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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 1SO
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
non-governmental, in liaison with 1SO, also take part in the work. ISO coliaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical commitiees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. IS0 shall not be held responsible for identifying any or all such patent rights.

ISO 15031-5 was prepared by Technical Committee ISO/TC 22, Road vehicles, Subcommiitee SC 3,
Electrical and electronical equipment.

ISO 15031 consists of the following parts, under the general title Road vehicles — Communication between
vehicle and external equipment for emissions-related diagnostics:

— Part 1: General information

— Part 2: Terms, definitions, abbreviations and acronyms

— Part 3: Diagnostic connector and related elecirical circuits, specification and use
— Part 4: External test equipment

— Part 5: Emissions-related diagnostic services

— Part 6: Diagnostic trouble code definitions

— Part 7: Data link security

v © 1SO 2006 — All rights reserved
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Introduction

ISO 15031 consists of a number of parts which, taken together, provide a coherent seif-consistent set of
specifications to facilitate emissions-related diagnostics. Parts 2 through 7 are based on SAE recommended
practices. This part is based on SAE J1979 SEPS7 (E/E Diagnostic Test Modes).

ISO 15031-1 provides an introduction to the series of International Standards.
This part of 1ISO 15031 is based on the Open Systems Interconnection {OSI) Basic Reference Model in

accordance with ISO/IEC 7498 and ISO/IEC 10731, which structures communication systems into seven
layers as shown in the table below.

Tabie 1 — Applicability and relationship between documents

Applicability O8I 7 layer Emissions-related diagnostics
o, , , ~ . ISO 11898,
Physical {layer 1} 1SO-9141-2 1ISO 14236-1 -SAE J1850 1SO 157654
. ~ .y ISO 11898,
Data link (layer 2) 180 0141-2 ISO 14236-2 SAE J1850 1SO 157654
Seven layer
according o o . . iSO 157652,
ISONEC 7408 | Tetwork tayer 3) 1SO 157654
and
ISO/EC 10731 | _Transport (ayer 4) - — — —
Session (layer 5) — — — iSO 157654
Presentation {layer 6) — — — —
Appiication {layer 7) ISC 150315 ISC 156315 1ISO 150315 IS0 15031-5
© ISO 2006 — All rights reserved Y
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Road vehicles — Communication between vehicle and external
equipment for emissions-related diagnostics —

Part 5:
Emissions-related diagnostic services

1 Scope

This part of ISO 15031 specifies diagnostic services and functionally addressed request/response messages
required to be supported by motor vehicles and external test equipment for diagnostic purposes which pertain
1o motor vehicle emission-related data. Any external test equipment meeting the requirements of ISO 15031-4
use these messages to retrieve emissions-related information from the vehicle.

Each section of this part of ISO 15031, which specifies additional detail to existing sections of iSO 9141-2,
IS 14230-4, SAE J1850, and ISO 15785-4 supersede those specifications.

NOTE This part of iSO 15031 provides the mechanism o salisfy the requirements included in the country-specific
reguiations and not all capabilities included in this document are required by the country-specific regulations. This part of
1ISO 15031 also is not considered a final authority for interpretation of the regulations, so readers should determine the
applicability of capabilities defined in this document for their specific needs.

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
document {including any amendments} applies.

IS0 9141-2, Road vehicles — Diagnostic systems — Part 2: CARB requirements for interchange of digital
information

ISO 9141-2/Amendment 1, Road vehicles — Diagnostic systems — Part 2: CARB requirements for
interchange of digital information

ISO 14230-4, Road vehicles — Diagnostic systems — Keyword Protocol 2000 — Part 4: Requirements for
emission-related systems

ISO 15031-1, Road vehicles — Communication between vehicle and external equipment for emissions-refated
diagnostics — Part 1: General information

ISOITS 15031-2, Road vehicles — Communication between vehicle and external equipment for emissions-
related diagnostics — Part 2: Terms, definitions, abbreviations and acronyms

ISO 15031-3, Road vehicles — Communication between vehicle and external equipment for emissions-refated
diagnostics — Part 3: Diagnostic connector and related electrical circuits, specification and use

ISO 15031-4, Road vehicles — Communication between vehicle and external equipment for emissions-related
diagnostics — Part 4: External test equipment

© ISC 2006 — All rights reserved 1
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ISO 15031-8, Road vehicles — Communication befween vehicle and external equipment for emissions-related
diagnostics — Part 6: Diagnostic trouble code definitions

