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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

0.1

Overview

ISO 15031 consists of a number of parts which, taken together, provide a coherent self-consistent set of
specifications to facilitate emissions-related diagnostics. Parts 2 through 7 are based on SAE recommended

prag

ISO

This
and

To achieve this, it is based on the Open Systems Interconnection (OSI) Basic Reference Model in

with
may
with

tces. This part or IsO 190571 Is based on SAE JZUTZ.
15031-1 provides an introduction to the series of International Standards.

document set includes the communication between the vehicle's On-Board Diagnostic (O
test equipment implemented across vehicles within the scope of the legislated emissions-relat

ISO/IEC 7498-1 and ISO/IEC 10731, which structures communication-systems into seven lg
ped on this model, the services specified by ISO 15031 are broken into-the following layers in
Table 1:

diagnostic services (layer 7), specified in

— IS0 15031-5 (emissions-related OBD);

— 1S0 27145-3 (WWH-OBD);

presentation layer (layer 6), specified in

— IS0 15031-2, SAE J1930-DA;

— IS0 15031-5, SAE J1979-DA;

— this part of ISO 15031, SAE J2012-DA (OBD);

— IS0 27145-2, SAE.J2012-DA (WWH-OBD);

session layer services (layer 5), specified in

— IS0 14229-2 support ISO 15765-4 DoCAN and ISO 14230-4 DoK-Line protocols;

— 1SO©*14229-2 are not applicable to the SAE J1850 and ISO 9141-2 protocols;

D) systems
d OBD.

accordance
yers. When
accordance

transport layer services (layer 4), specified in

— IS0 15765-2;
— SAE J1850 defined in ISO 15031-5;
— 1S0 9141-2 defined in ISO 15031-5;

— IS0 14230-4 defined in ISO 15031-5;

© 1SO 2010 — All rights reserved
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— network layer services (layer 3), specified in
— 1S0O 15765-2;
— SAE J1850 defined in ISO 15031-5;
— IS0 9141-2 defined in ISO 15031-5;

— IS0 14230-4 defined in ISO 15031-5;

—  data linkdayerfayer2)-spesified-in

yor(rayor—=—59opPcC

— ISP 15765-4, ISO 11898-1 and 1SO 11898-2;
— SAE J1850;

— ISP 9141-2;

— ISP 14230-2;

— physical layer (layer 1), specified in

— ISP 15765-4, ISO 11898-1 and ISO 11898-2;
— SAE J1850;

— ISP 9141-2;

— ISP 14230-1.

Table ] — Legislated emissions-related OBD/WWH')-OBD diagnostic specifications applicable
to.the OSl layers

. - Emissions-related OBD communication Emissions-related WWH-OBD
Applicability OSI 7 layers . g .
requirements communication requiremernts
Application (layer 7) 1ISO 15031-5 1ISO 27145-3
ISO 15031-2, ISO 15031-5, ISO 15031-6 1ISO 27145-2
Presentation
(layer 6) SAE J1930-DA/SAE J1979-DA/ : )
SAE J2012-DA (OBD) SAE J2012-DA (WWH-OBD))
Seven layer|
according tg Sessioni(layer 5) ISO 14229-2 Not Applicable 1ISO 14229-2
ISO/IEC 7498-1

Transport (layer 4)
and 1 ISO 15765-2 ISO 15031-5
ISO/IEC 1073%.. |'Network (layer 3)

1SV
Data link (ayer2) | .. ISO 15765-4 ] 4'28;())_2 14230-4
190 11598.2 SAE J1850 | 1SO 9141-2 ~
Physical (layer 1) 14230-1

1) World-Wide Harmonized
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SAE document reference concept

ISO 15031 references several SAE documents which contain all terms, data and DTC (diagnostic trouble
code) definitions.

This is illustrated in Figure 1 Additional information on the content of the referenced documents is given
below:

SAE J1930: the document is concerned with a procedure for naming objects and systems and with the
set of words from which names are built. It references SAE J1930-DA which contains all standardized

naming objects, terms and abbreviations.

