturer
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OBD in the 2010 thmugh 2013 model yeam and based on the year and the total number
of engine famikes themanubduier would be m-bfyngfor that model year. Specifically,
for the 2010 model year when a manufacturer is only required to implement OBD on a
single engine family, demonstration testing would be required on only one engine (a
single engine rating within the one engine family).
one to seven
For the 2011 and 2012 model years, a small manufacturer certeQ~ng
engine families would be required to conduct certification demonstration testing on one
engine rating per year (one ofthe dher ratings within the engine family that got OBD in
2010). A large manufacturer certifying more than seven engine families would be
required to submit data from two engine ratings per year (two of the other ratings within
the engine family that got OBD in 2010). Manufacturers would not be required to re-test
an engine rating that was tested previously unless substantial emission changes had
been made to the engine rating. Additionally, commiserate with the phase-in schedule
and in-use liability for 2010 through 2012 model years, a manufacturer will be subject to
in-use liability for only the engine rating for which OBD demonstration testing has been
completed in 2010. The additional ratings tested in 2011 and 2012 cannot and will not
be held to meeting any specified emission levels for the 2010 through 2012 model
years. However, the emission data from these additional ratings will still be valuable
information for ensuring that manufacturers are using good engineering judgment in
calibrating these ratings and in making any mid-course corrections to their engineering
judgment in time for the 2013 model year when these ratings do become liable for
meeting the emission thresholds.
For the 2013 and subsequent model years, small manufacturers certifying one to five
engine families would be required to test one engine rating per year. Medium size
manufacturers certifying six to ten engine families per year would be required to test two
additional engine ratings per year, and large manufacturers certrfying more than ten
engine families would be required to test three additional engine ratings per year.
Again, commensurate with the phase-in and limited in-use liability in the 2013 through
2015 model years, the engine ratings with in-use liability for meeting the emission
thresholds would only be those tested in the 2013 model year. The additional engine
ratings tested in 2014 and 2015, like the additional ratings tested in 2011 and 2012,
would not be liable for meeting any specified emission levels and the emission results

.

would not jeopardize previous model year or subsequent model year certification. From
2016 model year, all engine ratings would be liable for meeting the emission thresholds
and the testing would be used as part of the certification process to ensure compliance.
Given the difficulty and expense in removing an in-use engine from a vehicle for engine
dynamometer testing, this demonstration testing would likely represent nearly all of the
OBD emission testing that would ever be done on these engines.23 Requiring a
manufacturer, who is fully equipped to do such testing and already has the engines on
engine dynamometers for emission testing, to test one to three engines per year would
be a minimal testing burden that provides invaluable (and in a practical sense, nearly
otherwise unobtainable) proof of compliance with the OBD malfunction thresholds.
Regarding the selection of which engine ratings would be demonstrated, manufacturers
would be required to submit descriptions of all engine families planned for the upcoming
model year and the Executive Officer would review the information and make the
selection(s). For each engine family, the information submitted by the manufacturer
would need to identify engine model(s), power ratings, emission standards, emission
controls used by the engine, and projected engine sales volume. Factors that would be
used by the Executive Officer in selecting the one to three engine ratings for testing
include, but are not limited to, new engines, types of emission controls, whether the
OBD systems are transitioning to more stringent emission thresholds, and sales
volume.
Manufacturers required to submit data from more than one engine rating would be
granted some flexibility by being allowed to collect the data under less rigorous testing
requirements than the official FTP or ESC certification test. That is, for the second and
third engine ratings required for testing, manufacturers would be allowed to submit data
using internal sign-off test procedures that are representative of the official FTP or ESC
test in lieu of running the official test. Commonly used procedures that would be
allowed would include the use of engine emission test cells with less rigorous qualtty
control procedures than those required for the FTP or ESC or the use of forced cooldowns to minimize time between tests. Manufacturers would, however, still be liable for
meeti
procedure. However, the latitude provided would ,allow manufacturers to potentially use
some short-cut methods that they have developed to assure themselves that the system
is calibrated to the correct level without incurring the additional testing cost and burden
of running the official FTP or ESC test procedure on every application.

X. CERTIFICATION REQUIREMENTS
The OBD system certification requirements would require manufacturers to submit
diagnostic system documentation representative of each engine family. The
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3' While ARB has the authority to conduct in-use testing for enforcement purposes, the limited
availability of engine dynamometer facilities and the high cost of removing an engine from a truck that is
in service for several weeks at a time severely limits the number of engines-andtests that are currently
done by ARB.

certiffwtion cbmmntation b & M contain all the infomation need,& for ARB to
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in the certification package. If any of the information in the certification package is
standardized for all of a manufacturer's engine families.(e.g., the OBD system general
description), the manufacturer would only be required to submit one set of documents
covering the standardized items for all of its engine families per engine model year.

portion of the prqmsed OBD req+&e~n&nts

by the engine manufacfcturer, a
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MIL in the instrument duster and a dbgnastic connf?ctc)r in the cab compartment. As is
currenuy do- by ,the-engine rnarwkctum, a bllEiEd.speMc&in ts provided to vehicle
manufacturers detailing mechanical and electrical specifications that must be adhered
to for proper installation and use uf the engjne (and t~ maintain mplimee with
emission standards). The staff expects engine manufacturers will continue to follow this
model in providing detailed specifications for those items that the vehicle manufacturer
will need to be aware of or responsible for to maintain compiiance with the proposed
OBD regulation. These would include specifications regarding the location, color, and
w~rdingef the M!L (as xeII as electri~iconnections to ensure proper iiiumination),
location and type of diagnostic connector, and electronic VIN access. During the
certification process, in addition to submitting the details of all of the diagnostic
strategies and other information required, engine manufacturers would be required to
submit a copy of the OBD-relevant build specifications provided to vehicle
manufacturers and a description of the method(s) used by the engine manufacturer to
ensure vehicle manufacturers adhere to the provided build specifications (e.g., required
audit procedures or signed agreements to adhere to the requirements). This is
necessary to provide the staff with a reasonable level of certainty that the proposed
OBD requirements are indeed satisfied. In summary, engine manufacturers would thus
be responsible for submitting a certification package that includes description of all OBD
diagnostics performed by the engine control unit (including diagnostics on signals or
messages coming from other modules that the engine control unit relies on to perform
other OBD diagnostics) as well as a copy of the OBD-relevant build specifications
provided to chassis builders and the method used to reasonably ensure compliance
with those build specifications.
The proposal would also allow engine manufacturers to establish OBD groups
consisting of engine families with similar OBD systems and submit only one set of
representative OBD information from each OBD group. The staff anticipates the
representative information will normally consist of an application from a single
representative engine family. In selecting the representative engine family, the
manufacturer would need to consider tailpipe emission standards, OBD phase-in
requirements (i.e., if a representative test group meets the most stringent monitoring
requirements), and the exhaust emission control components for all the test groups
within an OBD group. For example, if one engine family within an OBD group has

.

additional emission control devices, that engine family should be selected as the
representative engine family. If one engine family does not adequately represent the
entire OBD group, the manufacturer may need to provide information from several
engine families within a single OBD group to ensure the submitted information is
representative. Manufacturers wishing to consolidate several engine families into an
OBD group would be required to get ARB approval of the grouping prior to submitting
the information for certification.
Two of the most important parts of the certification package would be the OBD system
description and summary table. The OBD system description would include a complete
written description for each monitoring strategy outlining every step in the decisionmaking process of the monitor, including a general explanation of the monitoring
conditions and fault criteria. This section may include graphs, diagrams, andlor other
data that would help the staff in understanding each monitor. Specific parameter values
would be included in the OBD summary table. This table would provide a summary of
the OBD system specifications, including: the componentlsystem, the fault code
identifying each related malfunction, the monitor strategy, the parameter used to detect
a fault and the fault criteria limits to evaluate the parameter (the malfunction criteria and
threshold value), secondary parameter values and conditions needed to run the
monitor, the time required to execute a monitoring event, and the criteria or pwcedure
for illuminating the MIL. In these tables, manufacturers would be required to use a
common set of engineering units to simpllfy and expedite the review process by ARB
staff.
Among the other items that would be required for submittal include: a logic flowchart for
each monitor illustrating the step-by-step decision process for determining malfunctions,
data supporting the criteria used to detect faults that cause emissions to exceed the
specified malfunction thresholds (e.g., I.5times the standards) for fuel system, EGR,
boost pressure, catalyst, NOx adsorber, PM filter, cold start strategy, secondary air,
evaporative system, VVT system, and exhaust gas sensor monitors, data demonstrating
the probability of misfire detection by the misfire monitor over the full engine speed and
load operating range (for gasoline engines only) or the capability of the misfire monitor
engines only),
to conectly_ident~fya one cylinder out misfire for e
a description of all the parameters and conditions necessary
sed-loop fuel
control operation (for gasoline engines only), closed-loop EGR control (for diesel
engines only), closed-loop fuel pressure control (for diesel engines only), and closedloop boost control (for diesel engines only), a listing of all electronic powertrain input
and output signals (including those not monitored by OBD) that identifies which signals
are monitored by the OBD system, detailed descriptions of all the auxiliary emission
control device (AECD) strategies used by the manufacturer, and the emission data from
the demonstration testing (as described in section IX). The proposed regulation lists the
rest of the information that is required to be in the certification package.
XI. PRODUCTION VEHICLE EVALUATION TESTING REQUIREMENTS
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there are many opportunities for unintended interactions and other things that can result
in certain elements of the system working incorrectly. Staff has seen many such
mistakes, which range fmOBD IIsystems unable to communicate any information to
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production end produds that operate on the road, not pre-production products or
individual subsystems that may work fine by themsehres but not when they're integrated
into a complete product (e.g., due to mistakes like improper wiring).
Thus, the proposed heavy-duty OBD regulation requires manufacturer self-testing on a
small fraction of a manufacturer's product line to verify compliance with the OBD
requirements. The test requirements are divided into three distinct sections with each
section detailing testing for a different portion of the OBD requirements: compliance with
the SAE and !SOstandardimd iequii~meiits,compiiance with the monitoring
requirements for proper fault code storage and MIL illumination, and compliance with
the minimum in-use performance monitoring ratios.
A.

Verification of Standardized Reauirements

An essential part of OBD systems is the numerous standardized requirements that
manufacturers have to abide by in their design. The proposed standardized
requirements include items as simple as the location and shape of the diagnostic
connector (where technicians can "plug in" a scan tool to the on-board computer) to
more complex subjects concerning the manner and format in which fault information is
accessed by technicians via a "generic" scan tool. The importance of manufacturers
meeting these standardized requirements is essential to the success of the heavy-duty
OBD program, since it would ensure access for all technicians to the stored information
in the on-board computer in a consistent manner. The need for consistency is even
higher with the potential incorporation of OBD into the existing heavy-duty inspection
program (which would rely on access to the information via a single "generic" scan tool
instead of individual tools for every make and model truck that might be inspected at the
roadside). In order for inspections to work effectively and efficiently, it is essential that
all vehicles are designed and builf to meet all of the applicable standardized
requirements.
While it is anticipated that the vast majority of vehicles would comply with all of the
necessary requirements, some problems involving the communication between vehicles
and "generic" scan tools may occur in the field as it did for the light- and medium-duty

vehicles. From OBD II inspection data, it is estimated that somewhere between 10
percent to 20 percent of the fleet in the initial model years of OBD II implementation did
not comply with the standardization requirements, Since implementation of production
vehicle testing, it is likely that far fewer than one percent of the fleet has a
communication problem. This is attributed to manufacturers conducting post-production
testing and being able to identify and correct communication problems while the vehicle
is still in production. In the California HDVIP, approximately 15,000 trucks are inspected
a year and if just one percent of the fleet failed to comply with standardized
requirements, it could result in an additional 150 vehicle ownersloperators ending up
receiving a citation for a problem actually caused by an improperly manufactured engine
andlor truck. On a nationwide scale, it could be a much larger problem. The cause of
the problem could range from differing interpretations of the existing standardized
requirements to oversights by the design engineers to hardware inconsistencies or lastminute production changes on the assembly line. To try and minimize the chance for
such problems on future vehicles and the unnecessary hassles that it could cause
vehicle ownersloperators, the staff is proposing that engine manufacturers be required
to test a sample of production vehicles from the assembly line to verify that the vehicles
have indeed been designed and built to the required specifications for communication
with a "generic" scan tool.
Under the proposal, starting in the 2013 model year, manufacturers would be required
to test "complete" vehicles to ensure that they comply with some of the basic "genericn
scan tool standardized requirements, including those that are essential for proper
inspection. Ideally, manufacturers would be required to test one vehicle for each truck
and engine model combination that is introduced into commerce. However, for a large
engine manufacturer, this could be in the neighborhood of 5,000 to 10,000 unique
combinations. As such, since it would be unreasonable to require testing of every
combination, the proposal would only require manufacturers to test 10 combinations per
engine family. Given that an engine family typically has five different engine ratings, this
works out to testing of only two vehicles per engine rating. Under this proposal, a large
manufacturer would be required to only test about 1.5 percent to 3.0 percent of their
unique combinations or about 150 vehicles. Specifically, manufacturers would be
required to test one vehicle per software "version" released by the manufacturer. With
proper demonstration, manufacturers would be altowed to group diierent catibrations
together and test one vehicle that is representative of the group. The regulation would
require engine manufacturers to submit for ARB review and approval a test plan that
verifies the vehicles tested would be representative of all vehicle configurations (e.g.,
each ECM variant coupled with and without the other available vehicle components that
could affect scan tool communication such as automatic transmission or hybrid
powertrain control modules). The plan would include details on all the different
applications and configurations that would be tested.
Additionally, manufacturers would be required to conduct this testing on actual
production vehicles, not stand-alone engines. In the past, the staff found that light-duty
vehicles that do not properly communicate with a scan tool or I/M equipment cause
huge problems at repair facilities and IIM stations, since technicians are unable to
-
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OBD I! enforcement regulation (section 1968.51, this specific problem has h e n
identified as one that would result in mandatory recall. ~hus,-to
avoid this problem with
heavy-duty vehicles, it is imperative that the proposed testing be representative of all
applications. Further, the staff has also had numerous issues in the past with lightduty
vehicles where, despite each controller independern
XW$problems between two coinp911e~4Em
problems with scan tools, such as lack of communicati~nor communication with only
one mduk?. J
n this ease, sepwate testing ofthe controllers would be blind to this
blems
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caused
scan tool c o m m n W n plae&.enrs. Since heavy-duty engine m a n W w r m are
expected to sell the same engine (with the same d&r&bh) to w&us veth-ie
manufacturers who would put them in different final products (e.g., with different TCMs),
the same comm~tnicationpr-m
woulrf be expe&& to occur. F u r t h e m e , on some
occasions, the staff has found applications that communicated properly with generic
scan toots during development but last minute production changes (such as component
supplier changes, etc.) have caused actuai production vehicles to differ from preproduction development vehicles and to not properly communicate. Thus, for heavyduty vehicles, it bvaifd be iiscessarji to have proposed testing done on the end vehicle
product, not just the engine, and to have the proposed testing be representative of all
possible configurations of controllers.
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Verification testing of standardized requirements should occur soon enough in the
production cycle to provide manufacturers with early feedback of the existence of any
problems and time to resolve the problem prior to the introduction of the entire model
year of engines being introduced into the field. The proposed regulation would require
that testing of vehicles be done and data submitted to ARB within either three months of
the start of normal enaine production or one month of the start of vehicle production,
whichever is later.
To verify that all manufacturers are testing vehicles to the same level of stringency, the
proposed regulation would require the engine manufacturers to get ARB approval of the
testing equipment used by the manufacturer to performthis testing. ARB approval of
the testing equipment would be based upon whether the equipment can verify that the
OBD system complies with the standardized requirements and will likely communicate
properly with any off-board test equipment (e.g., generic scan tools) that is also
designed to meet the standardized requirements. The staff anticipates that the engine
manufacturers and scan tool manufacturers will likely develop a common piece of
hardware and software which could be used by all engine manufacturers at the end of
the vehicle assembly line to meet this requirement. Two different projects (SAE J1699
and LOC3T) have developed such equipment under the light-duty OBD II requirements.
The equipment is currently being used to test 2005 and 2006 model year light- and
medium-duty vehicles, and similar type equipment could be developed in time for the
2013 model year for the heavy-duty industry and communication standards selected.

Ideally, this test procedure i l l verify each and every requirement of the communication
specifications including the various physical layers, message structure, response times,
and message content.
It is important to note, however, that this verification equipment would not replace the
function of existing "generic" scan tools used by technicians or roadside inspectors.
This equipment would be custom-designed and used expressly for the purposes of this
assembly line testing and would not include all of the necessary features for technicians
or inspectors.
B. Verification of Monitorina Reauirements
The proposed OBD regulation would require comprehensive monitoring of virtually
every component on the vehicle that can cause an increase in emissions. To
accomplish this task, manufacturers would need to develop sophisticated diagnostic
routines and algorithms that are programmed into software in the on-board computer
and calibrated by engineers. This would translate into thousands of lines of software
programmed to meet the diagnostic requirements but not interfere with the normal
operation of the vehicle. While most manufacturers would likely develop extensive
verification or "sign-off' test procedures to ensure that the diagnostics function correctly,
problems could and will probably happen. Moreover, the majority of the validation
testing done by the manufacturer would probably focus on finding problems that would
be noticed by the vehicle operator such as those that will cause the MIL to falsely
illuminate when no malfunction really exists rather than verifying that the MIL will indeed
illuminate when a malfunction does exist.
The problems that occur could vary greatly in seventy from essentially trivial mistakes
that have no noticeable impact on the OBD system to situations where significant
portions of the OBD system and normal vehicle fuel and emission control system are
disabled. Furthermore, it is often very difficult to assess the impact the problem may or
may not have on vehicles that will be on the road for the next 10-30 years. The cause
of the problems could also vary from simple typing errors in the software to

In an attempt to minimize the chance for significant problems going undetected and to
ensure that all manufacturers are devoting sufficient resources to verifying the
performance of the system, the staff is proposing that engine manufacturers be required
to perform a thorough level of validation testing on one to six actual production engines
and vehicles per model year and submit the results to ARB. Additionally, similar to the
demonstration testing requirement (section IX. of the Staff Report), the number of
engines and vehicles engine manufacturers would be required to test would be based
on the total number of engine families the manufacturer would be certifying for that
model year. Specifically, an engine manufacturer certifying one to five engine families
in a model year would be required to conduct testing on one engine and one vehicle
from two engine families. An engine manufacturer certifying six to ten engine families
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be required to conduct b&hg on three engines and three *ides b m six engine
families. The test engines would be from the specific engine code and engine family
combination chosen for the demonstration testing, while the Executive Officer would
select the test vehicle variants to be tested by the manufacturer from the information
submitted by the manufacturer.
For the testing, engine manufacturers would be required to individually implant or
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detailing the method used to implant each fault and venfy proper diagnastic operation.
r
exempt manufacturers frwn testmg that could rwt be done
The Executive W r ~ ewould
without causing physical damage to the production vehicle. The testing would be
required to be completed and reported to ARB within six months after a manufacturer
begins normal engine production to provide earty feedback on the performance of every
diagnostic on the vehicle. Upon good cause, the Executive Officer may extend this time
period for testing.
As a:: inceritive t; peifom this thoreugh validation testing, a manufacturer couia request
that any problem discovered during this self-testing be evaluated as a deficiency and
take effect retroactively to the start of production of the engine. If the other factors
necessary to qualify for a deficiency are indeed satisfied, the Executive Officer would
amend the certification to retroactively assign the deficiency to the start of production of
the affected engines. In contrast, problems discovered later by ARB staff during in-use
testing would become noncompliance issues and handled in accordance with OBDspecific enforcement regulation^.^^
C. Verification and Re~ortinaof In-use Monitorina Performance

The staff is proposing that manufacturers track the performance of several of the most
important monitors on the vehicle to determine how often they are executing during inuse operation. These requirements are discussed in more detail in section VII of the
Staff Report. Essentially, the proposed reguiation would standardize a method for
measuring and determining how often monitors are executing in the real world and set a
minimum acceptable performance level. Monitors that perform below the acceptable
levels would be subject to remedial action including potential recall.
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24 While the regulatory package being considered for adoption does not currently include a
separate OBD-specific enforcement regulation d u e to time and resource constraints, the staff intends to
c o m e back to t h e Board with a proposed enforcement regulation prior to t h e introduction of OBD systems
on heavy-duty vehicles. It is the staffs intention to have a stand-alone OBD enforcement regulation,
analogous to t h e separate OBD I I enforcement regulation for light-duty vehicles, title 13 CCR section
1968.5. See section I I of the Staff Report for more details.

In conjunction with the proposal to measure in-use monitoring frequency, the staff is
also proposing that manufacturers be required to collect these in-use data within the
first six months after vehicles with the engine family were first introduced into
commerce. This information would provide ARB with early indication as to whether or
not the system is performing adequately as well as provide valuable feedback as to the
appropriateness of the minimum ratio. As discussed in section VII, the staff is
proposing a ratio of 0.100 primarily because a sufficient database does not currently
exist that would allow the staff to develop a more accurate estimate of fault detection in
a reasonable time period such as two weeks. The requirement for manufacturers to
collect and report some of these data in the early years would provide an invaluable
source of real world data and allow the staff to revise the regulatory requirements as
necessary to establish a ratio that more closely correlates with the desired in-use
monitoring frequency.
Prior to acquiring these data, engine manufacturers would be required to submit for
ARB review and approval a sampling plan that verifies that the data collected would be
representative of California driving for all applications (e.g., buses, long-haul trucks) the
engine families are used for. The plan would detail all applications that employ the
engines, the number of engines per application group that would be tested and the
method in which the data would be collected. Manufacturers would be required to
submit frequency data from a sample of at least 15 vehicles. Discussing the plan with
ARB would allow each manufacturer to identtfy the most cost-effective way to obtain the
data. Some manufacturers may find it easiest to collect data from vehicles that come in
to its authorized repair facilities for routine maintenance or warranty work during the
time period required, while others may find it more advantageous to hire a contractor to
collect the data. Further, upon good cause, the Executive Officer may extend the sixmonth time period for the collection of data to cover situations where manufacturers
have difficulty in gathering the required data within the six-month time period.
As stated before, the data collected under this program are primarily intended to provide
an early indication that the systems are working as intended in the field, to provide
information to "fine-tune" the proposed requirements for tracking the performance of
monitors, and to provide data to be used to develop a more appropriate minimum ratio
for future regulatory revisions. The data are not intended to substitute for testing that
would be performed by ARB under the future heavy-duty OBD-specific enforcement
regulation to determine if a manufacturer is complying with the minimum acceptable
performance levels established in the OBD regulation. In fact, the data collected would
not likely meet all the required elements for testing by ARB to make an official
determination that the system is noncompliant.
XII. DEFICIENCIES

As discussed in the introduction, the proposed OBD regulation would require monitoring
of virtually all components and systems that can affect vehide emissions. Most
components and systems would be monitored for more than one type of failure.
Therefore, OBD systems would contain many diagnostic algorithms. During the early

stages of OBD i6plementatbn for light- and medim-duty vehicles, some
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monitoring strategies despite a gosd faith effort to comply with the requirements in full.
The staff anticipates the same problems to occur during heavy-duty OBD
implementation.
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Thus, like the light- and medium-duty OBD regulation, the staff is proposing a provision
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compared to systems Wy comptiant with the proposed requirements of the OED
regulation, and a dm8good-falttr effort on the part olf-tfiern&ufacturer to: (1)
meet the proposed requirements in full by evaluating and considering the best available
monitoring technology; and (2) come into compliance as expeditiously as possible.
The deficiency provisions would facilitate OBD implementation by mitigating the danger
af rnaniifaetisrers not being abie to certify engines with reiativeiy minor implementation
problems. However, to prevent misuse of the provision and ensure equity for .
maniifxtiiiieis abie to meet the proposed requirements in iuli, the staff is proposing tnat
for 2013 and subsequent model year engines, manufacturers would be subject to fines
for deficiencies in excess of two for a particular model. The fines would be in the
amount of $25 or $50 per deficiency per engine depending on the significance of the
monitoring strategy in question. Given the leadtimes proposed for the monitoring
requirements and the experience of light- and mediumduty OBD compliance, the staff
is anticipating very few engines that would be subject to fines. For 2010 through 2012
model year engines, manufacturers would be allowed unlimited "free" deficiencies.
There has been some confusion by manufacturers as to the purpose of deficiencies.
Specifically, several have expressed a belief that deficiencies are used by ARB to relax
the OBD regulation ifany of the proposed monitoring requirements turn out to be
technically infeasible or require a higher malfunction criteria to be feasible. However,
deficiencies are not used for this purpose. If subsequently gained experience or
knowledge does indeed prove out that a monitoring requirement or malfunction criteria
needs revision to be technically feasible, two mechanisms exist to address that. First,
section (g)(6.1) gives specific authority to the Executive Officer to "revise the emission
threshold for any monitor in sections (e) through (g) if the most reliable monitoring
method developed requires a higher threshold to prevent significant errors of
commission in detecting a malfunction". This provision exists to address any
unforeseen problems in meeting the malfunction criteria proposed by staff. Secondly,
given the technology-forcing nature of an OBD regulation, the Board has historically
directed the staff to report back on a biennial basis on the status of manufacturer's
progress towards meeting the requirements and to propose any necessary updates or
amendments to the regulation at that time. Such regulatory updates are again expected

to occur for heavy-duty OBD and it is likely that at least two will be done (in 2007 and
2009) prior to the first introduction of a heavy-duty OBD system in 2010 model year.

XIII. ANALYSIS OF ENVIRONMENTAL IMPACTS AND ENVIRONMENTAL JUSTICE
ISSUES
Foremost, the proposed regulation helps ensure that forecasted emission reduction
benefits from adopted heavyduty engine emission standards programs are achieved.
Given the substantial shortfall in emission reductions still needed to attain the National
and State Ambient Air Quality Standards and the difficulty in identrfying further sources
of cost-effective emission reductions, it is vital that the emission reductions projected for
the heavy-duty vehicle programs be achieved. The proposed OBD regulation is
necessary to accomplish this goal. Monitoring of an engine's emission control system
through the use of OBD systems helps guarantee that engines initially certified to the
stringent emission standards maintain their performance throughout the entire engine
life. It would make little sense to require very low emissions from new engines and then
allow them to deteriorate to much higher levels as they age. The proposed regulation
achieves these emission benefrts in two distinct ways. First, to avoid customer
dissatisfaction that may be caused by frequent illumination of the MIL because of
emission-related malfunctions, it is anticipated that the manufacturers will produce
increasingly durable, more robust emission-related components. Second, by alerting
vehicle operators of emission-related malfunctions and providing precise information to
the service industry for identrfying and repairing detected malfunctions, emission
systems will be quickly repaired. The benefrts of the proposed OBD regulation become
increasingly important as certification levels become more and more stringent and as a
single malfunction has an increasingly greater impact relative to certification levels.
For the analysis, staff used the ARB emission model, EMFAC, to estimate failure rates
and emission impacts for various emission-related components in the heavy-duty fleet.
All failures that occur during the warranty period were assumed to be repaired while
after the warranty period, thirty percent of the detected malfunctions were assumed to
be repaired. While there is no I/M program in place for heavy-duty vehicles, the fleet
self-inspection rule and HDVlP do test a significant portion of the fleet and cause repair
ofdetected problems. Further, many of thema7functions that would be detected by the
OBD system also result in a reduction in fuel economy, engine performance, or even
engine durability. Accordingly, it is anticipated that a portion of the vehicle operators will
seek repair of a detected malfunction to restore fuel economy and engine performance.
As mentioned above, OBD systems achieve benefits in two ways. The first mechanism
is by encouraging design of robust emission control systems to meet the 2010 emission
standards (and avoid MIL illumination). The second is by alerting vehicle operators to
the presence of a malfunction and thus, triggering repair. However, there is no easy
method to quantrfy the amount of emission reduction attributable to OBD for the first
mechanism. In theory, a portion of the emission benefits assigned to the 2010 emission
standards should be reassigned to the OBD system to reflect this but staff is not aware
of a reasonable manner to calculate what this portion is. As such, this emission benefit,
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estimated faifure rates for various emission control components and expected repair
rates. The analysis focused on the benefit of identifying heavyduty vehicles in need of
repair after the engine manufacturer's warranty had expired and the resultant emission
benefit from those repairs.

By st&Ri o esfimate the emission reductions was to estimate

OBD system.
For this analysis, staff utilized ARB'S emission model (EMFAC) to estimate the emission
benefits for future model year vehicles (e.g., 2010 and subsequent model year). Within
the EMFAC model for the heavy-duty fleet, tables exist that allow the user to input
various emission component malfunction rates and the associated emission rates with
each of those component malfunctions.. Staff modified several of the existing
components to better reflect the tecfinn!ogy ?hatIs sxpected !G 0s used on 2910 ana
subsequent engines. Specifically, staff added malfunction categories for PM filter leaks,
missingltampered PM filters, NOx aftertreatment system malfunctions, and NOx
aftertreatment control sensor malfunctions. To make room for these categories, staff
eliminated the categories for puff limiter misset, puff limiter disabled, and EGR stuck
open and merged minor, moderate, and severe injector problems into a single category
as well as expanded EGR disabled to include EGR low flow/perFonance malfunctions.
Malfunction Emission Rates
Staff also modified the associated emission rates for each of the malfunction categories
to better reflect the best estimates available at this time based on the expected 2010
and subsequent emission control systems. For the existing categories, staff reduced
the estimates for PM emission increases by a factor of 0.95 based on the expectation
that all 2010 engines will be equipped with a PM filter which will trap 95 percent of any
engine out increases in PM. For the added categories of PM filter leaks and PM filter
missingltampered, staff estimated PM increases of 600 percent and 1000 percent,
respectively. For the PM filter leaks, this represents an emission level of 0.07 glbhp-hr
which is above the OBD threshold of 0.05 glbhphr but reflects industry's contention that
most PM filter leaks will rapidly grow beyond a small leak. For the PM filter
missingltampered, staff estimated the emissions would approach that of an engine
without a PM filter for an increase of 1000 percent.
For HC emission rates for the existing categories, staff estimated the presence of larger
oxidation catalysts to achieve sufficient exotherms for PM filter regeneration would
convert 50 percent of any increases in engine out HC rates and thus reduced the HC
emission increases by a factor of 0.5. For the added categories related to PM filters

and malfunctions associated'with NOx aftertreatment or the aftertreatment control
sensors, staff assumed a small HC increase due to reduced conversion of HCs within
the PM trap itself or improper reductant malfunctions (e.g., overdosing fuel in a NOx
adsorber system). For a malfunction of the oxidation catalyst itself, staff assumed a 50
percent increase in HC emissions.
For NOx emission rates for the existing categories, staff estimated that engine out NOx
increases would be reduced by the presence of NOx aftertreatment to varying degrees.
For smaller engine out NOx increases, the aftertreatment was estimated to convert 75
percent of the excess NOx (thus reducing the emission rate by multiplying by a factor of
0.25). For larger engine out NOx increases, a slightly reduced aftertreatment
conversion efficiency (65 percent) was used to reflect a reduced ability in the system to
handle large feedgas concentration increases. For the added categories of NOx
aftertreatment control sensors, an emission increase of 200 percent (to a tailpipe
emission level of 0.6 glbhp-hr NOx) was assigned based on the assumption that a loss
of feedback control (either a NOx sensor for SCR or an AIF sensor for an adsorber)
would result in significantly lower NOx conversion rates because a manufacturer would
likely shut off reductant delivery or go to a very conservative open loop control system
that injected minimal reductant to minimize the risk for overdosing. For the added
category of NOx aftertreatment, a failure was calculated to have a 300 percent increase
to reflect a tailpipe emission level of 0.8 glbhp-hr NOx). This represents an intermediate
level between a MIL-on failure (at 0.5 glbhp-hr) and a complete loss of NOx
aftertreatment (at 1.2 glbhp-hr). Considering that this category includes failures of the
SCR catalyst or adsorber itself as well as failures of the reductant delivery system (in
exhaust injectors, reductant tank, reductant delivery lines, reductant metering, reductant
heaters, and compressed air delivery system), many of which would likely result in the
manufacturer shutting off reductant delivery or defaulting to open loop operation, the
emission increase of 300 percent is appropriate. Lastly, while EMFAC already included
a category for EGR malfunctions, the NOx emission increase associated with an EGR
failure was a 0.0 percent increase. This was modified to a NOx emission increase of
150 percent to a tailpipe level of 0.5 glbhp-hr NOx. This emission rate was calculated
by assuming a complete loss of EGR would cause engine out NOx to go from 1.2 to 2.4
glbhp-hr for an increase of 1.2 glbhp-hr and then assuming that the NOx aftertreatment
woutd convert 60 percent of that increase leaving aBipipe increase of 0.48 glbhphr.
Thus, EGR failures were estimated to range from the OBD MIL on point of 0.3 glbhphr
to a complete loss of EGR at 0.68 glbhp-hr and a nominal middle point is 0.5 glbhp-hr.
Malfunction Occurrence Rates
Staff also estimated various failure rates for the categories of components which were
then translated to a weighted average failure rate in the fleet as EMFAC is set-up to
use. For the existing categories in EMFAC, staff did not modrfy the estimated failure
rates. However for the added and modified categories, staff estimated failure rates
based on information from manufacturers, suppliers, and, where appropriate,
experience with similar components in light-duty.
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leaks) and not representative of the fully integrated and optimized designs expected to
be used in the 2010 and subsequent model yeam. For the catdgoy of PM mer
disabled (largely due to tampering), staff assumed a rate of only 2 percent.
For the category of NOx aftertreatment which includes the SCR catalyst or adsorber
itself as well as all components associated with reductant storage and delivery to the
exhaust, staff estimated a faiiure rate that increased over time. The faiiure rate was
ramped in starting with a 10 percent faiiure rate at 500,000 miles to a 50 percent-failure
rate by ? ,000,000.r??i!es.
WhI!e failures af air SCR catatjist itself may be fairiy iimited,
the associated hardware include urea tank, tank heaters, in-exhaust injector,
compressed air delivery to the injector, and urea supply pump and control system are all
components subject to malfunction. To assume that only half of the trucks left on the
road at 1,000,000 miles will have experienced a failure of any one of these components
at some point in its 1,000,000 mile life is fairly conservative. For an adsorber system,
the adsorber itself will likely have a significant failure rate in a 1,000,000 mile timeframe
given the sensitivity to thermal damage and the need for periodic desulfation that must
be conducted at temperatures extremely close to the thermal damage point. Further,
each desulfation event will likely slightly deteriorate the performance of the adsorber
leading to an eventual fail on some share of the engines. Adsorber systems also rely
on in-exhaust injectors and fuel supply lines, control, and metering systems that are
subject to malfunction.
For the NOx aftertreatment control sensors category (e.g., NOx sensor, A/F sensor), a
two-part failure rate was estimated. First, a single failure of the control sensor was
estimated to ramp in starting with a 35 percent failure by 250,000 miles and peaking at
a 90 percent failure rate by 450,000 miles. Staff based these failure rates on
discussions with manufacturers expressing concern that they had not been convinced
that NOx sensor durability was sufficient to last 100,000 miles, much less the useful life
period of 450,000 miles. Further, A/F sensors are commonplace in light- and mediumduty vehicles and Inspection and Maintenance program data indicates these sensors
are failing in l/M on approximately 2.5 percent of the fleet at 100,000 miles. Assuming
this failure rate were to stay constant from 100,000 miles to 250,000 miles, that would
represent a cumulative failure rate of 15 percent at 250,000 miles. When adjusting that
number to reflect the more realistic situation that the failure rate increases over time, a

35 percent failure rate at 250;000 miles is reasonable. To assume that 90 percent of
the sensors have failed once by the end of useful life is consistent with a continued
increase of the failure rate and manufacturers' expressed opinions that the sensors will
not last through the useful life.
The second part of the failure rate estimates the percentage of the fleet that will
repairlreplace the failed sensor and then experience a subsequent failure of the
repairlreplaced sensor while still within the first 1,000,000 miles of the engine life. For
this failure rate, staff assumed the same sensor durability and failure rate (rate ramps
up from 35 percent to 90 percent and begins 250,0000 miles after the previous sensor
repairlreplacement) but only applied it to the fraction of vehicles which were estimated
to already have a failed sensor and a subsequent repair.
OBD Re~airRate
While the component malfunction rates input into EMFAC are a single number that
represents a weighted failure rate, or probability of occurrence, the model actually
assumes that there are constantly some additional failures and repairs that are
occurring in the fleet. As such, the single failure rate number represents that average
that are currer?tiyin a malfunctioning state in the fleet at a given point in time. For the
baseline (without OBD) scenario, these numbers represent the failures that are above
and beyond what is being routinely repaired in the field.
For the "with OBDnscenario, EMFAC was re-run with a 30 percent reduction in
component failures across all categories to simulate an aaditional30 percent of the
malfunctions that are repaired due to the presence of the OBD system. Staff's rationale
for the 30 percent repair rate was that all the malfunctions estimated in EMFAC would
result in MIL illumination. It is expected that some fraction of vehicle owners or
operators would take repair action simply because they were alerted to the presence of
a malfunction by the MIL. Additionally, California has two inspection programs that are
applicable to heavyduty vehicles. First, the heavy-duty vehicle inspection program
(HDVIP) conducts roadside testing and issues citations or notice-of-violations for trucks
that fail either a snapidle opacity test or a visual inspection. This inspection program
currently tests about 6 percent of the heavy-duty fleet in California. Secondly, California
has a fleet annuat self-inspection program whereby all fleets (defined as anybody with
two or more trucks) are required to perform self-inspections for snap-idle opacity on an
annual basis, repair any vehicles that fail the inspection, and retain records of the
inspection for review by ARB inspectors. Currently, about 75 percent of the Californa
fleet is subject to this fleet self-inspection. While both programs are currently focused
on smoke emissions and visual tamper inspections, it is expected that they will be
updated to also include an inspection of the OBD system and to fail vehicles that have
an illuminated MIL. When combining these three factors together (response to an
illuminated MIL, HDVIP inspections, and fleet self-inspections), it seems fairly
conservative to expect that 30 percent of the illuminated MILSwill be repaired.
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system. 2010 model year engines were modeled (but the result would be the same for
any subsequent model .year because the emission standards do not change beyond the
2010 +modelyear). The emissions were calculated over the first 21 years that the
engine is in service. 21 years was selected because it was the mint that the heaviest
category of heavy duty engines reaches 1,000,000 miles and~
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wridrG" pkiicenfofthe eegihes ak'siill in senrice (i.e., 50 percent of the 2010 model
year engines are still be usad ~1 the caad in the year 2031 and the &rage rnikege on
the engine at that point is 1,000,000 miles).
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Based on this analys'k, 0BD was mlcutated to generate a statewide benefit of 1.5
tonsfday (tpd)of ROG, 109 tpd ofMQx, and 0.6 tpd of PM in calendar year 2020.
L'ietime c m l a t i v e emission reducttons on a per engine basis were calculated to be 81
pounds of ROG, 5,735 pounds of NOx, and 24 pounds of PM.
Having identified that the proposed regulation will not result in any adverse
environmental lrnpacts but rather will help ensure that measurable emission beneffis are
achieved statewide, the regulation should not adversely impact any community in the
and minor;i?ymmmunities.
State, especially !o?i~?-Inrrrme