ISO 15785-2, Road vehicles — Diagnostics on Controller Area Networks {CAN} — Part 2: Network layer
services

ISO 15765-4, Road vehicles — Diagnostics on Controller Area Networks {CAN)} — Part 4: Requirements for
emissions-related systems

SAE J1850: MAY2001,Class B Data Communications Network Interface

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

3.1
absolute throttfe position sensor
vaiue intended to represent the throttle opening

NOTE For systems where the output is proportional to the input voltage, this value is the percent of maximum input
signal. For systems where the output is inversely proporiional to the input voltage, this value is 100 % minus the percent of
maximum input signal. Throttle position at idle usually indicates greater than 0 %, and throttle position at wide open throttie
usually indicates less than 100 %.

3.2

bank

specific group of cylinders sharing a common control sensor, bank 1 always containing cylinder number 1,
bank 2 the opposite bank

NOTE if there is only one bank, bank #1 DTCs is used, and the word bank may be omitted. With a single “bank”
system utilising multiple sensors, bank #1 DTCs is used identifying the sensors as #1, #2, #3 in order as they move further
away from the cylinder{s).

3.3

base fuel scheduie

the fuel calibration schedule programmed into the Powertrain Control Module or PROM when manufactured or
when updated by some off-board source, prior to any learned on-board correction

34

Caiculated Load Vaiue

for spark ignition engines, typically an indication of the current airflow divided by peak airflow at wide open
throttle as a function of rpm, where airflow is corrected for altitude and ambient temperature

NOTE1  This definition provides a unitless number, and provides the service iechnician with an indication of the
percent engine capacity that is being used.

NOTE2  For diesel applications, the calculated load value shali be determined by substituling fuelfiow in place of
airflow in the calculation.

35
client
function that is part of the tester and that makes use of the diagnostic services

NOTE A tester normally makes use of other functions such as dala base management, specific interpretation,
man-machine interface.

3.6
continuous monitoring
sampling at a rate no less than two samples per second

2 © 1SC 2006 — All rights reserved
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3.7

convention

Cvt

column integrated in each message table which marks each parameter included

NOTE The foliowing conventions are used: C = Conditional: the parameter marked “C” in a requestiresponse
message is present only under a condition specified in the boltom row of the message table. M = Mandatory: the
parameter marked “M” in a requestiresponse message table is always present. U = User optionat: the parameter marked
‘U in a requestiresponse message lable is or is not supplied, depending on dynamic usage by the manufacturer. The
convention recommends a mnemonic, which might be used for implementation. in no case is the specified mnemonic a
mandatory requirement for any implementation.

38

Electronic Control Unit

ECU

generic term for any electronic control unit

3.9

Fuel Trim

FT

feedback adjustments to the base fuel schedule

NOTE Short-term fuel irim refers to dynamic or instantaneous adjustments. Long-term fuel irim refers to much more
gradual adjustments to the fuel calibration schedule than short-tenm irim adiustmenis. These long-term adjusiments
compensate for vehicle differences and gradual changes that occur over time.

3.10
negative numbers
signed binary, the most significant bit (MSB) of the binary number used fo indicate positive (0} / negative (1)

NOTE 1 2s complement: negative numbers are represented by complementing the binary number and then adding 1.

EXAMPLE — 0,99 = 8001 hex = 1000 0000 5000 0001 binary
0 = 000G hex = G000 0000 0000 0006 binary
+ 0,99 =7FFF hex=0111 1111 1111 1111 binary

NOTE2 (-099)+(+0,99)=0.

3.1
number
expressed by this symbol “#”

3.12
P2, P3 timing parameter
application timing parameters for the ECU(s) and the external test equipment

3.13
server
function that is part of an electronic control unit that provides the diagnostic services

NOTE This part of iSO 15031 differentiates between the server (ie. the function) and the electronic control unit s0
that this document remains independent from the implementation.

3.14

service

information exchange initiated by a client {external test equipment) in order to require diagnostic information
from a server (ECU) and/or to modify its behaviour for diagnostic purpose

NOTE This is also the equivalent of test mode or mode.