SAE J1979: the document is concerned with the definition of emissions-related diaghosfic services
(diagnostic test modes). It references SAE J1979-DA which contains all standardized data'items like PIDs,
Test Ids, Monitor Ids and InfoType Ids.
SAE J2012: the document is concerned with the procedure for defining, émissions-relatgd DTCs. It
references SAE J2012-DA which contains all standardized data items like,DJCs and FTBs {failure type
bytes).
SO 1503.1._2 ISO 15031-5 ISO 15031-6
Terms, definitions, L . .
- Emissions-related Diagnostic trouble
abbreviations and . . . -
diagnostic servic¢es code (DTC) definitjons
acronyms
SAE J2012-DA
SAE J1930-DA SAE J1979-DA OBD
Emissions-related Emissions-related Emissions-relatdd
acronym definition data definition diagnostic troublg
code definition
QOE J1930 SAE J1979 SAE J2012
Terms, definitions . . .
I Emissions-related Diagnostic trouble
abbreviations and . : . .
diagnostic services code (DTC) definitjons
acronyms

Key
1

SAE Digital Annexes

Figure 1 — SAE Digital Annex document reference

On-Board Diagnostic (OBD) regulations require passenger cars, and light, medium and heavy duty trucks, to
support a minimum set of diagnostic information to external (off-board) “generic” test equipment.

© 1SO 2010 — All rights reserved
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0.3 SAE J2012-DA (OBD) Digital Annex

This part of ISO 15031 references SAE J2012-DA. SAE J2012-DA is concerned with the definition of DTCs
and FTB information.

SAE J2012-DA (OBD) includes several appendices for:
— DTC naming guidelines;

— powertrain system DTCs;

— network communication system, body systems, and chassis systems;
— DTC fqgilure category and subtype definition.

0.4 SAE PDigital Annex revision procedure

New emissjons-related regulatory requirements drive new in-vehicle technology to lower emissions. New
technology{related OBD monitor data and DTCs need to be standardized to suppartithe external (off-board)
“generic” tgst equipment. All relevant information is proposed by the automotite)industry representeq by

members of the appropriate SAE task force.

Revision refuest forms and instructions for updating the registers to this part'of ISO 15031 can be obtained on
the Registration Authority's website at:

http://Www.sae.org/servlets/works/committeeHome.do?comtID=TEVDS9

The colump titled “Resources” shows a document with the“title: J2012-DA_Revision_Request_Form.foc.
Double click on the name and you will be asked to download-the document with the filename:

SAE J2012-DA_Revision_Request Form.doc
Fill out the fevision request form with your request.
Please sendl an e-mail with the completedevision request form as an attachment to:

SAE Headquarters

755 West Big Beaver Road
Suite 1600

Troy, MI 48084-4093, USA
Fax: +1 (248) 273-2494
mailto: [saej2012@sae:org

Viii © ISO 2010 — All rights reserved
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Road vehicles — Communication between vehicle and external
equipment for emissions-related diagnostics —

Part 6:
Diagnostic trouble code definitions
1 |Scope
Thig part of 1SO 15031 provides uniformity for standardized Diagnostic Trouble Codes (DTC) that
elegtrical/electronic On-Board Diagnostic (OBD) systems of motor vehjcles are required to report when
malfunctions are detected. It also provides guidance for uniform messages’ (text descriptor) ass¢ciated with
thege codes.
Thig part of ISO 15031 specifies the rules and guidelines for the definition of:
a) |the DTC format, which consists of:

1) addressing format;

2) structure;