XIV. COST IMPACT OF THE PROPOSED REQUIREMENTS
The cost analysis is divided into two sections. The first section covers the costs that an
engine manufacturer would incur in developing and implementing the OBD
requirements and the retail price increase of an engine as a result of that. The second
section covers the costs that a vehicle owner are expected to incur in the form of repair
costs as a result of the OBD system. In addition to this summary, actual Excel files
detailing the cost analysis is listed in the references and is available for review from
ARB.
A. Cost of the OBD Svstem
ARB staff has performed a comprehensive cost analysis of the proposed heavy-duty
OBD program. The goal of this analysis is to estimate the "learned-out" costs of the
program to a heavy-duty engine purchaser for a "typical" engine. The analysis includes
estimates of the incremental costs of implementing the heavy-duty OBD program for a
"hypotheticalnlarger-than-average engine manufacturer. Since the internal corporate
costs of implementing the heavy-duty OBD program are closely guarded by individual
engine manufacturers and can vary significantly within the industry, ARB staff made
assumptions regarding the corporate structure of the typical manufacturer. The ARB
cost estimates assume that the typical engine manufacturer is a low-cost horizontallyintegrated company, i.e., one that relies heavily on suppliers to assist in the
development and production of engines. Manufacturers rely on these suppliers to
produce the final components rather than source the parts through their own internal
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facilities to achieve the lowest costs. The various types of costs that are addressed in
this analysis are variable costs, support costs, investment recovery costs, capital
recovery costs, and trucWcoach builder costs. Results of the analysis indicate the
learned-out costs per engine to incorporate the proposed heavy-duty OBD regulation
would be $132.39 for diesel engines and $35.04 for gasoline engines. Details of the
cost analysis methodology used to estimate the diesel and gasoline engine costs are
discussed in the following sections.
Diesel Enaine Cost Analvsis
To conduct the cost analysis for diesel engine manufacturers, staff assumed a slightly
larger-than-average hypothetical manufacturer in terms of the number of engine families
and ratings or variations per engine family. This assumption provides a conservative
"averagencost per engine to represent the costs to develop and calibrate the heavyduty OBD systems. The hypothetical engine manufacturer is projected to have a
product line consisting of four engine displacements, two engine families per engine
displacement, and five ratings per engine family. This assumption results in eight total
engine families and 40 total engine ratings for the hypothetical engine manufacturer. In
contrast, the "averagenengine manufacturer according to U.S. EPA's data of 2004
heavy-duty engines includes four engine displacements, 6.5 engine families, and five
ratings per engine family which results in 32.5 total engine ratings. To determine the
average sales number of the hypothetical manufacturer, the staff took the national sales
numbers for the top nine engine manufacturers and determined a composite average
value of 72,440. This number was rounded to 72,000 in the analysis.
Variable Costs
In this section, the cost of new parts added to HDOBD engines, additional assembly
operations, any increases in the cost of shipping parts, and any new warranty
implications are addressed.
Cost of Additional Hardware

The f ~ sstep
t
in assessingcosts was to definethe systems and technotogies likety to be
used by manufacturers to meet the 2010 emission standards. Based on discussions
with U.S. EPA, industry, researchers, and consultants, a consensus was formed on the
most likely emission system configurations that will be utilized to comply with 2010
emission standards. Most believe that diesel engine manufacturers will utilize EGR
systems and other engine emission controls to reduce engine-out emissions as much
as possible and include PM filters, oxidation catalysts, and either SCR catalysts or NOx
adsorbers to further reduce emissions in order to comply with the stringent standards.
As such, staff assumed that all 2010 engines will include cooled EGR, an oxidation
catalyst, PM filter, and SCR catalyst or NOx adsorber. As discussed in the technical
feasibility section (section IV. of the staff report), PM filters are not projected to require
any additional sensors for monitoring purposes, the oxidation catalyst is projected to
require the addition of a temperature sensor, and the NOx adsorber or the SCR catalyst

wouM be monb& with the 'same NCFx or A/F sensors used for control. Once the
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the heavyduty OBD requirements for the 2016 model year. The 2016 model year was
chosen for the analysis because that is the year where all of the requirements of the
HDOBD regulations are fully phased in on all engine ratings in all engine families except
for alternative-fueled engines and therefore provides a "worse-case" scenario for the
analysis. The staff then compared the technoloa, gsqesgmgnls with that
and
Uc$. EPA's technology assessments for the 2010 emission standards rulemaking to
determine the incremental CQS~of added hardware for Ernpienw?~
a hewy4uty OBD
system. Since the 2010 emission standards rulemaking cm-&&ed a few pars ago,
current projections for 2010 technologies. For exmpk, the casts of mass air flaw
(MAF) sensors and air-fuel ratio (NF) sensors for EGR system control were not
included in the 2010 rulemaking and were, therefore, included in'the cast of OBD. Also,
white NOx adsorbers were previously projected to be the predominant NOx
aftertreatment device, SCR catalysts are now considered the more likely NOx
aftertreatment approach to be used on 2010 engines. Table 11-1 lists the technologies
and application rates that staff projects for engines to comply with the HD OBD .
requirements sand the assccI8ted msts t~the manif~etiiieis.
Cost of Assembly

Other variable costs include costs of assembly, shipping, and warranty. Costs to
assemble OBD systems for heavy-duty engines are not expected to be much different
than those for engines without OBD systems. The additional assembly costs for the
majority of engines are installation of temperature sensor bosses for an oxidation
catalyst, PM filter regeneration, and EGR cooler monitoring, and installation of MAF
sensor flanges for EGR system monitoring. Staff assumes some vehicles will require
installation of A/F sensor bosses for EGR monitoring and injection quantity monitoring.
Cost of Shipping

Shipping costs for heavy-duty OBD engines are projected to be nearly the same as nonOBD engines. This is because for the majority of engines, only a MAF sensor, dual
exhaust temperature sensors, and an EGR cooler temperature sensor would be added
to the engine assembly. A smaller number of engines that include a NOx adsorber
andlor utilize more innovative methods for controlling EGR may require four additional
AIF sensors. The cost of shipping the various sensors was estimated to add $0.30
each to the cost of the system (assuming that sensors will be shipped in bulk to the
manufacturer).
Cost of Warranty

Warranty costs should also be minimal. Based upon the durability of heavy-duty

engines and data from OBD '11-equipped medium-duty vehicles, we project that the
failure rate for the added sensors and components will range from 0.05 percent to one
percent within the 100,000 mile warranty period. The replacement cost of the various
sensors and components were adjusted by twenty percent to account for the added cost
of purchasing the replacement parts at smaller quantities compared to the production
parts, cost of shipping and handling, administration costs, and dealer costs. The
assembly, warranty and shipping costs are summarized in Tables 11-2.
Support costs

Support costs affecting the retail price of heavy-duty OBD modifications are estimated
to include research costs, engineering support costs, legal resources, and
administrative increases.
Research Costs

Research costs include the engineering and other labor costs (e-g., technicians) needed
to develop and calibrate the base heavyduty OBD algorithms. To determine the
research costs, staff assumed a hypothetical 2016 model year engine with cooled EGR,
VGT, oxidation catalyst, PM filter, and an SCR catalyst. An SCR catalyst-based system
was assumed since it is projected to require the most monitors and would provide a
worst-case cost scenario. From this hypothetical engine, staff estimated the number
and types of monitors that would be required for the OBD system. Each of the monitors
was categorized into one of twelve diagnostic categories. The twelve diagnostic
categories are assumed to represent the different type of monitors in the hypothetical
2016 system. All monitors were categorized with the exception of circuit continuity
diagnostics, since these diagnostics are already included in EMD systems which are
required on all 2007 and subsequent model year vehicles by a previous regulation.
Each of the diagnostic categories was individually assessed for the engineering and test
times needed to develop and calibrate the heavy-duty OBD system. For example, staff
projects that the PM filter performancelleak diagnostic will be the most difficult monitor
to develop and calibrate while the oxidation catalyst monitor will be considerably less
complex. As such, staffs analysis projects that four engineers will be needed to
devetop the PMfilter diagnostic atgorithm and 72 staff (i-e., engineers and technicians)
will be required to calibrate the diagnostic for the hypothetical engine manufacturer used
in this analysis. In contrast, the oxidation catalyst is projected to require one engineer
to develop the algorithm and two staff to calibrate the diagnostic.
The staff assumed an eight-step process to develop the base algorithm for each
diagnostic on one engine rating. The eight steps include determining the emissions
impact of failures, developing failure mode effects analysis (FMEA), developing the
diagnostic concept, limit/threshold part development, prototype/concepttesting,
validation, sensitivity analysis, and tuning guide development. It is assumed that a
manufacturer will develop a singte base algorithm that can be applied across every
engine displacement, engine family, and associated engine rating within the
manufacturer's product line-up without modifications to the algorithm. Staff also
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is not near its production state will be inefficient and would unnecessarily require
significant redevelopment work when applied to the production engine.
To adjust the base algorithm to work on other engine families and ratings, each
, a three-steg process
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algorithm will need to be individually calibrated. Staff assumed
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discounted with fadow that aook intoi m a t the similarity of engine designs relative to
the a@r&m dnce the amount af en@nwingand
the base e m UsRd to deutesting work should be less on simliar engines. The life of the heavy-duty atgorithm
design and calibration is projected at 6 years without any major rnodificptions.
However, staff did account for minor algorithm and calibration modifications after three
years. The cost of the three-year midpoint algorithm and calibration modifications was
discounted by 80 percent and 70 percent, respectively. Although staff projects that
manufacturers will try to be as cost efficient as possibte in developing comptiant and
robust HDORD systems, sbff rm!iz~sthat Imp!ementIng a nsA;pmgmrrr such as
HDOBD is challenging and as a result manufacturers may have numerous missteps and
inefficiencies in developing their systems especially in the early years of the program.
As such, staff applied an additional adjustment factor to both the algorithm development
and calibration costs to account for inefficiencies such as algorithm or calibration
mistakes that require reworks, new staff learning curves, etc. The inefficiency factor
was set at two and therefore effectively doubles staffs cost estimates for algorithm
development and calibration. Details of the research costs are located in the Appendix
and are summarized in Table 11-3.
Engineering Support Costs
The engineering support costs include the labor costs to conduct the certification
demonstration tests and production vehicle evaluation tests that are required under the
HDOBD regulations. Earlier, staff had defined the hypothetical engine manufacturer's
products as consisting of two engine displacements, four engine families per
displacement, and five ratings per engine family. Using these assumptions, the number
of engines that were allocated each year for testing of verification of standardized
requirements was 80 vehicles total. For simplicity, staff assumed the same number of
vehicles will be tested in subsequent years even though the actual tested numbers will
likely be less since manufacturers are expected to carry over data from previous years
for systems identical to previous model year vehicles. For the verification of in-use
monitoring performance requirement, staff projects that manufacturers will group its
engine families into three OBD groups for certification. Within these OBD groups, staff
assumed that there would be an average of three vehicle usage applications (e.g., linehaul trucks, buses, medium-sized local delivery vehicles or vocational vehicles) per
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OBD group and a required sample size of 15 vehicles per usage application per OBD
group. Therefore, the number of vehicles that staff allocated for the verification of inuse monitoring performance requirement was 135 vehicles. For the certification
demonstration testing, two engines were used for estimating the certification
demonstration testing costs. For verification of monitoring requirements, two engines
and two vehicles were used for estimating costs. Details of the engineering support
cost analysis are available in the Appendix and are summarized in Table 11-3.
Legal and Administrative Costs

The additional hardware to be used on heavy-duty OBD vehicles is not expected to
introduce increased liability issues. However, during the phase-in of heavy-duty OBD
diagnostics, the staff believes that legal costs to study possible patent infringement of
diagnostic methods may be required. Acknowledging this situation, the staff assumed
one additional legal staff allotting one-quarter of hisfher time to patent research would
be required over a three-year period. Finally, additional administration costs were
included in the analysis to address the additional certification information requirements
of the regulation. Based upon the administrative staff allocation for light-duty vehicle
and medium-duty vehicle manufacturers with similar certification requirements, the staff
has allocated one additional engineer to conduct certification administrative duties. The
legal and administrative costs are summarized in Tables 11-3.
Investment Recovery Costs - Equipment and Machinery

This portion of the cost analysis includes accounting for machinery and equipment to
manufacture the part, assembly plant changes, vehicle development, and cost of capital
recovery. Since vi~tuallyall heavy-duty OBD parts are expected to be acquired from
suppliers, these costs were included in the price of the part purchased from the supplier.
Although there are additional sensors (four additional sensors for the 2016 SCR-based
system used in this analysis) that are required for HDOBD, staff believes the assembly
changes needed to accommodate the installation of these additional sensors will be
very small and therefore no additional costs were ascribed for this category of the
analysis. Vehicle development costs include the cost of developing limit parts, breakout
boxes, and other equipment that are neededfor vehicle devetupment, catibration,znd
certification demonstration testing. Vehicle development costs also include testing
costs (excluding labor costs) and is equivalent to the cost of contracting out for testing.
The testing costs were estimated based upon information provided by outside test
laboratories and engine manufacturers. The investment recovery costs are summarized
in Table 11-4.
Capital Recovery Costs

The cost of capital recovery (return on investment) was calculated at six percent of the
total costs to the engine manufacturer. These costs are shown in Table 11-4.

VehicJe Manufacturer Costs
Since the price of e n g b s wit hmase ckse to the heavy-duty OBD regutatkm, it is
appropriate to account for the additional interest that the vehicle manufacturer will pay
for financing the cost of the engine. An interest rate of six percent was assumed on the
incremental cost, and, on average, engines were assumed to remain in the
ntil the trucklcoach is completed and sold.

~ a b i e sfor Diesel Encrine Cost Analvsis
Table 11-1: Incremental cost ofHeavy-Duty Diesel Engines OBD System
Emission Control
Technology (a)

Tech.
cost est.
(in
dollars)

% HDDE
that will
req. tech.
for control

counted in % HDDE % HDDE Inc. cost Revised
EPA 2010 that will that will
only
Inc. cost
standards req. tech. req. tech. OBD
201O+OBD
or earlier only for for
(dollars) (dollars)
OBD
2010+OBD
0 no
100
100
5.00
5.00

Increased ECU capability
5.00
memory
Fuel system pressure
25.00
100 yes
0
0.00
0
0.00
sensor
MAF sensor for EGR
22.50
85 no
0
85
0.00
19.13
control
N F sensor for EGR
15.00
35 no
0
0.00
35
5.25
trimlcontrol
Temp sensor for EGR
5.00
0 no
65
65
3.25
3.25
cooler monitor
N F sensor for injection
15.00
0 no
15
2.25
15
2.25
quantity monitor
Boost pressure sensor
10.00
100 yes
0
0.00
0
0.00
Charge air cooler
5.00
100 yes
0
0.00
0
0.00
temperature sensor
Exhaust temperature
10.00
100 no
0
0.00
100
10.00
sensor engine outloxy cat
inlet
Exhaust temperature
10.00
100 no
0
100
0.00
10.00
sensor PM filter inletloxy
cat outlet
Dual N F sensors for NOx
30.00
20 no
0
-14.00
0.00
20
adsorber
Exhaust temperature
10.00
20 yes
0
0.00
0
0.00
sensor NOx adsorber
/inlet
Exhaust temperature
10.00
80 yes
0
0.00
0
0.00
sensor SCR inlet
NOx sensor for SCR
80 no
75.00
0
-18.75
0.00
80
1 45.00
Differential pressure
100 yes
0
0
0.00
0.00
sensor for PM filter
1
PCV hardware change to
2.50
0 no
100
2.50
100
2.50
meet design
requirements
Glow pluglintake air
/
50.00
0 no
10
5.00
10
5.00
heater current
measurement
7.50
MIL circuit monitor
Ono
100
100
7.50
7.50
hardware
Wait to start lamp circuit i
0.50
0 no
10
10
0.05
0.05
hardware
Total incremental
15.05
37.1 8
component cost
I
(a) Manufacturers are projected to utilize an oxidation catalyst, PM trap, and either a lean NOx trap or
SCR catalyst.
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to install the sensors themselves

bosses and flanges for the sensors.

Incremental warranty costs for Heavy-Duty Diesei Engines
r

Warranted Part

Cost of
Part (a) Labor
(dollars) (b)(c)
(dollars)

% of HDDEs
that
req. tech
only for OBD

OBD only
% of HDDEs
Warranty
that
req. tech for warranty Cost
OBD
rate%
(dollars)
+ 2010 (d)

2010 + OBD
Warranty
Cost (e)
(dollars)

MAF sensor for EGR
27.00
32.5
0
85
0.5
0.00
025
control
N F sensor for EGR
18.00
32.5
0
1
35
0.00
0.18
trimlcontrol
Temp sensor for EGR
6.00
32.5
65
0.165
0.03
0.03
cooler monitor
N F sensor for injection
18.00
32.5
15
1
15
0.08
0.08
quantity monitor
Exhaust temperature
12.00
32.5
0
100
0.2
0.00
0.09
sensor engine outloxy
cat inlet
Exhaust temperature
12.00
32.5
0
100
0.2
0.00
0-09
sensor PM filter
inletloxy cat outlet
Dual AIF sensors for
36.00.
0
65
20
0.5
0.00
-0.05
NOx adsorber
NOx sensor for SCR
90.00
0
32.5
80
1
0.00
0.98
Glow pluglintake air
60.00
10
32.5
10
0.05
0.00
0.00
heater current
measurement
Total incremental
0.11
1 -64
Warranty Cost
L
(a) Assume cost of parts are higher for warranted parts than production parts due to packaging,
distribution to dealers and smaller orders.
(b) Total diagnostic and repair time for replacing one sensor is estimated at 311 minutes.
(c) Labor rate is $65/hour. The labor costs include diagnostic and repair time.
(d) Incremental usage above original EPA 2010 standards hardware usage estimate.
(e) lncrernental cost above original EPA 2010 standards hardware cost estimate.

lncremental shipping costs for Heavy-Duty Diesel Engines
]shippedPart

1Cost of

1

Shipping
(dollars)
MAF sensor for EGR control
N F sensor for EGR trimlcontrol
Temp sensor for EGR cooler monitor
N F sensor for injection quantity
monitor
Exhaust temperature sensor engine
outloxy cat inlet
Exhaust temperature sensor PM
filter inletloxy cat outlet
Dual AIF sensors for NOx adsorber
Total lrrcremental Shipping Costs

0-26
0.11
0.20
0.05
0.30
0.30
0.00
1.20

Tables 11-3: Support Costs

/Engineer

I

75.73

I

9,713,866

1

0

Cr;atam*.

(C) Legal and Administrative costs
No. of Staff '
Number of
required
years
Legal
0-25
9
Administrative
1
6

I

0

22.49

3ea

8"

Staff cost
Costlvehicle (c)
(in dollars)
(doliars/vehicle)
150,000
0.35
900,000
2.08
Total
2.43
(a) Development cost includes personnel, overhead and other miscellaneous costs at a total rate of
$150Wyr for an engineer and $1OOldyr for a technician.
(b) Testing Costs includes Labor Costs for Technicians needed to staff the Tests
(c) Staff cost has been distributed over 72,000 diesel engines per year for a total of 6 years.
(d) Equipment costs have been distributed over 72,000 diesel engines per year for a total of 6 years
'

w

Table 1114: Incremental Consumer Cost of Heavy-Duty Diesel Vehicle OBD System
Variable costs

Component
Assembly
Warranty
Shipping
Research
Engineering Support
Legal
Administrative
Mach. & equipment
Assembly plant changes
Developmentrresting

Support costs

Investment
recovery costs
Capital recovery (a)
TrucWCoach Builder costs

I

Cost of capital recovery
(b)

HDDV
(in dollars)
37.18
0.68
1.64
1.20
22.49
0.14
0.35
2.08
0.00
0.00
54.54
72.2
1.87

129.37
Total cost
(a) Cost of capital recovery was calculated at 6% of the total incremental costs.
(b) Cost of capital recovery was calculated at 6%. Engines are assumed to remain in inventory for 3
months.

Gasoline Enqine Cost Analysis
The gasoline engine cost analysis utilized a similar methodology as the diesel engine
cost analysis. Currently there are only two heavy-duty gasoline engine manufacturers.
These manufacturers produce a full line of gasoline engines ranging from light-duty
engines to heavy-duty engines. Based upon these manufacturers current products, we
have assumed the average gasoline engine manufacturer will produce two engine
families for a total production of 16,000 engines per year. Results of the analysis
indicate the learned-out costs per engine to incorporate the proposed heavy-duty OBD
regulation on gasoline engines would be $35.04. Details of the analysis are described
below.
Cost of Additional Hardware

Current heavy-duty gasoline engines are essentially equivalent to manufacturers
medium-duty engines with minor modifications. These medium-duty engines are
certified to OBD II requirements that, at a minimum, are as stringent as the HDOBD
proposal. Therefore, staff projects that similar technologies will be used to comply with
the HDOBD regulations. As such, the only additional sensors and hardware that are
projected to be required for complying with the HDOBD requirements are an 0 2 sensor
for monitoring the catalyst and all of the necessary hardware to comply with the
evaporative system monitoring requirements (e.g., vent valve, pressure sensor, wires,
keep alive-memory, etc.). The cost of the additional hardware is presented in Table 11-5.
Cost of Assembly

Other variable costs include costs of assembly, shipping, and warranty. Costs to
assemble OBD systems for heavy-duty gasoline engines are not expected to be much
different than those for engines without OBD systems. The additional assembly costs
for the majority of engines are installation of an 0 2 sensor boss for the catalyst monitor,
pressure sensor boss for the evaporative system monitor, and vent valve flanges for the
evaporative system monitor. These costs are presented in Table 11-5.
Cost of-Shipping and Warranty

Shipping costs for heavy-duty OBD engines are projected to be nearly the same as nonOBD engines. This is because only an 0 2 sensor, vent valve, and a pressure sensor
would be added to the engine assembly. The cost of shipping the various sensors was
estimated to add $0.60 each to the cost of the system (assuming that sensors will be
shipped in bulk to the manufacturer). Warranty costs are also projected to be minimal
since many of these parts have been included in light- and medium-duty vehicles since
1996 and have proven low warranty rates. The shipping and warranty costs are
summarized in Table 11-5.

Research Costs

As discussed earlier, research costs indude the engineering and other labor costs (e.g.,
technicians) needed to develop and calibrate the base heavy-duty OBD algorithms.
Since these engines are derived from medium-duty engines that already include
monitors required for HDOBD, staff did not allocate any costs to develop the base
HDOBD algorithms. Costs were only allocated to calibrate the evaporative system
monitor. he research mstq,.gre presented in Table 11-5.

'""$IZEE.
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costs since these are projected to be small. Investment recovery costs, capital recovery
COB&, and vehicle manufacturer costs were conducted similar to the diesel engine cost
analysis and are presented in Tables 11-5 and 11-6.

Tables for Gasoline Enqine Cost Analvsis

Tables 11-5:
lncremental cost of Heavy-Duty Gasoline Engines OBD System
Emission Control
Technology

Rear 0 2 Sensor
Evap system hardware
(vent valve, pressure
sensor, wiring, keep-alive
memory
Total incremental
lcomponent cost

Tech.
% HDGE
cost est. that will
(in dollars) req. tech.
for control

counted in % HDE
EPA 2010 that will
standards req. tech.
or earlier only for
OBD

I
0 no
0 no

10.00
20.00

% HDE
that will
req. tech.
for

2010+
OBD

100
100

1 OC
1 OC

I

lncremental assembly costs for Heavy-Duty Gasoline Engines
lAssembly operation

(Cost
I(dol1ars)

1%

of HDGEs I
that req.
lnc. cost
assem. op.
(dollars)

Installing 02 sensor boss for oxidation
0.10
100
0.10
catalyst monitoring
Installing pressure sensor boss for
0.10
100
0.10
evaporative system monitor
Installing flanges for vent valve for
0.40
100
0.40
leva~orative
svstem
monitor
I
1
I
1
.
j ~ o t aIncremental
l
Assem. Cost
J
0.20
These are the costs to install the bosses and flanges for the sensors. We have not adaed the costs to
install the sensors themselves.
7

3

I

lncremental warranty costs for Heavy-Duty Gasoline Engines

[ OBD 2010+1
Warranted Part

Cost of
Part (a)
(dollars)

only
OBD
Warran Warran
ty
ty
Cosf
Cost
(dollars (e)
(dollars
1

1.

0 2 sensor for oxy cat monitor
0.48
32.5
100
100
0.1 0.03 0.03
Evap system hardware (vent valve,
0.00
32.5
100
100
0.1
0.03 0.03
pressure sensor, wiring, keep-alive
memory
[ ~ o t aIncremental
l
Warranty Cost
0.07 0.07
(a) Assume cost of parts are higher for warranted parts than production parts due to packaging,
distribution to dealers and smaller orders.
(b) Total diagnostic and repair time for replacing one sensor is estimated at 30 minutes.
(c) Labor rate is $65/hour. The labor costs include diagnostic and repair time.
(d) lncremental usage above original EPA 2010 standards hardware usage estimate.
(e) lncremental cost above original EPA 2010 standards hardware cost estimate.

I

-.,

% of
% of
HDDEs HDDEs
that req. .that
tech.
Labor
req tech warrant
only for for OBD y
(b)(c)
(dollars) OBD
+ 2010 rate%
(d)

lncrenzental shipping w&s For Heavy-Duty Gasoline Engines
/shipped Part

ICost of shipping (dollars)

,",*

(a) Development cost includes personnel, overhead and other miscellaneous costs at a total rate of
$150kIyr for an engineer and $lOOk/yrfor a technician.
(bj Testing Costs includes Labor Costs for Technicians needed to staff the Tests
(c) Staff cost has been distributed over 15000 gasoline engines per year for a total of 6 years. .
(d) Equipment cash hsve key! d l s ~ b ~ t eever
d ?5QGQg=sc!ineexgines p: p a ; f ~ a; !&l ~f 6 yean

Table 11-6: Incremental Consumer Cost of Heavy-Duty Gasoline Vehicle OBD
System
HDGV
(in dollars)
Variable costs

Support costs

Investment
recovery costs

I

Component
Assembly
Warranty
Shipping
Research
Engineering Support
Legal
Administrative
Mach. & equipment
Assembly plant changes
Developmentrresting

30.00
0.20
0.07
0.60
0.75
0.00
0.00
0.00
0.00
0.00
0.96
1.95
0.51

Capital recovery (a)
TrucWCoach Builder
Cost of capital recovery (b)
costs
Total cost
35.04
(a) Cost of capital recovery was calculated at 6% of the total incremental costs.
(b) Cost of capital recovery was calculated at 6%. Engines are assumed to remain in
inventory for 3 months.

B.

Re~airCosts

Because the primary estimated emission benefits calculated for the OBD system are
from the identification and subsequent repair of vehicles with malfunctions, staff
estimated the costs to vehicle owners or operators to perform those repairs. Using the
same categories that were used in EMFAC for component failures, staff calculated the
number of repairs for each category that were performed as a result of the 30 percent
repair rate assumed for OBD. Additionally for each category, staff calculated an
average repair cost. The repair cost was estimated from data from-manufacturers,
suppliers, and, where applicable, light- and medium-duty repair data.
Specifically, staff estimated different repair costs for three of the categories. For PM
filter leaks, it was estimated that the only likely repair in that category was replacement
of the PM filter for a cost to the vehicle owner of $4500. For the category of PM filter
disabled, however, zero repair cost was assigned because this category largely
represents a tampering rate and the OBD program should not bear the cost of individual
owners who have chosen to illegally take their vehicle out of compliance by tampering
the system and then are forced to bring it back into compliance by an inspection
program. For the NOx aftertreatment category, a range of repair costs were analyzed
for the various failures such as $200 for in-exhaust injector replacement or reductant
delivery component repair up to $3,000 for replacement of the SCR catalyst substrate
(or adsorber) itself. For this category, an average repair cost of $1,000 was assumed.
For all other repairs (sensors, wiring, fuel system, etc.), an average repair cost of $450
was used. This number was derived primarily from light-duty OBD II repair studies and
is appropriate because the remainder of the components are similar in cost r;nd labor to
repair. The $450 number is calculated from a U.S. EPA study of high mileage vehicle
repair costs to extinguish the MIL. The study found, with a 95 percent confidence
interval, that the average repair cost was between $343 and $563. These numbers
were slightly higher than what an earlier U.S. EPA study had found for the average
repair costs to correct 1/M 240 failures (between $217- $416 with a 95 percent
confidence interval). It should be noted that these lightduty repair costs include OBD II
detected powertrain repairs outside of the engine such as transmission repairs which
are typically much more expensive than engine repairs and drive the cost higher.
Further, these OBD II repair costs also used only OEM catalysts (ranging from $600$1200 in repair cost), which likely cost at least as much as the oxidation catalysts used
on diesel engines and account for a larger portion of the repairs. Thus, even though
some individual components on a diesel engine may cost more than the corresponding
component on a light-duty engine (e-g., diesel fuel injectors versus gasoline fuel
injectors), the $450 number also includes many repairs of components on the gasoline
side that are more expensive than the corresponding diesel side and is thus a
reasonable estimate. For the majority of components in these categories such as
sensors, the parts costs are expected to be nearly identical to lightduty engines. Labor
rates (hourly rates and labor hours per repair) for heavy-duty technicians are also very
simitar to light-duty.

The i n c t m t a l fradioll of &pairsm s a d by OBD for each category was caladated
and
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calculated that OBD resutted in an additional 0.67 repairs per engine over its life with an
incremental repair cost of $496 per engine for the 0.67 repairs. (For comparison, this
translates to a cost of $741 per repair for a heavy-duty engine as opposed to the $450
per repair number found in light-duty).
C. Cost Effectiveness of the Proposed
Reauirernents
,
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Based on the emission benefit analysis and the cost numbers identified above, the cost

wing
added to the per engine repair cost ($496) f oa~Wal cost of $628 per engine. S
that in half, $314 was attributed to PM benefrt for a cost-effectiveness of $13.08 per
pound of PM. The other half of the cost was attributed to ROG+NOx benefrt for a =steffectiveness of $0.05 per pound of ROG+NQx. Ebth values compare favorably with
the cost-effectiveness of other, recently adopted regulations.
XV. ECONORlllC IMPACT ANALYSIS
Overall, the proposed regulation is expected to have a negligible impact on the
profitability of heavy-duty engine manufacturers. It is anticipated that the proposed
regulation would result in negligible costs to vehicle manufacturers. Staff believes,
therefore, that the proposed requirements would cause no noticeable adverse impact in
California employment, business status, and competitiveness.
A. Leqai requirements
Sections 11346.3 of the Government Code requires State agencies to assess the
potential for adverse economic impacts on California business enterprises and
individuals when proposing to adopt or amend any administrative regulation. Section
43101 of the Health and Safety Code similarly requires that the Board consider the
impact of adopted standards on the California economy. This assessment shall include
a consideration of the impact of the proposed regulation on California jobs, business
expansion, elimination, or creation, and the ability of California business to compete.
In addition, state agencies are required to estimate the cost or savings to any state or
local agency, and school districts. The estimate is to include any non-discretionary cost
or savings to local agencies and the cost or savings in federal funding to the state.

B. Affected businesses and ~otentialimpacts
Any business involved in manufacturing, purchasing, or servicing heavy-duty engines
and vehicles could be affected by the proposed regulation. There are 21 engine
manufacturers, none of which are located in California. Of these businesses, two of the

engine manufacturing companies are assumed to be "small businesses" (i.e., selling
less than 150 engines per year based on California certification data).
There are approximately 8 major vehicle manufacturers, but staff has been unable to
obtain an estimation of the total number of vehicle manufacturers that manufacture and
sell heavy-duty vehicles in Califomia. Thus, staff is unable to determine how many of
these companies are located in California and how many are considered "small
businesses." However, the cost related to vehicle manufacturers is assumed to be
negligible.

C. Potential impacts on vehicle operators
The proposed regulation would provide OBD information and encourage manufacturers
to build more durable engines, which would result in the need for fewer repairs and
savings for vehicle owners. However, OBD is expected to detect malfunctions that may
otherwise have gone undetected (and thus, unrepaired) by the vehicle owner. A single
additional repair was estimated to occur on approximately two-thirds of the trucks over a
21 year lifetime as a result of OBD at an average cost of $741 per repair. This is a
conservative cost estimate, since OBD will potentially result in savings by catching
problems early before they adversely affect other components and systems in the
engine. The proposed OBD regulation is anticipated to have a negligible impact on new
vehicle prices, since the calculated increase in retail price of an engine to meet OBD is
less than one percent of the retail cost of the engine and less than 0.2 percent of the
retail cost of a heavy-duty vehicle.
D. Potential impacts on business com~etitiveness
The proposed regulation is not expected to adversely impact the ability of California
businesses to compete with businesses in other states as the proposed standards are
anticipated to have only a negligible impact on retail prices of new engines and vehicles.
Additionally, U.S. EPA is expected to adopt federal heavyduty OBD requirements that
are harmonized with those of ARB. Therefore, any increase in costs will also be
experienced by non-California businesses due to federal requiremen
increases of heavy-duty vehictes are not expected to dampen the dZe
duty trucks in California relative to other states, since price increases would be the
same nationwide.
Further, all manufacturers that manufacture heavyduty engines for sale in Califomia
are subject to the proposed heavy-duty OBD requirements regardless of where they are
located and where the engines are planned for sale. As stated above, none of the
heavy-duty engine manufacturers are located in California.

E. Potential impact on emplovment
The proposed regulation is not expected to cause a noticeable change in Califomia
employment because California accounts for only a small share of engine
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manufacturing empbymsnt, and We minimal addaional work done by vehicle
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4m
However, some jobs may be created at heavy-duty engine manufacturing companies.
Currently, heavy-duty engine manufacturers lack significant experience in designing and
implementing OBD systems on heavy-duty engine. This may result in additional jobs for
programmers and engineers.

The prapased regulation is not expected to aff-

business creation, elimi.nation,or
, . A *

XVI. ISSUES OF CONTROVERSY
A.

lndustrv believes the Dro~osedHD OBD emission threshofdsatwhkh a
comr>onehior svstern would be considered malfunctioninq are too low. Thev
maintain it is not technicativ feasible to reiiablv evaluate the ~erforrnanceof some
com~onentsor svstems at the level of deterioration required bv the D ~ O D O S ~ ~
emission thresholds.

It should be noted that OBD systems do not directly measure emissions using some
sort of sensor in the tailpipe. Rather, manufacturers use an indirect method to estimate
emission increases. They progressively deteriorate emission control components and
emission test them on an engine in a laboratory one at a time to correlate reduced
performance with emission increases. By using an OBD system to monitor all of the
emission related components on an engine for deterioration during on road driving,
malfunctions can be detected when emissions are projected to increase above
prescribed thresholds based on the prior testing.

ARB staff has carefully considered the feasibility of reliably determining when a
malfunction is present at the emission thresholds being proposed in the regulation.
Whenever feasible, our goal is to detect a malfunctioning component or system when it
has significantly deteriorated or failed such that emissions are projected to exceed
applicable standards by about 50 percent. Allowing a larger increase in emissions
before signaling a malfunction would undermine the benefits of setting stringent tailpipe
emission standards in the first place. Even with the goal of maintaining emissions near
the standards, however, staff is proposing one threshold that exceeds the emission
standards by up to 400 percent in recognition of technical constraints in detecting
deterioration or failures at lower levels. Industry is proposing thresholds that
significantly exceed those staff is proposing.
Staff has identified approaches that could be used to reliably detect component
malfunctions at the proposed thresholds. They are based on input from engineering
consultants, technical papers and strategies for similar monitors that have already been
adopted for vehicles meeting the OBD II requirements for light and medium-duty
vehicles. From a legal standpoint, the hurdle ARB staff must meet to establish

?*5W

"technical feasibility" is to identty monitoring strategies that would enable manufacturers
to meet the proposed monitoring thresholds and address criticisms or counter
arguments from industry concerning the suggested approaches. ARB staff is not
required to assemble hardware or conduct laboratory testing to determine that a
monitoring approach being proposed is technically feasible. Some of the emission
threshold requirements ARB staff is proposing are considered "technology forcingn in
that industry would be expected to pursue the approaches suggested by ARB staff or
others and work aggressively to meet them in the timeframe between adoption of the
regulation and its required implementation. It is the judgment of ARB staff that industry
has not pursued some of the potential approaches sufficiently at this time to conclude
that they would not be successful in meeting the thresholds being proposed. Industry's
proposals are based on their current capability with little consideration of future progress
that may be possible in improving their monitoring capability.
Some of the emission thresholds being proposed require detecting a malfunction when
tailpipe emissions exceed the standards by 50 percent, which is the same increase
generally allowed for medium duty diesel vehicles currently meeting the OBD II
requirements. This threshold would apply to monitoring the fuel system, exhaust gas
recirculation system, boost control system and other engine systems, many of which are
feedback controlled (this means the systems can self-correct for deterioration up to a
point). Staff expects the limits of self-correction or other parameters available in heavy
duty engine systems are very similar to those used currently in medium duty vehicles
meeting the OBD II requirements for reliably determining that a malfunction is present.
Use of the 50 percent increase in emissions criterion is applied generally to those
components and systems that can affect engine-out emissions. This is in contrast to
other generally higher emission threshold criteria applicable to aftertreatment devices
that further clean up engine-out emissions to meet the 2007-2010 tailpipe HD emission
standards. Really, malfunctions in the devices that increase engine out emissions are
easier to detect than the 50 percent emission increase criterion would suggest. This is
because engine out emission increases are much higher than 50 percent since the
aftertreatment in most of the 2010 engines will significantly further reduce engine out
emissions to arrive at a 50 percent emission increase at the tailpipe.
Industry also cites their current level of emission measurement capabitityas anof
impediment to being assured they can meet a 50 percent increase in emissions
threshold. They claim that measurement variability is greater than the 50 percent
increase in emissions staff is allowing before detecting a malfunction. However, staff is
not convinced based on the emission variability data industry has presented that this will
be a real constraint to meeting the proposed threshold. Staff also expects that emission
measurement capability will continue to improve as has been the case in the past when
new, substantially lower emission standards were adopted. Staff is also proposing to
forego enforcement actions regarding emission thresholds until emissions are double
the thresholds through 2015. Thus, there is considerable time for emission
measurement capability to improve before threshoid iiabitrty becomes a more real
concern.
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pertaining to how frequentiy emission monitors
with lightduty OBD II has shown that all three.
system is working as required in-use and is esl
OBD introduction. There have been numerous
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Staff experience with lightduty OBD 1
I has alsc
vehicles, not just engines. Due to the array of
likely have little experience or knowledge of OE
expeliem=ed engine rnanufacture~sto do this t c
problems with communication could occur dun
wiring errors, adding computer modules in add
network in the vehicle). Additionally, the nume
increase the likelihood that this problem could
to be unabie to communicate with a generic sc
the OBD system itself useless since no informz
engines would not always detect such problem
testing, numerous problems have been found i
not run as they should, including lack of detect
malfunction indicator light. The manner in whic
from the manner in which they run in vehicles c
how the monitor is designed, it may be unable
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liability for all engines to me& the emission thresholds would not begin until 2016. This
was in exchange for industry agreeing to implement a comprehensive OBD system in
one engine family in 2010. The ARB resource study showed this should be readily
accomplished with available resources.
Now industry claims they need further concessions in the form of fewer threshold
monitors than would be required to implement a fully capable HD OBD system even on
the one engine family. In reviewing the basis for the latest request, staff concluded that
industry over-counted the number of required threshold monitors and presented cost
and resource estimates that were much higher than our own. The staff analysis
concluded the resources needed to meet the latest proposal were well within the
manufacturers' capabilities.

C.

The heaw-dutv enqine manufacturers do not s u ~ ~ othe
r t Dro~osed~roduction
enainelvehicle evaluation testina reauirements reauirinq manufacturers to test
enqines as well as complete vehicles. Thev also obiect to the number of vehicles
that would need to be tested.