© ISC 2006 — All fights reserved 3
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4 Symbols and abbreviated terms

CVN Calibration Verification Number
ECM Engine Control Module

ISR Interrupt Service Routine

LSB L east Significant Bit

MSB Most Significant Bit

NRC Negative Response Code

PCM Powertrain Conirol Module

Si International System of Units
TCM Transmission Control Module

5 Technical requirements

5.1 General requirements

The requirements specified in this clause are necessary to ensure proper operation of both the external test
equipment and the vehicle during diagnostic procedures. External test equipment, when using messages
specified, shall not affect normal operation of the emission control system.

5.2 Diagnostic service requirements

5.21 Multipie responses to a single data request

The request messages are functional messages, which means the exiernal test equipment will request data
without knowledge of which ECU(s) on the vehicle will respond. In some vehicles, muitiple ECUs may respond
with the information requested. Any external test equipment requesting information shall therefore have
provisions for receiving multiple responses.

IMPORTANT — Ail emissions-related OBD ECUs which at least support one of the services defined in

this part of ISO 15031 shali support service $01 and PID $00. Service $01 with PID $00 is defined as the
universal “initialization/keep alive/ping” message for all emissions-related OBD ECUs.

5.2.2 Applcation timing parameter definition

5.2.21 Overview

The definition of P2 and P3 is included in this clause. A subscript is added to each timing parameter to identify
the protocol:

— P2y e, P3k jine’ P2, P3 for IS0 9141-2 and 1SO 14230-4 protocols
—  P2.5eq: P2 for SAE J1850 protocol
—  P2p,n: P2 for ISO 157654 protocol

IMPORTANT — It is the vehicle manufacturer’s responsibility to specify a shorter P2 timing window
than specified in this part of ISO 15031 for each emission-related server/ECU in the vehicle to make
sure that network topology delays of the vehicie architecture are considered.

4 ©1S0 2006 — All rights reserved
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5.2.2.2 Definition for ISO 9141-2
For iSO 9141-2 interfaces, Data Link Layer response time requirements (P1, P4) are specified in 1SO 9141-2.

Table 2 specifies the application fiming parameter values for P2 and P3.

Table 2 — Definition 18O 9141-2 application timing parameter values

Parameter | Minimum | Maximum Description
value |value {ms}
{ms)

P2« sine 25 50 Time between external iest equipment request message and the successiul
Key Bytes: transmission of the ECU(s} response message(s). Each OBD ECU shall start
$08 303 sending its response message within P2y, after the request message has been
correcily received. Subsequent response messages shall aiso be transmitted
within P2yaine of the previcus response message for muitiple message responses.

P2xine 1] 50 Time between external test equipment request message and the successful
Key Bytes: transmission of the ECU response message{s). The OBD ECU shail start sending
$94 $04 its response message within P2y, after the reguest message has been
correcily received. Subsequent response messages shall aiso be transmitied
within P2y e Of the previous response message for multiple message responses.

P3y.sne 55 5000 Time between the end of an ECU(s) successful ransmission of response
message(s) and start of new external iest equipmeni requesi message. The
external iest equipment may send a new request message if all response
messages related to the previously sent request message have been received
and if P3y yne MminiMum ime expired.

ECU implemeniation guideline: TX {iransmit) and RX {receive) line are connected.
Each transmiited byie is read back by the receiver in the ECU. Upon the reception
of a received byle, e.g. last byte of a request message {checksum) from the
tester, the ECU shall reset the P3 fimer value to zero. if the ECU supporis the
request message, it will start transmitting the response message within the P2
timing window. Each fransmitted byte wili cause the P3 timer vaiue to be reset. if
the ECU does not support the request and does not send a response message
then in a single OBD ECU system the P3 is siaried with the last byte received of
the request message. In a muitiple OBD ECU systemn a response message by any
one or more ECUs shall cause the P3 timer vaiue io be reset in ali ECUs including
any ECU not supporting the request message.

© ISO 2006 — Al rights reserved 5
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5.2.2.3  Definition for ISO 14230-4
For 1ISO 142304 interfaces, Data Link Layer response time requirements are specified in ISO 14230-4.

Table 3 specifies the application timing parameter values for P2 and P3.

Table 3 — Definitions of 1ISO 14230-4 application timing parameter values

Parameter | Minimum | Maximum Description
value vahue
{ms) {ms}
P2 ine 25 50 Time between external test equipment request message and the successiul

transmission of the ECU(s) response message(s). Each OBD ECU shall start
sending i#s response message within P2y ;. 2fter the request message has been
correctly received. Subsequent response messages shall aiso be transmitted
within P2y 50 Of the previous response message for multiple message FESpOnses.