3) messages;
b) |a standardized set of DTC and descriptions;
c) |a standardized set of DTC subtypes known as failure types.
Thig part of ISO 15031 specifies all general rules and guidelines to define new DTCs. This part of ISO 15031
refefences the SAE J2012-DA (Digital Annex), which includes all standardized DTCs (numbgr and text
desgriptor) as well as all DTC subtypes known as failure types.
2 [Normative references
The| following referenced documents are indispensable for the application of this document| For dated
references, only the edition cited applies. For undated references, the latest edition of the|referenced
doctrent-tincluding-any-amendments)-apphes

T T TP PTCoT

ISO 15031-2, Road vehicles — Communication between vehicle and external equipment for emissions-related
diagnostics — Part 2: Guidance on terms, definitions, abbreviations and acronyms

ISO 15031-5, Road vehicles — Communication between vehicle and external equipment for emissions-related
diagnostics — Part 5: Emissions-related diagnostic services

© 1SO 2010 — All rights reserved
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3 Terms, definitions, symbols and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 15031-2 apply.

3.2 Abbreviated terms

B1S1 bank 1 sensor 1

B1S2 bank—tsensor2

B1S3 bank 1 sensor 3

B2S1 bank 2 sensor 1

B2S2 bank 2 sensor 2

B2S3 bank 2 sensor 3

BARO barometric atmospheric pressure
CVN calibration verification number
DTC diagnostic trouble code

ECM engine control module

ISR interrupt service routine

LSB least significant bit

MAF mass air flow

MAP manifold absolute pressure
MIL malfunction indicator light
MSB most significant bit

OBD on-board diagnostics

(O8]! open systems interconnection
PCM powertrain controNmodule

Si international-system of units
TCM transmission control module
4 Conventions

ISO 15031 is based on the conventions discussed in the OSI Service Conventions (ISO/IEC 10731:1994) as
they apply for diagnostic services.

The protocol initialization identifies whether ISO 15765-4 DoCAN, SAE J1850, ISO 14230-4 DoK-Line or
ISO 9141-2 is the data link layer supported by the vehicle. ISO 15031 references the standards as an
applicable data link for emissions-related OBD.

ISO 15031-5 specifies the applicable emissions-related diagnostic services. This part of ISO 15031 specifies

the data record structures and references SAE J1930-DA, SAE J1979-DA and SAE J2012-DA which include
all emissions-related OBD data definitions.

2 © 1SO 2010 — All rights reserved
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5 Document overview

Figure 2 illustrates the document references.

Emissions-related diagnostic services

1ISO 15031-1
Emissions OBD
Part 1:
General information
and use case definition
1ISO 15031-5 SAE (1930-DA
Part 5: Terms, ...
( \ Emissions-related O
OSl Layer 7 diagnostic services
Application \/\ SAE J1979-DA
PIDs, MIDs, RIDs,
;/ infotypes
ISO 15031-2, T~
m 1ISO 15031-5,
1ISO 15031-6
OSI Layer 6 Emissions-related < 161 SAES?I_%Q'[ A
Presentation terms, data, DTCs s
;/ \_/-N
4 ) ISO 14229-2 . 1S014229-2
osIL 5 UDS Not applicable UDS
ayer .
Session Part 2: Session layer services (no dactment available) Part 2: Session layer services
Star_1d_a_rdiz_ed service Not applicable Stang_rdiz_ed service
primitive interface primitive interfacg

1ISO15765-4 ["SAE ! 1SO™ ISO 14230-4
: J1850 :: 9141-2 :
|
ISO 15765-2 |
DoCAN | ISO 15031-5
OTS ! Layerrt4 Part 2: | Communication between vehicle and
ranspo | external test equipment for
Transport S ! h
piotdcol | emissions-related diagnostics
prd ! Part 5:
network :
4 \ [ayer svérvices : Emissions-related diagnostic services
|
OSl Layer 3 Y |iso157654 |4 SO 14230-4
Network DoCAN -
\ )~ | [iso 118981 - : : i
CAN Part 4: | | Part 4:
Part 1: Requirements]| | 11 | Requirgments
4 \ Datc? "ﬂk I_ayelar for erl'nitssci]ons- : : : : SO 14230-2 f?rtegni"si?ns-
relate: L related gystems
Os| Layer 2 al:ingny'sma systems | SAE J1850 |1 1] ISO 9141-2 | Dgg-fL'()ne £
Data Link \:/““k\ i H | H M- Dataink
\_ W, | C'Dasz 1| care [ Jayer
| comiﬂjni- 1 1] requirements ||
1SO 11898-2 | cations 1! - for |
CAN : nowork 1! : interchange ||| 1SO 14230-1
Part 2: X | of digital |1 DoK-Line
OE’IhLa_yerI 1 High-speed : interface | | : information |1 Part 1:
ysica medium access N : | : Physical
[, ¥ P, 4