Engine manufacturers contend that since they manufacture only engines, they should
test only engines, and argue that procuring completed vehicles for the proposed testing
requirements would be cumbersome; they also maintain the number of vehicles
required to be tested is too high, adding to the manufacturers' cost and resource
burdens. The engine manufacturers believe they should not have to test for vehiclerelated problems since they are only responsible for the engine. ARB staff believes,
however, that testing for engine compliance in complete vehicles is a necessary
requirement. If the OBD system does not function properly when the engine is installed
in the vehicle, the system is rendered useless to the end users (i.e., vehicle
ownerloperators, repair technicians and inspectors). Further, the cost and resource
burden would not be as significant as manufacturers have suggested.
The proposed production enginelvehicle evaluation testing requirements would require
three different types of testing: standardization testing, monitoring requirements testing,
and rate-based testing. Standardization testing would require manufacturers to test one
vehicle per enginelchassis combination. The test is straighffonnrard and woutd require
little time per vehicle. It involves plugging in a standardized piece of test equipment
(most likely a laptop computer with special software that acts like a generic scan tool
and records the communications from the vehicle) to a vehicle and generating a report.
This testing would help ensure the engine's on-board computer, when instalied in a
complete vehicle with other computer modules, is able to communicate properly with a
generic scan tool. Monitoring requirements testing would involve manufacturers testing
one to three engines and one to three vehicles each year depending on the number of
engine families certified. It would involve manufacturers implanting a fault one by one in
the emission control system and verifying that each related OBD monitor is able to
detect the fault. This testing woutd help ensure that the OBD monitors accomplish what
they are designed to do, which is to detect a fault, store the appropriate fault code, and
illuminate the MIL. Rate-based testing would require manufacturers to collect in-use

p e r f m a n e da@,fmpa rninirnym,of 15 ~&idesper e!!@n@!cha$$iscmbiqzgk;~~,
and
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pertaining to how frequently emission monitors are running in use. Staff wperienoe
with light-duty OBD II has shown that all three tests are essential to ensure the OBD
system is working as required in-use and is especially imperative in the first few years of
OBD introduction. There have been numerous communication problems found in the
field, including cases where the scan tools were unable to obtain any information from a
vebiv~l&s
QBQWsskm,
AWs
Additionally, OBP monitors
ormmwhkm
emission-related
Staff experierrce with light-duty OBD I1 has also shown that testing needs to be done on
vehicles, not just engines. Due to the army of vehde manufacturers, each of which will
likely have little experience or knowledge of OBD systems, it only makes sense for the
experienced engine manufactt~rers
lo do thistesting. Regarding standadzation testing,
probbrns with communication could occur during the assembly of the vehicle (e.g.,
wiring errors, adding computer modules in addition to the engine computer to the
network in the vehicle). Additionally, the numerous combinations of engine and chassis
increase the likelihood that this pmbiem could occur. This could cause the OBD system
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the OBD system itself useless since no information can be received. Testing of just the
engines would not always detect such problems. Regarding monitoring requirements
. testing, numerous problems have been found in light duty vehicles where monitors did
not run as they should, including lack of detection of faults and no illumination of the
malfunction indicator light. The manner in which engines run in test cells differs greatly
from the manner in which they run in vehicles on the road. Therefore, depending on
how the monitor is designed, it may be unable to run in-use in vehicles even though it
runs properly as a stand alone engine in a test cell. For perspective, staff estimates
that for a manufacturer to conduct all the verification testing being proposed, less than
one person year would be required at an additional cost per engine of 50 cents.
D.

al
Similar to the above concern. industrv disaqrees with the staff ~ r o ~ o srequirinq
manufacturers to test a few vehicles Der vear to demonstrate com~liancewith HD
OBD emission thresholds for the maior monitors.

To conserve resources, staff is proposing that engine manufacturers be required to
calibrate only a few engines to the OBD thresholds using the official certification test
procedure. All other engines in the manufacturer's product lineup could be calibrated
using an "extrapolation" process where engineering judgment and minimal testing is
relied upon to establish the OBD thresholds. To address the need to be certain the
extrapolation process is being carried out properly, however, staff is proposing that
manufacturers implant faults in up to three engines per year and run emission tests to
demonstrate the malfunction light is illuminated. Given that in-use compliance testing
using the official certification test procedure will be expensive due to the need to remove

engines from vehicles, staff.expects such testing to be performed infrequently in use.
As a result, staff needs some additional assurance from the manufacturers that the
multiple engine variants in its product line have been pioperly calibrated to the OBD
thresholds. This demonstration testing would only require limited resources each year
and would provide much more certainty of compliance. Industry has expressed concern
about the ongoing resources needed to perform the testing and the potential liability
should problems eventually be found.

E.

lndustrv obiects to the D ~ O D O Sreauirement
~~
to report whether en~ineomration
at anv cliven time is in a reqion for which thev are liable to meet in-use emission
testinq limits.

In order to test heavy duty engines for compliance with applicable emission standards
in-use, the usual procedure has been to remove the engines from the vehicles. They
would then be tested separately according to prescribed regulatory test cycles using a
stationary engine dynamometer. Because removal and testing is very expensive and
time consuming, ARB recently adopted regulations requiring industry to meet alternate
in-use emission limits known as Not-to-Exceed (NTE) emission limits. This NTE
concept allows the vehicles to be tested "on the roadn,without removal of the engine,
using a portable emission measurement system (PEMS).The NTE limits are
numerically less stringent than the official certification test protocol standards to'allow
for diverse environmental conditions and varying vehicle driveline configurations which
may affect emissions. In addition, manufacturers are permitted to briefly deactivate
emission systems under limited but permissible operating conditions approved by the
ARB staff on a case by case basis such as when engine coolant temperatures are
excessive, humidity conditions reach extremes, or to prevent engine damage under
some conditions. One of the difficulties with conducting vehicle-based testing is that it is
often difficult to determine when the engine is operating in a zone that permits emission
controls to be deactivated temporarily. When an engine is operating in a deactivation
zone, the emission data for that moment must be excluded from the test results in
determining compliance with the NTE emission limits. To make these determinations, it
would be necessary to post-process huge amounts of data to arrive at an overall
emission test result. Such post processing could introduce errors and affect the validity
of many of the tests. Therefwe-since the engine cmputer controls theengine in
accordance with the permitted deactivation criteria, it can also easily track when it is
operating in such a condition. Therefore, it would facilitate testing to have the engine
OBD system report whether it is operating either in or out of a zone where emission
measurements would be valid to count.
The engine manufacturers have complained that such requirements should not take
place in a HD OBD regulation; rather they should be addressed in ruiemakings
concerning in-use PEMS testing. But ARB staff considers this regulation the proper
venue to address these requirements since they can easily be incorporated into the HD
OBD system and output in a standardized manner through the OBD connector. As long
as staff has properly noticed the subject, we believe we have the authority to address
these requirements in this rulemaking. The engine manufacturers also cite

confidentiality concerns about their operating strategies, suggesting their competitors
may more easily I'&v&~s:~
e ~ # b
mi r emission and fuel emnomy strat-s
if they
can determine when the engines are operating in a zone where emission contrds may
be temporarily deactivated. However, with the vast number of variables that are inputs
to the engine control system at any given moment, staff believes such information would
be of little value in any potential effort to reverse engineer an engine manufacturer's
control strategy.
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APPENDIX I
The following tables were used to support the conclusions made in section XIII.
"Analysis of Environmental Impacts and Environmental Justice Issues" of the Staff
Report.

Estimated Failure Rates for Added EMFAC Cateaories
2010 Without OBD
Odometer Cumm % Useful
Mileage

Fail Rate

Sensor 1

Sensor 2

68.13

2.19

DPF Leak NOx aftertreatment

13.93

17.14

Assum~tions:
Sensor 1 and Sensor 2 are the same sensor (e.g., post SCR tJOx sensor) and represent first fail in life
and second fail in life.
Without OBD, very few of first sensor failures get fixed so minimal chance for second failure to occur.
Absent OBD, not much motivation to fix sensor failure, DPF leak, or NOx aftertreatment (no loss of engine
performance plus likely increase in fuel economy1SCR reductant savings).

2010 With OBD
lodometer ICumm

Fail Rate

1%

Useful

I

/Sensor 1

(Sensor2

47.69

3.91

IDPF Leak (NOXaftertreatment

9.75

I

12.00

~~Sum~tionS:
Sensor 1 and Sensor 2 are the same sensor (e.g., post SCR NOx sensor) and represent first fail in life
and second fail in life.
With OBD, about l K of the MILSon for these four failures get fixed immediately (fixed within 10,000 miles
of detection is same as fixed immediately). Motivation for fix includes MIL on and HDVIPlfleets annual
self-inspection rules enforcing repairs of MIL on.
With OBD, chance for Sensor 2 failure is higher than without OBD because some of the first failures
actually got fixed giving the sensor a chance to fail a second time later in life.

Heavy-Duty Failure Rates
Probability of Occurance
NO OBD

Repairs Per Engine
Over

1

Average Cest per
Repair

With OBD

1,000,000 mile lifetime

sum

0.67
repairs per engine caused by OBD

p s t time@repairs

!

$ 496.2
:cost of 0.61 repairs per engine

Heavy-Duty Baseline NO OBD 2010+
Oxides of Nitrogen
Tampered and Mal-maintained
Heavy-Heavy-Duty Trucks
Oxides of Nitrogen
Probability of Occurrence ! i % Change in Emissions i !
% change in Fleet EF
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01971.1. On-Board ~iagnosticSystem Requirements-2010 and Subsequent
Model-Year Heavy-Duty Engines
(a) PURPOSE
The purpose of this regulation is to establish emission standards and other
requirements for onboard diagnostic systems (OBD systems) that are installed on
2010 and subsequent model-year engines certified for sale in heavy-duty
applications in California. The OBD systems, through the use of an onboard
computer(s), shall monitor emission systems in-use for the actual life of the engine
and shall be capable of detecting malfunctions of the monitored emission systems,
illuminating a malfunction indicator light (MIL) to notify the vehicle operator of
detected malfunctions, and storing fault codes identrfying the detected malfunctions.
(b) APPLICABILITY
Except as specified elsewhere in this regulation (title 13, CCR section 1971.1), all
2010 and subsequent model-year heavy-duty engines shall be equipped with an
OBD system and shall meet all applicable requirements of this regulation (title 13,
CCR section 1971.I).'

(c) DEFINITIONS
"Active fault code," for purposes of engines using Society of Automotive
Engineers (SAE) J1939, refers to the diagnostic trouble code stored when an OBD
system has confirmed that a malfunction exists (e.g., typically on the second driving
cycle that the malfunction is detected) in accordance with the requirements of
sections (d)(2), (e), (g), and (h)(4.4).
"Actual life" refers to the entire period that an engine is operated on public roads
in California up to the time an engine is retired from use.
"Applicable standards" refers to the specific exhaust emission standards or
family emission limits (FEL), including the Federal Test Procedure (FTP) and
European Stationary Cycle (ESC) standards, to which the engine is certified.
"Base fuel schedule" refers to the fuel calibration schedule programmed into the
Powertrain Control Module or programmable read-only memory (PROM) when
"Auxiliary Emission Control Device (AECD)" refers to any approved AECD (as
defined by 40 Code of Federal Regulations (CFR) 86.082-2).
"Calculated load value" refers to the percent of engine capacity being used and
is defined in SAE J1979 "EIE Diagnostic Test Modes - Equivalent to ISOIDIS
15031-5:April 30,2002," April 2002 (SAE J1979), incorporated by reference (section
(h)(1.4)). For diesel applications, the calculated load value is determined by the
ratio of current engine output torque to maximum engine output torque at current
engine speed as defined by parameter definition 5.2.1 -7 of SAE J1939-71.
"Confirmed fault code," for purposes of engines using International Standards
Organization (ISO) 15765-4, is defined as the diagnostic trouble code stored when
an OBD system has confirmed that a malfunction exists (e.g., typically on the
second driving cycle that the malfunction is detected) in accordance with the
A 1,
I . .

' Unless otherwise noted, all section references refer to section 1971.1 of title 13, CCR.
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'Cont~nuws!y,"if used in the context of monitoring conditions for circuit
c o w , w..rQd:
6mk+
,sawng at a rate no kss than two samples per swud.If a computer input
3

component is sampled less frequently for engine control purposes, the signal of the
component may instead be evaluated each time sampling occurs.
"Deactivate"means to turn-off, shutdown, desensitize, or otherwise make
inoperable through software programming or other means during the actual life of
any other on-board etectronic powectrain control unit rnt&ning~s&w~re
that has
primary control over any of the monitors required by sections (;)(I ) through (f)(8).

am&

*m

than two of the components required to be munitwed by section (g)(4).
"Diesel engine"refers to an engine wing a compression ignition tbemodynamic
cycle.
"Drivingcycle" is de5ned as a trip that meets any of the four conditions below:
(a) Begins with engine start and ends with engine shutoff;
(b) Begins with engine start and ends after four hours of continuous engine-on
operation;
(c) Begins at the end of the previous four hours of continuous engine-on .
nperatlor! and ends after fsu: hours ~f continusus eiigiiie-sn operaiisri; or
(d) Begins at the end of the previous four hours of continuous engine-on
operation and ends with engine shutoff.
For monitors that run during engine-off conditions, the period of engine-off time
following engine shutoff and up to the next engine start may be considered part of
the driving cycle for conditions (a) and (d). For vehicles that employ engine shutoff
strategies that do not require the vehicle operator to restart the engine to continue
driving (e.g., hybrid bus with engine shutoff at idle), the manufacturer may request
Executive Officer approval to use an alternate definition for driving cycle (e.g., key
on and key off). Executive Officer approval of the alternate definition shall be based
on equivalence to engine startup and engine shutoff signaling the beginning and
ending of a single driving event for a conventional vehicle. Engine restarts following
an engine shut-off that has been neither commanded by the vehicle operator nor by
the engine control strategy but caused by an event such as an engine stail may be
considered a new driving cycle or a continuation of the existing driving cycle. For
engines that are not likely to be routinely operated for long continuous periods of
time, a manufacturer may also request Executive Officer approval to use an
alternate definition for driving cycle (e.g., solely based on engine start and engine
shutoff without regard to four hours of continuous engine-on time). Executive
Officer approval of the alternate definition shall be based on manufacturer-submitted
data andlor information demonstrating the typical usage, operating habits, and/or
driving patterns of these vehicles.
"Engine family"means a grouping of vehicles or engines in a manufacturer's
product line determined in accordance with 40 CFR 86.098-24.
"Engine rating" means a unique combination of displacement, rated power,
calibration (fuel, emission, and engine control), AECDs, and other engine and
emission control components within an engine family.

"OBD parent rating" means the specific engine rating selected according to
section (d)(7.1.1) or (d)(7.2.2)(8) for compliance with section 1971.1.
"OBD child rating" means an engine rating (other than the OBD parent rating)
within the engine family containing the OBD parent rating selected according to
section (d)(7.1.1) or an engine rating within the OBD group(s) defined according
to section (d)(7.2.1) and subject to section (d)(7.2.3).
"Engine misfire" means lack of combustion in the cylinder due to absence of
spark, poor fuel metering, poor compression, or any other cause. This does not
include lack of combustion events in non-active cylinders due to default fuel shut-off
or cylinder deactivation strategies.
"Engine start" is defined as the point when the engine reaches a speed 150 rpm
below the normal, warmed-up idle speed (as determined in the drive position for
vehicles equipped with an automatic transmission). For hybrid vehicles or for
engines employing alternate engine start hardware or strategies (e-g., integrated
starter and generators.), the manufacturer may request Executive Officer approval
to use an alternate definition for engine start (e.g., ignition key "on"). Executive
Officer approval of the alternate definition shall be based on equivalence to an
engine start for a conventional vehicle.
"European Stationary Cycle (ESC)" refers to the driving schedule defined as the
"supplemental steady state emission test" in 40 CFR 86.1360-2007.
"Family Emission Limit (FEL)" refers to the exhaust emission levels to which an
engine family is certified under the averaging, banking, and trading program
incorporated by reference in title 13, CCR section 1956.8.
"Fault memory" means information pertaining to malfunctions stored in the
onboard computer, including fault codes, stored engine conditions, and MIL status.
"Federal Test Procedure (FTP) tesf" refers to an exhaust emission test
conducted according to the test procedures incorporated by reference in title 13,
CCR section 1956.8(b) and (d) that is used to determine compliance with the FTP
standard to which an engine is certified.
"FTP cycle". For engines certified on an engine dynamometer, FTP cycle
refers to the engine dynamometer schedule in 40 CFR appendix 1 of part 86,
section (f)(l), entitled, "EPA Engine Dynamometer Schedule for Heavy-Duty
Otto-Cycle Engines," or section (f)(2), entitled, "EPA Engi
Schedule for Heavy-DutyDieset Eng
"FTP standard' refers to the certification exhaust emission standards and test
procedures incorporated by reference in title 13, CCR section 1956.8(b) and (d)
to which the engine is certified.
"Fuel trim" refers to feedback adjustments to the base fuel schedule. Short-term
fuel trim refers to dynamic or instantaneous adjustments. Long-term fuel trim refers
to much more gradual adjustments to the fuel calibration schedule than short-term
trim adjustments.
"Functional check" for an output component or system means verification of
proper response of the component and system to a computer command.
"Gasoline engine" refers to an Otto-cycle engine or an alternate-fueled engine.
"Heavy-duty engine" means an engine that is used to propel a heavy-duty
vehicle.
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vehicle weight rating (GVWR) greater than 14,000 pounds.
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"Keep-alive memory (KAM)," for the purposes of this regulation, is defined as a
type of memory that retains its contents as long as power is provided to the onboard control unit. KAM is not erased upon shutting off the engine but may be
erased if power to the on-board control unit is interrupted (e.g., vehicle battery
d is~ron!W!?,d,,fuge+,$ownm:(yl ~ . iR%RVRS!J~.
f
1-n<SQW ca~es,portions "of KAM may
be erased with a scan tool command to reset KAM.

"MaK.nction" means any dete7iorat'm or failure of a component that causes the
p e r f m - to be outside!of the a p p ) . ' i k limits in sections (e)through (g).
"Not-To-Exceed (NTE) control area" refers to the bounded region of the engine's
torqueand speed map,-asdefined in 40 CFR 86-1370-2OQ7,
where-emksbils must
not exceed a specific emission cap for a given pollutant under the NTE requirement.
"Manufacturer-specific NOx NTE carve-out area" refers to regions within the
NTE control area for NOx where the manufacturer has limited NTE testing as
allowed by 40 CFR 86.1370-2001(b)(7).
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NTE control area for PM where the manufacturer has limited NTE testing as
allowed by 40 CFR 86.1370-2001(b)(7).
"NTE deficiency" refers to regions or conditions within the NTE control area
for NOx or PM where the manufacturer has received a deficiency as allowed by
40 C;FR 86.007-1 1(a)(4)(iv).
uNon-volatilerandom access memory (NVRAM)," for the purposes of this
regulation, is defined as a type of memory that retains its contents even when power
to the on-board control unit is interrupted (e.g., vehicle battery disconnected, fuse to
control unit removed). NVRAM is typically made non-volatile either by use of a
back-up battery within the control unit or through the use of an electrically erasable
and programmable read-only memory (EEPROM) chip.
"OBD group" refers to a combination of engines, engine families, or engine
ratings that use the same OBD strategies and similar calibrations. A manufacturer
is required to submit a grouping plan for Executive Officer review and approval
detailing the OBD groups and the engine families and engine ratings within each
group for a model year.
"Pending fault code" is defined as the diagnostic trouble code stored upon the
initial detection of a malfunction (e.g., typically on a single driving cycle) prior to
illumination of the MIL in accordance with the requirements of sections (d)(2), (e)
through (g), and (h)(4.4).
"Permanent fault code" is defined as a confirmed or active fault code that is
currently commanding the MIL on and is stored in NVRAM as specified in sections
(d)(2) and (h)(4.4).
"Percentage of misfire" as used in sections (e)(2) and (f)(2) means the
percentage of misfires out of the total number of firing events for the specified
interval.

"Power Take-Off (PTO) unit" refers to an engine driven output provision for the
purposes of powering auxiliary equipment (e.g., a dump-truck bed, aerial bucket, or
tow-truck winch).
"Previously active fault code," for purposes of engines using SAE J1939, is
defined as the diagnostic trouble code stored when an OBD system has confirmed
that a malfunction no longer exists (e.g., after the third consecutive driving cycle in
which the corresponding monitor runs and the malfunction is not detected),
extinguishes the MIL, and erases the corresponding active fault code in accordance
with the requirements of sections (d)(2), (e), (g), and (h)(4.4).
"Rationality fault diagnosticnfor an input component means verification of the
accuracy of the input signal while in the range of normal operation and when
compared to all other available information.
"Redline engine speed' shall be defined by the manufacturer as either the
recommended maximum engine speed as normally displayed on instrument panel
tachometers or the engine speed at which fuel shutoff occurs.
"Response rate" for exhaust gas sensors refers to the delay between a change in
sensor output in response to a commanded change in the sensed exhaust gas
parameter. Specifically, the response rate is the delay from the time when the
exhaust gas sensor is exposed to an increaseldecrease of the exhaust gas
parameter to the time when the exhaust gas sensor indicates the increaseldecrease
of the sensed parameter (e-g., for an oxygen sensor, response rate is the delay from
the time when the sensor is exposed to a change in exhaust gas from richerlleaner
than stoichiometric to leanerlricher than stoichiometric to the time when the sensor
indicates the leanlrich condition; for a NOx sensor, response rate is the delay from
the time when the sensor is exposed to an increaseldecrease in NOx concentration
to the time when the sensor indicates the increasedldecreased NOx concentration).
"Secondary air" refers to air introduced into the exhaust system by means of a
pump or aspirator valve or other means that is intended to aid in the oxidation of HC
and CO contained in the exhaust gas stream.
"Similar conditions" as used in sections (e)(2), (f)(l), and (f)(2) means engine
conditions having an engine speed within 375 rpm, load conditions within 20
percent, and the same warm-up status (i.e., cold or hot) as the engine conditions
stored pursuant to (e)(2.4.2)(C),
approve other definitions of simil
reliability in detecting similar engine operation.
"Start of production" is the time when the manufacturer has produced two
percent of the projected volume for the engine or vehicle, whichever is being
evaluated in accordance with section (I).
"Warm-up cyclenmeans sufficient vehicle operation such that the coolant
temperature has risen by at least 40 degrees Fahrenheit from engine start and
reaches a minimum temperature of at least 160 degrees Fahrenheit (140 degrees
Fahrenheit for applications with diesel engines).
"Weighted sales number" means a manufacturer's projected sales number for
engines to be used in California heavy-duty vehicles multiplied by a weight class
factor. Sales numbers for engines for heavy-duty vehicles less than 19,499 pounds
GVWR shall be multiplied by 1.O. Sales numbers for engines for heavy-duty

for engines fuf hewy-chdy vehicles greater than 33,000 pounds and urban buses
s Wb
by 34&.

(d) GENERAL REQUIREMENTS
Section (drsets forth the general requirements of the OBD system. Specific
performance requirements for components and systems that shall be monitored are
set forth in sections (e) through (g) below. The OBD system is required to detect all
malfunctions specified in sections (e) throuah 0. ow ever, the OBD system is not
requ.ired i.'uLgg-e'g
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(1-1) If a malfunction is present as specified in sedians (e) through (g), the OBD
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illuminate the MIL as required.
(1.2) The OBD system shall be equipped with a standardized data link connector
to provide accessto the stored faub codes as qecfied in seaon (h).
(1-3) The OBD system shall be designed to operate, without any required
scheduled maintenance, for the actual Me of the engine in which it is installed
and may not be programmed or otherwise designed to deactivate based on
age andlor mileage of the vehicle during the actual life of the engine. .This
t n UILYI
altar
cnrtinnI ic nnt
intnnrlnrl
I IVL
SI ICVI
IUYU cv

YVVLIWI

OY

n v i e r t i n n Iarar
ZIAI~LII

ly

IUVV

anA

aninrr-aman+nredir-a

UI IU -I IIVI -GI

I IGI IL ~ J I C I U L I ~ G

regarding a manufacturer's liability for an engine beyond its useful life, except
where an engine has been programmed or otherwise designed so that an
OBD system deactivates based on age andlor mileage of the engine.
(1-4) Computer-coded engine operating parameters may not be changeable
without the use of specialized tools and procedures (e.g. soldered or potted
computer components or sealed (or soldered) computer enclosures). Subject
to Executive Officer approval, manufacturers may exempt from this
requirement those product lines that are unlikely to require protection.
Criteria to be evaluated in making an exemption include current availability of
performance chips, performance capability of the engine, and sales volume.
MIL and Fault Code Requirements.
(2)
(2.1) MIL Specifications.
(2.1.1) The MIL shall be located on the driver's side.instrument panel and be of
sufficient illumination and location to be readily visible under all lighting
conditions and shall be amber in color when illuminated. The MIL, when
illuminated, shall display the International Standards Organization (ISO)
engine symbol. There shall be only one MIL used to indicate all faults
detected by the OBD system on a single vehicle.
(2.1.2) The MIL shall illuminate in the key on, engine off position before engine
cranking to indicate that the MIL is functional. The MIL shall continuously
illuminate during this functional check for a minimum of 15-20 seconds.
During this functional check of the MIL, the data stream value for MIL
status shall indicate commanded off (see section (h)(4.2)) unless the MIL
has also been commanded on for a detected malfunction. This functional
check of the MIL is not required during vehicle operation in the key on,
engine off position subsequent to the initial engine cranking of an ignition

cycle (e-g., due to an engine stall or other non-commanded engine
shutoff).
(2.1.3) At the manufacturer's option, the MIL may be used to indicate readiness
status in a standardized format (see section (h)(4.1.3)) in the key on,
engine off position.
(2.1.4) A manufacturer may request Executive Officer approval to also use the
MIL to indicate which, if any, fault codes are currently stored (e-g., to
"blink the stored codes). The Executive Officer shall approve the request
upon determining that the manufacturer has demonstrated that the
method used to indicate the fault codes will not be unintentionally
activated during a California inspection test or during routine driver
operation.
(2.1.5) The MIL may not be used for any purpose other than specified in this
regulation.
(2.2) MIL Illumination and Fault Code Storage Protocol.
(2.2.1) For vehicles using the IS0 15765-4 protocol for the standardized
functions required in section (h):
(A) Upon detection of a malfunction, the OBD system shall store a pending
fault code within 10 seconds indicating the likely area of the malfunction.
(B) After storage of a pending fault code, if the identified malfunction is again
detected before the end of the next driving cycle in which monitoring
occurs, the OBD system shall illuminate the MIL continuously, keep the
pending fault code stored, and store a confirmed fault code within 10
seconds. If a malfunction is not detected before the end of the next
driving cycle in which monitoring occurs (i.e., there is no indication of the
malfunction at any time during the driving cycle), the corresponding
pending fault code set according to section (d)(Z.Z.l)(A) shall be erased at
the end of the driving cycle.
(C) A manufacturer may request Executive Officer approval to employ
alternate statistical MIL illumination and fault code storage protocols to
those specified in these requirements. The Executive Officer shall grant
approval upon determining that the manufacturer has provided data
andlor engineering evaluation that demonstrate that the alternative
protocols can evaluate systemperformam and detect malfunctions in-a
manner that is equally effective and timely. Strategies requiring on
average more than six driving cycles for MIL illumination may not be
accepted.
(D) The OBD system shall store and erase "freeze framen conditions (as
defined in section (h)(4.3)) present at the time a malfunction is detected.
The storage and erasure of freeze frame conditions shall be done in
conjunction with the storage and erasure of either pending or confirmed
fault codes as required elsewhere in section (d)(2.2).
(E) The OBD system shall illuminate the MIL and store a confirmed fault code
within 10 seconds to inform the vehicle operator whenever the engine
enters a default or "limp home" mode of operation that can affect
emissions or the performance of the OBD system or in the event of a
--

performance of the OBD system. If the default or "limp home" mode of

operation is recoverable (i.e., operation automatically returns to normal at
t h e ~ B i t h e ~ i g n i l i a n ~ ) , t k b O B D y j C m , ~ w a i t
and illuminete the MIL and store the amfirmed fault code only ifthe
default or 'limp homenmode of operation is again entered before the end
of the next ignition cycle in lieu of illuminatingthe MIL within 10 seconds
on the first driving cycle where the default or "limp homenmode of
operation is entered.
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fault codes that are currently causing the MIL to be illuminated in NVRAM
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in section fh)(4:4.1)(~)).
(2.2.2) FOFveh.EcEes using the SAE J1-939 protocol for the standardized functions
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(A) U p a n detecrtion of a matfunction, the OBD system stratt store a pending
fault code within $0s e m d s imd+catkgthe Sik&y area o+the malfunction.
(B) After storage of a pending fault code, if the identified malfunction is again
detected-before tbe end of &a next driving cycfein whichmmitoring
occurs, the OBD system shall illuminate the MIL continuously, erase the
pending fault code, and store an active fault code within 10 seconds. If a
malfunction is not detected before the end of the next driving cycle in
which monitoring occurs (i.e., there is no indication of the malfunction at
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set according to section (d)(2.2.2)(A) shall be erased at the end of the
driving cycle.
(C) A manufacturer may request Executive Officer approval to employ
alternate statistical MIL illumination and fault code storage protocols to
those specified in these requirements. The Executive Officer shall grant
approval upon determining that the manufacturer has provided data
and/or engineering evaluation that demonstrate that the alternative
protocols can evaluate system performance and detect malfunctions in a
manner that is equally effective and timely. Strategies requiring on
average more than six driving cycles for MIL illumination may not be
accepted.
(D) Storage and erasure of freeze frame conditions.
(i) The OBD system shall store and erase "freeze frame" conditions (as
defined in section (h)(4.3)) present at the time a malfunction is
detected.
(ii) The OBD system shall store freeze frame conditions in conjunction
with the storage of a pending fault code.
(iii) If the pending fault code is erased in the next driving cycle in which
monitoring occurs and a malfunction is not detected (as described
under section (d)(2.2.2)(8)), the OBD system may erase the
corresponding freeze frame conditions.
(iv) If the pending fault code matures to an active fault code (as described
under section (d)(2.2.2)(B)), the OBD system shall either retain the
currently stored freeze frame conditions or replace the stored freeze
frame conditions with freeze frame conditions regarding the active fault
code. The C~BDsystem shall erase the freeze frame inform-ationin

~ s

conjunction with the erasure of the previously active fault code (as
described under section (d)(2.3.2)(C)).
(E) T h e OBD system shall illuminate the MIL and store a n active fault code
within 10 seconds to inform the vehicle operator whenever the engine
enters a default o r "limp homen mode of operation that can affect
emissions or the performance of the OBD system or in the event of a
malfunction of a n on-board computer(s) itself that can affect the
performance of the OBD system. If the default or "limp homen mode of
operation is recoverable (i-e., operation automatically returns to normal a t
the beginning of the following ignition cycle), the OBD system may wait
and illuminate the MIL only if the default or "limp home" mode of operation
is again entered before the end of the next ignition cycle in lieu of
illuminating the MIL within 10 seconds on the first driving cycle where the
default or "limp homen mode of operation is entered.
(F) Before the end of a n ignition cycle, the OBD system shall store active
fault codes that a r e currently causing the MIL to be illuminated in NVRAM
as permanent fault codes (as defined in section (h)(4.4.2)(F)).
(2.3) MIL Extinguishing and Fault Code Erasure Protocol.
(2.3.1) For vehicles using the IS0 15765-4 protocol for the standardized
functions required in section (h):
(A) Extinguishing the MIL. Except as otherwise provided in sections
(Q(1.4.6), (f)(2.4.5), and (Q(7.4.2) for fuel system, misfire, and evaporative
system malfunctions, once the MIL has been illuminated, it may be
extinguished after three subsequent sequential driving cycles during which
the monitoring system responsible for illuminating t h e MIL functions and
the previously detected malfunction is no longer present provided no other
malfunction h a s been detected that would independently illuminate the
MIL according to the requirements outlined above.
(B) Erasing a confirmed fault code. The OBD system may erase a confirmed
fault code if the identified malfunction has not been again detected in a t
least 4 0 engine warm-up cycles and the MIL is presently not illuminated
for that malfunction.
(C) Erasing a ~ e r m a n e nfault
t code. The OBD system shall e r a s e a
permanent fautt co&e only if either of the-foltowing c o n d i i o n i c c u r :
(i) The OBD system itself determines that the malfunction that caused the
confirmed fault code to be stored is no longer present and is not
commanding the MIL on, concurrent with the requirements of section
(dI(2.3. I )(A), or
(ii) Subsequent to a clearing of the fault information in the on-board
computer (i-e., through the u s e of a scan tool or battery disconnect),
the diagnostic for the malfunction that caused the permanent fault
code ti b e stored h a s fully executed (i.e., h a s executed the minimum
ation) and determined the
number of checks necessary
malfunction is no longer prese
(2.3.2) For vehicles using the SAE J1939 protocol for the standardized functions
required in section (h):
(e)(2.4.2)(D) and (e)(6.4.2) for misfire malfunctions and empty reductant
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resent provided no other malfunction
has been detected that would independently illuminate the MIL according
to the requirements outlined above.
(B) Erasing an active fault code. The OBD system may erase an active fault
e4e,!%~!ii%!ction ,A%&!$ e&t
pWaa,
~lllld&~(d)(2.3.2)(A). In addition to
the act
de, the OBD
system s h a ~
stwe a pvicww e i v e fwtt code for 6bt failure.

presently not illuminated for that rn&umctk,n.
(D) Erasing a permanent fault code
pemaoe_nt_fauJl.
mly-if eith
(i) The OBD system itsetf detmines that the malfunction that caused the
active fault code to be stored is no longer present and is not
commanding the MIL on, concurrent with the requirements of section
(d)(2.3.2)(A), or
(II) Subsequent to a zleariiig of the f ~ u iinformation
i
in the on-board
computer (i.e., through the use of a scan tool or battery disconnect),
the diagnostic for the malfunction that caused the permanent fault
code to be stored has fully executed (i.e., has executed the minimum
number of checks necessary for MIL illumination) and determined the
malfunction is no longer present.
(2.4) Exceptions to MIL and Fault Code Requirements.
(2.4.1) If the engine enters a default mode of operation, a manufacturer may
request Executive Officer approval to be exempt from illuminating the MIL
if any of the following conditions listed below occurs. The Executive
Officer shall approve the request upon determining that the manufacturer
has submitted data andlor engineering evaluation that verify the
conditions below:
(A) The default strategy causes an overt indication (e.g., illumination of a red
engine shut-down warning light) such that the driver is certain to respond
and have the problem corrected; or
(B) The default strategy is an AECD that is properly activated due to the
occurrence of conditions that have been approved by the Executive
Officer.
(2.4.2) For gasoline engines, a manufacturer may elect to meet the MIL and fault
code requirements in title 13, CCR section 1968.2(d)(2) in lieu of meeting
the requirements of (d)(2).
(3)

Monitoring Conditions.
Section (d)(3) sets forth the general monitoring requirements while sections (e)
through (g) sets forth the s~ecificmonitoring requirements as well as identifies
which of the following general monitoring requirements in section (d)(3) are
applicable for each monitored component or system identified in sections (e)
through (g).

-

-

(3.1) For all engines:
(3.1.1) As specifically provided for in sections (e) through (g), manufacturers shall
define monitoring conditions, subject to Executive Officer approval, for
detecting malfunctions identified in sections (e) through (g). The
Executive Officer shall approve manufacturer-defined monitoring
conditions that are determined (based on manufacturer-submitted data
andlor other engineering documentation) to be: technically necessary to
ensure robust detection of malfunctions (e.g., avoid false passes and
false indications of malfunctions); designed to ensure monitoring will occur
under conditions that may reasonably be expected to be encountered in
normal vehicle operation and use; and designed to ensure monitoring will
occur during the FTP cycle.
(3.1.2) Monitoring shall occur at least once per driving cycle in which the
monitoring conditions are met.
(3.1.3) Manufacturers may request Executive Officer approval to define
monitoring conditions that are not encountered during the FTP cycle as
required in section (d)(3.1 .I). In evaluating the manufacturer's request,
the Executive Officer shall consider the degree to which the requirement
to run during the FTP cycle restricts in-use monitoring, the technical
necessity for defining monitoring conditions that are not encountered
during the FTP cycle, data andlor an engineering evaluation submitted by
the manufacturer which demonstrate that the componentlsystem does not
normally function, or monitoring is otherwise not feasible, during the FTP
cycle, and, where applicable in section (d)(3.2), the ability of the
manufacturer to demonstrate the monitoring conditions will satisfy the
minimum acceptable in-use monitor performance ratio requirement as
defined in section (d)(3.2).
(3.2) As specifically provided for in sections (e) through (g), manufacturers shall
define monitoring conditions in accordance with the criteria in sections
(d)(3.2.1) through (3.2.3).
(3.2.1) Manufacturers shall implement software algorithms in the OBD system to
individually track and report in-use performance of the following monitors
in the standardized format specified in s
(A) NMHC converting catalyst (section (e)(
(B) NOx converting catalyst (section (e)(6.3.1))
(C) Catalyst (section (o(6.3));
(D) Exhaust gas sensor (sections (e)(9.3.1)(A) or (f)(8.3.1)(A));
(E) Evaporative system (section (q(7.3.2));
(F) EGR system (sections (e)(3.3.2) and (3.3.3) or (o(3.3.1)) and VVT system
(section (g)(1.3));
(G) Secondary air system (section (f)(5.3.1));
(H) PM filter (section (e)(8.3));
(I) Boost pressure control system (sections (e)(4.3.2) and (e)(4.3.3)); and
(J) NOx adsorber (section (e)(7.3.1)).
The OBD system is not required to track and report in-use performance
for monitors other than those specifically identified above.
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define monitoring conditions that, in addition to meeting the criteria in
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For purposes of this regulation, the minimum acceptable in-use monitor
performance ratio is 0.1 00 for all monitors specifically required in sections
(e) through (g) to meet the monitoring condition requirements of section
(dl(3.2).
(3.2.3) Manufacturers may not use the calculated ratio (or any,element
,
thereof)
orYny o ~ ~ r % & b t bofn'monitor f&quency as a monitoring condition for
a monitor (e.g., using a low ratio to enable more freqbnt monitoring
through diagnostic executive priority ar modification of other monikking
'we

(3.2.4) U p n request of a manufacturer or upon the best engineering judgment of
the ARB, the Executive O f f ~ emay
r
revise the minimum acceptable in-use
monitoring performance ratio specified in section (d)(3.2.2) for a specific
-monitoring method developed requires a lower
monitor -if the -most reliable
ratio.
ln-Use Monitor Performance Ratio Definition.
(4)
(4.1) For monitors required to meet the requirements in section (d)(3.2), the ratio
shall be calculated in accordance with the following specifications for the
numeminr, denominater, and mtio.
(4.2) Numerator Specifications
(4.2.1) Definition: The numerator is defined as a measure of the number of times
a vehicle has been operated such that all monitoring conditions necessary
for a specific monitor to detect a malfunction have been encountered.
(4.2.2) Specifications for incrementing:
(A) Except as provided for in section (d)(4.2.2)(E), the numerator, when
incremented, shall be incremented by an integer of one. The numerator
may not be incremented more than once per driving cycle.
(B) The numerator for a specific monitor shall be incremented within 10
seconds if and only if the following criieria are satisfied on a single driving
cycle:
(i) Every monitoring condition necessary for the monitor of the specific
component to detect a malfunction and store a pending fault code has
been satisfied, including enable criteria, presence or absence of
related fault codes, sufficient length of monitoring time, and diagnostic
executive priority assignments (e.g., diagnostic "A" must execute prior
to diagnostic "B"). For the purpose of incrementing the numerator,
satisfying all the monitoring conditions necessary for a monitor to
determine the component is passing may not, by itself, be sufficient to
meet this criteria.
(ii) For monitors that require multiple stages or events in a single driving
cycle to detect a malfunction, every monitoring condition necessary for
all events to have completed must be satisfied.
(iii) For monitors that require intrusive operation of components to detect a
malfunction, a manufacturer shall request Executive Officer approval
of the strategy used to determine that, had a malfunction been
present, the monitor would have detected the malfunction. Executive
---.

.