P3yine 55 5060 Time between the end of an ECU(s} successful iransmission of response
message(s) and start of new exiernal est equipment request message. The
external lest equipment may send a new request message if all response
messages related o the previously sent request message have been received
and if P3g sne minimum time expired.

ECU implemeniation guideline: TX {fransmit) and RX {receive) fine are connected.
Each transmitled byle is read back by the receiver in the ECU. Upon the receplion
of a received byle, e.g. last byte of a request message {checksum) from the
tester, the ECU shall reset the P3 timer value o zero. i the ECU supports the
request message, it will start transmitting the response message within the P2
timing window. Each transmilted byte will cause the P3 timer vaiue to be reset. If
the ECU does not support the request and does not send a response message,
then in a single OBD ECU system the P3 is started with the last byte received of
the request message. In a multiple OBD ECU system, a response message by
any one or more ECUs shall cause the P3 timer value 1o be reset in ali ECUs
including any ECU not supporting the request message.

5224 Implementation guidance example for ISO 9141-2 and I1SO 14230-4 protocols

This subclause provides an implementation example for client/external test equipment and server/ECU. it is
assumed that the client (external test equipment) communicates to a vehicle with fwo {2) emission-related
OBD servers (ECUs). The client requests a CVN, which is only supported by server #1 {ECU #1) with two (2)
response messages. Server #2 (ECU #2) is not flash programmable. Figure 1 graphically depicts the timing
handiing in the client and two (2} servers for a functionally addressed request message. A description follows
the figure that references the points marked in Figure 1.

From a server point of view, there is no difference in the timing handling compared to a physically addressed
request message. The server shall reset the P3, ;.. timer value on each received byte regardless of whether
the byte is part of a request message or a response message from any another server or an echo from its
transmit Bne. There are several methods of how a server could implement the timing handling. The
implementation of timing parameters is not part of this International Standard but an important system supplier
responsibility. Some general server timing parameter implementation guidelines are described in this
subclause. The server time stamps each receiver interrupt event and restaris/resets the P3K fne server imer or
timing value, e.g. ISR time stamps received byte, and processing of the received information is performed
outside the ISR. For simplification of the diagram, the Figure 1 only shows a P3, e server EStart after the
reception of the first byte and last byte (checksum) of a received message. The P3, ;. server TEStart is
required on each received byte. The received message can be either a request message from the clientor a
response message from any other server connected and initialized by the 33 hex address. if the server has
received a complete message, it compares the target address with the 33 hex address.

8 © 150 2006 — All rights reserved
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Figure 1 — ISO 9141-2 and iSO 14230-4 protocol client and server timing behaviour

Figure 1 shows the client and two (2) initialized servers connected via K-line (either 15O 8141-2 or
ISO 14230-4 protocol). The relevant events for the client and both servers are marked and described.

a)

b}

The diagnostic application of the client starts the transmission of a functionally addressed request
message by issuing a DL_Data.request to its data link layer. The data link layer transmits the request

message to the servers.

Both servers and the client receive a byle of a message via a receive interrupt by the UART. The ISR
{interrupt Service Routine) either restarts the P2y jne/P3k jine timers or time stamps the received byte.

© IS0 2006 — All rights reserved
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2

dj

e}

g}

h)

)

The completion of the request message is indicated in the client with DL_Data.confirmation. When
receiving the DL_Data.confirmation, the client starts its P2y e and P3y yie timer, using the default reload
values P2y jne may and P3k tine_max-

if the iast message byle is received, each server checks whether the received message includes a target
address which maiches the 33 hex address. If the result is a match {server #1 and #2), then the
completion of the request message is indicated in the servers via DL_Data.indication and each server
determines whether it supports the request and has a message available to respond with. if a server
determines that the address in the received message is different from 33 hex, or if the address is a match
but no response needs to be sent {server #2}, the P2 timer is stopped. Since the P3y jine limer has
already been restarted, no further action is required. If a response message is available and has io be
sent {server #1, but not server #2), then the transmission of the response message shall be started after
P2y ine min EMing is expired.

Server #1 starts the response message by indicating a DL_Data.request from the application o the data
link layer and at the same time stops its P2, . timer.

Both servers and the client receive a byte of a message via a receive interrupt by the UART. The ISR
{interrupt Service Routine) restarts the P2y sine/P3kine timers or time stamps the received byte and the
client issues a DL_Data_FB.indication to the application layer.