Figure 2 — Emissions-related OBD on ISO 15765-4, SAE J1850, ISO 9141-2, ISO 14230-4 document
reference according to OSI model
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6 General specification

6.1

General code information

Table 2 specifies systems, code categories, hexadecimal values and particular sections of electrical/electronic
systems diagnostic.

Table 2 — General code specifications

System Code categories Hex value Appendix

Iiiody BOxxx — B3xxx 8xxx - Bxxx B

Chassis COxxx — C3xxx 4xxx - TxXxx C

Powertrain POxxx — P3xxx Oxxx - 3xxx P

beneric/network UOxxx — U3xxx Cxxx - Fxxx U
The recommended DTCs consist of a three digit numeric code preceded by an alphanumeric designator. [The
alphanume |C deSIgnatOFS are “BO”, “B1”, “BZ”, “B3”, “CO”, “C1", “CZ", “C3”, “PO”, “P1”, “P2”, “P3”, “UO”, “U1”,
“U2”, “U3”, [corresponding to four sets of body, four sets of chassis, four sets.of powertrain and four sefs of

network tro
sequences
this or futu

circuit, conmponent, or system DTCs that do not support a subfault strategy are specified by four b
categories:

— circuit/ppen,

— range/performance,

— circuit low,

— circuit high.

“Circuit low] is measured with the extérnal circuit, component, or system connected. The signal type (volt
frequency, e¢tc.) shall be included imthe message after “circuit low” or “circuit high”.

“Circuit high” is measured with-the external circuit, component, or system connected. The signal type (volt
frequency, ¢tc.) may be inc¢luded in the message after “circuit low” or “circuit high”.

6.2 Sensor location definition

6.2.1 Gen

uble codes. The code structure itself is partially open-ended.~A\portion of the available nuni
portions of “B0”, “C0”, “P0”, “P2”, “P3”, “U0” and “U3”) is reserved for uniform codes assigne

eric
1l by

'e updates. Detailed specifications of the DTC format sttucture are specified in Clause 7. Most

eral

asic

hge,

hge,

This subclause defines the location of sensor(s) in relation to the engine airflow, starting from the fresh air
intake through to the vehicle tail pipe or fuel flow from the fuel tank to the engine, numbered 1, 2, 3, etc.

If there is only one bank, use bank #1 DTCs and the word “bank” may be omitted. With a single “bank” system
using multiple sensors, use bank #1.

NOTE

See Figure 3 through Figure 7.

© 1SO 2010 — All rights reserved
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6.2.2 Definition of V6/V8/V12 cylinder engine with two exhaust banks and four catalysts

e
1 8
[N
™9 7 7
[ L a
/ /Ll
10 14 12
Key
1 |V6/V8/V12 cylinder engine 7  catalyst
2 |cylinder 1 8 transmission
3 |cylinder bank 1 exhaust bank 1 9  cylinder bank 2 exhaust bank 2
4 |B1S1 - Bank 1 Sensor 1 widefange 10 B2S1 - Bank 2 Sensor 1 wide range
5 |B1S2 - Bank 1 Sensor 2 heated 11 B2S2 - Bank 2 Sensor 2 heated
6 |B1S3 —Bank 1 Sensor.3 heated 12 B2S3 - Bank 2 Sensor 3 heated
a8 | To tail pipe.