Officer approval of the request shall be based on the equivalence of
the strategy to actual intrusive operation and the ability of the strategy
to accurately determine if every monitoring condition necessary for the
intrusive event to occur was satisfied.
(iv) For the secondary air system monitor, the criteria in sections
(d)(4.2.2)(B)(i) through (iii) above are satisfied during normal operation
of the secondary air system. Monitoring during intrusive operation of
the secondary air system later in the same driving cycle solely for the
purpose of monitoring may not, by itself, be sufficient to meet this
criteria.
(C) For monitors that can generate results in a "gray zonenor "non-detection
zone" (i.e., results that indicate neither a passing system nor a
malfunctioning system) or in a "non-decision zonen(e.g., monitors that
increment and decrement counters until a pass or fail threshold is
reached), the manufacturer shall submit a plan for appropriate
incrementing of the numerator to the Executive Officer for review and
approval. In general, the Executive Officer shall not approve plans that
allow the numerator to be incremented when the monitor indicates a result
in the "nondetection zonenor prior to the monitor reaching a decision. In
reviewing the plan for approval, the Executive Officer shall consider data
andlor engineering evaluation submitted by the manufacturer
demonstrating the expected frequency of results in the "non-detection
zonenand the ability of the monitor to accurately determine if a monitor
would have detected a malfunction instead of a result in the "nondetection zone" had .an actual malfunction been present.
(D) For monitors that run or complete during engine-off operation, the
numerator shall be incremeiited within 10 seconds after the monitor has
completed during engine-off operation or during the first 10 seconds of
engine start on the subsequent driving cycle.
(E) Manufacturers utilizing alternate statistical MIL illumination protocols as
allowed in sections (d)(2.2.1 )(C)and (d)(2.2.2)(C) for any of the monitors
requiring a numerator shall submit a plan for appropriate incrementing of
the numerator to the Executive Officer for review and approval. Executive
cer approvat of the ptan shdtre conditioned upmthe manufacturerproviding supporting data andlor engineering evaluation demonstrating
the equivalence of the incrementing in the manufacturer's plan to the
incrementing specified in section (d)(4.2.2) for monitors using the
standard MIL illumination protocol and the overall equivalence of the
manufacturer's plan in determining that the minimum acceptable in-use
performance ratio in section (d)(3.2) is satisfied.
(4.3) Denominator Specifications
(4.3.1) Definition: The denominator is defined as a measure of the number of
times a vehicle has been operated as defined in (d)(4.3.2).
(4.3.2) Specifications for incrementing:
(A) The denominator, when incremented, shall be incremented by an integer
of one. The denominator may not be incremented more than once per
(B) The denominator for each monitor shall be incremented within 10
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(C) In addition to the requirements of section (d)(4.3.2)(B) above, the
evaporative system monitor denominator(s) shall be incremented if and
only if:
(i) Cumulative time since start of driving cycle is greater than or equal to
Rnn
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~f greater than or eqilai
to 40 degrees Fahrenheit but less than or equal to 95 degrees ,
Fahrenheit; and
(ii) Engine cold start occurs with engine coolant temperature at engine
start greater than or equal to 40 degrees Fahrenheit but less than or
equal to 95 degrees Fahrenheit and less than or equal to 12 degrees
Fahrenheit higher than ambient temperature at engine start.
(D) In addition to the requirements of section (d)(4.3.2)(B) above, the
denominator(s) for the following monitors shall be incremented if and only
if the component or strategy is commanded "on" for a time greater than or
equal to ? 0 seconds:
(i) Secondary Air System (section (f)(5))
(ii) Cold Start Emission Reduction Strategy (section (9(4))
(iii) Components or systems that operate only at engine start-up (e-g.,
glow plugs, intake air heaters) and are subject to monitoring under
"other emission control systemsn(section (g)(5)) or comprehensive
component output components (section (g)(4))
For purposes of determining this commanded "on" time, the OBD system
may not include time during intrusive operation of any of the components
or strategies later in the same driving cycle solely for the purposes of
monitoring.
(E) In addition to the requirements of section (d)(4.3.2)(8) above, the
denominator(s) for the following monitors of output components (except
those operated only at engine start-up and subject to the requirements of
the previous section (d)(4.3.2)(D)) shall be incremented if and only if the
component is commanded to function (e.g., commanded "on", "open",
"closed", "locked") on two or more occasions during the driving cycle or for
a time greater than or equal to 10 seconds, whichever occurs first:
mnrlc5
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(i) Variable valve timing andlor control system (section (g)(1))
(ii) "Other emission control systemsn(section (g)(5))
(iii) Comprehensive component output component (section (g)(4)) (e.g.,
turbocharger waste-gates, variable length manifold runners)
(F) For monitors of the following components, the manufacturer may request
Executive Officer approval to use altemate or additional criteria to that set
forth in section (d)(4.3.2)(B) above for incrementing the denominator.
Executive Officer approval of the proposed criteria shall be based on the
equivalence of the proposed criteria in measuring the frequency of
monitor operation relative to the amount of vehicle operation in
accordance with the criteria in section (d)(4.3.2)(B) above:
(i) Engine cooling system input components (section (g)(2))
(ii) :Other emission control systems" (section (g)(5))
(iii) Comprehensive component input components that require extended
monitoring evaluation (section (g)(4)) (e.g., stuck fuel level sensor
rationality)
(G) For monitors of the following components or other emission controls that
experience infrequent regeneration events, the manufacturer may request
Executive Officer approval to use alternate or additional criteria to that set
forth in section (d)(4.3.2)(B) above for incrementing the denominator.
Executive Officer approval of the proposed criteria shall be based on the
effectiveness of the proposed criteria in measuring the frequency of
monitor operation relative to the amount of vehicle operation:
(i) Oxidation catalyst (section (e)(5))
(ii) Particulate matter filters (section (e)(8))
(H) For hybrid vehicles, vehicles that employ altemate engine start hardware
or strategies (e-g., integrated starier and generators), or alternate fuel
vehicles (e.g., dedicated, bi-fuel, or dual-fuel applications), the
manufacturer may request Executive Officer approval to use alternate
criteria to that set forth in section (d)(4.3.2)(B) above for incrementing the
denominator. In general, the Executive Officer shall not approve alternate
criteria for vehicles that only employ engine shut off at or near idlelvehicle
stop conditions. Executive Officer approval of the altemate criteria shall
k b a s e d on the equivalence of the altemate criteria to deternine the
amount of vehicle operation relative to the measure of conventional
vehicle operation in accordance with the criteria in section (d)(4.3.2)(8)
above.
(4.4) Ratio Specifications
(4.4.1) Definition: The ratio is defined as the numerator divided by the
denominator.
(4.5) Disablement of Numerators and Denominators
(4.5.1) Within 10 seconds of a malfunction being detected (i.e., a pending,
confirmed, or active fault code being stored) that disables a monitor
required to meet the monitoring conditions in section (d)(3.2),the OBD
system shall disable further incrementing of the corresponding numerator
and denominator for each monitor that is disabled. When the malfunction
14

--

clearing or through a scan tool command), incrementing of all
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and denominators shafl resume within 10
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seconds of the start of a PTO (see section (c)) a p e d u n that
disables a monitor required to meet the.monitoring conditions in section
(d)(3.2), the OBD system shall disable further incrementing of the
corresponding numerator and denominator for each monitor that is
disabled. When the PTO operation ends, incrementing of all
coqes~ondingnumerql~rsgrid dsnorninabrs &all - c
within 1Q
seconds.
(4.5.3) The QbD system shall d i b k brther i n m w t n g of afi numerators and
d m i - ~ s w j t M 10 secmds ifa mdfu

elevation, ide qmatlon, engine cold start, or time of operation) has been
detected and the corresponding pending fault code has been stored.
Increnenting of al-numeratasand denomhators st--& reswtwdth 1
seconds when the malfunction is no longer present (e.g., pending code
erased through self-clearing or by a scan tool command).
Standardized tracking and reporting of monitor performance.
(5)
(5.1) For monitors required to track and report in-use monitor performance-in
sedisn (dj(3.21, the peiforrnance data shaii be trac~eaand reported in
accordance with the specifications in sections (d)(4), (d)(5), and (h)(5.1). The
OBD system shall separately report an in-use monitor performance
numerator and denominator for each of the following components:
(5.1.1) For diesel engines, NMHC catalyst bank 1, NMHC catalyst bank 2, NOx
catalyst bank I,
NOx catalyst bank 2, exhaust gas sensor bank 1, exhaust
gas sensor bank 2, EGRM/T system, PM filter, boost pressure control
system, and NOx adsorber. The OBD system shall also report a general
denominator and an ignition cycle counter in the standardized format
specified in sections (d)(5.5), (d)(5.6), and (h)(5.1).
(5.1.2) For gasoline engines, catalyst bank 1, catalyst bank 2, oxygen sensor
bank 1, oxygen sensor bank 2, evaporative leak detection system,
E G M system, and secondary air system. The OBD system shall also
report a general denominator and an ignition cycle counter in the
standardized format specified in sections (d)(5.5), (d)(5.6), and (h)(5.1).
(5.2) Numerator
(5.2.1) The OBD system shall report a separate numerator for each of the
components listed in section (d)(5.1).
(5.2.2) For specific components or systems that have multiple monitors that are
required to be reported under section (e) (e.g., exhaust gas sensor bank 1
may have multiple monitors for sensor response or other sensor
characteristics), the OBD system shall separately track numerators and
denominators for each of the specific monitors and report only the
corresponding numerator and denominator for the specific monitor that
has the lowest numerical ratio. If two or more specific monitors have
identical ratios, the corresponding numerator and denominator for the
specific monitor that has the highest denominator shall be reported for the
specific component.

(5.2.3) The numerator(s) shall be reported in accordance with the specifications
in section (h)(5.1.2)(A).
(5.3) Denominator
(5.3.1) The OBD system shall report a separate denominator for each of the
-components listed in section (d)(5.1).
(5.3.2) The denominator(s) shall be reported in accordance with the
specifications in section (h)(5.1.2)(A).
(5.4) Ratio
(5.4.1) For purposes of determining which corresponding numerator and
denominator to report as required in section (d)(5.2.2), the ratio shall be
calculated in accordance with the specifications in section (h)(5.1.2)(B).
(5.5) Ignition cycle counter
(5.5.1) Definition:
(A) The ignition cycle counter is defined as a counter that indicates the
number of ignition cycles a vehicle has experienced as defined in section
(d)(5.5.2)(8).
(B) The ignition cycle counter shall be reported in accordance with the
specifications in section (h)(5.1.2)(A).
(5.5.2) Specifications for incrementing:
(A) The ignition cycle counter, when incremented, shall be incremented by an
integer of one. The ignition cycle counter may not be incremented more
than once per ignition cycle.
(B) The ignition cycle counter shall be incremented within 10 seconds if and
only if the vehicle meets the engine start definition (see section (c)) for at
least two seconds plus or minus one second.
(C) The OBD system shall disable further incrementing of the ignition cycle
counter within 10 seconds if a malfunction of any component used to
determine if the criteria in section (d)(5.5.2)(B) are satisfied (i.e., engine
speed or time of operation) has been detected and the corresponding
pending fault code has been stored. The ignition cycle counter may not
be disabled from incrementing for any other condition. lncrementing of
the ignition cycle counter shall resume within 10 seconds when the
(5.6) General Denominator
(5.6.1) Definition:
(A) The general denominator is defined as a measure of the number of times
a vehicle has been operated as defined in section (d)(5.6.2)(B).
(B) The general denominator shall be reported in accordance with the
specifications in section (h)(5.1.2)(A).
(5.6.2) Specifications for incrementing:
(A) The general denominator, when incremented, shall be incremented by an
integer of one. The general denominator may not be incremented more
than once per driving cycle.
(B) The general denominator shall be incremented within 10 seconds if and
only if the criteria identified in section (d)(4.3.2)(B) are satisfied on a single
----

---

(C) The OBD system shall disable further incrementing of the general
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denomimtot w&b 18 searnds if a maffu'nction of any cwnponent used to
operation) has been detected and the corresponding pending fault code
has been stored. The general denominator may not be disabted from
incrementing for any other condition (e.g., the disablement criteria in
sections (d)(4.5.1) and (d)(4.5.2) may not disable the general
*
denominator). lncrementinq
of the qeneral denominator
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wi'fhin 10 seconds when the malfunction is no longer present te.g..
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Malfunction Criteria Ck-dam.
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(e) and (9)
that Me required to 'Mdicab a ma4fundion before emissions
exceed an ernhim thmshdd b a e d .on my appkabk standard (e.g., 1.5
times any of the applicable standards), the manufacturer shall:
(6.1.1) Use. the e_missiOntes~cycle
and s&ndard_&e., FTP arES-CJdetermined
by the manufacturer to be more stringent (i.e., to result in higher
emissions with the same level of monitored component malfunction). The
manufacturer shall use data andlor engineering analysis to determine the
test cycle and standard that is more stringent.
(6.1-2) Identify :1 the certifiatior; bscumenh:ion ieqiiiied under sedisn Q j, the
test cycle and standard determined by the manufacturer to be the most
stringent for each applicable monitor.
(6.1.3) If the Executive Officer reasonably believes that a manufacturer has
incorrectly determined the test cycle and standard that is most stringent,
the Executive Officer shall require the manufacturer to provide emission
data andlor engineering analysis showing that the other test cycle and
standard are less stringent. For the purposes of this requirement on the
2010 through 2015 model year engines, the Executive Officer may not
require emission data from the applicable test cycles for more than' one
engine per year for each monitor.
(6.2) On engines equipped with emission controls that experience infrequent
regeneration events, a manufacturer shall adjust the emission test results that
are used to determine the malfunction criterion for monitors that are required
to indicate a malfunction before emissions exceed a certain emission
threshold (e.g., 1.5 times any of the applicable standards). For each monitor,
the manufacturer shall adjust the emission result using the procedure
described in CFR title 40, part 86.004-28(i) with the component for which the
malfunction criteria is being established deteriorated to the malfunction
threshold. The adjusted emission value shall be used for purposes of
determining whether or not the specified emission threshold is exceeded
(e.g., a malfunction must be detected before the adjusted emission value
. exceeds 1.5 times any applicable standard).
(6.2.1) For purposes of section (d)(6.2), "regenerationnmeans an event during
which emissions levels change
- while the emission control performance is
being restored by design.
(6.2.2) For purposes of section (d)(6.2), "infrequent" means having an expected
frequency of less than once per FTP cycle.

In lieu of meeting.the malfunction criteria for gasoline engine monitors in
sections (f) and (g), the manufacturer may request Executive Officer approval
to utilize OBD systems certified to the requirements of title 13, CCR section
1968.2 on mediumduty engines or vehicles. The Executive Officer shall
approve the request upon finding that the manufacturer has used good
engineering judgment in determining equivalent malfunction detection criteria
on the heavy-duty engine.
(7)
Implementation Schedule
(7.1) Except as specified in sections (d)(7.4) and (d)(7.5) for small volume
manufacturers and alternate-fueled engines, for the 2010 through 2012
model year engines:
(7.1 .l) Full OBD. Except as specified in section (d)(7.1.3) below, a manufacturer
shall implement an OBD system meeting the requirements of section
1971.1 on one engine rating (i.e., the OBD parent rating) within one of the
manufacturer's engine families. The OBD parent rating shall be from the
manufacturer's heavyduty engine family with the highest weighted sales
number for the 2010 model year and shall be the engine rating with the
highest weighted sales number within that engine family.
(7.1.2) Extrapolated OBD. For all other engine ratings within the engine family
selected according to section (d)(7.1 . l ) (i.e., the OBD child ratings),
except as specified in section (d)(7.1.3) below), a manufacturer shall
implement an OBD system meeting the requirements of section 1971-1
with the exception that the OBD system is not required to detect a
malfunction prior to exceeding the emission thresholds specified in the
malfunction criteria in sections (e) through (g). In lieu of detecting a
malfunction prior to exceeding the emission thresholds, a manufacturer
shall submit a plan for Executive Officer review and approval detailing the
engineering evaluation the manufacturer will use to establish the
malfunction criteria for the OBD child ratings. The Executive Officer shall
approve the plan upon determining that the manufacturer is using good
engineering judgment to establish the malfunction criteria for robust
detection of malfunctions, including consideration of differences of base
(6.3)

(7.1.3) For all engine ratings (i.e., OBD parent and OBD child ratings) within the
engine family selected according to (d)(7.1.1):
(A) The OBD system is exempt from the requirements to comply with the
requirements within the following sections:
(i) (d)(1.2) and (h)(2) (standardized connector)
(ii) (d)(2.1.1) and (2.1.5) (dedicated standardized MIL)
(iii) (h)(3) (communication protocol)
(iv) (h)(4) (standardized communication functions)
(v) (h)(5.1 . l ) and (h)(5.2.1) with respect to the requirements to make the
data available in a standardized fohnat or in accordance with SAE
J 197911939 specifications.
(B) The OBD system shall meet the requirements of either sections (d)(2.2.1)
protocol (e-g., standardized, proprietary) used by the OBD system.

(7.1.4) Engine Manufacturer Diagnostic (EMD) Sysfems. For all engine ratings in
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a mnufaobmr ski:
(A) implement an ENID system meeting the requirements of title 13, CCR
section 1971 in lieu of meeting the requirements of section 1971.I
;and
(B) Monitor the NOx aftertreatment (i.e., catalyst, adsorber) on engines soequipped. A malfunction shall be detected if:
(i) The NOx aftertreatment s~stemhas,"no detectable
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atment assembly is replaced with a straght pipe.
(dJ(7.5)for altemate-fueied engines, for the
2013 through 2015 model year engines:
(7.2.1) A m~ufs@urer
shallbe requjred-to deflne one or more _OBDgroups 1
cover all engine ratings in all engine families.
(7.2.2) Full OBD. A manufacturer shall implement an OBD system meeting the
:
requirements of section 1971.I
(A) On all engine ratings (i.e., OBD parent and OBD child ratings) within the
engine f=mI!y re!ected accsrding to section (c!)(7.I .I); arid
(B) On one engine rating (i.e., OBD parent rating) within each of the
manufacturer's OBD groups. The OBD parent rating shall be the engine
rating with the highest weighted sales number for the 2013 model year
within each OBD group.
(7.2.3) Extrapolated OBD. For all engine ratings not subject to section (d)(7.2.2)
(i.e., OBD child ratings), a manufacturer shall implement an OBD system
meeting the requirements of section 1971.Iwith the exception that the
OBD system is not required to detect a malfunction prior to exceeding the
emission thresholds specified in the malfunction criteria in sections (e)
through (g). In lieu.of detecting a malfunction prior to exceeding the
emission thresholds, a manufacturer shall submit a plan for Executive
Officer review and approval detailing the engineering evaluation the
manufacturer will use to establish the malfunction criteria for the OBD
child ratings. The Executive Officer shall approve the plan upon
determining that the manufacturer is using good engineering judgment to
establish the malfunction criteria for robust detection of malfunctions,
including consideration of differences of base engine, calibration,
emission control components, and emission control strategies.
(7.3) Except as specified in section (d)(7.5) for alternate-fueled engines, for the
2016 and subsequent model year engines:
(7.3.1) A manufacturer shall implement an OBD system meeting the
requirements of section 1971.1 on all engine ratings in all engine families.
(7.4) Small volume manufacturers shall be exempt from the requirements of
section 1971.1 for 2010 through 2012 model year engines. For purposes of
this requirement, a small volume manufacturer is defined as a manufacturer
with projected engine sales for California heavy-duty vehicles of less than
1200 engines per year for the 2010 model year.

.

(7.5) For alternate-fueled engines:
(7.5.1) For 2010 through 2012 model year engines, a manufacturer shall be
exempt from the requirements of section 1971.I.
(7.5.2) For 2013 through 2019 model year engines, the manufacturer shall:
(A) implement an EMD system meeting the requirements of title 13, CCR
section 1971 in lieu of meeting the requirements of section 1971.I
; and
(B) Monitor the NOx aftertreatment (i-e., catalyst, adsorber) on engines soequipped. A malfunction shall be detected if:
(i) The NOx aftertreatment system has no detectable amount of NOx
aftertreatment capability (i.e., NOx catalyst conversion or NOx
adsorption);
(ii) The NOx aftertreatment substrate is completely destroyed, removed,
or missing; or
(iii) The NOx aftertreatment assembly is replaced with a straight pipe.
(7.5.3) For 2020 and subsequent model year engines, a manufacturer shall
implement an OBD system meeting the requirements of section 1971.I.

(e) MONITORING REQUIREMENTS FOR DIESEUCOMPRESSION-IGNITION
ENGINES
(1)
FUEL SYSTEM MONITORING
(1-1) Requirement:
The OBD system shall monitor the fuel delivery system to determine its ability
to comply with emission standards. The individual electronic components
(e-g., actuators, valves, sensors, pumps) that are used in the fuel system and
not specifically addressed in this section shall be monitored in accordance
with the comprehensive component requirements in section (g)(4).
(1-2) Malfunction Criteria:
(1.2.1) Fuel system pressure control: The OBD system shall detect a malfunction
of the fuel system pressure control system (e.g., fuel, hydraulic fluid) when
the fuel system pressure control system is unable to maintain an engine's
emissions at or below 1.5 times the applicable standards. For engines in
which no failure or deterioration of the fuel system pressure control could
result in an engine's emissions exceeding 1.5 times the applicable
standards, the OBD system shall detect a malflinction when the G t e m
has reached its control limits such that the commanded fuel system
pressure cannot be delivered.
(1.2.2) lnjection quantity: The OBD system shall detect a malfunction of the fuel
injection system when the system is unable to deliver the commanded
quantity of fuel necessary to maintain an engine's emissions at or below
1.5 times the applicable standards. For engines in which no failure or
deterioration of the fuel injection quantity could result in an engine's
emissions exceeding 1.5 times the applicable standards, the OBD system
shall detect a malfunction when the system has reached its control limits
such that the commanded fuel quantrty cannot be delivered.
(1.2.3) Injection Timing: The OBD system shall detect a malfunction of the fuel
injection system when the system is unable to deliver fuel at the proper
--
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necessary to maintain an engine's emissions at or below 1.5 times the

appfbbk st&n&cis.
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For eng-ms in which no faslitlre or deteiioration of

h rpl.
1.5 %mesthe appiicabk sbmdds, the O W s w s n shall defect a
malfunction when the system has reached its control limits such that the

commanded fuel injection timing cannot be achieved.
(1.2.4) Feedback control: Except as provided for in section (e)(1.2.5), if the
engine is equipped with feedback control of the fuel system (e.g.,
f ~ ~ ~ ~ ~ ~ ~ 4 or
T @!ot
~ ~inl~(;ti~n
~ b ~ L ~ the
f ,QBP
l , jSYSbm
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shalt detect a malfunction:
(A) If t b system $a% to begin feedback m t ~ d
within a hanufacturer
specified time interval;
w-

rnawfwtwxw.
(1.2.5) A manufacturer may request Executive Officer approval t
disablem n i t ~ r i n ~ fthe
o r ana an^ spdfi&in
(e)(1.2.4)(C) during conditions that a manufacturer cannot robustly
distinguish between a malfunctioning system and a properly operating
system. The Executive Officer shall approve the disablement upon the
manufacturer submitting data andlor analysis demonstrating that the
control sflerr;, when c;pei;;ting as de~igiiad0i7 ai7 eiigifie with aii
emission controls working properly, routinely operates during these
conditions with all of the adjustment allowed by the manufacturer used up.
(1.2.6) In lieu of detecting the malfunctions specified in sections (e)(1.2.4)(A) and
(B) with a fuel system-specific monitor, the OBD system may monitor the
individual parameters or components that are used as inputs for fuel
system feedback control provided that the monitors detect all malfunctions
that meet the criteria in sections (e)(1.2.4)(A) and (B).
(1-3) Monitoring Conditions:
(1.3.1) The OBD system shall monitor continuously for malfunctions identified in
sections (e)(1.2.1) and (e)(1.2.4) (i.e., fuel pressure control and feedback
operation).
(1-3.2) Manufacturers shall define the monitoring conditions for malfunctions
identified in sections (e)(1.2.2) and (e)(1.2.3) (i.e., injection quantity and
timing) in accordance with sections (d)(3.1) and (d)(3.2) (i.e., minimum
ratio requirements).
(1.4) MIL Illumination and Fault Code Storage: General requirements for MIL
illumination and fault code storage are set forth in section (d)(2).
(2)

MISFIRE MONITORING
Requirement:
(2.1.1) The OBD system shall monitor the engine for misfire causing excess
emissions. The OBD system shall be capable of detecting misfire
occurring in one or more cylinders. To the extent possible without adding
hardware for this specific purpose, the OBD system shall also identify the
specific misfiring cylinder.
(2.1.2) If more than one cylinder is continuously misfiring, a separate fault code
shall be stored indicating that multiple cylinders are misfiring. When

(2.1)

identifying multiple cylinder misfire, the manufacturer OBD system is not
required to also identify each of the continuously misfiring cyiinders
individually through separate fault codes.
(2.2) Malfunction Criteria:
(2.2.1) The OBD system shall detect a misfire malfunction when one or more
cylinders are continuously misfiring.
(2.2.2) Additionally, for 2013 and subsequent model year engines equipped with
sensors that can detect combustion or combustion quality (e.g., for use in
homogeneous charge compression ignition (HCCI) control systems), the
OBD system shall detect a misfire malfunction causing emissions to
exceed 1.5 times the applicable standards.
(A) Manufacturers shall determine the percentage of misfire evaluated in
1000 revolution increments that would cause emissions from an emission
durability demonstration engine to exceed 1.5 times any of the applicable
standards if the percentage of misfire were present from the beginning of
the test. To establish this percentage of misfire, the manufacturer shall
utilize misfire events occurring at equally spaced, complete engine cycle
intervals, across randomly selected cylinders throughout each 1000revolution increment. If this percentage of misfire is determined to be
lower than one percent, the manufacturer may set the malfunction criteria
at one percent.
(B) Subject to Executive Officer approval, a manufacturer may employ other
revolution increments. The Executive Officer shall grant approval upon
determining that the manufacturer has demonstrated that the strategy
would be equally effective and timely in detecting misfire.
(2.2.3) A malfunction shall be detected if the percentage of misfire established in
section (e)(2.2.2)(A) is exceeded regardless of the pattern of misfire
events (e.g., random, equally spaced, continuous).
(2.3) Monitoring Conditions:
(2.3.1) The OBD system shall monitor for misfire during engine idle conditions at
least once per driving cycle in which the monitoring conditions for misfire
are met. A manufacturer shall submit monitoring conditions to the
Executive Officer for approval. The Executive Officer shall approve
manufacturerdefined monitoring conditions that are determined (based
on manufacturer-submitted data andlor other engineering documentation)
to: (i) be technically necessary to ensure robust detection of malfunctions
(e-g., avoid false passes and false detection of malfunctions), (ii) require
no more than 1000 cumulative engine revolutions, and (iii) do not require
any single continuous idle operation of more than 15 seconds to make a
determination that a malfunction is present (e.g., a decision can be made
with data gathered during several idle operations of 15 seconds or less);
or satisfy the requirements of (d)(3.1) with alternative engine operating
conditions.
(2.3.2) Additionatly, for 2013 and subsequent model year engines equipped with
sensors that can detect combustion or combustion quality:
(A) The OBD system shall continuously monitor for misfire under all positive
-
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(B) if a mowring system cannot detect aff misfire pattern under all required
*~WA3,
the
monitoring system. In evaluating the manufacturer's request, the
Executive Officer shall consider the foliowing factors: the magnitude of the
region(s) in which misfire detection is limited, the degree to which misfire
detection is limited in the region@](i-e., the probability of detection of
misfire events)el the frequency
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is trcwkbsasne, and dmnstt&*mthat that r n Mte-y~
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misfire occurring on randomly selected cylinders, single cylinder
continuous misfire, and paired cylinder (cylinders firing at the same crank
angle) coniinuo_usmisf~re. (2.4) MIL Il.lurninationand Fault Code Storage:
(2.4.1) General requirements for MIL illumination and fault code storage are set
forth in section (d)(2).
(2.4.2) Additionally, for 201 3 and subsequent model year engines equipped with
sensors that mn detect c~rnb~stiorr
O i combustisn quatty':
(A) Upon detection of the percentage of misfire specified in section
(e)(2.2.2)(A), the following criteria shall apply for MIL illumination and fault
code storage:
(i) A pending fault code shall be stored no later than after the fourth
exceedance of the percentage of misfire specified in section (e)(2.2.2)
during a single driving cycle.
(ii) If a pending fault code is stored, the OBD system shall illuminate the
MIL and store a confirrnedlactive fault code within 10 seconds if the
percentage of misfire specified in section (e)(2.2.2) is again exceeded
four times during: (a) the driving cycle immediately following the
storage of the pending fault code, regardless of the conditions
encountered during the driving cycle; or (b) on the next driving cycle in
which similar conditions (see section (c)) to the engine conditions that
occurred when the pending fault code was stored are encountered.
(iii) The pending fault code may be erased at the end of the next driving
cycle in which similar conditions to the engine conditions that occurred
when the pending fault code was stored have been encountered
without an exceedance of the specified percentage of misfire. The
pending code may also be erased if similar conditions are not
encountered during the next 80 driving cycles immediately following
initial detection of the malfunction.
(B) Storage of freeze frame conditions.
(i) The OBD system shall store and erase freeze frame conditions either
in conjunction with storing and erasing a pending fault code or in
conjunction with storing a confirmedlactive fault code and erasing a
confirmedlpreviously active fault code.

(ii) if freeze frame conditions are stored for a malfunction other than a
misfire malfunction when a fault code is stored as specified in section
(e)(2.4.2), the stored freeze frame information shall be replaced with
freeze frame information regarding the misfire malfunction.
(C) Storage of misfire conditions for similar conditions determination. Upon .
detection of misfire under section (e)(2.4.2), the OBD system shall store
the following engine conditions: engine speed, load, and warm-up status
of the first misfire event that resulted in the storage of the pending fault
code.
(D) Extinguishing the MIL. The MIL may be extinguished after three
sequential driving cycles in which similar conditions have been
encountered without an exceedance of the specified percentage of
misfire.
(3)

EXHAUST GAS RECIRCULATION (EGR) SYSTEM MONITORING
(3.1) Requirement: The OBD system shall monitor the EGR system on engines
so-equipped for low flow rate, high flow rate, and slow response malfunctions.
For engines equipped with EGR coolers (e-g., heat exchangers), the OBD
system shall monitor the cooler for insufficient cooling malfunctions. The
individual electronic components (e.g., actuators, valves, sensors) that are
used in the EGR system shall be monitored in accordance with the
comprehensive component requirements in section (g)(4).
(3.2) Malfunction Criteria:
(3.2.1) Low Flow: The OBD system shall detect a malfunction of the EGR system
prior to a decrease from the manufacturer's specified EGR flow rate that
would cause an engine's emissions to exceed 1.5 times any of the
applicable standards. For engines in which no failure or deterioration of
the EGR system that causes a decrease in flow could result in an engine's
emissions exceeding 1.5 times any of the applicable standards, the OBD
system shall detect a malfunction when the system has reached its control
limits such that it cannot increase EGR flow to achieve the commanded
flow rate.
(3.2.2) High Flow: The OBD system shall dete
-- system, including-a Teaking EGR valve
the valve when the valve is commanded closed), prior to an increase from
the manufacturer's specified EGR flow rate that would cause an engine's
emissions to exceed 1.5 times any of the applicable standards. For
engines in which no failure or deterioration of the EGR system that causes
an increase in flow could result in an engine's emissions exceeding 1.5
times any of the applicable standards, the OBD system shall detect a
malfunction when the system has reached its control limits such that it
cannot reduce EGR flow to achieve the commanded flow rate.
(3.2.3) Slow Response: The OBD system shall detect a malfunction of the EGR
system prior to any faiture or deterioration in the capability of the EGR
system to achieve the commanded flow rate within a manufacturerspecified time that would cause an engine's emissions to exceed 1.5

both the capability of the EGR system to respond to a commanded

increase in fi&t and the capabU"Ityof the EGR sytem to respond to a

as providedfor in section (eX3.2.6), # the
engine is equipped with feedback control of the EGR system (e.g.,
feedback control of flow, valve position, pressure differential across the
valve via intake throttle or exhaust backpressure), the OBD system shall
detect a malfunction:
(A) if the system
,
, fails to begin feedback control within a manufactgrrer
specified time interval;
(B)If a h i b e or debriaation causes apen Coop cw &fad4 operation; or
I has used up all of the ac;fuklstment allwed by the
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(3.2.5) EGR W e r Performance: The OBD system shalt detect a matfunction of
the EGR system mdw prior to a redudion f%m
the nanu#a&u~er's
specified cooling performance that would cause an engine's emissions to
exceed 1-5-times_myof the iapplicabk-standards, h r enginesin whi
no failure or detetbration of the EGR system cooler muid result in an
engine's emissions exceeding 1.5 times any of the applicable standards,
the OBD system shall detect a malfunction when the system has no
detectable amount of EGR cooling.
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disable monitoring for the malfunction criteria specified in section
(e)(3.2.4)(C) during conditions that a manufacturer cannot robustly
distinguish between a malfunctioning system and a properly operating
system. The Executive Officer shall approve the disablement upon the
manufacturer submitting data andlor analysis demonstrating that the
control system, when operating as designed on an engine with all
emission controls working properly, routinely operates during these
conditions with all of the adjustment allowed by the manufacturer used up.
(3.2.7) In lieu of detecting the malfunctions specified in sections (e)(3.2.4)(A) and
(B) with an EGR system-specific monitor, the OBD system may monitor
the individual parameters or components that are used as inputs for EGR
system feedback control provided that the monitors detect all malfunctions
that meet the criteria in sections (e)(3.2.4)(A) and (B).
(3.3) Monitoring Conditions:
(3.3.1) The OBD system shall monitor continuously for malfunctions identified in
sections (e)(3.2.1), (3.2.2), and (e)(3.2.4) (i.e., EGR low and high flow,
feedback control).
(3.3.2) Manufacturers shall define the monitoring conditions for malfunctions
identified in section (e)(3.2.3) (i-e., slow response) in accordance with
sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements), with the
exception that monitoring shall occur every time the monitoring conditions
are met during the driving cycle in lieu of once per driving cycle as
required in section (d)(3.1.2). For purposes of tracking and reporting as
required in section (d)(3.2.1), all monitors used to detect malfunctions
identified in section (e)(3.2.3) shall be tracked separately but reported as
a single set of values as specified in section (d)(5.2.2).

(3.3.3) Manufacturers shall define the monitoring conditions for malfunctions
identified in section (e)(3.2.5) (i-e., cooler performance) in accordance
with sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements). For
purposes of tracking and reporting as required in section (d)(3.2.1), all
monitors used to detect malfunctions identified in section (e)(3.2.5) shall
be tracked separately but reported as a single set of values as specified in
section (d)(5.2.2).
(3.3.4) Manufacturers may request Executive Officer approval to temporarily
disable the EGR system check under specific conditions (e.g., when
freezing may affect performance of the system). The Executive Officer
shall approve the request upon determining that the manufacturer has
submitted data and/or an engineering evaluation which demonstrate that a
reliable check cannot be made when these conditions exist.
(3.4) MIL Illumination and Fault Code Storage: General requirements for MIL
illumination and fault code storage are set forth in section (d)(2).
(4)

BOOST PRESSURE CONTROL SYSTEM MONITORING
(4.1) Requirement: The OBD system shall monitor the boost pressure control
system (e.g., turbocharger) on engines so-equipped for under and over boost
malfunctions. For engines equipped with variable geometry turbochargers
(VGT), the OBD system shall monitor the VGT system for slow response
malfunctions. For engines equipped with charge air cooler systems, the OBD
system shall monitor the charge air cooler system for cooling system
performance malfunctions. The individual electronic components (e.g.,
actuators, valves, sensors) that are used in the boost pressure control system
shall be monitored in accordance with the comprehensive component
requirements in section (g)(4).
(4.2) Malfunction Criteria:
(4.2.1) Underboost: The OBD system shall detect a malfunction of the boost
pressure control system prior to a decrease from the manufacturer's
commanded boost pressure that would cause an engine's emissions to
exceed 1.5 times any of the applicable standards. For engines in which
no fail
cause
exceeding 1.5 times any of the applicable standards, the OBD system
shall detect a malfunction when the system has reached its control limits
such that it cannot increase boost to achieve the commanded boost
pressure.
(4.2.2) Overboost: The OBD system shall detect a malfunction of the boost
pressure control system prior to an increase from the manufacturer's
commanded boost pressure that would cause an engine's emissions to
exceed 1.5 times any of the applicable standards. For engines in which
no failure or deterioration of the boost pressure control system that
causes an increase in boost could result in an engine's emissions
exceeding 1.5 times any of the applicable standards, the OBD system
shall detect a malfunction when the system has reached its control limits

pressure.

time that would cause an engine's emissions to exceed I.5 times any of
the applicable standards. For engines in which no failure or deterioration
of the VGT system response could result in an engine's emissions
exceeding 1.5 times any of the applicable standards, the OBD system
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or deterioration of the ckwge air COO!^^ system that c a m s a decrease in
cooling performance could result in an engine's emissions exceedin
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malfunction when the system has no detectable amount of charge air
cooling.
(4.2.5) Feedback control: Except as provided for in section (e)(4.2.6), if the
engine is equipped with feedback control of the boost pressure system
(e.g., zsntnl of'v'G7 position, iihine speed, manifoia pressurej tne utlu
system shall detect a malfunction:
(A) If the system fails to begin feedback control within a manufacturer
specified time interval;
(B) If a fail& or deterioration causes open loop or default operation; or
(C) If feedback control has used up all of the adjustment allowed by the
manufacturer.
(4.2.6) A manufacturer may request Executive Officer approval to temporarily
disable monitoring for the malfunction criteria specified in section
(e)(4.2.5)(C) during conditions that a manufacturer cannot robustly
distinguish between a malfunctioning system and a properly operating
system. The Executive Officer shall approve the disablement upon the
manufacturer submitting data andlor analysis demonstrating that the
control system, when operating as designed on an engine with all
emission controls working properly, routinely operates during these
conditions with all of the adjustment allowed by the manufacturer used up.
(4.2.7) In lieu of detecting the malfunctions specified in sections (e)(4.2.5)(A) and
(6)with a boost pressure system-specific monitor, the OBD system may
monitor the individual parameters or components that are used as inputs
for boost pressure system feedback control provided that the monitors
detect all malfunctions that meet the criteria in sections (e)(4.2.5)(A) and
(B).
(4.3) Monitoring Conditions:
(4.3.1) The OBD system shall monitor continuously for malfunctions identified in
sections (e)(4.2.1), (4.2.2), and (4.2.5) (i.e., over and under boost,
feedback control).
(4.3.2) Manufacturers shall define the monitoring conditions for malfunctions
identified in section (e)(4.2.3) (i.e., VGT slow response) in accordance

---

with sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements), with
the exception that monitoring shall occur every time the monitoring
conditions are met during the driving cycle in lieu of once per driving cycle
as required in section (d)(3.1.2). For purposes of tracking and reporting
as required in section (d)(3.2.1), all monitors used to detect malfunctions
identified in section (e)(4.2.3) shall be tracked separately but reported as
a single set of values as specified in section (d)(5.2.2).
(4.3.3) Manufacturers shall define the monitoring conditions for malfunctions
identified in section (e)(4.2.4) (i-e., charge air cooler performance) in
accordance with sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio
requirements). For purposes of tracking and reporting as required in
section (d)(3.2.1), all monitors used to detect malfunctions identified in
section (e)(4.2.4) shall be tracked separately but reported as a single set
of values as specified in section (d)(5.2.2).
(4.4) MIL Illumination and Fault Code Storage: General requirements for MIL
illumination and fault code storage are set forth in'section (d)(2).
(5)