The completion of the response message is indicated in the client with DL_Data.indication. When
receiving the DL_Data.indication, the client starts its P2y ;.. and P3, . timer, using the default reload
values P2y oo o and Py o

Both servers have received the last byte of a message via a receive interrupt by the UART. The ISR
{interrupt Service Routine) either resets the P2 ine/P3iaine timers or time stamps the received byte. The
completion of the response message (e.g. length and checksum check) is indicated in server #1 via
DL_Data.confirmation. If server #1 does not want to send further response messages, it stops its P2 timer.
In server #2 the message is received and the P3y sne timer is restarted, but no DL_Data.indication is
forwarded to the application because the target address does not match the 33 hex (target address of this
message is the tester address F1 hex).

The client application detects a P2y ji.c max timeout, which indicates that all response messages from all
servers are received. h

The client application indicates that P3c ;o . is reached and that the P3, ;. timing window is now
open {o send a new request message {see aJ].

5.2.2,5 Definition for SAE J1850

For SAE J1850 network interfaces, the on-board systems shall respond to a request within P2 1850 ©f a
request or a previous response message. With muitiple response messages possible from a single request
message, this aliows as much fime as is necessary for all ECUs to access the data link and transmit their
response message(s). If there is no response message within this time period, the external test equipment
can either assume no response message will be received, or if a response message has already been
received, that no more response messages will be received. The application timing parameter vaiue P2,4: is
specified in Table 4.

Table 4 — Definition of SAE J1850 application timing parameter values

Parameter | Minimum Maximum Description
value vajue
{ms} {ms)
P2;31850 g 100 Time between external test equipment request message and the successful

ransmission of the ECU{s) response message(s). Each OBD ECU shall
attempt o send its response message (or at least the first of muttiple response
messages} within P2j1350 after the request message has been correcily
received. Subsequent response messages shall also be Fransmitted within
P2 ;1850 Of the previous response message for multiple message responses.
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5.2.2.6 Definition for ISO 15765-4

For CAN bus systems based on 1SO 15765-4, the (all) responding ECU(s) of the on-board system shall
respond to a request message within P2.,y. The table below specifies the application timing parameter
vaiues for P2.

Table 5 — Definition of iSO 15765-4 application timing parameter values

Parameter | Minimum | Maximum Description
value value
{ms) {ms)

P2can 0 50 Time between external test equipment request message and the receipt of all
unsegmented response messages and all first frames of segmenied response
message(s).
in case the vehicle’s network architecture uses a gateway to report emissions-
related diagnostic data, all unsegmented response messages and afl first
frames of segmented response message(s} shall be received by the external
test equipment within P2can.

P2*can 0 58606 Time between the successful reception of 8 negative response message with
response code $78 and the next response message {posilive or negative
message}).

A negative response message with NRC 78 hex shall not be used as a
response message to a service $01 request.
52.2.7 implementation guidance example for ISO 15765-4 protocol

52271 Functional OBD communication during defauitSession

Figure 2 graphically depicts the timing handling in the client and two {2) servers for a functionalily addressed
request message during the default session. A description follows the figure that references the points marked
in Figure 2.

© 1SC 2006 — All rights reserved 9
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Figure 2 — Functional OBD communication: Defauit response timing

From a server point of view, there is no difference in the timing handling compared to a physically addressed
request message, but the client shall handle the timing differently compared with physical communication.

a) The diagnostic application of the client starts the transmission of a functionally addressed request
message by issuing an N_USData.req to its network layer. The network layer transmits the request
message to the servers. A functionally addressed request message shail only be a single-frame message.

b} The completion of the request message is indicated in the client via N_USData.con. When receiving the
N_USData.con, the client starts its P2,y timer, using the default reload value P2can- For simplicity,
Figure 2 assumes that the client and the server are located on the same network.

¢} The compietion of the request message is indicated in the servers via N_USData.ind.

d} The functionally addressed servers are required to start with their response messages within P2, after
the reception of N_USData.ind. This means that in case of muiti-frame response messages, the
FirstFrame shall be sent within P2¢,y and, for single-frame response messages, that the SingleFrame
shall be sent within P2¢, .

e} In case of a multi-frame response message, the reception of the FirstFrame from any server is indicated
in the client via the N_USDataFF.ind of the network layer. A single-frame response message is indicated
via N_USData.ind.