Figure 3 — V6/V8/V12 cylinder engine with two exhaust banks and four catalysts

© 1SO 2010 — All rights reserved 5
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6.2.3 Definition of V6/V8/V12 cylinder engine with two exhaust banks and three catalysts

Key

V6/V8/\
cylinder
cylinder
B1S1 -
B1S2 —
B1S3 -

O O B~ WON -

Q

To tail g

6.2.4 Definition of L4/L5/L6 cylinder engine with one exhaust bank and two catalysts

12 cylinder engine
1
bank 1 exhaust bank 1
Bank 1 Sensor 1 wide range
Bank 1 Sensor 2 heated
Bank 1 Sensor 3 heated

ipe.

10
11

Figure 4 — V6/V8/V12 cylinder.engine with two exhaust banks and three catalysts

catalyst

transmission

cylinderbank 2 exhaust bank 2
B2S4:= Bank 2 Sensor 1 wide range
B2S2 — Bank 2 Sensor 2 heated

6

1
Key
1 L4 cylinder engine
2 cylinders 1 to 4 (from top to bottom)
3 exhaust bank 1
4 B1S1-Bank 1 Sensor 1 wide range
a8  To tail pipe.

2 3
I 4
% | )J_lﬂz\ 5\ \9
|_| a
)Q) 7 7

5
6
7

B1S2 — Bank 1 Sensor 2 heated
B1S3 — Bank 1 Sensor 3 heated
catalyst

Figure 5 — L4/L5/L6 cylinder engine with one exhaust bank and two catalysts

© 1SO 2010 — All rights reserved
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6.2.5 Definition of L4/L5/L6 cylinder engine with one exhaust bank and one catalyst

3

4

5

N

6

Key|

6.2.

2
J\
e
1
L4 cylinder engine
cylinders 1 to 4 (from top to bottom)
exhaust bank 1
To tail pipe.

4  B1S1-Bank 1 Sensor 1 wide range
5 B1S2-Bank 1 Sensor 2 heated
6 catalyst

Figure 6 — L4/L5/L6 cylinder engine with one exhaustdbank and one catalyst

b Definition of turbocharger/supercharger pressure sensor location draw-through system

The| intake air system pressure sensor location for boosted applications in relation to the engine airflow
incllides the fresh air inlet, boost device and engine manifold.
A
1 2 3 4 5 : n
N
_— //9
Y NnNnNNN
—
vuuuuU Q//1 G
13 12
Ke"
1  air cleaner 8 cylinder 1
2 MAF 9 cylinder 2
3  throttle body 10 cylinder 3
4  turbocharger/supercharger 11 cylinder 4
5 MAP (manifold pressure closest to the intake valves) 12 inlet (pressure after the throttle body, but before the
6 L4 cylinder engine pressurizing device)
7  exhaust bank 1 13 BARO (atmospheric pressure)

Figure 7 — Turbocharger/supercharger pressure sensor location draw-through system

© 1SO 2010 — All rights reserved
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7 Format structure

7.1 Description

Figure 8 illustrates the diagnostic trouble code which consists of an alphanumeric designator, BO — B3 for
body, CO — C3 for chassis, PO — P3 for powertrain, and U0 — U3 for network communication, followed by three
characters. The assignment of the proper alpha designator should be determined by the area most
appropriate for that function. In most cases, the alpha designator will be implied, since diagnostic information
will be requested from a particular controller. However, this does not imply that all codes supported by a
particular controller shall have the same alphanumeric designator.

Byte 1 Byte 2
A AL

b7 b6 [bS b4 b3 b2 b1 b0 | b7 b6 b5 b4 b3 b2 bl b0|

L] 4th character of code

(Hexadecimal Qz,.»-F)
[display character 5]

3rd character of code
(Hexadecimal O ... F)
[display character 4]

Area of vehicle system
(Hexadecimal O ... F)
[display character 3]?