NON-METHANE HYDROCARBON (NMHC) CONVERTING CATALYST
MONITORING
(5.1) Requirement: The OBD system shall monitor the NMHC converting
catalyst(s) for proper NMHC conversion capability. For engines equipped
with catalyzed PM filters that convert NMHC emissions, the catalyst function
of the PM filter shall be monitored in accordance with the PM filter
requirements in section (e)(8).
(5.2) Malfunction Criteria:
(5.2.1) For purposes of section (e)(5), each catalyst that converts NMHC shall be
monitored either individually or in combination with others.
(5.2.2) Conversion Efficiency:
(A) The OBD system shall detect an NMHC catalyst malfunction when the
catalyst conversion capability decreases to the point that NMHC
emissions exceed 2.0 times any of the applicable standards.
(B) If no failure or deterioration of the catalyst NMHC conversion capability
could result in an engine's NMHC emissions excee
the applicable standards, theOBD system shall de
when the catalyst has no detectable amount of NMHC conversion
capability.
(5.2.3) Other Aftertreatment Assistance Functions:
(A) For catalysts used to generate an exotherm to assist PM filter
regeneration, the OBD system shall detect a malfunction when the
catalyst is unable to generate a sufficient exotherm to achieve
regeneration of the PM filter.
(B) For catalysts used to generate a feedgas constituency to assist SCR
systems (e.g., to increase NOz concentration upstream of an SCR
system), the OBD system shall detect a malfunction when the catalyst is
unable to generate the necessary feedgas constituents for proper SCR
system operation.
NMHC emissions during PM filter regeneration, the OBD system shall
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(A) For purposes of determining the catalyst malfunction criteria in sections
(e)(5.2.2) and (5.2.3) for individually monitored catalysts, the manufacturer
shall use a catalyst deteriorated to the malfunction criteria using methods
established by the manufacturer to represent real world catalyst
,e~ane8 ~ f : ~ ~ a u ~
deterioratipn under normal and malfundio~bng
conditions.
(B) For purposes of d
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the dewtptmn, emheion 00iMmI pctqx~se,and location of each
component, the monitoring strategy for each component and/or
~~hinsii0n~~f~~mp~~ntS,andfhe~dforde.t~4matfundion criteria of sections (e)(5.2.2) and (5.2.3) including the
deteriorationjaging process. Executive Officer approval of the plan shall
be based on the representativeness of the aging to real world catalyst
system component deterioration under normal and malfunctioning engine
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the malfunction criteria of section (e)(5.2), the ability of the component
monitor(s) to pinpoint the likely area of malfunction and ensure the correct
components are repairedlreplaced in-use, and the ability of the
component monitor(s) to accurately verify that each catalyst component is
functioning as designed and as required in sections (e)(5.2.2) and (5.2.3).
(5.3) Monitoring Conditions:
(5.3.1) Manufacturers shall define the monitoring conditions for malfunctions
identified in sections (e)(5.2.2) and (5.2.3) in accordance with sections
(d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements). For purposes of
tracking and reporting as required in section (d)(3.2.1), all monitors used
to detect malfunctions identified in sections (e)(5.2.2) and (5.2.3) shall be
tracked separately but reported as a single set of values as specified in
section (d)(5.2.2).
(5.4) MIL Illumination and Fault Code Storage:
(5.4.1) General requirements for MIL illumination and fault code storage are set
forth in section (d)(2).
(5.4.2) The monitoring method for the catalyst(s) shall be capable of detecting all
instances, except diagnostic self-clearing, when a catalyst fault code has
been cleared but the catalyst has not been replaced (e.g., catalyst
overtemperature histogram approaches are not acceptable).
V ~ Q I
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OXIDES OF NITROGEN (NOx) CONVERTING CATALYST MONITORING
(6.1) Requirement: The OBD system shall monitor the NOx converting catalyst(s)
for proper conversion capability. For engines equipped with selective
catalytic reduction (SCR) systems or other catalyst systems that utilize an
active/intrusive reductant injection (e.g., active lean NOx catalysts utilizing
diesel fuel injection), the OBD system shall monitor the SCR or

activelintrusive reductant injection system for proper performance. The
individual electronic components (e.g., actuators, valves, sensors, heaters,
pumps) in the SCR or activelintrusive reductant injection system shall be
monitored in accordance with the comprehensive component requirements in
section (g)(4).
(6.2) Malfunction Criteria: For purposes of section (e)(6), each catalyst that
converts NOx shall be monitored either individually or in combination with
others.
(6.2.1) Conversion Efficiency:
(A) For 2010 through 2012 model year engines:
(i) The OBD system shall detect a catalyst malfunction when the catalyst
conversion capability decreases to the point that would cause an
engine's NOx emissions to exceed any of the applicable standards by
more than 0.3 glbhp-hr (e-g., cause emissions to exceed 0.5 glbhp-hr
if the emission standard is 0.2 glbhp-hr) as measured from an
applicable cycle emission test (i-e., FTP or ESC).
(ii) If no failure or deterioration of the catalyst NOx conversion capabilrty
could result in an engine's NOx emissions exceeding any of the
applicable standards by more than 0.3 gfbhp-hr, the OBD system shall
detect a malfunction when the catalyst has no detectable amount of
NOx conversion capability.
(B) For 2013 and subsequent model year engines:
(i) The OBD system shall detect a catalyst malfunction when the catalyst
conversion capability decreases to the point that would cause an
engine's NOx emissions to exceed any of the applicable standards by
more than 0.2 glbhp-hr (e-g., cause emissions to exceed 0.4 gfbhp-hr
if the emission standard is 0.2 glbhp-hr).
(ii) If no failure or deterioration of the catalyst system NOx conversion
capabilrty could result in an engine's NOx emissions exceeding any of
the applicable standards by more than 0.2 glbhp-hr, the OBD system
shall detect a malfunction when the catalyst has no detectable amount
of NOx conversion capability.
(6.2.2) Selective Catalytic Reduction (SCR) or Other Activellntrusive Reductant
tnjection System Perfo
(A) Reductant Delivery Performance:
(i) For 2010 through 2012 model year engines, the OBD system shall
detect a malfunction prior to any failure or deterioration of the system
to properly regulate reductant delivery (e.g., urea injection, separate
injector fuel injection, post injection of fuel, air assisted
injectionlmixing) that would cause an engine's NOx emissions to
exceed any of the applicable standards by more than 0.3 glbhp-hr
(e.g., cause emissions to exceed 0.5 glbhp-hr if the emission standard
is 0.2 gfbhp-hr) as measured from an applicable cycle emission test
(i.e., FTP or ESC). If no failure or deterioration of the SCR system
could result in an engine's NOx emissions exceeding any of the
applicable standards by more than 0.3 gbhp-hr, the OBD system shall
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detect a system malfunction prior to any failure or deterioration of the
system to properly regulate reductant delivery (e.g., urea injection,
separate injector fuel injection, post injection of fuel, air assisted
injection/mixing) that would Cause an engine's NOx emissions to
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(e.g., cause emissions to exceed 0.4 gfbhp-hr if the emission standard
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(B) If the catalyst system uses a reductant other than the fuel used for the
o@ne_orusesa.res~e~yoi~fotthereduthat
sepxabfrorn the
fuel tank used for the engine, the OBD system shall detect a malfunction
when there is no longer sufficient reductant available (e.g., the reductant
tank is empty).
(C) If the catalyst system uses a reservoirftank for the reductant that .is
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detect a malfunction when an improper reductant is used in the.reductant
reservoirltank (e.g., the reductant tank is filled with something other than
the reductant).
(D) Feedback control: Except as provided for in section (e)(6.2.2)(E), if the
engine is equipped with feedback control of the reductant injection, the
OBD system shall detect a malfunction:
(i) If the system fails to begin feedback control within a manufacturer
specified time interval;
(ii) If a failure or deterioration causes open loop or default operation; or
(iii) If feedback control has used up all of the adjustment allowed by the
manufacturer.
(E) A manufacturer may request Executive Officer approval to temporarily
disable monitoring for the malfunction criteria specified in section
(e)(6.2.2)(D)(iii) during conditions that a manufacturer cannot robustly
distinguish between a malfunctioning system and a properly operating
system. The Executive Officer shall approve the disablement upon the
manufacturer submitting data andlor analysis demonstrating that the
control system, when operating as designed on an engine with all
emission controls working properly, routinely operates during these
conditions with all of the adjustment allowed by the manufacturer used up.
(F) In lieu of detecting the malfunctions specified in sections (e)(6.2.2)(D)(i)
and (ii) with a reductant injection system-specific monitor, the OBD system
may monitor the individual parameters or components that are used as
inputs for reductant injection feedback control provided that the monitors
detect all malfunctions that meet the criteria in sections (e)(6.2.2)(D)(i)
and (ii).
(6.2.3) Catalyst System Aging and Monitoring

(A) For purposes of determining the catalyst malfunction criteria in section
(e)(6.2.1) for individually monitored catalysts, the manufacturer shall use a
catalyst deteriorated to the malfunction criteria using methods established
by the manufacturer to represent real world catalyst deterioration under
normal and malfunctioning engine operating conditions.
(B) For purposes of determining the catalyst malfunction criteria in section
(e)(6.2.1) for catalysts monitored in combination with others, the
manufacturer shall submit a catalyst system aging and monitoring plan to
ce
ifrf
for review and approval. The plan shall include the
the Executive O
description, emission control purpose, and location of each component,
the monitoring strategy for each component andlor combination of
components, and the method for determining the malfunction criteria of
section (e)(6.2.1) including the deteriorationlaging process. Executive
Officer approval of the plan shall be based on the representativeness of
the aging to real world catalyst system component deterioration under
normal and malfunctioning engine operating conditions, the effectiveness
of the method used to determine the matfunction criteria of section
(e)(6.2.1), the ability of the component monitor(s) to pinpoint the likely
area of malfunction and ensure the correct components are
repairedireplaced in-use, and the ability of the component monitor(s) to
accurately venfy that each catalyst component is functioning as designed
and as required in section (e)(6.2.1).
(6.3) Monitoring Conditions:
(6.3.1) Manufacturers shall define the monitoring conditions for malfunctions
identified in section (e)(6.2.1) (i-e., catalyst efficiency) in accordance with
sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements). For
purposes of tracking and reporting as required in section (d)(3.2.1), all
monitors used to detect malfunctions identified in section (e)(6.2.1) shall
be tracked separately but reported as a single set of values as specified in
section (d)(5.2.2).
(6.3.2) The OBD system shall monitor continuously for malfunctions identied in
section (e)(6.2.2) (e-g., SCR performance).
(6.4) MIL Illumination and Fault Code Storage:
(6.4.1) Excepf as provided below for reductant faul
MIL illumination and fault code storage are set forth in section (d)(2).
(6.42) If the OBD system is capable of discerning that a system fault is being
caused by a empty reductant tank:
(A) The manufacturer may request Executive Officer approval to delay
illumination of the MIL if the vehicle is equipped with an alternative
indicator for notifying the vehicle operator of the malfunction. The
Executive Officer shall approve the request upon determining the
alternative indicator is of sufficient illumination and location to be readily
visible under all lighting conditions and provides equivalent assurance that
a vehicte operator will be promptly notified and that cokedive action will
be undertaken.
(B) If the vehicle is not equipped with an alternative indicator and the MIL
corresponding fault codes erased once the OBD system has verified that

the rtxkztmtknk has been pmpedy refilled and the MIL has not been
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(C)The Exwwtdve OKtoer may approve &her strategies that provide
equivalent assurance that a vehicle operator will be promptly notified and
that corrective action wilt be undertaken.
(6.4.3) The monitoring method for the catalyst(s) shall be capable of detecting all
instances, except diagnostic self-clearing, when a catalyst fault code has
been,cleared but the .Waksthas r ~ ~ txfakx=Uq+,
h n
overtemperature histogram approaches are not acceptabl
(7)
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so-equipped for pmper performance. For engines equipped with
adiw/h%usiveinjection (eg.,
in-exhaust fuel a n d h air irijeaon) to achieve
desorption of the NOx adsorber, the OBD system shall monito
acjivdinW$_i~e
injedifor--p-.
- Hteelectronic components (e.g., injectors, valves, sensors) that are used in the
activelintrusive injection system shall be monitored in accordance with the
comprehensive component requirements in section (g)(4).
(7.2) Malfunctiin Criteria:
(?.2.!) NO: acfss;t;sr capability:
(A) For 2010 through 2012 model year engines, the OBD system shall detect
a NOx adsorber system malfunction when the NOx adsorber capabilrty
decreases to the point that would cause an engine's NOx emissions to
exceed any of the applicable standards by more than 0.3 glbhp-hr (e.g.,
cause emissions to exceed 0.5 glbhp-hr if the emission standard is 0.2
glbhp-hr) as measured from an applicable cycle emission test (i:e., FTP or
ESC). If no failure or deterioration of the NOx adsorber capability could
result in an engine's NOx emissions exceeding any of the applicable
standards by more than 0.3 glbhp-hr, the OBD system shall detect a
malfunction when the system has no detectable amount of NOx adsorber
capability.
(B) For 2013 and subsequent model year engines, the OBD system shall
detect a NOx adsorber system malfunction when the NOx adsorber
capability decreases to the point that would cause an engine's NOx
emissions to exceed any of the applicable standards by more than 0.2
glbhp-hr (e-g., cause emissions to exceed 0.4 glbhp-hr if the emission
standard is 0.2 glbhp-hr) as measured from an applicable cycle emission
test (i.e., FTP or ESC). If no failure or deterioration of the NOx adsorber
capability could result in an engine's NOx emissions exceeding any of the
applicable standards by more than 0.2 glbhp-hr, the OBD system shall
detect a malfunction when the system has no detectable amount of NOx
adsorber capability.
(7.2.2) For systems that utilize activelintrusive injection (e.g., in-cylinder post fuel
injection, in-exhaust air-assisted fuel injection) to achieve desorption of
the NOx adsorber, the OBD system shall detect a malfunction if any
failure or deterioration of the injection system's ability to properly regulate

injection causes the system to be unable to achieve desorption of the NOx
adsorber.
(7.2.3)feedback control: Except as provided for in section (e)(7.2.4), if the
engine is equipped with feedback control of the NOx adsorber or
activelintrusive injection system (e.g., feedback control of injection
quantity, time), the OBD system shall detect a malfunction:
(A) If the system fails to begin feedback control within a manufacturer
specified time interval;
(B) If a failure or deterioration causes open loop or default operation; or
(C) If feedback control has used up all of the adjustment allowed by the
manufacturer.
(7.2.4) A manufacturer may request Executive Officer approval to temporarily
disable monitoring for the malfunction criteria specified in section
(e)(7.2.3)(C) during conditions that a manufacturer cannot robustly
distinguish between a malfunctioning system and a properly operating
system. The Executive Officer shall approve the disablement upon the
manufacturer submitting data andlor analysis demonstrating that the
control system, when operating as designed on an engine with all .
emission controls working properly, routinely operates during these
conditions with all of the adjustment allowed by the manufacturer used up.
(7.2.5) In tieu of detecting the malfunctions specified in sections (e)(7.2.3)(A) and
(B) with a NOx adsorber-specific monitor, the OBD system may monitor
the individual parameters or components that are used as inputs for NOx
adsorber or activelintrusive injection system feedback control provided
that the monitors detect all malfunctions that meet the criteria in sections
(e)(7.2.3)(A) and (B).
(7.3) Monitoring Conditions:
(7.3.1) Manufacturers shall define the monitoring conditions for malfunctions
identified in sections (e)(7.2.1) (i.e., adsorber capability) in accordance
with sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements). For
purposes of tracking and reporting as required in section (d)(3.2.1), all
monitors used to detect malfunctions identified in sections (e)(7.2.1) shall
(7.3.2) The OBD system shall monitor continuously for malfunctions identified in

(7.4)

(8)

sections (e)(7.2.2) and (7.2.3) (e-g., injection function, feedback control).
MIL Illumination and Fault Code Storage: General requirements for MIL
illumination and fault code storage are set forth in section (d)(2).

PARTICULATE MATTER (PM) FILTER MONITORING
(8.1) Requirement: The OBD system shall monitor the PM filter on engines soequipped for proper performance. For engines equipped with active
regeneration systems that utilize an activelintrusive injection (e-g., in-exhaust
fuel injection, in-exhaust fuellair burner), the OBD system shall monitor the
activelintrusive injection system for proper performance. The individual
electronic components (e.g., injectors, valves, sensors) that are used in the

comprehensive component requirements in section (g)(4).

2 model yew etqktes,the CBD system shall detect
a malfunction prior to a decrease in the filtering capability of the PM filter
(e-g., cracking) that would cause an engine's PM emissions to exceed
0.05 glbhphr as measured from an applicable cycle emission test (i.e.,
FTP or ESC). If no failure or deterioration of the PM filtering performance
could result in an engine's
, - PM emissions exceedingO.O5,~&&~r~We
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a malfunction when no detectable
amount of PM fiitering occurs.
(8.2.2) Frequent Regeneration: The OBD system shall detect a malfunction when
the PM filter regeneration frequency increases from (i.e., occurs more
often than) the manufacturer's specified :egeners:ion fieqiieii~yie a ieiiei
such that it would cause an engine's NMHC emissions to exceed 2.0
times the applicable standards. If no failure or deterioration causes an
increase in the PM filter regeneration frequency that could result in an
engine's NMHC emissions exceeding 2.0 times the applicable standards,
the OBD system shall detect a malfunction when the PM filter
regeneration frequency exceeds the manufacturer's specified design limits
for allowable regeneration frequency.
(8.2.3) Incomplete regeneration: The OBD system shall detect a regeneration
malfunction when the PM filter does not properly regenerate under
manufacturer-defined conditions where regeneration is designed to occur.
(8.2.4) NMHC conversion: For catalyzed PM filters that convert NMHC emissions,
the OBD system shall monitor the catalyst function of the PM filter and
detect a malfunction when the NMHC conversion capability decreases to
the point that NMHC emissions exceed 2.0 times the applicable
standards. If no failure or deterioration of the NMHC conversion capability
could result in an engine's NMHC emissions exceeding 2.0 times the
applicable standards, the OBD system shall detect a malfunction when
the system has no detectable amount of NMHC conversion capability.
(8.2.5) Missing substrate: The OBD system shall detect a malfunction if either the
PM filter substrate is completely destroyed, removed, or missing, or if the
PM filter assembly is replaced with a muffler or straight pipe.
(8.2.6) Active/lntrusive Injection: For systems that utilize active/intrusive injection
(e.g., in-cylinder post fuel injection, in-exhaust air-assisted fuel injection)
to achieve regeneration of the PM filter, the OBD system shall detect a
malfunction if any failure or deterioration of the injection system's ability to
properly regulate injection causes the system to be unable to achieve
regeneration of the PM filter.

(8.2.7) Feedback Control: Except as provided for in section (e)(8.2.8), if the
engine is equipped with feedback control of the PM filter regeneration
(e.g., feedback control of oxidation catalyst inlet temperature, PM filter
inlet or outlet temperature, in-cylinder or in-exhaust fuel injection), the
OBD system shall detect a malfunction:
(A) If the system fails to begin feedback control within a manufacturer
specified time interval;
(B) If a failure or deterioration causes open loop or default operation; or
(C) if feedback control has used up all of the adjustment allowed by the
manufacturer.
(8.2.8) A manufacturer may request Executive Officer approval to temporarily disable monitoring for the malfunction criteria specified in section
(e)(8.2.7)(C) during conditions that a manufacturer cannot robustly
distinguish between a malfunctioning system and a properly operating
system. The Executive Officer shall approve the disablement upon the
manufacturer submitting data andlor analysis demonstrating that the
control system, when operating as designed on an engine with all
emission controls working properly, routinely operates during these
conditions with all of the adjustment allowed by the manufacturer used up.
(8.2.9) In lieu of detecting the malfunctions specified in sections (e)(8.2.7)(A) and
(B) with a PM filter-specific monitor, the OBD system may monitor the
individual parameters or components that are used as inputs for PM filter
regeneration feedback control provided that the monitors detect all
malfunctions that meet the criteria in sections (e)(8.2.7)(A) and (B).
(8.3) Monitoring Conditions: Manufacturers shall define the monitoring conditions
for malfunctions identified in sections (e)(8.2.1) through (8.2.7) in accordance
with sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements), with the
exception that monitoring shall occur every time the monitoring conditions are
met during the driving cycle in lieu of once per driving cycle as required in
section (d)(3.1.2). For purposes of tracking and reporting as required in
section (d)(3.2.1), all monitors used to detect malfunctions identified in
sections (e)(8.2.1) shall be tracked separately but reported as a single set of
values as specified in section (d)(5.2.2).
(8.4) MIL Itlumination antfault Code Storage: Generat requirements for MIL
illumination and fault code storage are set forth in section (d)(2).
(9)

EXHAUST GAS SENSOR MONITORING
(9.1) Requirement:
(9.1.1) The OBD system shall monitor all exhaust gas sensors (e.g., oxygen, airfuel ratio, NOx) used for emission control system feedback (e.g., EGR
controllfeedback, SCR controllfeedback, NOx adsorber controllfeedback)
or as a monitoring device for proper output signal, activity, response rate,
and any other parameter that can affect emissions.
(9.1.2) For engines equipped with heated exhaust gas sensors, the OBD system
shall monitor the heater for proper performance.
(9.2) Malfunction Criteria:

-

(A) For sensors located upstream of the aftertreatment:
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characteristic(s) that would cause an engine's emissions to exceed 1.5
times any of the applicable standards.
(ii) Circuit faults: The OBD system shall detect malfunctions of the sensor
caused by either a lack of circuit continuity or out@)FeedR%V?~lts:Ths
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monitoring device (e.g., for catatyst, EGR, SCR,or NOx adsorber
monitoring).
(B) For sensors located downstream of the aftertreatment:
(i) Sensor performance faults:
a. For 2C)aC) tt;i;;i;gt; 2012 ;;;&el par eiigiiies, ALI"- IG fin"
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detect a malfunction prior to any failure or deterioration of the
sensor voltage, resistance, impedance, current, response rate,
amplitude, offset, or other characteristic(s) that would cause an
engine's NMHC emissions to exceed 1.5 times any of the
applicable standards, cause an engine's NOx emissions to exceed
any of the applicable standards by more than 0.3 glbhp-hr (e.g.,
cause emissions to exceed 0.5 glbhp-hr if the emission standard is
0.2 glbhp-hr) as measured from an applicable cycle emission test
(i.e., FTP or ESC), or cause an engine's PM emissions to exceed
0.05 glbhp-hr as measured from an applicable cycle emission test
(i.e., FTP or ESC).
b. For 2013 and subsequent model year engines, the OBD system
shall detect a malfunction prior to any failure or deterioration of the
sensor voltage, resistance; impedance, current, response rate,
amplitude, offset, or other characteristic(s) that would cause an
engine's NMHC emissions to exceed 1.5 times any of the
applicable standards, cause an engine's NOx emissions to exceed
any of the applicable standards by more than 0.2 glbhp-hr (e.g.,
cause emissions to exceed 0.4 glbhp-hr if the emission standard is
0.2 glbhp-hr) as measured from an applicable cycle emission test
(i.e., FTP or ESC), or cause an engine's PM emissions to exceed
0.025 glbhp-hr as measured from an applicable cycle emission test
(i.e., FTP or ESC).
(ii) Circuit faults: The OBD system shall detect malfunctions of the sensor
caused by either a lack of circuit continuity or out-of-range values.
(iii) Feedback faults: The OBD system shall detect a malfunction of the
sensor when a sensor failure or deterioration causes an emission

+

control system (e.g., EGR, SCR, or NOx adsorber) to stop using that
sensor as a feedback input (e.g., causes default or open-loop
operation).
(iv) Monitoring capability: To the extent feasible, the OBD system shall
detect a malfunction of the sensor when the sensor output voltage,
resistance, impedance, current, amplitude, activity, offset, or other
characteristics are no longer sufficient for use as an OBD system
monitoring device (e.g., for catalyst, EGR, SCR, or NOx adsorber
monitoring).
(9.2.2) NOx sensors:
(A) Sensor performance faults:
(i) For 2010 through 2012 model year engines, the OBD system shall
detect a malfunction prior to any failure or deterioration of the sensor
voltage, resistance, impedance, current, response rate, amplitude,
offset, or other characteristic(s) that would cause an engine's NOx
emissions to exceed any of the applicable standards by more than 0.3
glbhp-hr (e-g., cause emissions to exceed 0.5 glbhp-hr if the emission
standard is 0.2 glbhp-hr) as measured from an applicable cycle
emission test (i-e., FTP or ESC), or cause an engine's PM emissions
to exceed 0.05 glbhp-hr as measured from an applicable cycle
emission test (i.e., FTP or ESC).
(ii) For 2013 and subsequent model year engines, the OBD system shall
detect a malfunction prior to any failure or deterioration of the sensor
voltage, resistance, impedance, current, response rate, amplitude,
offset, or other characteristic(s)that would cause an engine's NOx
emissions to exceed any of the applicable standards by more than 0.2
glbhp-hr (e.g., cause emissicins to exceed 0.4 glbhp-hr if the emission
standard is 0.2 glbhp-hr) as measured from an applicable cycle
emission test (i-e., FTP or ESC), or cause an engine's PM emissions
to exceed 0.025 glbhp-hr as measured from an applicable cycle
emission test (i.e., FTP or ESC).
(6)Circuit faults: The OBD system shall detect malfunctions of the sensor
caused by either a lack of circuit continuity or out-of-range values.
(C) F e e d k k faults: The OBD-system shaft detecta malfunction of thesensor when a sensor failure or deterioration causes an emission control
system (e.g., EGR, SCR, or NOx adsorber) to stop using that sensor as a
feedback input (e-g., causes default or open-loop operation).
(D) Monitoring capability: To the extent feasible, the OBD system shall detect
a malfunction of the sensor when the sensor output voltage, resistance,
impedance, current, amplitude, activity, offset, or other characteristics are
no longer sufficient for use as an OBD system monitoring device (e-g., for
catalyst, EGR, SCR, or NOx adsorber monitoring).
(9.2.3) Other exhaust gas sensors:
(A) For other exhaust gas sensors, the manufacturer shaH submit a
monitoring plan to the Executive Officer for approval. The Executive
Officer shall approve the request upon determining that the manufacturer
the monitoring plan is as reliable and effective as the monitoring plan
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(9.2.4) S e a m bkWec5:
(A) The OBD system shall detect a malfunction of the heater performance
when the current or voltage drop in the heater circuit is no-longerwithin
the manufacturer's specified limits for normal operation (i.e., within the
criteria required to be met by the component vendor for heater circuit
performance at high mileage). subject to Executive Officer appval,
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(B) The O D system shall detect maIfun&ns of the heater circuit including.
open or short circuits that conflict with the commanded state of the heater
to 0 Volts 19round)l.
(Ie-g.I.shorted
_- -_ -_ _to 12 Volts when _cormmmanded
nitoring Conditions:
(9.3.1) Exhaust Gas Sensors
(A) Manufacturers shall define the monitoring conditions for malfunctions
identified in sections (e)(9.2.1)(A)(i), (9.2.f )(B)fi), and (9.2.2)(A) (e-g.,
renror perfa-ance fau!ts) In accsrdance v:kh sedisns (dl(3.1) and
(d)(3.2) (i.e., minimum ratio requirements). For purposes of tracking and
reporting as required in section (d)(3.2.1), all monitors used to detect
malfunctions identified in sections (e)(9.2.1 )(A)(i), (9.2.1 )(B)(i), and
(9.2.2)(A) shall be tracked separately but reported as a single set of
values as specified in section (d)(5.2.2).
(B) Manufacturers shall define the monitoring conditions for malfunctions
identified in sections (9.2.1)(A)(iv), (9.2.1)(B)(iv), and (9.2.2)(D) (e.g.,
monitoring capability) in accordance with sections (d)(3.1) and (d)(3.2)
(i.e., minimum ratio requirements) with the exception that monitoring shall
occur every time the monitoring conditions are met during the driving cycle
in lieu of once per driving cycle as required in section (d)(3.1.2).
(C) Except as provided in section (e)(9.3.1)(D), monitoring for malfunctions
identified in sections (e)(9.2.1 )(A)(ii), (9.2.1 )(A)(iii), (9.2.1 )(B)(ii),
(9.2.1)(B)(iii), (9.2.2)(B), and (9.2.2)(C) (i.e., circuit continuity, and openloop malfunctions) shall be conducted continuously.
(D) A manufacturer may request Executive Officer approval to disable
continuous exhaust gas sensor monitoring when an exhaust gas sensor
malfunction cannot be distinguished from other effects (e.g., disable outof-range low monitoring during fuel cut conditions). The Executive Officer
shall approve the disablement upon determining that the manufacturer
has submitted test data and/or documentation that demonstrate a properly
functioning sensor cannot be distinguished from a malfunctioning sensor
and that the disablement interval is limited only to that necessary for
avoiding false detection.
(9.3.2) Sensor Heaters
(A) Manufacturers shall define monitoring conditions for malfunctions
identified in section (e)(9.2.4)(A) (i.e., sensor heater performance) in
_..

._
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(9.4)

accordance sections (d)(3.1) and (d)(3.2) (i-e., minimum ratio
requirements).
(B) Monitoring for malfunctions identified in section (e)(9.2.4)(B) (i.e., circuit
malfunctions) shall be conducted continuously.
MIL lllumination and Fault Code Storage: General requirements for MIL
illumination and fault code storage are set forth in section (d)(2).

(9

MONITORING REQUIREMENTS FOR GASOLINEISPARK-IGNITED ENGINES
(1)
FUEL SYSTEM MONITORING
(1.1) Requirement: The OBD system shall monitor the fuel delivery system to
determine its abilrty to provide compliance with emission standards.
(1.2) Malfunction Criteria:
(1.2.1) The OBD system shall detect a malfunction of the fuel delivery system
(including feedback control based on a secondary oxygen sensor) when
the fuel delivery system is unable to maintain an engine's emissions at or
below 1.5 times the applicable standards.
(1.2.2) Except as provided for in section (f)(1.2.3) below, if the engine is equipped
with adaptive feedback control, the OBD system shall detect a malfunction
when the adaptive feedback control has used up all of the adjustment
allowed by the manufacturer.
(1.2.3) If the engine is equipped with feedback control that is based on a
secondary oxygen (or equivalent) sensor, the OBD system is not required
to detect a malfunction of the fuel system solely when the feedback
control based on a secondary oxygen sensor has used up ail of the
adjustment allowed by the manufacturer. However, if a failure or
deterioration results in engine emissions that exceed the malfunction
criteria in section (f)(I.2.1), the OBL) system is required to detect a
malfunction.
(1.2.4) The OBD system shall detect a malfunction whenever the fuel control
system fails to enter closed-loop operation within an Executive Officerapproved time interval after engine start. Executive Officer approval of
the time interval shall be granted upon determining that the data and/or
engineering evaluation submitted by the manufacturer supports the
specified
(1.2.5) Manufacturers may adjust the malfunction criteria and/or monitoring
conditions to compensate for changes in altitude, for temporary
introduction of large amounts of purge vapor, or for other similar
identifiable operating conditions when they occur.
(1.3) Monitoring Conditions: The fuel system shall be monitored continuously for
the presence of a malfunction.
(1.4) MIL lllumination and Fault Code Storage:
(1.4.1) A pending fault code shall be stored immediately upon the fuel system
exceeding the malfunction criteria established pursuant to section (q(1.2).
(1.4.2) Except as provided below, if a pendingfault code is stored, the OBD
system shall immediately illuminate the MIL and store a confirmed fault
code if a malfunction is again detected during either of the following two
pending fault code, regardless of the conditions encountered during the

drbingc)de;or fb)on the next driving cyde in which simifar conditbns
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stored are encountered.
(1.4.3) The pending fault code may be erased at the end of the next driving cycle
in which similar conditions have been encountered without an exceedance
of the specrid fuel system malfunction criteria. .The pending code may
also be erased if similar conditions are not encountered during the 80
driving
cycles
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(I AA) S t o m of freeze-frame conditions.
(A) The OBD system shall store and erase freeze frame conditions either in
(B) If: freeze frame conditions are stored fm a maifunction other than a misfire
(see section (f)(2)) or fuel system maffunction when a fault code is stored
pecified
- - - - -- in- section
- ----- -(QLI.4)above, the stored freeze frame.lnformation
I be replaced with freeze frame information regarding the fuel system
malfunction.
(1.4.5) Storage of fuel system conditions for determining similar conditions of
operation. Upon detection of a fuel system mifunction under section
(f)!? -21, the QBD system shall store the engine speed, load, and warn,-up
status of the first fuel system malfunction that resulted in the storage of
the pending fault code.
(1.4.6) Extinguishing the MIL. The MIL may be extinguished after three
sequential driving cycles in which similar conditions have been
encountered without a malfunction of the fuel system.
.
.

(2)

MISFIRE MONITORING
(2.1) Requirement:
(2.1.1) The OBD system shall monitor the engine for misfire causing catalyst
damage and misfire causing excess emissions.
(2.1.2) The OBD system shall identify the specific cylinder that is experiencing
misfire. Manufacturers may request Executive Officer approval to store a
general misfire fault code instead of a cylinder specific fault code under
certain operating conditions. The Executive Officer shall approve the
request upon determining that the manufacturer has submitted data
andlor an engineering evaluation that demonstrate that the misfiring
cylinder cannot be reliably identified when the conditions occur.
(2.1.3) If more than one cylinder is misfiring, a separate fault code shall be stored
indicating that multiple cylinders are misfiring except as allowed below.
When identifying multiple cylinder misfire, the OBD system is not required
to also identify each of the misfiring cylinders individually through separate
fault codes. If more than 90 percent of the detected misfires occur in a
single cylinder, the OBD system may elect to store the appropriate fault
code indicating the specific misfiring cylinder in lieu of the multiple cylinder
misfire fault code. If, however, two or more cylinders individually have
more than 10 percent of the total number of detected misfires, a multiple
cylinder fault code must be stored.

(2.2)

Malfunction Criteria: The OBD system shall detect a misfire malfunction
pursuant to the following:
(2.2.1) Misfire causing catalyst damage:
(A) Manufacturers shall determine the percentage of misfire evaluated in 200
revolution increments for each engine speed and load condition that
would result in a temperature that causes catalyst damage. The
manufacturer shall submit documentation to support this percentage of
misfire as required in section (j)(2.5). For every engine speed and load
condition that this percentage of misfire is determined to be lower than
five percent, the manufacturer may set the malfunction criteria at five
percent.
(B) Subject to Executive Officer approval, a manufacturer may employ a
longer interval than 200 revolutions but only for determining, on a given
driving cycle, the first misfire exceedance as provided in section
(9(2.4.1)(A) below. Executive Officer approval shall be granted upon
determining that the manufacturer has submitted data and/or an
engineering evaluation that demonstrate that catalyst damage would not
occur due to unacceptably high catalyst temperatures before the interval
has elapsed.
(C) A misfire malfunction shall be detected if the percentage of misfire
established in section (Q(2.2.1)(A) is exceeded.
(D) For purposes of establishing the temperature at which catalyst damage
occurs as required in section (9(2.2.1)(A), manufacturers may not define
catalyst damage at a temperature more severe than what the catalyst
system could be operated at for 10 consecutive hours and still meet the
applicable standards.
(2.2.2) Misfire causing emissions to exceed 1.5 iimes the applicable standards:
(A) Manufacturers shall determine the percentage of misfire evaluated in
1000 revolution increments that would cause emissions from an emission
durability demonstration engine to exceed 1.5 times any of the applicable
standards if the percentage of misfire were present from the beginning of
the test. To establish this percentage of misfire, the manufacturer shall
utilize misfire events occumng at equally spaced, complete engine cycle
intervats, across ran-dornfy setected cyhrrders throughout eazh 1000revolution increment. If this percentage of misfire is determined to be
lower than one percent, the manufacturer may set the malfunction criteria
at one percent.
(B) Subject to Executive Officer approval, a manufacturer may employ other
revolution increments. The Executive Officer shall grant approval upon
determining that the manufacturer has demonstrated that the strategy
would be equally effective and timely in detecting misfire.
(C) A malfunction shall be detected if the percentage of misfire established in
section (9(2.2.2)(A) is exceeded regardless of the pattern of misfire
events fe.g., random, equally spaced, continuous).
(2.3) Monitoring Conditions:
(2.3.1) The OBD system shall continuously monitor for misfire under the following
$'
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is troublesome, and demonstration that the monitoring technology
employed is not inherently incapable of detecting misfire under required
conditions (i.e., compliance can be achieved on other engines). The
evaluation shall be based on the following misfire patterns: equally spaced
misfire occurring on randomly selected cylinders, single cylinder
continuous misfire, and paired cylinder (cylinders firing at the same crank
angle) continuous misfire.
(2.3.3) A manufacturer may request Executive Officer approval of a monitoring
system that has reduced misfire detection capability during the portion of
the first 1000 revolutions after engine start that a cold start emission
reduction strategy that reduces engine torque (e.g., spark retard
strategies) is active. The Executive Officer shall approve the request
upon determining that the manufacturer has demonstrated that the
probability of detection is greater than or equal to 75 percent during the
worst case condition (i-e., lowest generated torque) for a vehicle operated
continuously at idle (parklneutral idle) on a cold start between 50 and 86
degrees Fahrenheit and that the technology cannot reliably detect a
higher percentage of the misfire events during the conditions.
(2.3.4) A manufacturer may request Executive Officer approval to disable misfire
monitoring or employ an alternate malfunction criterion when misfire
cannot be distinguished from other effects.
(A) Upon determining that the manufacturer has presented documentation
that demonstrates the disablement interval or period of use of an alternate
malfunction criterion is limited only to that necessary for avoiding false
detection, the Executive Officer shall approve the disablement or use of
the alternate malfunction criterion for conditions involving:
(i) rough road,

n

d

(ii) fuel cut,
(iii) gear changes for manual transmission vehicles,
(iv) traction control or other vehicle stability control activation such as antilock braking or other engine torque modifications to enhance vehicle
stability,
(v) off-board control or intrusive activation of vehicle components or
diagnostics during service or assembly plant testing,
(vi) portions of intrusive evaporative system or EGR diagnostics that can
significantly.affect engine stability (i.e., while the purge valve is open
during the vacuum pull-down of a evaporative system leak check but
not while the purge valve is closed and the evaporative system is
sealed or while an EGR diagnostic causes the EGR valve to be
intrusively cycled on and off during positive torque conditions), or
(vii) engine speed, load, or torque transients due to throttle movements
more rapid than occurs over the FTP cycle for the worst case engine
within each engine family.
(B) Additionally, the Executive Officer will approve a manufacturer's request
in accordance with sections (g)(6.3), (g)(6.4), and (g)(6.6) to disable
misfire monitoring when the fuel level is 15 percent or less of the nominal
capacity of the fuel tank, when PTO units are active, or while engine
coolant temperature is below 20 degrees Fahrenheit. The Executive
Officer will approve a request to continue disablement on engine starts
when engine coolant temperature is below 20 degrees Fahrenheit at
engine start until engine coolant temperature exceeds 70 degrees
Fahrenheit.
(C) In general, the Executive Officer shall not approve disablement for
conditions involving normal air conditioning compressor cycling from onto-off or off-to-on, automatic transmission gear shifts (except for shifts
occurring during wide open throttle operation), transitions from idle to offidle, normal engine speed or load changes that occur during the engine
speed rise time and settling time (i-e., "flare-upn and Yiare-downn)
immediately after engine starting without any vehicle operator-induced
actions (e.g., throttle stabs), or excess acceleration (except for
acceteration rates that exceed the maximumacceTeration rate oaainable
at wide open throttle while the vehicle is in gear due to abnormal
conditions such as slipping of a clutch).
(D) The Executive Officer may approve misfire monitoring disablement or use
of an alternate malfunction criterion for any other condition on a case by
case basis upon determining that the manufacturer has demonstrated that
the request is based on an unusual or unforeseen circumstance and that
it is applying the best available computer and monitoring technology.
(2.3.5) For engines with more than eight cylinders that cannot meet the
requirements of section (f)(2.3.1), a manufacturer may request Executive
Officer approvat to use alternative misfire monitoring conditions. The
Executive Officer shall approve the request upon determining that the
manufacturer has submitted data andlor an engineering evaluation that
-
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region cannot be achieved when employing proven monitoring technology

n system is unable to monitor
during all positive torque operating conditions encountered during an FTP
cycle.
(2.4) MIL Illumination and Fault Code Storage:
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region defined in section (o(2.3.1).
(ii) Immediately after a pending fault code is stored as specified in section
(f)(2.4.1)(A)(i) above, the MIL shall blink once per second at ail times
whiie misfire is occumng during the driving cycle.
a. The ?A!L may be extinguished Siiiiiig those times when misfire is not
occurring during the driving cycle.
b. If, at the time a misfire malfunction occurs, the MIL is already
illuminated for a malfunction other than misfire, the MIL shall blink
as previously specified in section (f)(2.4.1)(A)(ii) while misfire is
occurring. If misfiring ceases, the MIL shall stop blinking but
remain illuminated as required by the other malfunction.
( 6 )Confirmed fault codes
(i) If a pending fault code for exceeding the percentage of misfire set forth
in section (o(2.2.1) is stored, the OBD system shall immediately store
a confirmed fault code if the percentage of misfire specified in section
(f)(2.2.1) is again exceeded one or more times during either: (a) the
driving cycle immediately following the storage of the pending fault
code, regardless of the conditions encountered during the driving
cycle; or (b) on the next driving cycle in which similar conditions (see
section (c)) to the engine conditions that occurred when the pending
fault code was stored are encountered.
(ii) If a pending fault code for exceeding the percentage of misfire set forth
in section (o(2.2.2) is stored from a previous driving cycle, the OBD
system shall immediately store a confirmed fault code if the
percentage of misfire specified in section (o(2.2.1) is exceeded one or
more times regardless of the conditions encountered.
(iii) Upon storage of a confirmed fault code, the MIL shall blink as
specified in subparagraph (f)(2.4.1)(A)(ii) above as long as misfire is
occurring and the MIL shall remain continuously illuminated if the
misfiring ceases.
(C) Erasure of pending fault codes

Pending fault cbdes shall be erased at the end of the next driving cycle in
which similar conditions to the engine conditions that occurred when the
pending fault code was stored have been encountered without any
exceedance of the specified percentage of misfire. The pending code
may also be erased if similar driving conditions are not encountered
during the next 80 driving cycles subsequent to the initial detection of a
malfunction.
(D) Exemptions for engines with fuel shutoff and default fuel control.
Notwithstanding sections (f)(2.4.1)(A) and (B) above, in engines that
provide for fuel shutoff and default fuel control to prevent over fueling
during catalyst damage misfire conditions, the MIL is not required to blink.
Instead, the MIL may illuminate continuously in accordance with the
requirements for continuous MIL illumination in sections (f)(2.4.1)(B)(iii)
above upon detection of misfire, provided that the fuel shutoff and default
control are activated as soon as misfire is detected. Fuel shutoff and
default fuel control may be deactivated only to permit fueling outside of
the misfire range. Manufacturers may also periodically, but not more than
once every 30 seconds, deactivate fuel shutoff and default fuel control to
determine if the specified catalyst damage percentage of misfire is still
being exceeded. Normal fueling and fuel control may be resumed if the
specified catalyst damage percentage of misfire is no longer being
exceeded.
(E) Manufacturers may request Executive Officer approval of strategies that
continuously illuminate the MIL in lieu of blinking the MIL during extreme
catalyst damage misfire conditions (i.e., catalyst damage misfire occurring
at all engine speeds and loads). Executive Officer approval shall be
granted upon determining that the manufacturer employs the strategy only
when catalyst damage misfire levels cannot be avoided during reasonable
driving conditions and the manufacturer has demonstrated that the
strategy will encourage operation of the vehicle in conditions that will
minimize catalyst damage (e.g., at low engine speeds and loads).
(2.4.2)Misfire causing emissions to exceed 1.5 times the FTP standards. Upon
detection of the percentage of misfire specified in section (9(2.2.2), the
following criteria shall apply for MtL iltumination and fault code storag-e:
(A) Misfire within the first I000 revolutions after engine start.
(i) A pending fault code shall be stored no later than after the first
exceedance of the specified percentage of misfire during a single
driving cycle if the exceedance occurs within the first 1000 revolutions
after engine start (defined in section (c)) during which misfire detection
is active.
(ii) If a pending fault code is stored, the OBD system shall illuminate the
MIL and store a confirmed fault code within 10 seconds if an
exceedance of the specified percentage of misfire is again detected in
the first 1000 revolutions dtiring any subsequent driving cycle,
regardless of the conditions encountered during the driving cycle.
(iii)The pending fault code shall be erased at the end of the next driving
--
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enmud u r n the mxt $0 driving cydes immediately following
the initial detection of the malfunction.
(B) Exceedances after the first 1000 revolutions after engine start.
(i) A pending fault code shall be stored no later than after the fourth
exceedance of the
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encountered during the driving eyde;or (b) on the next driving cycle in
which similar conditions (see section (c)) to the engine conditions that
cwred.w k n l h e p e n d i n g f a u k n c k ~ ~ w
(iii) The pending fault code may be erased at the end of the next driving
cycle in which similar conditions to the engine conditions that occurred
when the pending fault code was stored have been encountered
wiihout an exceedance of the specified percentage of misfire. The
pending code ms;y also be eissed if simiiar conditions are not
encountered during the next 80 driving cycles immediately following
initial detection of the malfunction.
(2.4.3) Storage of freeze frame conditions.
(A) The OBD system shall store and erase freeze frame conditions either in
conjunction with storing and erasing a pending fault code or in conjunction
with storing and erasing a confirmed fault code.
(B) If freeze frame conditions are stored for a malfunction other than a misfire
or fuel system malfunction (see section Q(1)) when a fault code is stored
as specified in section (Q(2.4) above, the stored freeze frame information
shall be replaced with freeze frame information regarding the misfire
malfunction.
(2.4.4) Storage of misfire conditions for similar conditions determination. Upon
detection of misfire under sections Q(2.4.1) or (2.4.2), the OBD system
shall store the following engine conditions: engine speed, load, and
warm-up status of the first misfire event that resulted in the storage of the
pending fault code.
(2.4.5) Extinguishing the MIL. The MIL may be extinguished after three
sequential driving cycles in which similar conditions have been
encountered without an exceedance of the specified percentage of
misfire.
(3)

EXHAUST GAS RECIRCULATION (EGR) SYSTEM MONITORING
(3.1) Requirement: The OBD system shall monitor the EGR system on engines
so-equipped for low and high flow rate malfunctions. The individual electronic
components (e.g., actuators, valves, sensors) that are used in the EGR
system shall be monitored in accordance with the comprehensive component
requirements in section (g)(4).