T} When receiving the FirstFrame/SingleFrame indication of an incoming response message, the client
either stops its P2, in case it knows the servers to be expected fo respond and all servers have
responded, or keeps the P2, running if the client does not know the servers to be expected to respond
{client awaits the start of further response messages). The network layer of the client will generate a final
N_USData.ind in case the complete message is received or an error occurred during the reception. The
reception of a final N_USData.ind of a multi-frame message in the client will not have any influence on the

P2oaN timer.

10 ©1SC 2006 — Al rights reserved
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g} The completion of the transmission of the response message will also be indicated in the servers via
N_USData.con.

52.27.2 Functional OBD communication during defaultSession with enhanced response timing

Figure 3 graphically depicts the timing handling in the client and two (2} servers for a functionally addressed
request message during the default session, where one server requests an enhanced response timing via a
negative response message including response code 78 hex. A description follows the figure that references
the points marked in Figure 3. '

Pending List cllent server # 1 server # 2
= empty N_USDatareq ()
L&
23
w
83
start
N_USData.con .@ } @. N_usnaza.lnd-@-l— N_USDatalnd
PZcan
P2can
P2can T oot (@r N_usDatareq
zd& response
il
Q3
o
Psnding List start
=ECU#1 N_USDatalnd (e} N_USData.con
*, . y
Pending List \ USDateEEInd P2can Pzican —— (-1 N_UsData-req
=no change _USDataFF.In 'Cf\f 3 | response
Pending Llst 3
=no change g
dmeout %
stop (50 ms} 3
3%
Pending Llst b
=ne change N_usDatalnd (1) (D—N_usData.con
r
g} N_USDatareqg
N_USDataFF.ind () start of O
Remove ECU #1 3 response
from Pending List g
Pending List 2
=enpty ]
3
k-
N_usDatalnd  (— —(J)- N_UsData.con
3
fimeout
stop (5900 ms)
Figure 3 — Functional OBD communication — enhanced response timing
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From a server point of view, there is no difference in the timing handling compared to a physically addressed
request message that requires enhanced response timing, but the client shall handie the timing differently
compared with physical communication.

a} The diagnostic application of the client starts the transmission of the functionally addressed request
message by issuing a N_USData.req to its network layer. The network layer transmits the request
message 1o the servers. A functionally addressed request message shall only be a single-frame message.

b} The completion of the request message is indicated in the client via N_USData.con. When receiving
N_USData.con, the client starts its P2.,p timer, using the default reload value P2, a5 For the response
message, the value of the P2,y timer shall consider any latency that is involved based on the vehicle
network design (e.g. communication over gateways, bus bandwidth, etc.). For simplicity, the figure
assumes that the client and the server are located on the same network.

¢} The completion of the request message is indicated in the servers via N_USData.ind.

d) The functionally addressed servers shall start with their response messages within P2,y after the
reception of N_USData.ind. This means that in case of a multi-frame response messages, the FirstFrame
shall be sent within P2,y and for single-frame response messages, that the SingleFrame shall be sent
within P2¢4\. In case any of the addressed servers cannot provide the requested information within the
P2.an response timing, it can request an enhanced response-timing window by sending a negative
response message including response code 78 hex (this is not allowed for service $01).

e} Upon the reception of the negative response message within the client, the client network layer generates
a N_USData.ind. The reception of a negative response message with response code 78 hex causes the
client to continue its P2, timer in order to observe other servers to respond within P2.an- In addition,
the client establishes an enhanced P2*c antimer for observation of further server #1 response(s). The
client shall store a server identification in a list of pending response messages. Once a server that is
stored as pending in the client starts with its final response message (positive response message or
negative response message including a response code other than 78 hex), it is deleted from the list of
pending response messages. For simplicity, Figure 5 only shows a single negative response message
including response code 78 hex from server #1.