00 = ISO/SAE controlled

01 = manufacturer controlled
10 = ISO/SAE controlled®

11 = ISO/SAE controlled®
[display character 2]

00 = powertrain (P)

01 = chassis (C)

10 = body (B)

11 = generic/network (U)
[display character 1]

a “Display character 3” is)used to identify a specific vehicle area. Within any area, display characters 4 and 5 allow up
to 256 ¢ode definitions.

For powertrain: these bits are ISO/SAE controlled, for all others they are manufacturer controlled.
¢ For powertrainZ41 = manufacturer controlled for P3000 to P33FF; 11 = ISO/SAE reserved for P3400 to P3FFF.

Figure 8—Structureof DT€Cs

EXAMPLE 1 The 2-byte DTC as a data bus value 0x9234 would be displayed to technicians as the manufacturer
controlled body code B1234; see Table 3.

Table 3 — Example of 2-byte diagnostic trouble code structure

DTC high byte DTC low byte

0x9 0x2 0x3 0x4

8 © 1SO 2010 — All rights reserved
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The 3-byte DTC as a data bus value 0x923400 would be displayed to technicians as the manufacturer

controlled body code B1234-00; see Table 4 for DTC low byte (failure type byte) definitions. The low byte shall be
displayed in hexadecimal format e.g. 0x1A shall be displayed as 1A.

Table 4 — Example of 3-byte diagnostic trouble code structure

DTC high byte DTC middle byte DTC low byt

(-]

0x9 0x2 0x3 0x4 0x0

0x0

0|1 011 110 0|0

0]0

Cod
dire
indi
acti

Ran

7.2

ISO
felt

cou
Alth
eno
they

7.3

Are
faul
imp
des
acrq
pow
air

Wh

algg
pub

7.4

es have been specified to indicate a suspected trouble or problem area and are intended to b
ctive to the proper service procedure. To minimize service confusion, fault codes\should not
cate the absence of problems or the status of parts of the system (e.g. powertrain system
ated), but should be confined to indicate areas in need of service attention.

ges have been expanded beyond 100 numbers by using the hexadecimal-base 16 number sys

ISO/SAE controlled codes (core DTCs)

SAE controlled DTCs are those codes where industry unifermity has been achieved. These
0 be common enough across most manufacturers' applicatiens that a common number and fa
d be assigned. All unspecified numbers in each grouping are ISO/SAE reserved for fut
pugh service procedures may differ widely amongst.manufacturers, the fault being indicated
Ligh to be assigned a particular fault code. Codes in this area are not to be used by manufa
have been approved by ISO/SAE.

Manufacturer controlled codes (non-uniform DTCs)

bs within each alpha designator have been made available for manufacturer-controlled DTCs
codes that will not generally be used by a majority of the manufacturers due to basic system
ementation differences, or diagnostic strategy differences. Each vehicle manufacturer or s
gns and specifies diagnostic algorithms, software, and DTCs is strongly encouraged to remai
ss their product line whén)assigning codes in the manufacturer controlled area. It is recomn
ertrain codes use the §ame groupings as in the ISO/SAE controlled area, i.e. 100 s and 200 s
hetering, 300 s for ignition system or misfire, etc.

e each manufacturer has the ability to define the controlled DTCs to meet their specifi

rithms, all BIC words shall meet the requirements of ISO 15031-2 for information that shou
ic.

Body system groupings — DTC numbers and descriptions are given in SAE J2
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Table 5 defines the DTC range controlled by ISO/SAE and the manufacturer and the DTC range reserved by

this

part of ISO 15031.

Table 5 — Body system groupings

DTC range
B000O — BOFFF
B1000 — B1FFF
B2000 — B2FFF
B3000 — B3FFF

Description
ISO/SAE controlled

Manufacturer controlled

Manufacturer controlled
Reserved by ISO 15031-6/SAE J2012
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