(3.2) Malfunction Criteria:
(3.2.1) The OBD system shall detect a malfunction of the EGR system prior to a
decrease from the manufacturer's specified EGR flow rate that would
cause an engine's emissions to exceed 1.5 times any of the applicable
standards. For engines in which no failure or deterioration of the EGR
system that causes a decrease in flow could result in an engine's
emissions exceeding 1.5 times any of the applicable standards, the OBD
system shall detect a malfunction when the system has no detectable
amount of EGR flow.
(3.2.2) The OBD system shall detect a malfunction of the EGR system prior to an
increase from the manufacturer's specified EGR flow rate that would
cause an engine's emissions to exceed 1.5 times any of the applicable
standards. For engines in which no failure or deterioration of the EGR
system that causes an increase in flow could result in an engine's
emissions exceeding 1.5 times any of the applicable standards, the OBD
system shall detect a malfunction when the system has reached its control
limits such that it cannot reduce EGR flow.
(3.3) Monitoring Conditions:
(3.3.1) Manufacturers shall define the monitoring conditions for malfunctions
identified in section (o(3.2)(i.e., flow rate) in accordance with sections
(d)(3.1) and (d)(3.2) (i.e.,minimum ratio requirements). For purposes of
tracking and reporting as required in section (d)(3.2.1), all monitors used
to detect malfunctions identified in section (o(3.2) shall be tracked
separately but reported as a single set of values as specified in section
(d)(5.2.2).
(3.3.2) Manufacturers may request Executive Officer approval to temporarily
disable the EGR system check under conditions when monitoring may not
be reliable (e-g., when freezing may affect performance of the system).
The Executive Officer shall approve the request upon determining that the
manufacturer has submitted data andlor an engineering evaluation which
demonstrate that a reliable check cannot be made when these conditions
exist.
(3.4) MIL Illumination and Fault Code Storage: General requirements for MIL
itturnination and fautt code storage are set forth in section
(4)
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COLD START EMISSION REDUCTION STRATEGY MONITORING
(4.1) Requirement: If an engine incorporates a specific engine control strategy to
reduce cold start emissions, the OBD system shall monitor the key
components (e.g., idle air control valve), other than secondary air, while the
control strategy is active to ensure proper operation of the control strategy.
Secondary air systems shall be monitored under the provisions of section
(f)(5)(4.2) Malfunction Criteria:
(4.2.1) The OBD system shall detect a malfunction prior to any failure or
deterioration of the individual components associated with the cold start
emission reduction control strategy that would cause an engine's
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(A) EstaWish the malfunction criteria based on data from one or more
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an enginewing eva!uation for establishing the malfunction criteria

for the remainder of the manufacturer's product line. The Executive
Officer shall waive the evaluation requirement each year if, in the
judgment of the Executive Officer, technological changes do not affect the
previously determined malfunction criteria.
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for the cold start emission reduction strategy could result in an engine's
missions exweding 3.5 times the pipphcable stand+&, the individual
component shall be monbred for proper functional response in
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control strategy is active.
(4.3) Monitoring Conditions: Manufacturers shall define the monitoring conditions
for malfunctions identified in section (q(4.2) in accordance with sections
..
-Jqu---(dm. 1-1 and [d)(32)_Cie,(4.4) MIL Illumination and Fault Code Storage: General requirements for MIL
illumination and fault code storage are set forth in section (d)(2).
(5)

SECONDARY AIR SYSTEM MONITORING
5 . Reqiiiie~~iii:
(5.1.1) The OBD system on engines equipped with any form of secondary air
delivery system shall monitor the proper functioning of the secondary air
delivery system including all air switching valve(s). The individual
electronic components (e-g., actuators, valves, sensors) in the secondary
air system shall be monitored in accordance with the comprehensive
component requirements in section (g)(4).
(5.1.2) For purposes of section (f)(5), "air flow" is defined as the air flow delivered
by the secondary air system to the exhaust system. For engines using
secondary air systems with multiple air flow pathddistribution points, the
air flow to each bank (i.e., a group of cylinders that share a common
exhaust manifold, catalyst, and control sensor) shall be monitored in
accordance with the malfunction criteria in section (f)(5.2).
(5.1.3) For purposes of section (f)(5), "normal operation" is defined as the
condition when the secondary air system is activated during catalyst
and/or engine warm-up following engine start. "Normal operation" does
not include the condition when the secondary air system is intrusively
turned on solely for the purpose of monitoring.
(5.2) Malfunction Criteria:
(5.2.1) Except as provided in section (f)(5.2.3), the OBD system shall detect a
secondary air system malfunction prior to a decrease from the
manufacturer's specified air flow during normal operation that would
cause an engine's emissions to exceed 1.5 times any of the applicable
standards.
(5.2.2) Except as provided in section (f)(5.2.3), the OBD system shall detect a
secondary air system malfunction prior to an increase from the
manufacturer's specified air flow during normal operation that would

cause an engine's emissions to exceed 1.5 times any of the applicable
standards.
(5.2.3) For engines in which no deterioration or failure of the secondary air
system would result in an engine's emissions exceeding 1.5 times any of
the applicable standards, the OBD system shall detect a malfunction
when no detectable amount of air flow is delivered during normal
operation of the secondary air system.
(5.3) Monitoring Conditions:
(5.3.1) Manufacturers shall define the monitoring conditions in accordance with
sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements). For
purposes of tracking and reporting as required in section (d)(3.2.1), all
monitors used to detect malfunctions identified in section (q(5.2) during
normal operation of the secondary air system shall be tracked separately
but reported as a single set of values as specified in section (d)(5.2.2).
(5.4) MIL Illumination and Fault Code Storage: General requirements for MIL
illumination and fault code storage are set forth in section (d)(2).
(6)

---

CATALYST MONITORING
(6.1) Requirement: The OBD system shall monitor the catalyst system for proper
conversion capability.
(6.2) Malfunction Criteria:
(6.2.1) The OBD system shall detect a catalyst system malfunction when the
catalyst system's conversion capability decreases to the point that any of
the following occurs:
(A) Non-Methane Hydrocarbon (NMHC) emissions exceed 1.75 times the
applicable standards to which the engine has been certified.
(B) The average FTP test NMHC conversion efficiency of the monitored
portion of the catalyst system falls below 50 percent (i-e., the cumulative
NMHC emissions measured at the outlet of the monitored catalyst(s) are
more than 50 percent of the cumulative engine-out emissions measured
at the inlet of the catalyst(s)). With Executive Officer approval,
manufacturers may use a conversion efficiency malfunction criteria of less
than 50 percent if the catalyst system is designed such that the monitored
portion of the catatyst system must be replaced atong with an adjacent
portion of the catalyst system sufficient to ensure that the total portion
replaced will meet the 50 percent conversion efficiency criteria. Executive
Officer approval shall be based on data and/or engineering evaluation
demonstrating the conversion efficiency of the monitored portion and the
total portion designed to be replaced, and the likelihood of the catalyst
system design to ensure replacement of the monitored and adjacent
portions of the catalyst system.
(C) Oxides of nitrogen (NOx) emissions exceed 1.75 times the applicable
NOx standard to which the engine has been certified.
(6.2.2) For purposes of determining the catalyst system malfunction criteria in
section (q(6.2.1):
(A) The manufacturer shall use a catalyst system deteriorated to the
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represent real world catalyst deterioration under normal and
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operating conditions.

(B)
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and
unmonitored (downstream of the sensor utilized for catalyst monitoring)
catalysts simultaneously deteriorated to the malfunction criteria.
(C) For engines using b e ! shutoff to prevent over-fueling during misfire
conditions (see section (fU2.4.1 )(D)), the maltun

(6.3)

simultaneously deteriorated to the malfunction crite
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(dK3.1) and (d)(3.2) (i.e.,minimum ratio requirements). For purposes of
tracking and v d n g as requi~edin section (d)(3.2.1), all rnmitors used to
detect malfunctions identified in section (o(6.2) shall be tracked separately
specified
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(6.4) MIL Illumination and Fault Code Storage:
(6.4.1) General requirements for MIL illumination and fault code storage are set
forth in section (d)(2).
(6.4.2) The monitoring method for the catalyst(s) shall be capable of detecting
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self-clearing), but the catalyst has not been replaced (e.g., catalyst
overtemperature histogram approaches are not acceptable).
(7)

EVAPORATIVE SYSTEM MONITORING
(7.1) Requirement: The OBD system shall venfy purge flow from the evaporative
system ancf shall monitor the complete evaporative system, excluding the
tubing and connections between the purge valve and the intake manifold, for
vapor leaks to the atmosphere. Individual components of the evaporative
system (e.g. valves, sensors) shall be monitored in accordance with the
comprehensive components requirements in section (g)(4) (e.g., for circuit
continuity, out of range values, rationality, proper functional response).
(7.2) Malfunction Criteria:
(7.2.1) For purposes of section (f)(7), an "orificenis defined as an O'Keefe
Controls Co. precision metal "Type Bnorifice with NPT connections with a
diameter of the specified dimension (e.g., part number B-31-SS for a
stainless steel 0.031 inch diameter orifice).
(7.2.2) The OBD system shall detect an evaporative system malfunction when
any of the following conditions exist:
(A) No purge flow from the evaporative system to the engine can be detected
by the OBD system; or
(B) The complete evaporative system contains a leak or leaks that
cumulatively are greater than or equal to a leak caused by a 0.090 inch
diameter orifice.
(7.2.3) A manufacturer may request the Executive Officer to revise the orifice size
in section (f)(7.2.2)(B) if the most reliable monitoring method available
cannot reliably detect a system leak of the magnitudes specified. The
Executive Officer shall approve the request upon determining that the

manufacturer has provided data andlor engineering analysis that
demonstrate the need for the request.
(7.2.4) Upon request by the manufacturer and upon determining that the
manufacturer has submitted data and/or engineering evaluation which
support the request, the Executive Officer shall revise the orifice size in
section (f)(7.2.2)(B) upward to exclude detection of leaks that cannot
cause evaporative or running loss emissions to exceed 1.5 times the
applicable evaporative emission standards.
(7.3) Monitoring Conditions:
(7.3.1) Manufacturers shall define the monitoring conditions for malfunctions
identified in section (f)(7.2.2)(A) (i-e., purge flow) in accordance with
sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements).
(7.3.2) Manufacturers shall define the monitoring conditions for malfunctions
identified in section (f)(7.2.2)(B) (i-e., 0.090 inch leak detection) in
accordance with sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio
requirements). For purposes of tracking and reporting as required in
section (d)(3.2.1), all monitors used to detect malfunctions identified in
section (f)(7.2.2)(B) shall be tracked separately but reported as a single
set of values as specified in section (d)(5.2.2).
(7.3.3) Manufacturers may disable or abort an evaporative system monitor when
the fuel tank level is over 85 percent of nominal tank capacity or during a
refueling event.
(7.3.4) Manufacturers may request Executive Officer approval to execute the
evaporative system monitor only on driving cycles determined by the
manufacturer to be cold starts if the condition is needed to ensure reliable
monitoring. The Executive Officer may not approve conditions that
exclude engine starts from being considered as cold starts solely on the
basis that ambient temperature exceeds (i.e., indicates a higher
temperature than) engine coolant temperature at engine start. The
Executive Officer shall approve the request upon determining that data
and/or an engineering evaluation submitted by the manufacturer
demonstrate that a reliable check can only be made on driving cycles
when the cold start criteria are satisfied.
(7.3.5) Manufacturers may temporaniy disable the evaporative purge system to
perform an evaporative system leak check.
(7.4) MIL Illumination and Fault Code Storage:
(7.4.1) Except as provided below for fuel cap leaks, general requirements for MIL
illumination and fault code storage are set forth in section (d)(2).
(7.4.2) If the OBD system is capable of discerning that a system leak is being
caused by a missing or improperly secured fuel cap:
(A) The manufacturer is not required to illuminate the MIL or store a fault
code if the vehicle is equipped with an alternative indicator for notifying
the vehicle operator of the malfunction. The altemative indicator shall be
of sufficient illumination and location to be readily visible under all lighting
conditions.
(B) If the vehicle is not equipped with an alternative indicator and the MIL
,

codes erased once the OBD system has verified that the fuel cap has

----

been ssanaty'%tmed and the M L has not been IMurninated for any
b

.*

a

(C)Tho E w w t b e CWmer m y approve other &&egh that provide
equivalent assurance that a vehicle operator will be promptly notified of a
missing or improperly secured fuel cap and that corrective action will be
undertaken.
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(those used for secondary fuel trim control or as a monitoring device) for
proper output sianai. a c t i v Q , _ _ ~ ~ a d ~ s e m t e--, -- - --- -- (8y1.3) For engines equipped with heated exhaust gas sensors, the OBD system
shall monitor the heater for proper performance.
(8.2) Malfunction Criteria:
(8.2.1) Primary Sensors:
(A) The QBD system shall b ~ t e d
a ;;;al?iiidi~i-ipdor is any M u r e o r
deterioration of the exhaust gas sensor output voltage, resistance,
impedance, current, response rate, amplitude, offset, or other
characteristic(s) (including drift or bias corrected for by secondary
sensors) that would cause an engine's emissions to exceed 1.5 times any
of the applicable standards.
(B) The OBD system shall detect malfunctions of the exhaust gas sensor
caused by either a lack of circuit continuity or out-of-range values.
(C) The OBD system shall detect a malfunction of the exhaust gas sensor
when a sensor failure or deterioration causes the fuel system to stop
using that sensor as a feedback input (e.g., causes default or open-loop
operation).
(D) The OBD system shall detect a malfunction of the exhaust gas sensor
when the sensor output voltage, resistance, impedance, current,
amplitude, activity, or other characteristics are no longer sufficient for use
as an OBD system monitoring device (e.g., for catalyst monitoring).
(8.2.2) Secondary Sensors:
(A) The OBD system shall detect a malfunction prior to any failure or
deterioration of the exhaust gas sensor voltage, resistance, impedance,
current, response rate, amplitude, offset, or other characteristic(s) that
would cause an engine's emissions to exceed 1.5 times any of the
applicable standards.
(B) The OBD system shall detect malfunctions of the exhaust gas sensor
caused by a lack of circuit continuity.
(C) To the extent feasible, the OBD system shall detect a malfunction of the
exhaust gas sensor when the sensor output voltage, resistance,
impedance, current, amplitude, activity, offset, or other characteristics are
-

-

no longer sufficient for use as an OBD system monitoring device (e.g., for
catalyst monitoring).
(D) The OBD system shall detect malfunctions of the exhaust gas sensor
caused by out-of-range values.
(E) The OBD system shall detect a malfunction of the exhaust gas sensor
when a sensor failure or deterioration causes the fuel system (e.g., fuel
control) to stop using that sensor as a feedback input (e.g., causes default
or open-loop operation).
(8.2.3) Sensor Heaters:
(A) The OBD system shall detect a malfunction of the heater performance
when the current or voltage drop in the heater circuit is no longer within
the manufacturer's specified limits for normal operation (i-e., within the
criteria required to be met by the component vendor for heater circuit
performance at high mileage). Subject to Executive Officer approval,
other malfunction criteria for heater performance malfunctions may be
used upon the Executive Officer determining that the manufacturer has
submitted data andlor an engineering evaluation that demonstrate the
monitoring reliability and timeliness to be equivalent to the stated criteria
in section (f)(8.2.3)(A).
(B) The OBD system shall detect malfunctions of the heater circuit including
open or short circuits that conflict with the commanded state of the heater
(e.g., shorted to 12 Volts when commanded to 0 Volts (ground)).
(8.3) Monitoring Conditions:
(8.3.1) Primary Sensors
(A) Manufacturers shall define the monitoring conditions for malfunctions
identified in sections (f)(8.2.1)(A) and (D) (e-g., proper response rate) in
accordance with sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio
requirements). For purposes of tracking and reporting as required in
section (d)(3.2.1), all monitors used to detect malfunctions identified in
sections (f)(8.2.1)(A) and (D) shall be tracked separately but reported as a
single set of values as specified in section (d)(5.2.2).
(B) Except as provided in section (f)(8.3.1 )(C),monitoring for malfunctions
identified in sections (f)(8.2.1)(B) and (C) (i.e., circuit continuity, out-ofnge, and open-loop malfunctio~s)shatl be conducted continuously.
(C) A manufacturer may request Executive Officer approval to disable
continuous exhaust gas sensor monitoring when an exhaust gas sensor
malfunction cannot be distinguished from other effects (e.g., disable outof-range low monitoring during fuel cut conditions). The Executive Officer
shall approve the disablement upon determining that the manufacturer
has submitted test data andlor documentation that demonstrate a properly
functioning sensor cannot be distinguished from a malfunctioning sensor
and that the disablement interval is limited only to that necessary for
avoiding false detection.
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has submitted test data and/or documentation that demonstrate a properly
functioning sensor cannot be distinguished from a malfunctioning
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(8.3.3) Sensor Heaters
(A) Manufacturers shall define monitoring conditions for malfunctions
identified in section (f)(8.2.3)(A) (i.e., sensor heater performance) in
accardance sedbns (d)(3.1) snd (6)(3.2)( i s . , ~ i n i i i i u m
i;iii~
requirements).
(6) Monitoring for malfunctions identified in section (f)(8.2.3)(6) (i.e., circuit
malfunctions) shall be conducted continuously.
(8.4) MIL illumination and Fault Code Storage: General requirements for MIL
illumination and fault code storage are set forth in section (d)(2).
-

(g) MONITORING REQUIREMENTS FOR ALL ENGINES
VARIABLE VALVE TIMING AND/OR CONTROL (VVT) SYSTEM MONITORING
(1)
(1.1) Requirement: The OBD system shall monitor the VVT system on engines
so-equipped for target error and slow response malfunctions. The individual
electronic components (e.g., actuators, valves, sensors) that are used in the
VVT system shall be monitored in accordance with the comprehensive
components requirements in section (g)(4).
(1.2) Malfunction Criteria:
(1.2.1) Target Error: The OBD system shall detect a malfunction prior to any
failure or deterioration in the capability of the VVT system to achieve the
commanded valve timing and/or control within a crank angle and/or lift
tolerance that would cause an engine's emissions to exceed 1.5 times any
of the applicable standards.
(1.2.2) Slow Response: The OBD system shall detect a malfunction prior to any
failure or deterioration in the capability of the VVT system to achieve the
commanded valve timing and/or control within a manufacturer-specified
time that would cause an engine's emissions to exceed 1.5 times any of
the applicable standards.
(12.3) For engines in which no failure or deterioration of the VVT system could
result in an engine's emissions exceeding 1.5 times any of the applicable
standards, the OBD system shall detect a malfunction of the VVT system

(1.3)

(1.4)
(2)

when proper functional response of the system to computer commands
does not occur.
Monitoring Conditions: Manufacturers shall define the monitoring conditions
for VVI system malfunctions identified in section (g)(1.2) in accordance with
sections (d)(3.1) and (d)(3.2) (i-e., minimum ratio requirements), with the
exception that monitoring shall occur every time the monitoring conditions are
met during the driving cycle in lieu of once per driving cycle as required in
section (d)(3.1.2). For purposes of tracking and reporting as required in
section (d)(3.2. I), all monitors used to detect malfunctions identified in
section (g)(1.2) shall be tracked separately but reported as a single set of
values as specified in section (d)(5.2.2).
MIL Illumination and Fault Code Storage: General requirements for MIL
illumination and fault code stoiage are set forth in section (d)(2).

ENGINE COOLING SYSTEM MONITORING
(2.1) Requirement:
(2.1 .l) The OBD system shall monitor the thermostat on engines so-equipped for
proper operation.
(2.1.2) The OBD system shall monitor the engine coolant temperature (ECT)
sensor for circuit continuity, out-of-range values, and rationality faults.
(2.1-3) For engines that use a system other than the cooling system and ECT
sensor (e-g., oil temperature, cylinder head temperature) for an indication
of engine operating temperature for emission control purposes (e-g., to
modrfy spark or fuel injection timing or quantity), the manufacturer shall
submit a monitoring plan to the Executive Officer for approval. The
Executive Officer shall approve the request upon determining that the
manufacturer has submitted data and an engineering evaluation that
demonstrate that the monitoring plan is as reliable and effective as the
monitoring required for the engine cooling system under section (g)(2).
(2.2) Malfunction Criteria:
(2.2.1) Thermostat
(A) The OBD system shall detect a thermostat malfunction if, within an
Executive Officer-appro
fonbwing conditions occ
(i) The coolant temperature does not reach the highest temperature
required by the OBD system to enable other diagnostics;
(ii) The coolant temperature does not reach a warmed-up temperature
within 20 degrees Fahrenheit of the manufacturer's nominal thermostat
regulating temperature. Subject to Executive Officer approval, a
manufacturer may utilize lower temperatures for this criterion upon the
Executive Officer determining that the manufacturer has demonstrated
that the fuel, spark timing, and/or other coolant temperature-based
modifications to the engine control strategies would not cause an
emission increase of 50 or more percent of any of the applicable
standards (e.g., 50 degree Fahrenheit emission test).
(B) Executive Officer approval of the time interval after engine starl shall be
submitted by the manufacturer supports the specified times.
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(2.2.2) ECT Sensor
(A) Circuit Continuity. The OBD system shall detect a malfunction when a
lack of circuit continuity or out-of-range values occur.
(B) Time to Reach Closed-LoopiFeedback Enable Temperature.
(i)The OBC slistem shall detect a rnatfiiitctisn if the ECT sensor does not
achieve the highest stabilized minimum temperature which is needed
for closed-loopifeedback control of all emission control systems (e.g.,
fuel system, EGR system) within an Executive Officer-approved time
interval after engine start.
(ii) The time interval shall be a function of starting ECT andlor a function
of intake air temperature. Executive Officer approval of the time
interval shall be granted upon determining that the data and/or
engineering evaluation submitted by the manufacturer supports the
specified times.
(iii) Manufacturers are exempted from the requirements of section
(g)(2.2.2)(B) if the manufacturer does not utilize ECT to enable closedloopifeedback control of any emission control system.
(C) Stuck in Range Below the Highest Minimum Enable Temperature. To the
extent feasible when using all available information, the OBD system shall
detect a malfunction if the ECT sensor inappropriately indicates a
temperature below the highest minimum enable temperature required by
the OBD system to enable other diagnostics (e.g., an OBD system that
requires ECT to be greater than 140 degrees Fahrenheit to enable a
diagnostic must detect malfunctions that cause the ECT sensor to
inappropriately indicate a temperature below 140 degrees Fahrenheit).
Manufacturers are exempted from this requirement for temperature
regions in which the monitors required under sections (g)(2.2.1) or
(g)(2.2.2)(B) will detect ECT sensor malfunctions as defined in section
(9)(2.2.2)(C).
(D) Stuck in Range Above the Lowest Maximum Enable Temperature.
(i) To the extent feasible when using all available information, the OBD
system shall detect a malfunction if the ECT sensor inappropriately
.--.
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indicates a 'temperature above the lowest maximum enable
temperature required by the OBD system to enable other diagnostics
(e.g., an OBD system that requires ECT to be less than 90 degrees
Fahrenheit at engine start to enable a diagnostic must detect
malfunctions that cause the ECT sensor to inappropriately indicate a
temperature above 90 degrees Fahrenheit).
(ii) Manufacturers are exempted from this requirement for temperature
regions in which the monitors required under sections (g)(2.2.1),
(g)(2.2.2)(B), or (9)(2.2.2)(C) (i-e., ECT sensor or thermostat
malfunctions) will detect ECT sensor malfunctions as defined in
section (g)(2.2.2)(D) or in which the MIL will be illuminated under the
requirements of sections (d)(2.2.1 )(E) or (d)(2.2.2)(E) for default mode
operation (e.g., overtemperature protection strategies).
(iii) Manufacturers are exempted from the requirements of section
(g)(2.2.2)(0) for temperature regions where the temperature gauge
indicates a temperature in the red zone (engine overheating zone) for
vehicles that have a temperature gauge (not a warning light) on the
instrument panel and utilize the same ECT sensor for input to the OBD
system and the temperature gauge.
(2.3) Monitoring Conditions:
(2.3.1) Thermostat
(A) Manufacturers shall define the monitoring conditions for malfunctions
identified in section (g)(2.2.1)(A) in accordance with section (d)(3.1).
Additionally, except as provided for in sections (g)(2.3.1)(B) and (C),
monitoring for malfunctions identied in section (9)(2.2.1)(A) shall be
conducted once per driving cycle on every driving cycle in which the ECT
sensor indicates, at engine start, a temperature lower than the
temperature established as the malfunction criteria in section
(gI(2-2.1)(A).
(B) Manufacturers may disable thermostat monitoring at ambient engine start
temperatures below 20 degrees Fahrenheit.
(C) Manufacturers may request Executive Officer approval to suspend or
disable thermostat monitoring if the vehicle is subjected to conditions
which-could lead to false dizgnosis (e.g., vehickf operation at idle for more
than 50 percent of the warm-up time, hot restart conditions). In general,
the Executive Officer shall not approve disablement of the monitor on
engine starts where the ECT at engine start is more than 35 degrees
Fahrenheit lower than the thermostat malfunction threshold temperature
determined under section (g)(2.2.1)(A). The Executive Officer shall
approve the request upon determining that the manufacturer has provided
data and/or engineering analysis that demonstrate the need for the
request.
(2.3.2) ECT Sensor
(A) Except as provided below in section (g)(2.3.2)(E), manitoring for
malfunctions identified in section (g)(2.2.2)(A) (i.e., circuit continuity and
out-of-range) shall be conducted continuously.
identified in section (g)(2.2.2)(B) in accordance with section (d)(3.1).
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a temperature lower than the closed-loop enable temperature at engine
start (i.e., ail engine start temperatures greater than the ECT sensor outof-range low temperature and less than the closed-loop enable
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(E)A manufacturer may request Executive Officer approval to disable
cuntinuous
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---- C- T ~ _ e n ~ s ~ r m n i t oECTcannot be distinguished h m other effects. The Executive Officer shall
approve the disablement upon determining that the manufacturer has
submitted test data andlor engineering evaluation that demonstrate a
properly functioning sensor cannot be distinguished from a malfunctioning
secscr ar,d that the disablement internal is Diiilited only to that necessary
for avoiding false detection.
MIL Illumination and Fault Code Storage: General requirements for MIL
illumination and fault code storage are set forth in section (d)(2).
-

(3)

CRANKCASE VENTILATION (CV) SYSTEM MONITORING
(3.1) Requirement:
(3.1.1) The OBD system shall monitor the CV system on engines so-equipped for
system integrity. Engines not required to be equipped with CV systems
shall be exempt from monitoring of the CV system.
(3.1.2) For diesel engines, the manufacturer shall submit a plan for Executive
Officer approval of the monitoring strategy, malfunction criteria, and
monitoring conditions prior to OBD certification. Executive Officer
approval shall be based on the effectiveness of the monitoring strategy to
monitor the performance of the CV system to the extent feasible with
respect to the malfunction criteria in section (g)(3.2) below and the
monitoring conditions required by the diagnostic.
(3.2) Malfunction Criteria:
(3.2.1) For the purposes of section (g)(3), "CV system" is defined as any form of
crankcase ventilation system, regardless of whether it utilizes positive
pressure. "CV valvenis defined as any form of valve or orifice used to
restrict or control crankcase vapor flow. Further, any additional external
CV system tubing or hoses used to equalize crankcase pressure or to
provide a ventilation path between various areas of the engine (e.g.,
crankcase and valve cover) are considered part of the CV system
"between the crankcase and the CV valven and subject to the malfunction
criteria in section (g)(3.2.2) below.

(3.2.2) Except as provided below, the OBD system shall detect a malfunction of
the CV system when a disconnection of the system occurs between either
the crankcase and the CV valve, or between the CV valve and the intake
manifold.
(3.2.3) The Executive Officer shall exempt a manufacturer from detecting a
disconnection between the crankcase and the CV valve upon determining
that the CV system is designed such that the CV valve is fastened directly
to the crankcase in a manner which makes it significantly more difficult to
remove the valve from the crankcase rather than disconnect the line
between the valve and the intake manifold (taking aging effects into
consideration). The manufacturer shall file a request and submit data
and/or engineering evaluation in support of the exemption.
(3.2.4) The Executive Officer shall exempt a manufacturer from detecting a
disconnection between the crankcase and the CV valve for system
designs that utilize tubing between the valve and the crankcase upon
determining that the connections between the valve and the crankcase
are: (1) resistant to deterioration or accidental disconnection, (2)
significantly more difficult to disconnect than the line between the valve
and the intake manifold, and (3) not subject to disconnection per
manufacturer's repair procedures for non-CV system repair work. The
manufacturer shall file a request and submit data and/or engineering
evaluation in support of the exemption.
(3.2.5) The Executive Officer shall exempt a manufacturer from detecting a
disconnection between the CV valve and the intake manifold upon
determining that the disconnection ( I ) causes the vehicle to stall
immediately during idle operation; or (2) is unlikely to occur due to a CV
system design that is integral to the induction system (e.g., machined
passages rather than tubing or hoses). The manufacturer shall file a
request and submit data and/or engineering evaluation in support of the
exemption.
(3.3) Monitoring Conditions: Manufacturers shall define the monitoring conditions
for malfunctions identified in section (g)(3.2) in accordance with sections
(d)(3.1) and (d)(3.2) (i-e., minimum ratio requirements).
(3.4) MIL tlluminafion a n i Fault Code Storage General requirements for MIL
illumination and fault code storage are set forth in section (d)(2). The stored
fault code need not specifically identrfy the CV system (e.g., a fault code for
idle speed control or fuel system monitoring can be stored) if the
manufacturer demonstrates that additional monitoring hardware would be
necessary to make this identification, and provided the manufacturer's
diagnostic and repair procedures for the detected malfunction include
directions to check the integrity of the CV system.
(4)

COMPREHENSIVE COMPONENT MONITORING
(4.1) Requirement:
(4.1.1) Except as provided in section (g)(5), the OBD system shall monitor for
malfunction any electronic engine componentlsystem not otherwise
-,

(directly or indirectly) or receives commands from the on-board
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provide emission data showing that the component/system, when
malfunctioning and installed in a suitable test vehicle, does not have an
emission effect. Emission data may be requested for any reasonable
driving condition.
(4.1.3) For purposes of section (g)(4), "electronic engine componentslsystems*
does not include components that are driven by the engine and are not
related to the control of the fueling, air handling, or emissions of the
engine (e.g., PTO components, air conditioning system components, and
power steering components).
(4.2) Malfunction Criteria:
(4.2.1) Input Components:
(A) The OBD system shall detect malfunctions of'input components caused
by a lack of circuit continuity, out-of-range values, and, where feasible,
rationality faults. To the extent feasible, the rationality fault diagnostics
shall verify that a sensor output is neither inappropriately high nor
inappropriately low (i.e., shall be "two-sided" diagnostics).
(B) To the extent feasible, the OBD system shall separately detect and store
different fault codes that distinguish rationality faults from lack of circuit
continuity and out-of-range faults. For input component lack of circuit
continuity and out-of-range faults, the OBD system shall, to the extent
feasible, separately detect and store different fault codes for each distinct
malfunction (e.g., out-of-range low, out-of-range high, open circuit). The
OBD system is not required to store separate fault codes for lack of circuit
continuity faults that cannot be distinguished from other out-of-range
circuit faults.
(C) For input components that are used to activate alternate strategies that
can affect emissions (e.g., AECDs, idle reduction strategies), the OBD

system shall detect rationality malfunctions that cause the system to
erroneously activate the alternate strategy. To the extent feasible when
using all available information, the rationality fault diagnostics shall detect
a malfunction if the input component inappropriately indicates a value that
activates the alternate strategy. For example, if an alternate strategy
requires the intake air temperature to be greater than 120 degrees
Fahrenheit to activate, the OBD system shall detect malfunctions that
cause the intake air temperature sensor to inappropriately indicate a
temperature above 120 degrees Fahrenheit.
(D) For engines that require precise alignment between the camshaft and the
crankshaft, the OBD system shall monitor the crankshaft position
sensor(s) and camshaft position sensor(s) to verify proper alignment
between the camshaft and crankshaft in addition to monitoring the
sensors for circuit continuity and rationality malfunctions. Proper
alignment monitoring between a camshaft and a crankshaft shall only be
required in cases where both are equipped with position sensors. For
engines equipped with VVT systems and a timing belt or chain, the OBD
system shall detect a malfunction if the alignment between the camshaft
and crankshaft is off by one or more camlcrank sprocket cogs (e.g., the
timing beltlchain has slipped by one or more teethlcogs). If a
manufacturer demonstrates that a single toothlcog misalignment cannot
cause a measurable increase in emissions during any reasonable driving
condition, the OBD system shall detect a malfunction when the minimum
number of teethlcogs misalignment needed to cause a measurable
emission increase has occurred.
(4.2.2) Output Components/Systems:
(A) The OBD system shall detect a malfunction of an output
componentlsystem when proper functional response of the component
and system to computer commands does not occur. If a functional check
is not feasible, the OBD system shall detect malfunctions of output
componentslsystems caused by a lack of circuit continuity or circuit fault
(e.g., short to ground or high voltage). For output component lack of
circuit continuity faults and circuit faults, the OBD system is not required to
store different fault codes for each distinct malfunction (e-g., open circuit,
shorted low). Manufacturers are not required to activate an output
componentlsystem when it would not normally be active exclusively for
the purposes of performing functional monitoring of output
componentslsystems as required in section (g)(4).
(9) The idle control system shall be monitored for proper functional response
to computer commands.
(i) For gasoline engines using monitoring strategies based on deviation
from target idle speed, a malfunction shall be detected when either of
the following conditions occur:
a. The idle speed control system cannot achieve the target idle speed
within 200 revolutions per minute (rpm) above the target speed or
100 rpm below the target speed. The Executive Officer shall allow
-
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which dkns8ate that the tolerances can be exceeded without a
b. The @b speed control system cannot achieve the target idfe speed
within the smallest engine speed tolerance range required by the
OBD system to enable any other monitors.
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a malfunction when a single glow plug no longer operates within the
manufacturer's specified limits for normal operation. If a manufacturer
demonstrates that a single glow plug failure cannot cause a measurable
increase in emissions during any reasonable driving condition, the OBD
system shall detect a malfunction for the minimum number of glow plugs
needed to cause an emission increase. Further, to the extent feasible on
existing engine designs (without adding additional hardware for this
purpose) and on all new design engines, the stored fault code shall
identify the specific malfunctioning glow plug(s).
(D) The wait-to-start lamp circuit and the MIL circuit shall be monitored for
malfunctions that cause either lamp to fail to illuminate when commanded
on (e.g., burned out bulb).
(4.3) Monitoring Conditions:
(4.3.1) Input Components:
(A) Except as provided in section (g)(4.3.1)(C), input components shall be
monitored continuously for proper range of values and circuit continuity.
(B) For rationality monitoring (where applicable) manufacturers shall define
the monitoring conditions for detecting malfunctions in accordance with
sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements), with the
exception that rationality monitoring shall occur every time the monitoring
conditions are met during the driving cycle in lieu of once per driving cycle
as required in section (d)(3.1.2).
(C) A manufacturer may request Executive Officer approval to disable
continuous input component proper range of values or circuit continuity
monitoring when a malfunction cannot be distinguished from other effects.
The Executive Officer shall approve the disablement upon determining
that the manufacturer has submitted test data and/or documentation that
"-I----

demonstrate a properly functioning input component cannot be
distinguished from a malfunctioning input component and that the
disablement interval is limited only to that necessary for avoiding false
detection.
(4.3.2) Output Components/Systems:
(A) Except as provided in section (g)(4.3.2)(D), monitoring for circuit
continuity and circuit faults shall be conducted continuously.
(B) Except as provided in section (g)(4.3.2)(C), for functional monitoring,
manufacturers shall define the monitoring conditions for detecting
malfunctions in accordance with sections (d)(3.1) and (d)(3.2) (i.e.,
minimum ratio requirements).
(C) For the idle control system, manufacturers shall define the monitoring
conditions for functional monitoring in accordance with sections (d)(3.1)
and (d)(3.2) (i.e., minimum ratio requirements), with the exception that
functional monitoring shall occur every time the monitoring conditions are
met during the driving cycle in lieu of once per driving cycle as required in
section (d)(3.1.2).
(D) A manufacturer may request Executive Officer approval to disable
continuous output component circuit continuity or circuit fault monitoring
when a malfunction cannot be distinguished from other effects. The
Executive Officer shall approve the disablement upon determining that the
manufacturer has submitted test data andlor documentation that
demonstrate a properly functioning output component cannot be
distinguished from a malfunctioning output component and that the
disablement interval is limited only to that necessary for avoiding false
detection.
(4.4) MIL Illumination and Fault Code Storage:
(4.4.1) Except as provided in sections (g)(4.4.2) and (4.4.3) below, general
requirements for MIL illumination and fault code storage are set forth in
section (d)(2).
(4.4.2) Exceptions to general requirements for MIL illumination. MIL illumination
is not required in conjunction with storing a confirmed or active fault code
for any comprehensive component if:
(A) the component or system, when malfunctioning, courd not cause engine
emissions to increase by 15 percent or more of the FTP standard during
any reasonable driving condition; and
(B) the component or system is not used as part of the diagnostic strategy for
any other monitored system or component.
(4.4.3) Exceptions for MIL circuit faults. MIL illumination is not required if a
malfunction in the MIL circuit that prevents the MIL from illuminating (e.g.,
burned out bulb or LED) has been detected. However, the electronic MIL
status (see section (h)(4.2)) shall be reported as MIL commanded-on and
a confirmed or active fault code (see section (h)(4.4)) shall be stored.
(5)

OTHER EMISSION CONTROL SYSTEM MONITORING
Requirement: For other emission control systems that are: (1) not identified or
(5.1)
P I

control systems), or (2) identified or addressed in section (g)(4) but not

--

conditions prior to introduction on a production engine. Executive Officer
approval shall be based on the effectiveness of the monitoring strategy, the
malfunction criteria utilized, the monitoring conditions required by the
nd, if applicable, the determination that the requirements of
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hat utilize emission control systems that alter intake air flow or
&-by & t & i vaW(s), flap(§), &. in the intake
cykkw
aff cdekwy sy&m (eig., swM mntrd 'valve systwms), the manufacturers, in

are physie93fy aWdW in b u of monitwing'tha intake air flw, cytjnder
charge, or individual valve(s)/ftap(s) for proper functional response. For non-

xuegumw-IffORia(;Ka*-mRtsfor proper functional response (e.g., by verifying the segment or portion of the
shaft furthest from the actuator properly functions). For systems that have
more than one shaft to operate valves in multiple intake banks,
manufacturers are not required to add more than one set of detection
haid-ware je.g., sensor, ~'witckjper intake bank to meet this requirement.
(6)

EXCEPTIONS TO MONITORING REQUIREMENTS
Upon request of a manufacturer or upon the best engineering judgment of the
ARB, the Executive Officer may revise the emission threshold for any monitor
in sections (e) through (g) if the most reliable monitoring method developed
requires a higher threshold to prevent significant errors of commission in
detecting a malfunction.
(6.2) Manufacturers may request Executive Officer approval to disable an OBD
system monitor at ambient engine start temperatures below 20 degrees
Fahrenheit (low ambient temperature conditions may be determined based
on intake air or engine coolant temperature at engine start) or at elevations
above 8000 feet above sea level. The Executive Officer shall approve the
request upon determining that the manufacturer has provided data and/or an
engineering evaluation that demonstrate that monitoring during the conditions
would be unreliable. A manufacturer may further request, and the Executive
Officer shall approve, that an OBD system monitor be disabled at other
ambient engine start temperatures upon determining that the manufacturer
has demonstrated with data andlor an engineering evaluation that
misdiagnosis would occur at the ambient temperatures because of its effect
on the component itself (e.g., component freezing).
(6.3) Manufacturers may request Executive Officer approval to disable monitoring
systems that can be affected by low fuel level or running out of fuel (e.g.,
misfire detection) when the fuel level is 15 percent or less of the nominal
capacity of the fuel tank. The Executive Officer shall approve the request
upon determining that the manufacturer has submitted data andlor an
engineering evaluation that demonstrate that monitoring at the fuel levels
would be unreliable and the OBD system is able to detect a malfunction if the

(6.1)

component(s) used to determine fuel level erroneously indicates a fuel level
that causes the disablement.
(6.4) Manufacturers may disable monitoring systems that can be affected by
vehicle battery or system voltage levels.
(6.4.1) For monitoring systems affected by low vehicle battery or system
voltages, manufacturers may disable monitoring systems when the battery
or system voltage is below 11.0 Volts. Manufacturers may request
Executive Officer approval to utilize a voltage threshold higher than 11.O
Volts to disable system monitoring. The Executive Officer shall approve
the request upon determining that the manufacturer has submitted data
andlor an engineering evaluation that demonstrate that monitoring at the
voltages would be unreliable and that either operation of a vehicle below
the disablement criteria for extended periods of time is unlikely or the
OBD system monitors the battery or system voltage and will detect a
malfunction at the voltage used to disable other monitors.
(6.4.2) For monitoring systems affected by high vehicle battery or system
voltages, manufacturers may request Executive Officer approval to
disable monitoring systems when the battery or system voltage exceeds a
manufacturerdefined voltage. The Executive Officer shall approve the
request upon determining that the manufacturer has submitted data
andlor an engineering evaluation that demonstrate that monitoring above
the manufacturer-defined voltage would be unreliable and that either the
electrical charging systern/altemator warning light is illuminated (or voltage
gauge is in the "red zonen) or the OBD system monitors the battery or
system voltage and will detect a malfunction at the voltage used to disable
other monitors.
(6.5) A manufacturer may disable affected monitoring systems in vehicles
designed to accommodate the installation of PTO units (as defined in section
(c)), provided disablement occurs only while the PTO unit is active, and the
OBD readiness status is cleared by the on-board computer (i.e., all monitors
set to indicate "not completen)while the PTO unit is activated (see section
(h)(4.1) below). If the disablement occurs, the readiness status may be

(h) STANDARDIZATION REQUIREMENTS
(1)
Reference Documents:
The following Society of Automotive Engineers (SAE) and International
Organization of Standards (ISO) documents are incorporated by reference into
this regulation:
(1-1) SAE J1930 "Electrical/Electronic Systems Diagnostic Terms, Definitions,
Abbreviations, and Acronyms - Equivalent to ISOITR 15031-2:April 30,
2002", April 2002 (SAE J 1930).
(1-2) SAE J1962 "Diagnostic Connector - Equivalent to ISOIDIS 15031-3:
December 14,2001", April 2002 (SAE J1962).
(1.3) SAE J1978 "OBD II Scan Tool - Equivalent to ISOIDIS 15031-4: December
14,2001", April 2002 (SAE JZ978).
\

4)

5:April30,2002", April 2002 (SAE J1979).

(1.5)
(1.6)

(1.7)
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SAE J2403 "Wium/Heavy-Duty E/E Systems Diagnosis Nomenciature,"
August 2004 (SAE J2403).
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(2)
Diagnostic Cmnatur:
A standard &a link m w & r wnfoming to SAE J"12 or SQrE31939-13
specifications (except as specified in section (h)(2.3)) shall be incorporated in
achvehicle.
- _
_- _
-- - ----------(2.1) The connector shall be located in the driver's side foot-well region of the
vehicle interior in the area bound by the driver's side of the vehicle and the
driver's side edge of the center console (or the vehicle centerline if the vehicle
does not have a center console) and at a location no higher than the bottom
-.
of the steering wheel when in the Ooiwest adjushbie position. r ne connector
may not be located on or in the center console (i.e., neither on the horizontal
faces near the floor-mounted gear selector, parking brake lever, or cupholders nor on the vertical faces near the car stereo, climate system, or
navigation system controls). The location of the connector shall be capable
of being easily identified and accessed (e-g., to connect an off-board tool) by
a technician standing (or "crouched") on the ground outside the driver's side
of the vehicle with the driver's side door open.
(2.2) If the connector is covered, the cover must be removable by hand without the
use of any tools and be labeled "OBD" to aid technicians in identifying the
location of the connector. Access to the diagnostic connector may not
require opening or the removal of any storage accessory (e.g., ashtray,
coinbox). The label shall be submitted to the Executive Officer for review and
approval, at or before the time the manufacturer submits its certification
application. The Executive Officer shall approve the label upon determining
that it clearly identifies that the connector is located behind the cover and is
consistent with language andlor symbols commonly used in the automotive
industry.
(2.3) If the IS0 15765-4 protocol (see section (h)(3)) is used for the required OBD
standardized functions, the connector shall meet the ''Type An specifications
of SAE Jl962. Any pins in the connector that provide electrical power shall
be properly fused to protect the integrity and usefulness of the connector for
diagnostic purposes and may not exceed 20.0 Volts DC regardless of the
nominal vehicle system or battery voltage (e.g., 12V, 24V, 42V).
(2.4) If the SAE J1939 protocol (see section (h)(3)) is used for the required OBD
standardized functions, the connector shall meet the specifications of SAE
J1939-13. Any pins in the connector that provide electrical power shall be
(1.8)
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(2.5)

properly fused to protect the integrity and usefulness of the connector for
diagnostic purposes.
Manufacturers may equip vehicles with additional diagnostic connectors for
manufacturer-specific purposes (i.e., purposes other than the required OBD
functions). However, if the additional connector conforms to the "Type A"
specifications of SAE J1962 or the specifications of SAE Jl939-13 and is
located in the vehicle interior near the required connector of section (h)(2.3)
or (2.4), the connector(s) must be clearly labeled to identrfy which connector
is used to access the standardized OBD information required in section (h).

(3)

Communications to a Scan Tool:
All OBD control modules (e-g., engine, auxiliary emission control module) on a
single vehicle shall use the same protocol for communication of required
emission-related messages from on-board to off-board network communications
to a scan tool meeting SAE J1978 specifications or designed to communicate
with an SAE J1939 network. Engine manufacturers shall not alter normal
operation of the engine emission control system due to the presence of off-board
test equipment accessing information required by section (h). The OBD system
shall use one of the following standardized protocols:
(3.1) IS0 15765-4. All required emission-related messages using this protocol
shall use a 500 kbps baud rate.
(3.2) SAE J1939. This protocol may only be used on vehicles with diesel engines.

(4)

Required Emission Related Functions:
The following standardized functions shall be implemented in accordance with
the specifications in SAE J1979 or SAE J1939 to allow for access to the required
information by a scan tool meeting SAE J1978 specifications or designed to
communicate with an SAE J1939 network:
(4.1) Readiness Status: In accordance with SAE J1979lJ1939-73 specifications,
the OBD system shall indicate "completenor "not completenfor each of the
installed monitored components and systems identified in sections (e)(l )
through (f)(8), (g)(l), and (g)(4) except (9(4). All components or systems
identified in (f)(l,
(f)(2), or (g)(4) that are monitored continuously shall always
indicate "complete". Components-or systems that are-not subject to
continuous monitoring shall immediately indicate "completewupon the
respective diagnostic(s) being fully executed and determining that the
component or system is not malfunctioning. A component or system shall
also indicate "completewif after the requisite number of decisions necessary
for determining MIL status has been fully executed, the monitor indicates a
malfunction for the component or system. The status for each of the
monitored components or systems shall indicate "not completewwhenever
fault memory has been cleared or erased by a means other than that allowed
in section (d)(2). Normal vehicle shut down (i.e., key off,
may not
cause the status to indicate "not complete".
(4.1.1) Subject to Executive Officer approval, a manufacturer may request that
the readiness status for a monitor be set to indicate "completewwithout

number of driving cycles due to the continued presence of extreme

-2.
W m c f h M m m t and the numb&tor drivCiig cycks spec%& without
completion of monitoring before readiness is indicated as "complete".
(4.1.2) For the evaporative system monitor, the readiness status shall be set in
accordance with section (h)(4.1) when both the functional check of the
purge valve and, if applicable, the leak detection monitor of the orifice size
are
sg%$fjsd3in seemnnlf3(7-2*2:XBB)
Cep,QJBQ
j b )
complete.
(4.1.3) Ifthe mwfa&rere k t s to additionany indicate readiness Status through

"compkW, the MIL shafl remam crcxntitfw~lyiftuntinatled in the key on,
engine off position for at least 15-20 seconds. If the readiness status for
rnL3TF!nfthn-*+

after 15-20 seconds of operation in the key on, engine off position with the
MIL illuminated continuously, the MIL shall blink once per second for 5-10
seconds. The data stream value for MIL status (section (h)(4.2)) shall
indicate "commanded oft" during this sequence unless the MIL has also
Seen "zsi.iimanded on" for a detected fauit.
(4.2) Data Stream: The following signals shall be made available on demand
through the standardized data link connector in accordance with SAE
J1979lJ1939 specifications. The actual signal value shall always be used
instead of a default or limp home value.
(4.2.1) For all gasoline engines:
(A) Calculated load value, engine coolant temperature, engine speed, vehicle
speed, time elapsed since engine start; and
(B) Absolute load, fuel level (ifused to enable or disable any other
diagnostics), barometric pressure (directly measured or estimated),
engine control module system voltage, commanded equivalence ratio;
and
(C) Number of stored confirmed fault codes, catalyst temperature (if directly
measured or estimated for purposes of enabling the catalyst monitor(s)),
monitor status (i-e., disabled for the rest of this driving cycle, complete this
driving cycle, or not complete this driving cycle) since last engine shut-off
for each monitor used for readiness status, distance traveled (or engine
run time for engines not utilizing vehicle speed information) while MIL
activated, distance traveled (or engine run time for engines not utilizing
vehicle speed information) since fault memory last cleared, and number of
warm-up cycles since fault memory last cleared, OBD requirements to
which the engine is certified (e.g., California OBD, EPA OBD, European
OBD, non-OBD) and MIL status (i.e., commanded-on or commanded-off).
(4.2.2) For all diesel engines:
(A) Calculated load-(engine torque as a percentage of maximum torque
available at the current engine speed), driver's demand engine torque (as
a percentage of maximum engine torque), actual engine torque (as a
percentage of maximum engine torque), reference engine maximum

torque, refererice maximum engine torque as a function of engine speed
(five points defined by SAE 51939 reference 5.3.1 7 and 5.2.4.1 engine
configuration), engine coolant temperature, engine oil temperature (if used
for emission control or any OBD diagnostics), engine speed, time elapsed
since engine start; and
(B) Fuel level (if used to enable or disable any other diagnostics), vehicle
speed (if used for emission control or any OBD diagnostics), barometric
pressure (directly measured or estimated), engine control module system
voltage; and
(C) Number of stored confirrnedlactive fault codes, monitor status (i.e.,
disabled for the rest of this driving cycle, complete this driving cycle, or not
complete this driving cycle) since last engine shut-off for each monitor
used for readiness status, distance traveled (or engine run time for
engines not utilizing vehicle speed information) while MIL activated,
distance traveled (or engine run time for engines not utilizing vehicle
speed information) since fault memory last cleared, number of warm-up
cycles since fault memory last cleared, OBD requirements to which the
engine is certified (e.g., California OBD, EPA OBD, European OBD, nonOBD), and MIL status (i.e., commanded-on or commanded-off);
(D) NOx NTE control area status (i-e., inside control area, outside control
area; inside manufacturer-specific NOx NTE carve-out area, or deficiency
active area) and PM NTE control area status (i.e., inside control area,
outside control area, inside manufacturer-specific PM NTE carve-out area,
or deficiency active area).
(E) For purposes of the calculated load and torque parameters in section
(h)(4.2.2)(A), manufacturers shall report the most accurate values that are
available from the applicable electronic control nit (e.g., the engine
control module). Manufacturers may not output calculated load or torque
parameters using proprietary messages or off-board devices that are
more accurate than the load and torque parameters available to an offboard tool using the standardized messages required by section (h).
(4.2.3) For all engines so equipped:
(A) Absolute throttle position, relative throttle position, fuel control system
-status (e.g ., open bop, closed toop), fuettrim, fuel pressure,-ignition
timing advance, fuel injection timing, intake airlmanifold temperature,
engine intercooler temperature, manifold absolute ijressure, air flow rate
from mass air flow sensor, secondary air status (upstream, downstream,
or atmosphere), ambient air temperature, commanded purge valve duty
cycle/position, commanded EGR valve duty cyclelposition, actual EGR
valve duty cycle/position, EGR error between actual and commanded,
PTO status (active or not active), redundant absolute throttle position (for
electronic throttle or other systems that utilize two or more sensors),
absolute pedal position, redundant absolute pedal position, commanded
throttle motor position, fuel rate, boost pressure, commandedftarget boost
pressure, turbo inlet air temperature, fuel rail pressure, commanded fuel
rail pressure, PM filter inlet pressure, PM filter inlet temperature, PM filter
-----

,,

exhaust pressure sensor output, exhaust gas temperature sensor output,

injection eontrot pressure, commanded injection control pressure,
,
commanded
vageometsy twbo positbn, turbocharger compressor iniet
temperature, turbocharger compressor inlet pressure, turbocharger
turbine inlet temperature, turbocharger turbine outlet temperature,
wastegate valve position, glow ptug tamp status; and
(B) Oxygen sensor output, airbuel ratio sensor output, NOx sensor output,
*<..*a
evaporative system vappr pr~ss~ure.
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Freeze Frame.
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(4.3.2) "Freezeframe'' conditions must h k f & the f d t code which caused the
data to be stored and a
and (4.229@Aj, Free=
signals required on the engine in sections (h)(4.2.1)(B), (4.2.2)(B),and
(4.2.3)(A) that are used for diagnostic or control purposes in the specific
diagnostic or emission-critical powertrain control unit that stored the fault
code.
(4.3.3) On!y sne f r a m =f d a t ~is iecjiiiied to be reesrbsb. ivianuhciurers may
. choose to store additional frames provided that at least the required frame
can be read by a scan tool meeting SAE J1978 specifications or designed
to communicate with an SAE J1939 network.
(4.4) Fault Codes
(4.4.1) For vehicles using the IS0 15765-4 protocol for the standardized
functions required in section (h):
(A) For all monitored components and systems, stored pending, confirmed,
and permanent fault codes shall be made available through the diagnostic
connector in a standardized format in accordance with SAE J1979
specifications. Standardized fault codes conforming to SAE J2012 shall
be employed.
(B) The stored fault code shall, to the fullest extent possible, pinpoint the
likely cause of the malfunction. To the extent feasible, manufacturers
shall use separate fault codes for every diagnostic where the diagnostic
and repair procedure or likely cause of the failure is different. In general,
rationalrty and functional diagnostics shall use different fault codes than
the respective circuit continuity diagnostics. Additionally, input component
circuit continuity diagnostics shall use different fault codes for distinct
malfunctions (e.g., out-of-range low, out-of-range high, open circuit).
(C) Manufacturers shall use appropriate SAE-defined fault codes of SAE
J2012 (e.g., POxxx, P2xxx) whenever possible. With Executive Officer
approval, manufacturers may use manufacturer-defined fault codes in
accordance with SAE J2012 specifications (e.g., Plxxx). Factors to be
considered by the Executive Officer for approval shall include the lack of
available SAE-defined fault codes, uniqueness of the diagnostic or
monitored component, expected future usage of the diagnostic or
component, and estimated usefulness in providing additional diagnostic
72
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and repair infohation to service technicians. Manufacturer-defined fault
codes shall be used consistently (i.e., the same fault code may not be
used to represent two different failure modes) across a manufacturer's
entire product line.
(D) A pending or confirmed fault code (as required in sections (d) and (e)
through (g)) shall be stored and available to an SAE J1978 scan tool
within 10 seconds after a diagnostic has determined that a malfunction
has occurred. A permanent fault code shall be stored and available to an
SAE J1978 scan tool no later than the end of an ignition cycle in which the
corresponding confirmed fault code causing the MIL to be illuminated has
been stored.
(E) Pending fault codes:
(i) Pending fault codes for all components and systems (including
continuously and non-continuously monitored components) shall be
made available through the diagnostic connector in accordance with
SAE J1979 specifications (e.g., Modelsewice $07).
(ii) A pending fault code(s) shall be stored and available through the
diagnostic connector for all currently malfunctioning monitored
component(s) or system(s), regardless of the MIL illumination status or
confirmed fault code status (e.g., even after a pending fault has
matured to a confirmed fault code and the MIL is illuminated, a
pending fault code shall be stored and available if the most recent
monitoring event indicates the component is malfunctioning).
(iii) Manufacturers using alternate statistical protocols for MIL illumination
as allowed in section (d)(2.2.1 )(C)shall submit to the Executive Officer
a protocol for setting pending fault codes. The Executive Officer shall
approve the proposed protocol upon determining that, overall, it is
equivalent to the requirements in sections (h)(4.4.1)(E)(i) and (ii) and
that it effectively provides service technicians with a quick and
accurate indication of a pending failure.
(F) Permanent fault codes:
(i) Permanent fault codes for all components and systems shall be made
available through the diagnostic connector in a standardized format
that distinguishes permanent fault codes from bath pending fautt
codes and confirmed fault codes.
(ii) A confirmed fault code shall be sto~edas a permanent fault code no
later than the end of the ignition cycle and subsequently at all times
that the confirmed fault code is commanding the MIL on (e.g., for
currently failing systems but not during the 40 warm-up cycle selfhealing process described in section (d)(2.3.1 )(B)).
(iii) Permanent fault codes shall be stored in NVRAM and may not be
erasable by any scan tool command (generic or enhanced) or by
disconnecting power to the on-board computer.
(iv) Permanent fault codes shatl be erasable ifthe engine control module
is reprogrammed and the readiness status (refer to section (h)(4.1)) for
all monitored components and systems are set to "not complete."
-

current confirmed fault codes as permanent fault codes in NVRAM. If

the number of confinned fault codes currently commanding the MIL on
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stored, the OBD system shaft store the earliest detected confirmed
fault codes as permanent fault codes. If additional confirmed fault
codes are stored when the maximum number of permanent fault
codes is already stored in NVRAM, the OBD system may not replace
any existing permanent fault code with the additional confirmed fault
s using the SAE J1939 protocol for the standardized functions
required m section (h):
(A) For a 3 1 , m M
J1939 speclffcatiuns. Standardized fault codes canforming to SAE J1939
shall be employed.
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likely cause of the malfunction. To the extent feasible, manufacturers
shall use separate fault codes for every diagnostic where the diagnostic
and repair procedure or likely cause of the failure is different. In general,
rationality and functional diagnostics shall use different fault codes than
ine respective circuii continuity diagnostics. ~aditionaiiy,input component
circuit continuity diagnostics shall use different fault codes for distinct
malfunctions (e.g., out-of-range low, out-of-range high, open circuit).
(C) Manufacturers shall use appropriate SAE-defined fault codes of SAE
J939 whenever possible. With Executive Officer approval, manufacturers
may use manufacturer-defined fault codes in accordance with SAE J 1939
specifications. Factors to be considered by the Executive Officer for
approval shall include the lack of available SAEdefined fault codes,
uniqueness of the diagnostic or monitored component, expected future
usage of the diagnostic or component, and estimated usefulness in
providing additional diagnostic and repair information to service
technicians. Manufacturer-defined fault codes shall be used consistently
(i.e., the same fault code may not be used to represent two different
failure modes) across a manufacturer's entire product line.
(D) A pending or active fault code (as required in sections (d), (e), and (g))
shall be stored and available to an SAE J1939 scan tool within 10
seconds after a diagnostic has determined tRat a malfunction has
occurred. A permanent fault code shall be stored and available to an SAE
J1939 scan tool no later than the end of an ignition cycle in which the
corresponding active fault code causing the MIL to be illuminated has
been stored.
(E) Pending fault codes:
(i) Pending fault codes for all components and systems (including
continuously and non-continuously monitored components) shall be
made available through the diagnostic connector in accordance with
SAE J1939 specifications (e.g., Diagnostic Message 6 (DM6)).
(ii) Manufacturers using alternate statistical protocols for MIL illumination
as allowed in section (d)(2.2.2)(C) shall submit to the Executive Officer
-.
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a protocol for setting pending fault codes. The Executive Officer shall
approve the proposed protocol upon determining that, overall, it is
equivalent to the requirements in sections (h)(4.4.2)(E)(i) and that it
effectively provides service technicians with a quick and accurate
indication of a pending failure.
(F) Permanent fault codes:
(i) Permanent fault codes for all components and systems shall be made
available through the diagnostic connector in a standardized format
that distinguishes permanent fault codes from pending fault codes,
active fault codes, and previously active fault codes.
(ii) An active fault code shall be stored as a permanent fault code no later
than the end of the ignition cycle and subsequently at all times that the
active fault code is commanding the MIL on (e-g., for currently failing
systems).
(iii) Permanent fault codes shall be stored in NVRAM and may not be
erasable by any scan tool command (generic or enhanced) or by
disconnecting power to the on-board computer.
(iv) Permanent fault codes shall be erasable if the engine control module
is reprogrammed and the readiness status (refer to section (h)(4.1)) for
all monitored components and systems are set to "not complete."
(v) The OBD system shall have the ability to store a minimum of four
current active fault codes as permanent fault codes in NVRAM. If the
number of active fault codes currently commanding the MIL on
exceeds the maximum number of permanent fault codes that can be
stored, the OBD system shall store the earliest detected active fault
codes as permanent fault codes. If additional active fault codes are
stored when the maximum number of permanent fault codes is already
stored in NVRAM,the OBD system may not replace any existing
permanent fault code with the additional active fault codes.
(4.5) Test Results
(4.5.1) Except as provided in section (h)(4.5.7), for all monitored components and
systems identified in sections (e)(l) through (f)(8) and (g)(l), results of the
most recent monitoring of the component
-established for monioring the respective
be stored and available through the data link in accordance with the
standardized format specified in SAE J1979 for the IS0 15765-4 protocol
or SAE J1939.
(4.5.2) The test results shall be reported such that properly functioning
components and systems (e.g., "passing" systems) do not store test
values outside of the established test limits. Test limits shall include both
minimum and maximum acceptable values and shall be defined so that a
test result equal to either test limit is a "passing" value, not a "failing"
value.
(4.5.3) The test results shall be standardized such that the name of the
monitored component (e.g., catalyst bank I ) can be identified by a generic
scan tool and the test results and limits can be scaled and reported with

(4.5.4) The test r w u b shaN be s t ~ until
d updated by a more recent vatid test

. Upon

~qwftedfm m m that have

not yet completed with valid test results since the last time the fault
memory was cleared shall report values of zero for the test result and test
limits.
(4.5.5) All test results and test limits shall always be reported and the test results
shall be stored until updated
*a"
, by
. a more recent vgjiQ test.rwltar the fault
system computer is cleared.
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Sofbme Cafibration Idenfif~cation:On all vehicles, a single software. .
calibration identification number (CAL IDMor eachdagnoskctr
c f i ~ = t ? 6 l u ~ t ( s )s h G made available Mrough the standardized data
link connector in accordance with the SAE J1979lJ1939 specifications. A
unique CAL ID shall be used for every emission-related calibration andlor
software set having at least one bit of different data from any other emissionrelated calih~~tlor!
andhr softvdare set. Cij;itiiil t'iiitt coded with rnuiiipie
emission or diagnostic calibrations andlor software sets shall indicate a
unique CAL ID for each variant in a manner that enables an off-board device
to determine which variant is being used by the vehicle. Control units that
utilize a strategy that will result in MIL illumination if the incorrect variant is
used (e.g., control units that contain variants for manual and automatic
transmissions but will illuminate the MIL ifthe variant selected does not
match the type of transmission on the vehicle) are not required to use unique
CAL IDS.
(4.7) Software Calibration Verification Number
(4.7.1) All vehicles shall use an algorithm to calculate a single calibration
verification number (CVN) that verifies the on-board computer software
integrity for each diagnostic or emission critical electronically
reprogrammable control unit. The CVN shall be made available through
the standardized data link connector in accordance with the SAE
J1979lJ1939 specifications. The CVN shall be capable of being used to
determine if the emission-related software and/or calibration data are valid
and applicable for that vehicle and CAL ID.
(4.7.2) Manufacturers shall submit information for Executive Officer approval of
the algorithm used to calculate the CVN. Executive Officer approval of
the algorithm shall be based on the complexity of the algorithm and the
determination that the same CVN is difficult to achieve with modified
calibration values.
(4.7.3) The CVN shall be calculated at least once per driving cycle and stored
until the CVN is subsequently updated. Except for immediately after a
reprogramming event or a non-volatile memory clear or for the first 30
seconds of engine operation after a volatile memory clear or battery
disconnect, the stored value shall be made available through the data link

(4.6)

connector to a generic scan tool in accordance with SAE J1979lJ1939
specifications. The stored CVN value may not be erased when fault
memory is erased by a generic scan tool in accordance with SAE
J19791J1939 specifications or during normal vehicle shut down (i.e., key
off, engine off).
(4.7.4) For purposes of Inspection and Maintenance (IIM) testing, manufacturers
shall make the CVN and CAL ID combination information available for all
vehicles in a standardized electronic format that allows for off-board
verification that the CVN is valid and appropriate for a specific vehicle and
CAL ID.
(4.8) Vehicle Identification Number:
(4.8.1) All vehicles shall have the vehicle identification number (VIN) available in
a standardized format through the standardized data link connector in
accordance with SAE J1979lJ1939 specifications. Only one electronic
control unit per vehicle shall report the VIN to an SAE J1978lJl939 scan
tool.
(4.8.2) If the VIN is reprogrammable through an off-board tool, all emissionrelated diagnostic information identified in section (h)(4.9.1) shall be
erased whenever the VIN is reprogrammed.
(4.9) Erasure of Emission-Related Diagnostic Information:
(4.9.1) For purposes of section (h)(4.9), "emission-related diagnostic information"
includes all the following:
(A) Readiness status (section (h)(4.1))
(B)Data stream information (section (h)(4.2)) including number of stored
confirmedlactive fault codes, distance traveled while MIL activated,
number of warm-up cycles since fault memory last cleared, and distance
traveled since fault memory last cleared.
(C) Freeze frame information (section (h)(4.3))
(D) Pending, confirmed, active, and previously active fault codes (section
(h)(4-4-))
(E) Test results (section (h)(4.5))
(4.9.2) For all vehicles, the emission-related diagnostic information shall be
the emission-related diagnostic information is commanded to be erased
by a scan tool (generic or enhanced), all emission-related diagnostic
information from all diagnostic or emission critical control units shall be
erased. The OBD system may not allow a scan tool to erase a subset of
the emission-related diagnostic information (e.g., the OBD system may
not allow a scan tool to erase only one of three stored fault codes or only
information from one control unit without erasing information from the
other control unit(s)).
(5)

Tracking Requirements:
In-use Performance Ratio Tracking Requirements:
(5.1.1) For each monitor required in sections ( e )through (g) to separately report

(5.1)
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algorithms to report a numerator and denominator in the standardized
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format specified below and in accordance with the SAE J1979lJ1939
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eS~catbns:
(A) For the numerator, denominator, general denominator, and ignition cycle
counter:
(i) Each number shall have a minimum value of zero and a maximum
value of 65,535 with a resolution of one.
(ii) Each number,'ghfi be resst Q,zer~
~ n \ when
y
a nan-ualatb randam
access memory (NVRAM) reset occurs (e.g ., reprogramming event) or,
if the numbers are stored in keep-alive memory (KAM), when KAM is

es the.maximurn~-af535&2,

h&bmmkeskallded by two before either is incremented again to avoid overflow
problems.
(iv) If the ignition cycle counter reaches the maximum value of 65,535 e,
the ignition cycle counter shall rollover and increment to zero on the
igniti=n cycle t~
aiefigi pia$iems.
(v) If the general denominator reaches the maximum value of 65,535 +2,
the general denominator shall rollover and increment to zero on the
next driving cycle that meets the general denominator definition to
avoid ovemow problems.
(vi) If a vehicle is not equipped with a component (e.g., oxygen sensor
bank 2, secondary air system), the corresponding numerator and
denominator for that specific component shall always be reported as
zero.
(B) For the ratio:
(i) The ratio shall have a minimum value of zero and a maximum value of
7.99527 with a resolution of 0.000122.
(ii) A ratio for a specific component shall be considered to be zero
whenever the corresponding numerator is equal to zero and the
corresponding denominator is not zero.
(iii) A ratio for a specific component shall be considered to be the
maximum value of 7.99527 if the corresponding denominator is zero or
if the actual value of the numerator divided by the denominator
exceeds the maximum value of 7.99527.
(5.2) Engine Run Time Tracking Requirements:
(5.2.1) For all gasoline and diesel engines, manufacturers shall implement
software algorithms to individually track and report in a standardized
format the engine run time while being operated in the following
conditions:
(A) Total engine run time;
(B) Total idle run time (with "idle" defined as accelerator pedal released by
driver, vehicle speed less than or equal to one mile per hour, and PTO not
active);

(C) Total run time'with PTO active.
(5.2.2) Numerical Value Specifications:
(A) For each counter specified in section (h)(5.2.1):
(i) Each number shall be a four-byte value with a minimum value of zero
with a resolution of one minute per bit.
(ii) Each number shall be reset to zero only when a non-volatile memory
reset occurs (e.g., reprogramming event). Numbers may not be reset
. to zero under any other circumstances including when a scan tool
(generic or enhanced) command to clear fault codes or reset KAM is
received.
(iii) If any of the individual counters reach the maximum value, all counters
shall be divided by two before any are incremented again to avoid
overflow problems.

(6)

Service Information:
(6.1) Engine manufacturers shall provide the aftermarket service and repair
industry emission-related service information as set forth in sections (h)(6.3)
through (6.5).
.
(6.2) The Executive Officer shall waive the requirements of sections (h)(6.3)
through (6.5) upon determining that the ARB or U.S. EPA has adopted a
service information regulation or rule that is in effect and operative and
requires engine manufacturers to provide emission-related service
information:
(A) of comparable or greater scope than required under these provisions;
(B) in an easily accessible format and in a timeframe that is equivalent to or
exceeds the timeframes set forth below; and
(C) at fair and reasonable cost.
(6.3)
Manufacturers shall make readily available, at a fair and reasonable price to
. the automotive repair industry, vehicle repair procedures which allow effective
emission-related diagnosis and repairs to be performed using only the SAE
J1978lJl939 generic scan tool and commonly available, non-microprocessor
based tools.
(6-4)
dures required under section
ir procedures referencing the use of
manufacturer-specific or enhanced equipment provided the manufacturer
makes available to the aftermarket scan tool industry the information needed
to manufacture scan tools to perform the same emission-related diagnosis
and repair procedures (excluding any reprogramming) in a comparable
manner as the manufacturer-specific diagnostic scan tool.
(6.5) Manufacturers shall make available:
(6.5.1) Information to utilize the test results reported as required in section
(h)(4.5). The information must include a description of the test and test
result, typical passing and failing values, associated fautt codes with the
test result, and scaling, units, and conversion factors necessary to convert
the results to engineering units.
(6.5.2) A generic description of each of the diagnostics used to meet the

text description of how the diagnostic is performed, typical enable
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(3.1.2)

subsequent model year engines, the manufacturer shall perform a test at
the malfunction criteria limit specified in section (e)(2.2.2).
(3.1.3) EGR System: The manufacturer shall perform a test at each flow, stow
response, and cooling limit calibrated to the malfunction criteria (e.g., 1.5
times
.
the standard] in sections (eJ3;2-l,ithKgf? ($;2.sJaG~QnQ&IS-2.5).In
conducting the EGR system slow response demonstration tests, the
mnufadtwer may use c o n t p u t e r & i m
to cw6e the EGR aystem
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(3.1.4) h s t Pressure Control System: The manufacturer shall perform a test at
each boost, response, and cooling limit calibrated to the malfunction
b ~ec;tiorn_Ce)&2~2)_thraug
criteria (e.9 ., 125timesth-e FTP_s_taoda~d)
(4.2.3) and (e)(4.2.4).
(3.1.5) NMHC Catalyst: The manufacturer shall perform a separate test for each
monitored NMHC catalyst(s) (e.g., oxidation catalyst). The catalyst(s)
being evaluated shall be deteriorated to the applicable malfunction. criteria
estsblishec! by the mafi~fadt;i=iin sedisn (e)(5.2.2) using izethsds
established by the manufacturer in accordance with section (e)(5.2.4).
For each monitored NMHC catalyst(s), the manufacturer shall also
demonstrate that the OBD system will detect a catalyst malfunction with
the catalyst at its maximum level of deterioration (i.e., the substrate(s)
completely removed from the catalyst container or "empty" can).
Emission data are not required for the empty can demonstration.
(3.1.6) NOx Catalyst: The manufacturer shall perform a separate test for each
monitored NOx catalyst(s) (e.g., SCR catalyst). The catalyst(s) being
evaluated shall be deteriorated to the applicable malfunction criteria
established by the manufacturer in sections (e)(6.2.1)(A)(i),
(e)(6.2.1)(B)(i), and (e)(6.2.2)(A) using methods established by the
manufacturer in accordance with section'(e)(6.2.3). For each monitored
NOx catalyst(s), the manufacturer shall also demonstrate that the OBD
system will detect a catalyst malfunction with the catalyst at its maximum
level of deterioration (i.e., the substrate(s) completely removed from the
catalyst container or "empty" can). Emission data are not required for the
empty can demonstration.
(3.1.7) NOx Adsorber: The manufacturer shall perform a test using a NOx
adsorber(s) deteriorated to the malfunction criteria in section (e)(7.2.1).
The manufacturer shall also demonstrate that the OBD system will detect
a NOx adsorber malfunction with the NOx adsorber at its maximum level
of deterioration (i-e., the substrate(s) completely removed from the
container or "emptyncan). Emission data are not required for the empty
can demonstration.
(3.1.8) PM Filter: The manufacturer shall perform a test using a PM filter(s)
deteriorated to each applicable malfunction criteria in sections (e)(8.2.1),
(e)(8.2.2), and (e)(8.2.4). The manufacturer shall also demonstrate that

the OBD system will detect a PM filter malfunction with the filter at its
maximum level of deterioration (i.e., the filter(s) completely removed from
the filter container or "empty" can). Emission data are not required for the
empty can demonstration.
(3.1.9) Exhaust Gas Sensor: The manufacturer shall perform a test for each
exhaust gas sensor parameter calibrated to the malfunction criteria (e.g.,
1.5 times the FTP standard) in sections (e)(9.2.1 )(A)(@(e)(9.2.1 )(B)(i)a.
through b., and (e)(9.2.2)(A)(i) through (ii). When performing a test, all
exhaust gas sensors used for the same purpose (e.g., for the same
feedback control loop, for the same control feature on parallel exhaust
banks) shall be operating at the malfunction criteria limit for the applicable
parameter only. All other exhaust gas sensor parameters shall be with
normal characteristics.
(3.1.10) For each of the testing requirements of section (i)(3.1), if the
manufacturer has established the malfunction criteria under the allowance
that only a functional check is required because no failure or deterioration
of the specific tested system could result in an engine's emissions
exceeding the emission malfunction criteria (e.g., 1.5 times any of the
applicable standards), the manufacturer is not required to perform a
demonstration test; however the manufacturer is required to provide the
data and/or engineering analysis used to determine that only a functional
test of the system(s) is required.
(3.2) Required testing for Gasoline/Spark-Ignited Engines:
(3.2.1) Fuel System:
(A) For engines with adaptive feedback based on the primary fuel control
sensor(s), the manufacturer shall perform a test with the adaptive
feedback based on the primary fuel control sensor(s) at the rich limit(s)
and a test at the lean limit(s) established by the manufacturer in section
(Q(1.2.1) to detect a malfunction before emissions exceed 1.5 times the
applicable standards.
(B) For engines with feedback based on a secondary fuel control sensor(s)
and subject to the malfunction criteria in section (f)(1.2.1), the
manufacturer shall perform a test with the feedback based on the
secondary fuel control sensw(s) at the rich limit@) and a test at the lean
limit(s) established by the manufacturer in section (9(1.2.1) to detect a
malfunction before emissions exceed 1.5 times the applicable standards.
(C) For other fuel metering or control systems, the manufacturer shall
perform a test at the criteria limit(s).
(D) For purposes of fuel system testing, the fault(s) induced may result in a
uniform distribution of fuel and air among the cylinders. Non-uniform
distribution of fuel and air used to induce a fault may not cause misfire. In
conducting the fuel system demonstration tests, the manufacturer may
use computer modifications to cause the fuel system to operate at the
malfunction limit if the manufacturer can demona~ateto the Executive
Officer that the computer modifications produce test results equivalent to
an induced hardware malfunction.
(3.2.2) Misfire: The manufacturer shall perform a test at the malfunction criteria
limit specified in section (f)(Z.2.2).

adequately represented by the typical values identified above shall be
specifically identified
along with the appropriate typical values.
(6.5.3) Information necessary to execute each of the diagnostics used to meet
the requirements of sections (e)(l) through (f)
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Exceptions to Standardization Requi
(7.1) For 2020 and subsequent model year alternate-fueled engines derived from a
diesel-cycle engine, a manufacturer may meet the standardized requirements
of section (h) that are applicable to diesel engines in lieu of the requirements
applicable t~ gasdine engines.

(i) MONITORING SYSTEM DEMONSTRATION REQUIREMENTS FOR
CERTIFICATION
(1)
General.
(1.1) Certification requires that manufacturers submit emission test data from one
or more durability demonstration test engines (test engines).
(1.2) The Executive Officer may approve other demonstration protocols if the
manufacturer can provide comparable assurance that the malfunction criteria
are chosen based on meeting the malfunction criteria requirements and that
the timeliness of malfunction detection is within the constraints of the
applicable monitoring requirements.
(1-3) For flexible fuel engines capable of operating on more than one fuel or fuel
combinations, the manufacturer shall submit a plan for providing emission
test data to the Executive Officer for approval. The Executive Officer shall
approve the plan if it is determined to be representative of expected in-use
fuel or fuel combinations and provides accurate and timely evaluation of the
monitored systems.
Selection of Test Engines:
(2)
(2.1) Prior to submitting any applications for certification for a model year, a
manufacturer shall notify the Executive Officer of the engine families and
engine ratings within each family planned for that model year. The Executive
Officer will then select the engine family(ies) and the specific engine rating
within the engine family(ies) that the manufacturer shall use as demonstration
test engines to provide emission test data. The selection of test engines for
production vehicle evaluation, as specified in section (I), may take place
during this selection process.
(2.2) Number of test engines:

(2.2.1) For the 2010 model year, a manufacturer shall provide emission test data
of a test engine from the OBD parent rating.
(2.2.2) For the 201 1 and 2012 model years, a manufacturer certrfying one to
seven engine families in a model year shall provide emission test data of
a test engine from one OBD child rating. A manufacturer certrfying eight
or more engine families in a model year shall provide emission test data of
test engines from two OBD child ratings. The Executive Officer may
waive the requirement for submittal of data of one or more of the test
engines if data have been previously submitted for all of the OBD parent
and OBD child ratings.
(2.2.3) For the 2013 model year, a manufacturer shall be required to provide
emission test data of test engines from each OBD parent rating subject to
section (d)(7.2.2)(B).
(2.2.4) For the 2014 and subsequent model years, a manufacturer certifying one
to five engine families in a model year shall provide emission test data of
a test engine from one engine rating. A manufacturer certifying six to ten
engine families in a model year shall provide emission test data from test
engines from two engine ratings. A manufacturer certifying eleven or
more engine families in a model year shall provide emission test data of
test engines from three engine ratings. The Executive Officer may waive
the requirement for submittal of data of one or more of the test engines if
data have been previously submitted for all of the engine ratings.
(2.2.5) For the 2010 model year, a manufacturer may elect to provide emission
data of test engines from more engine ratings than required by section
(i)(2.2.1). For each additional engine rating tested in 2010, the Executive
Officer shall reduce the number of engine ratings required for testing in
2011 or 2012 under section (i)(2.2.2) by one.
(2.3) For the test engine(s), a manufacturer shall use a certification emission
durability test engine(s), a representative high mileage engine(s), or an
engine(s) aged to the end of the useful life using an ARB-approved durability
procedure.
(3)
Required Testing:

-

malfunction criteria limits as determined by the manufacturer for meeting the
requirements of sections (e), (f), and (g) or sections (d)(7.1.2) and (d)(7.2.3) for
extrapolated OBD systems.
(3.1) Required testing for Diesel/Compression Ignition Engines:
(3.1.1) Fuel System: The manufacturer shall perform a separate test for each
malfunction limit established by the manufacturer for the fuel system
parameters (e.g., fuel pressure, injection timing) specified in sections
(e)(1.2.1) through (e)(1.2.3). When performing a test for a specific
parameter, the fuel system shall be operating at the malfunction criteria
limit for the applicable parameter only. All other parameters shall be with
normal characteristics. In conducting the fuel system demonstration tests,
the manufacturer may use computer modifications to cause the fuel
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demonstrate to the Executive Officer that the computer modifications
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(3.2.4) Cotd Start Emission Reduction Strategy: The manufacturer shall perform
a test at the malfunction criteria for each component monitored according
to section (o(4.2.1).
(3.2.5) Secondary Air System: The manufacturer shall perform a test at each flow
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Q(5.2.2).
(3.2.6) C M y e t ~ T l l s
mnu(&urer shkf perform a test usinga catatyst system
ods
The manwfactuser s M atso demonstrate that the OBD system will detect
a cablyst system matfunction with the catalyst systm at% maximum
level of deterioration (i.e., the substrate(s) completely removed from the
. . da&HHt&feqwe#wtt-t€?
empty can demonstration.
(3.2.7) ~xhaustGas Sensor: The manufacturer shall perform a test with all
primary exhaust gas sensors used for fuel control simultaneously
possessing a response rate deteriorated to the malfunction criteria limit in
sedisn (fj(8.2.1j(Aj. Manufacturers snaii also perform a test for any other
primary or secondary exhaust gas sensor parameter under sections
(9(8.2.1)(A) and (9(8.2.2)(A) that can cause engine emissions to exceed
1.5 times the applicable standards (e.g., shift in airlfuel ratio at which
oxygen sensor switches, decreased amplitude). When performing
additional test(s), all primary and secondary (if applicable) exhaust gas
sensors used for emission control shall be operating at the malfunction
criteria limit for the applicable parameter only. All other primary and
secondary exhaust gas sensor parameters shall be with normal
characteristics.
(3.2.8) For each of the testing requirements of section (i)(3.2), if the manufacturer
has established the malfunction criteria under the allowance that only a
functional check is required because no failure or deterioration of the
specific tested system could result in an engine's emissions exceeding the
emission malfunction criteria (e.g., 1.5 times any of the applicable
standards), the manufacturer is not required to perform a demonstration
test; however the manufacturer is required to provide the data andlor
engineering analysis used to determine that only a functional test of the
system(s) is required.
(3.3) Required Testing for All Engines:
(3.3.1) VVT System: The manufacturer shall perform a test at each target error
limit and slow response limit calibrated to the malfunction criteria (e.g., 1.5
times the FTP standard) in sections @)(I.2.1) and @)(I.2.2). In
conducting the VVT system demonstration tests, the manufacturer may
use computer modifications to cause the VVT system to operate at the
malfunction limit if the manufacturer can demonstrate to the Executive
Officer that the computer modifications produce test results equivalent to
an induced hardware malfunction.
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(3.3.2) Other Emission Control Systems: The manufacturer shall conduct
demonstration tests for all other emission control components (e.g.,
hydrocarbon traps, adsorbers) designed and calibrated to an emission
threshold malfunction criteria (e-g., 1.5 times the applicable emission
standards) under the provisions of section (g)(5).
(3.3.3) For each of the testing requirements of section (i)(3.3), ifthe manufacturer
has established the malfunction criteria under the allowance that only a
functional check is required because no failure or deterioration of the
specific tested system could result in an engine's emissions exceeding the
emission malfunction criteria (e-g., 1.5 times any of the applicable
standards), the manufacturer is not required to perform a demonstration
test; however the manufacturer is required to provide the data andlor
engineering analysis used to determine that only a functional test of the
system@)is required.
(3.4) The manufacturer may electronically simulate deteriorated components but
may not make any engine control unit modifications (unless otherwise
provided above) when performing demonstration tests. All equipment
necessary to duplicate the demonstration test must be made available to the
ARB upon request.
Testing Protocol:
(4)
- (4.1) Preconditioning: The manufacturer shall use an applicable cycle for
preconditioningtest engines prior to conducting each of the above emission
tests. Upon determining that a manufacturer has provided data and/or an
engineering evaluation that demonstrate that additional preconditioning is
necessary to stabilize the emission control system, the Executive Officer shall
allow the manufacturerto perform a single additional preconditioning cycle,
identical to the initial preconditioning cycle following a 20 minute hot soak
after the initial preconditioning cycle. The manufacturer may not require the
test engine to be cold soaked prior to conducting preconditioning cycles in
order for the monitoring system testing to be successful.
(4.2) Test Sequence:
(4.2.1) The manufacturer shall set the system or component on the test engine
for which detection is to
the appticabie precondiii
is permitted in accordance with section (i)(4.1) above, the manufacturer
may adjust the system or component to be tested before conducting the
second preconditioning cycle. The manufacturer may not replace, modify,
or adjust the system or component after the last preconditioning cycle has
taken place.
(4.2.2) After preconditioning, the test engine shall be operated over the
applicable cycle to allow for the initial detection of the tested system or
component malfunction. This test cycle may be omitted from the testing
protocol if it is unnecessary. If required by the designated monitoring
strategy, a cold soak may be performed prior to conducting this test cycle.
(4.2.3) The test engine shall then be operated over the applicable exhaust
emission test.
--
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may utilize internal calibration sign-off test procedures (e.g., forced cool

downs, less frequentlyczd%mWemission &i@ers) instegd of offidat test

(4.4)

tative of official
emission test results. Manufacturers using this option are still responsible for
meeting the malfunction criteria specified in.sections (e) through (g) when
emission tests are performed in accordance with offici.al te
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Evaluation Protocol:
(5.1) Full OBD engine ratings subject to sections (d)(7.1 .I), (d)(7.2.2), or (d)(7.3)
shall be evaluated according to the following protocol.
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detection of the tested system or component malfunction before the end
of the first engine start portion of the exhaust test of the complete
applicable test in accordance with requirements of sections (e) through
(9)(5.1.2) If the MIL illuminates prior to emissions exceeding the applicable
malfunction criteria specified in sections (e) through (g), no further
demonstration is required. With respect to the misfire monitor
demonstration test, if a manufacturer has elected to use the minimum
misfire malfunction criteria of one percent as allowed in sections
(e)(2.2.2)(A) and (9(2.2.2)(A), no further demonstration is required if the
MIL illuminates with misfire implanted at the malfunction criteria limit.
(5.1.3) If the MIL does not illuminate when the system or component is set at its
limit(s), the criteria limit or the OBD system is not acceptable.
(A) Except for testing of the catalyst or PM filter system, if the MIL first
illuminates after emissions exceed the applicable malfunction criteria
specified in sections (e) through (g), the test engine shall be retested with
the tested system or component adjusted so that the MIL will illuminate
before emissions exceed the applicable malfunction criteria specified in
sections (e) through (g). If the component cannot be adjusted to meet this
criterion because a default fuel or emission control strategy is used when
a malfunction is detected (e.g., open loop fuel control used after an
oxygen sensor malfunction is determined), the test engine shall be
retested with the component adjusted to the worst acceptable limit (i.e.,
the applicable monitor indicates the component is performing at or slightly
better than the malfunction criteria). When tested with the component
adjusted to the worst acceptable limit, the MIL must not illuminate during
the test and the engine emissions must be below the applicable

malfunction criteria specified in sections (e) through (g).
(B) In testing the catalyst or PM filter system, if the MIL first illuminates after
emissions exceed the applicable emission threshold@)specified in
sections (e) and (f), the tested engine shall be retested with a less
deteriorated catalyst/PM filter system (i.e., more of the applicable engine
out pollutants are converted or trapped). For the OBD system to be
approved, testing shall be continued until either of the following conditions
are satisfied:
(i) The MIL is illuminated and emissions do not exceed the thresholds
specified in sections (e) or (f); or
(ii) The manufacturer demonstrates that the MIL illuminates within the
upper and lower limits of the threshold identified below. The
manufacturer shall demonstrate acceptable limits by continuing testing
until the test results show:
a. The MIL is illuminated and emissions exceed the thresholds
specified in sections (e) or (f) by 10 percent or less of the
applicable standard (e.g., emissions are less than 1.85 times the
applicable standard for a malfunction criterion of 1.75 times the
standard); and
b. The MIL is not illuminated and emissions are below the thresholds
specified in sections (e) or (f) by no more than 20 percent of the
standard (e.g., emissions are between 1.55 and 1.75 times the
applicable standard for a malfunction criterion of 1.75 times the
standard).
(5.1.4) If an OBD system is determined unacceptable by the above criteria, the
manufacturer may recalibrate and retest the system on the same test
engine. In such a case, the manufacturer must confirm, by retesting, that
all systems and components that were tested prior to recalibration and are
affected by the recalibration function properly under the OBD system as
recalibrated.
(5.2) OBD child ratings subject to sections (d)(7.1.2) or (d)(7.2.3) (i.e., extrapolated
OBD) shall be evaluated according to the following protocol.
(5.2.1) For all tests conducted under section (i), the MIL shall be illuminated upon
detection of the-tested system or Component malfunction before the end
of the first engine start portion of the exhaust test of the complete
applicable test in accordance with the malfunction criteria established by
the manufacturer under sections (d)(7.1.2) and (d)(7.2.3).
(5.2.2) Except for testing of the catalyst or PM filter system, if the MIL first
illuminates after the tested component or system significantly exceeds the
applicable malfunction criteria established by the manufacturer, the test
engine shall be retested with the tested system or component adjusted so
that the MIL will illuminate at the applicable malfunction criteria
established by the manufacturer.
(5.2.3) In testing the catalyst or PM filter system, if the MIL first illuminates after
the tested component or system significantly exceeds the applicable
malfunction criteria established by the manufacturer, the tested engine
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and the t e M component or system is at the
applicable malfunction criteria established by the manufacturer; or
(B)The manufacturer demonstrates that the MIL illuminates within the upper
and lower limits of the threshold identified below. The manufacturer shall
demonstrate acceptable limits by continuing testing until the test results
shQhx:
(i)The MIL is illuminated and monitoring results i n d i ~ t the
e tested
cxmpmnt or system exceeds the matfundion criteria established by
the manufacturer by 10 percent or less of the monitored parameter;
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(ii) The MIL is not illuminated and monitoring results indicate the tested
m p m e n t or system is b d w the rnatkmction criteria esbbliishe61 by
the manufacturer by40 percent or less of the monitored parameter.

(6)

b n - J ' (6.1)

(6.2)

--
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The ARB may perform confirmatory testing to verify the emission test data
submitted by the manufacturer under the requirements of section (i) compiy
with the requirements of section (i)and the malfunction criteria identified in
sections (e) through (g). This confirmatory testing is limited to the engine
rriiiiig represented by t i e demonstration engineisj.
The ARB or its designee may install appropriately deteriorated or
malfunctioning components (or simulate a deteriorated or malfunctioning
component) in an otherwise properly functioning test engine of an engine
rating represented by the demonstration test engine(s) in order to test any of
the components or systems required to be tested in section (i). Upon request
by the Executive Officer, the manufacturer shall make available an engine
and all test equipment (e.g., malfunction simulators, deteriorated
components) necessary to duplicate the manufacturer's testing. The
Executive Officer shall make the request within six months of reviewing and
approving the demonstration test engine data submitted by the manufacturer
for the specific engine rating.

(j) CERTIFICATION DOCUMENTATION
When submitting an application for certification of an engine, the manufacturer
(1)
shall submit the following documentation. If any of the items listed below are
standardized for ail of a manufacturer's engines, the manufacturer may, for each
model year, submit one set of documents covering the standardized items for all
of its engines.
(1.1) For the required documentation not standardized across all engines, the
manufacturer may propose to the Executive Officer that documentation
covering an OBD group be used. If approved by the Executive Officer, the
manufacturer may submit one set of documentation from one or more
representative engines that are a part of the OBD group. The Executive
Officer shall determine whether a selected engine is representative of the
OBD group as a whole. To be approved as representative, the engine must
possess the most stringent emission standards and OBD monitoring

requirements and h v e r all of the emission control devices within the OBD
group.
(1.2) With Executive Officer approval, one or more of the documentation
requirements of section (j) may be waived or modified if the information
required would be redundant or unnecessarily burdensome to generate.
(1.3) To the extent possible, the certification documentation shall use SAE J1930
or J2403 terms, abbreviations, and acronyms.
The following information shall be submitted as part of the certification
(2)
application. Except as provided below for demonstration data, the Executive
Officer will not issue an Executive Order certifying the covered engines without
the information having been provided. The information must include:
(2.1) A description of the functional operation of the OBD system including a
complete written description for each monitoring strategy that outlines every
step in the decision-making process of the monitor. Algorithms, diagrams,
samples of data, andlor other graphical representations of the monitoring
strategy shall be included where necessary to adequately describe the
information.
(2.2) A table, in the standardized format detailed in Attachment A of ARB Mail-Out
#95-20, May 22, 1995, incorporated by reference.
(2.2.1) The table must include the following information for each monitored
component or system (either wmputer-sensed or -controlled) of the
emission control system:
(A) Corresponding fault code
(5)Monitoring method or procedure for malfunction detection
(C) Primary malfunction detection parameter and its type of output signal
(D) Fault criteria limits used to evaluate output signal of primary parameter
(E) Other monitored secondary parameters and conditions (in engineering
units) necessary for malfunction detection
(F) Monitoring time length and frequency of checks
(G) Criteria for storing fault code
(H) Criteria for illuminating malfunction indicator light
(I) Criteria used for determining out-of-range values and input component
rationality checks
(2.2.2) Wherever possible, the table shatl use the fotkowing engineering units:
(A) Degrees Celsius ("C) for all temperature criteria
(B) KiloPascals (KPa) for all pressure criteria related to manifold or
atmospheric pressure
(C) Grams (g) for all intake air mass criteria
(D) Pascals (Pa) for all pressure criteria related to evaporative system vapor
pressure
(E) Miles per hour (mph) for all vehicle speed criteria
(F) Relative percent (%) for all relative throttle position criteria (as defined in
SAE J 1979lJ1939)
(G) Voltage (V) for all absolute thmttte position criteria (as defined in SAE
J19791J1939)
(H) Per crankshaft revolution (/rev) for all changes per ignition event based
--

-

--

-

(I) Per second (Isec) for all changes per time based criteria (e.g., glsec)

(J) Percent of nominal tank volume (%) for all fuel tank level criteria
(2.3) A
~
~
~
and malfunction criteria h r each monitored emission-related component or
system.
(2.4) Emission test data, a description of the testing sequence (e.g., the number
and types of preconditioning cycles), approximate time (in seconds) of MIL
illumination during the test, fault code(s) and freeze frame information stored

"-*,*

reason for the delay in the data coflection, the length of time until data will be
available, and the demonstrated previous success of the manufacturer in
submitting the dab prior to certification.
(2.5) For gasoline engines, data supporting the misfire monitor, including: .
(2.5.ij The estabiishea percentage of misfire inat can be toieratea witnout
damaging the catalyst over the full range of engine speed and load
conditions.
(2.5.2) Data demonstrating the probability of detection of misfire events of the
misfire monitoring system over the full engine speed and load operating
range for the following misfire patterns: random cylinders misfiring at the
malfunction criteria established in section (9(2.2.2), one cylinder
continuously misfiring, and paired cylinders continuously misfiring.
(2.5.3) Data identtfying all disablement of misfire monitoring that occurs during
the FTP. For every disablement that occurs during the cycles, the data
should identtfy: when the disablement occurred relative to the driver's
trace, the number of engine revolutions that each disablement was
present for, and which disable condition documented in the certification
application caused the disablement.
(2.5.4) Manufacturers are not required to use the durability demonstration engine
to collect the misfire data for sections (j)(2.5.1) through (2.5.3).
(2.6) Data supporting the limit for the time between engine starting and attaining
the designated heating temperature for after-start heated catalyst systems.
(2.7) Data supporting the criteria used to detect a malfunction of the fuel system,
EGR system, boost pressure control system, catalyst, NOx adsorber, PM
filter, cold start emission reduction strategy, secondary air, evaporative
system, VVT system, exhaust gas sensors, and other emission controls
which causes emissions to exceed the applicable malfunction criteria
specified in sections (e), (f), and (g). For diesel engine monitors in sections
(e) and (g) that are required to indicate a malfunction before emissions
exceed an emission threshold based on any applicable standard.(e.g., 1.5
times any of the applicable standards), the test cycle and standard

determined by the'manufacturerto be the most stringent for each applicable
monitor in accordance with section (d)(6.1).
(2.8) A listing of all electronic powertrain input and output signals (including those
not monitored by the OBD system) that identifies which signals are monitored
by the OBD system. For input and output signals that are monitored as
comprehensive components, the listing shall also identify the specific fault
code for each malfunction criteria (e.g., out of range low, out of range high,
open circuit, rationality low, rationality high).
(2.9) A written description of all parameters and conditions necessary to begin
closed-Iooplfeedback control of emission control systems (e-g., fuel system,
boost pressure, EGR flow, SCR reductant delivery, PM filter regeneration,
fuel sjstem pressure).
(2.10) A written identification of the communication protocol utilized by each engine
for communication with an SAE J1978lJ1939 scan tool.
(2.1 1) A pictorial representation or written description of the diagnostic connector
location including any covers or labels.
(2.12) A written description of the method used by the manufacturer to meet the
requirements of section (g)(3) for CV system monitoring including diagrams or
pictures of valve andlor hose connections.
(2.13) A written description of each AECD utilized by the manufacturer including the
sensor signals andlor calculated values used to invoke each AECD, the
engineering data andlor analysis demonstrating the need for such an AECD,
the actions taken when each AECD is activated, the expected in-use
frequency of operation of each AECD, and the expected emission impact
from each AECD activation.
(2.14) A written description of each NOx and PM NTE deficiency and emission
carve-out utilized by the manufacturer including the sensor signals andlor
calculated values used to invoke each NTE deficiency or carve-out, the
engineering data andlor analysis demonstrating the need for such an NTE
deficiency or carve-out, the actions taken when each NTE deficiency or
carve-out is activated, the expected in-use frequency of operation of each
NTE deficiency or carve-out, and the expected emission impact from each
NTE deficiency or carve-out activation.
(2.151 Build specifications provided to engine purchasers or chassis manufacturers
detailing all specifications or limitations imposed on the engine purchaser
relevant to OBD requirements or emission compliance (e.g., allowable MIL
locations, connector location specifications, cooling system heat rejection
rates). A description of the method or copies of agreements used to ensure
engine purchasers or chassis manufacturers will comply with the OBD and
emission relevant build specifications (e.g., signed agreements, required
auditlevaluation procedures).
(2.16) Any other information determined by the Executive Officer to be necessary to
demonstrate compliance with the requirements of this regulation.

-

(k) DEFICIENCIES
The Executive Officer, upon receipt of an application from the manufacturer, may
(1)
--

comply with one or more of the requirements of title 13, CCR section 1971.l.
In

-

overall based ~ l a
n review of th
pSitbns in question, the relative
performance of the resultant OBD system compared to systems fully compliant
with the requirements of section 1971.I,
and a demonstrated good-faith effort on
the part of the manufacturer to: (1) meet the requirements in full by evaluating
and considering the best available monitoring technology; and (2) come into
cfx&uze
*
For 2013 and
nes, man~~faduite~~
of ORD spbrns
for which &efiCriancies have been gr'antbd afe subject to fines pursuant to section
1

(2)

(3)

(4)

(5)
(6)

(k)(3), and (2) a monitoring sysfem deficiency where a required monitoring
s-y
is ( ~ m p k Wsy t s t from the CJBI? system.
The fines for enginesspecified in section (k)(2) above are in the amount of $50
*--*w*n?ortitoringsections (e), (f), and (g)(5), and $25 per deficiency per
In
engine for non-compliance with any other requirement of section 1971,I.
determining the identified order of deficiencies, deficiencies subject to a $50 fine
are identified first. Total fines per engine under section (k) may not exceed $500
per engine and are payabie to the State f reasurer for deposit in the Air Pollution
Control Fund.
Manufacturers must re-apply for Executive Officer approval of a deficiency each
model year. In considering the request to carry-over a deficiency, the Executive
Officer shall consider the factors identified in section (k)(l) including the
manufacturer's progress towards correcting the deficiency. The Executive
Officer may not allow manufacturers to cany over monitoring system deficiencies
for more than two model years unless it can be demonstrated that substantial
engine hardware modifications and additional lead time beyond two years would
be necessary to correct the deficiency, in which case the Executive Officer shall
allow the deficiency to be carried over for three model years.
Except as allowed in section (k)(6), deficiencies may not be retroactively granted
after certification.
Request for retroactive deficiencies
(6.1) During the first 6 months after commencement of normal production,
manufacturers may request that the Executive Officer grant a deficiency and
amend an engine's certification to conform to the granting of the deficiencies
for each aspect of the monitoring system: (a) identified by the manufacturer
(during testing required by section (1)(2) or any other testing) to be functioning
different than the certified system or otherwise not meeting the requirements
of any aspect of section 1971.1; and (b) reported to the Executive Officer. If
the Executive Officer grants the deficiencies and amended certification, their
approval would be retroactive to the start of production.
(6.2) Executive Officer approval of the request for a retroactive deficiency shall be
granted provided that the conditions necessary for a pre-certification
deficiency determination are satisfied (see section (k)(1 )) and the
manufacturer could not have reasonably anticipated the identified problem
before commencement of production.

(6.3)

In granting the amended certification, the Executive Officer shall include any
approved post-production deficiencies together with all previously approved
deficiencies in computing fines in accordance with section (k)(2).

-(I) PRODUCTION ENGINENEHICLE EVALUATION TESTING
(1)
Verification of Standardized Requirements.
(1.1)

Requirement: Manufacturers shall perform testing to verify that all 2013 and
subsequent model year engine and vehicle variants meet the requirements of
section (h)(3) and (h)(4) relevant to proper communication of required
emission-related messages to an SAE J1978lJ1939 scan tool.
(1.2) Selection of Test Vehicles:
(1.2.1) Engine manufacturers shall perform this testing every model year on one
production vehicle from every unique variant (i.e., engine rating and
chassis application combination) offered for sale with engines produced
by the manufacturer. If there are more than 10 variants for a certain
engine family, the manufacturer shall not be required to test more than 10
variants per engine family. Manufacturers shall perform this testing within
either three months of the start of engine production or one month of the
start of vehicle production, whichever is later. Manufacturers may request
Executive Officer approval to group multiple variants together and test one
representative vehicle per group. The Executive Officer shall approve the
request upon finding that the software and hardware designed to comply
with the standardization requirements of section (h) (e.g., communication
protocol message timing, number of supported data stream parameters,
engine and vehicle communication network architecture) in the
representative vehicle is identical to all others in the group and that any
differences in the variants are not relevant with respect to meeting the
criteria in section (1)(1.4).
(1.2.2) The Executive Officer may waive the requirement for submittal of data
from one or more of the variants if data have been previously submitted
for all of the variants. Manufacturers may request Executive Officer
approval to carry over data collected in previous model years. The
Executive Officer shall approve the request upon finding that the software
and h-ardware designedfo comply with the standardization requirements
of section (h) is identical to the previous model year and no other
hardware or software changes that affect compliance with the
standardization requirements have been made.
(1.3) Test Equipment: For the testing required in section (1)(1), manufacturers shall
utilize an off-board device to conduct the testing. Prior to conducting testing,
manufacturers are required to request and receive Executive Officer approval
of the off-board device that the manufacturer will use to perform the testing.
The Executive Officer shall approve the request upon determining that the
manufacturer has submitted data, specifications, andlor engineering analysis
that demonstrate that the off-board device is able to venfy that vehicles
tested are able to perform all of the required functions in section (1)(1..4) with
any other off-board device designed and built in accordance with the SAE
--

,

--

--

(1 -4)

Required Testing:

(1.4.1) The testing shall verify that communication can be properly established

f3vPkme--wH

J197WJ1939 scan tool designed to adhere strictfy to the communication
protocols allowed in section (h)(3);
(1.4.2) The testing shall verify that all emission-related information is properly
communicated between all emission-related on-board computers and any
SAE J 1978tJ1939 scan tool in accordance with the requirements of
se_Gii0nlD*l ?_be,mkWk*
EQ
specifications for physical layer, network layer, message structure, and
message cof?@nt.
(1.4.3) The testjng8W fufiher verify that the fcttbwhg itlhmatbn can be
support mdhess -us
h amrdance writh 8AE Jt979tJS939-73 and
section (h)(4.1) in the key on, engine off position and while the engine is
he MIL command status while the MIL is commanded off and while the
MIL is commanded on in accordance with SAE Jl979lJ1939 and section
(h)(4.2) in the key on, engine off position and while the engine is running,
and in accordance with SAE J1979lJ1939 and sections (d)(2.1.2) during
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readiness status check while the engine is off;
(C)All data stream parameters required in section (h)(4.2) in accordance with
SAE J19791J1939 including, if applicable, the proper identification of each
data stream parameter as supported in SAE J1979 (e.g., ModelService
$01, PID $00);
(D) The CAL ID, CVN, and VIN in accordance with SAE J1979lJ1939 and
sections (h)(4.6) through (4.8);
(E) An emission-related fault code (permanent, confirmed, pending, active,
and previously active) in accordance with SAE J19791J1939-73 (including
correctly indicating the number of stored fault codes (e.g., ModelService
$01, PID $01, Data A for SAE J1979)) and section (h)(4.4);
(1.4.4) The testing shall also verify that the on-board computer(s) can properly
respond to any SAE J1978lJ1939 scan tool request to clear emissionrelated fault codes and reset readiness status in accordance with section
(hl(4.9).
iieporting
sf Results:
(i .5j
(1.5.1) The manufacturer shall submit to the Executive Officer the following,
based on the results of testing:
(A) If a variant meets all the requirements of section (1)(1.4), a statement
specifying that the variant passed all the tests, or
(B) If any variant does not meet the requirements of section (1)(1.4), a written
report to the Executive Officer for approval within one month of testing the
specific variant. The written report shall include the problem(s) identified
and the manufacturer's proposed corrective action (if any) to remedy the
problem(s). Factors to be considered by the Executive Officer in
approving the proposed corrective action shall include the severity of the
problem(s), the ability of the vehicle to be tested in a California inspection
---I:--Ll-
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program (e.g., badside inspection, fleet self-inspection program), the
ability of service technicians to access the required diagnostic information,
the impact on equipment and tool manufacturers, and the amount of time
prior to implementation of the proposed corrective action.
(1.5.2) Upon request of the Executive Officer, a manufacturer shall submit a
to
report of the results of any testing conducted pursuant to section (I)(?)
the Executive Officer for review.
(1.5.3) In accordance with section (k)(6), manufacturers may request Executive
Officer approval for a retroactive deficiency to be granted for items
identified during this testing.
(1.6) Alternative Testing Protocols. Manufacturers may request Executive Officer
approval to use other testing protocols. The Executive Officer shall approve
the protocol if the manufacturer can demonstrate that the alternate testing
methods and equipment provide an equivalent level of verification of
compliance with the standardized requirements to the requirements of section
(I)(l)(2)

Verification of Monitoring Requirements.
(2.1) Within the first six months of the start of engine production, manufacturers
shall conduct a complete evaluation of the OBD system of one or more
production engines and vehicles (test engines and vehicles) and submit the
results of the evaluation to the Executive Officer.
(2.2) Selection of test engines and vehicles:
(2.2.1) Prior to submitting any applications for certification for a model year, an
engine manufacturer shall notify the Executive Officer of the unique
variants (i.e., engine rating and chassis application combinations) and
projected engine sales volume (including a sales breakdown by engine
purchaserlcoach builder) planned for that model year. The Executive
Officer will then select the specific engine ratings for test engines and
variants for test vehicles, in accordance with sections (1)(2.2.2) and
(1)(2.2.3) below, that the engine manufacturer shall use to provide
evaluation test results. This selection process may take place during
selection of the engine rating(s) fortesting specifim in section (i).
(2.2.2) A manufacturer shall evaluate one production engine from each engine
rating selected for monitoring system demonstration in section (i).
(2.2.3) In addition to the engine@)selected in section (1)(2.2.2) above, a
manufacturer shall evaluate one production vehicle for each variant
chosen by the Executive Officer. The number of vehicle variants to be
selected by the Executive Officer for testing shall be equal to the number
of engine ratings selected for monitoring system demonstration in section
(0(2.2.4) The Executive Officer may waive the requirements for submittal of
evaluation resutts from one or more of the test engines or vehicles if data
have been previously submitted for all of the engine ratings and variants.
(2.3) Evaluation requirements:

-

?

selected production enginelvehicie to detect a malfunction, illuminate the

--

--

diagnostic required by t i e 13, CCR section 1971.1.
(2.3.2) The evaluation shall verify that malfunctions detected by non-MIL
illuminating diagnostics of components used to enable any other OBD
system diagnostic (e-g., fuel level sensor) will not inhibit the ability of other
OBD system diagnostics to properly detect malfunctions.
(2.3.3)
sgK;irFgfiX~9ifigs~~wGssbato
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to indicate
a malfunction before emissions exceed an emission threshold based on
anyapplicable standard (e.g., 1.5 times any of the applicable standards)
manufacturers are not required to use malfunctioning
componentslsystems set exactly at their matfunction criteria limits.
Emission testing to confirm that the malfunction is detected before the
appropriate emission standards are exceeded is not required.
(2.3.5) Manuf=durers sha!! submit a pmposec! test p!an for Executive Ofice:
approval prior to evaluation testing being performed. The test plan shall
identify the method used to induce a malfunction for each diagnostic. If
the Executive Officer determines that the requirements of section (1)(2) are
satisfied, the proposed test plan shall be approved.
(2.3.6) Subject to Executive Officer approval, manufacturers may omit
demonstration of specific diagnostics. The Executive Officer shall
approve a manufacturer's request if the demonstration cannot be
reasonably performed without causing physical damage to the
enginelvehicle (e-g., on-board computer internal circuit faults).
(2.3.7) For evaluation of test engines selected in accordance with section
(1)(2.2.2), manufacturers are not required to demonstrate diagnostics that
were previously demonstrated prior to certification as required in section
(i).
(2.4) Manufacturers shall submit a report of the results of all testing conducted
pursuant to section (1)(2) to the Executive Officer for review. This report shall
identify the method used to induce a malfunction in each diagnostic, the MIL
illumination status, and the fault code(s) stored.
(2.5) In accordance with section (k)(6), manufacturers may request Executive
Officer approval for a retroactive deficiency to be granted for items identified
during this testing.

used a0 si&&
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(3)

Verification and Reporting of In-use Monitoring Performance.
(3.1) Manufacturers are required to collect and report in-use monitoring
performance data representative of every unique variant (i.e., engine rating
and chassis application combination). Manufacturers shall collect and report
the data to the ARB within six months after the variants were first introduced
into commerce. Manufacturers may request Executive Officer approval to

(3.2)

(3.3)

(3.4)

group multiple vanants together to collect representative data. Executive
Officer approval shall be granted upon determining that the proposed
groupings include variants using similar emission controls, OBD strategies,
monitoring condition calibrations, and vehicle application drivingfusage
patterns such that they are expected to have similar in-use monitoring
performance. If approved by the Executive Officer, the manufacturer may
.
submit one set of data for each of the approved groupings.
For each vehicle variant or group of variants, the data must include all of the
in-use performance tracking data reported through SAE J1979N1939 (i.e., all
numerators, denominators, the general denominator, and the ignition cycle
counter), the date the data were collected, the odometer reading, the VIN,
and the ECM software calibration identification number.
Manufacturers shall submit a plan to the Executive Officer for review and
approval that details all the variants available in each engine family, the
number of vehicles per variant or group of variants to be sampled, the
sampling method, the time line to collect the data, and the reporting format.
The Executive Officer shall approve the plan upon determining that it
provides for effective collection of data from a sample of vehicles that, at a
minimum, is ffieen vehicles per variant or group of variants, will likely result in
the collection and submittal of data within the required six month time frame,
will generate data that are representative of California drivers and
temperatures, and does not, by design, exclude or include specific vehicles in
an attempt to collect data only from vehicles with the highest in-use
performance ratios.
Upon request of the manufacturer, the Executive Officer may for good cause
extend the six month time requirement set forth in section (1)(3.1) up to a
maximum of twelve months. In granting additional time, the Executive Officer
shall consider, among other things, information submitted by the
manufacturer to justrfy the delay, sales volume of the variant(s), and the
sampling mechanism utilized by the manufacturer to procure vehicles. If an
extension beyond six months is granted, the manufacturer shall additionally
be required to submit an interim report within six months for data collected up
to the time of the interim report.
--

(m) INTERMEDIATE IN-USE COMPLIANCE STANDARDS
For 2010 through 2012 model year engines:
(1)

(1.1)

For monitors that are required to indicate a malfunction before emissions
exceed a certain emission threshold (e.g., 1.5 times any of the applicable
standards):
(1.1.1) On the OBD parent rating (i.e., the engine rating subject to the "full OBD"
requirement under section (d)(7.1.I)), the Executive Officer may not
consider an OBD system noncompliant unless a representative sample
indicates emissions exceed 2.0 times the malfunction criteria (e-g., 3.0
times the standard if the malfunction criterion is 1.5 times the standard)
without MIL illumination on either of the applicable standards (i.e., FTP or

ESC).
----

"extrapolated OBD" requirement under section (7.1.2)), the Executive

-

M c e r may not consider an OBD system noncompliant based on

h
(1.2) The Executive 0K~:ershall use only the test cycle and standard determined
and identified by the manufacturer at the time of certification in accordance
with section (d)(6.1) as the rllost stringent for purposes of determining OBD
system noncompliance in section (m)(l .1.1).
For 2013 through 2015 model year engines:
(2)
(2.1) For monitors that are requjred to ,i,ndi@tipa mqjfpnction befose emissions
exceed a certain emission threshold (e.g., 1.5 times any of the applicable
standards):
(2.1.I) On all OBD parent ratings and OBD child ratings subject to section

2.0 times the malfunction criteria (e.g., 3.0 times the standard ifthe
malfunction criterion is 1.5 times the standard) without MIL illumination on

afmapv-(l.F!FlPor
other engine ratings, the Executive Officer may not consider an
OBD system noncompliant based on emission levels.
(2.2) The Executive Officer shall use only the test cycle and standard determined
and identified by the manufacturer at the time of certification in accordance
..,:+L.
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system noncompliance in section (m)(2.1.1).
(2.3) For monitors subject to meeting the minimum in-use monitor performance
ratio of 0.100 in section (d)(3.2.2), the Executive Officer may not consider an
OBD system noncompliant unless a representative sample indicates the inuse ratio is below 0.050.
NOTE: Authority cited: Sections 39600, 39601,43000.5,43013,43018,43100,
43101,431 04,431 05,431 05.5, and 43106, Health and Safety Code. Reference:
Sections 39002, 39003, 39010-39060, 39515, 39600-39601,43000,43000.5,
43004,43006,4301 3,4301 6,4301 8,431 00,431 01,431 02,431 04,431 05,43105.5,
43106, 43150-43156,43204,4321 1, and 43212, Health and Safety Code.
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