T} Server #2 transmits a FirstFrame of a multi-frame response message within P2* . The reception of the
FirstFrame is indicated in the client network layer by a N_USDataFF.ind. Figure 5 shows when the client
receives the start of the response message of the second server.

g} Server #1 previously indicated to the client (e} enhanced response timing. Once server #1 can provide
the requested information, it starts with its final response message by issuing a N_USData.req to iis
network layer. if server #1 can still not provide the requested information within the enhanced P2* N
then a further negative response message including response code 78 hex can be sent. This will cause
the client to reload its P2* 5 timer value again. A negative response message including response code
78 hex from a server that is already stored in the list of pending response messages has no affect to the
client internal list of pending response message.

h) Server #1 transmits a FirstFrame of a muiti-frame response message within P2*cpn- The reception of the
FirstFrame is indicated in the client network layer by a N_USDataFF.ind. Figure 5 shows when the ciient
receives the start of the response message of the server #1. The client removes server #1 from the
internal list of pending response messages.

i} The client network layer will generate a N_USData.ind.

i}  The server network layer will generate a N_USData.con based on the completion of the transmission.
5.2.3 Minimum time between requests from external test equipment

3.2.3.1 IS0 9141-2, 1SO 14230-4 — Minimum time between requests from external test eguipment

For IS0 9141-2 (K-line} interfaces, the required times between request messages are specified in ISO 9141-2.
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For 1SO 14230-4 {K-line} interfaces, the required times between request messages are specified in
ISO 14230-4. Figure 4 shows an example of a request message foliowed by four (4) response messages and
another request message.

Start P2 and P3 Start P2 and P3
P23 K-tine .- P23 ¥-Line .

0 255055 4000 5000 0 255055 4000 5000
111 | 1 L1 11 1 1

Start P2 and $3 l 1 Start P2 and P3 1 T Start P2 and P3
he

P2,3 x4 P2.3 ine _ P2,3 kite

& 0 25 5055 4000 5000 G 255055 4000 5000 0 255088 4000 5000

g L1 11 | 1 L1 11 | | L1 11 | 1

2 Start of next request

i F T 1 3 4 3

2

final

E

g

it}

| Reguest ' Reguest I

OBDECU#1 Response Response t
OBDECU#2 Respornse
CBDECU#3 Response

Figure 4 — 1SO 9141-2 {Key Bytes: $08 $08) and ISO 14230-4 application timing parameter overview

5232 SAE J1850 — Minimum time between reguests from external test equipment

For SAE J1850 network interfaces, an exiernal test equipment shall always wait for a response message from
the previous request, or “no response” time-out before sending another request message. If the number of
response messages is known and all response messages have been received, then the external test
equipment is permitted to send the next request message immediately. If the number of response messages
is not known, then the external test equipment shall wait at least P2 ;4455 maximum time.

Figure 5 shows an example of a request message followed by four {4) response messages and another
request message.

© IS0 2006 — All rights reserved 13
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Start P2 Start P2
P2 j1850 . P2 1850 .
0 166 0 100
1 | |
Start P2 I | Start P2 l I Start P2
P2 150 1850 P2 11850 -
g 0 100 © 100 © 100
£ 1 L1 L ]
3
ﬁ Confirmation 4r Fy 1} | Start of next Start of next
’3‘ requestif request if
= number of number of
g responses responses
= is known is not known
|
I Request Next Request Next Request I
OBD ECU#1 Response Response 4
OBDECU#2 Response
OBDECU#3 Response

Figure 5 — SAE J1850 application timing parameter overview

5.2.3.3 180 15765-4 — Minimum time between requests from external test equipment

For SO 15765-4 network interfaces, the external test equipment may send a new request message
immediately after it has determined that all responses related to the previously sent request message have
been received. If the external test equipment does not know whether it has received all response messages,
{e.g. after sending the initial OBD request message: Service $01, PID $00}, it shall wait (P2, maximum)
after the last request (if no responses are sent) or the last response message. The timer P2,y of the external
test equipment starts with the confirmation of a successful transmission of the request message.

Figure 6 shows an example ofar

another request message.

14

equest message followed by three {3) single-frame response messages and
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Stant P2
P2 can o
g
3 [ i
E 1 ’
Z
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§ response response response Next Request Next Request
;—.
K]
£
{
X
il
Next Request
| I # of £CUs Naxt Request if # of
| Request | is known ECUs is not known
Single Frame ¢
Single Frame
OBDECU#2 Response
Single Frams
OBOECU#3 Response

Figure 6 — 1SO 15765-4 application timing parameter {Single Frame Response Messages) overview

Figure 7 shows an example of a request message followed by two (2) single frames, one {1} muitiple frame
response message and another request message. The next request message can be sent immediately by the
external test equipment after completion of all response messages in case the transmission of the response
messages takes longer than P2;ay even if the extemal test equipment does not know the number of

responding ECUs.
Stant P2
PZ can
g 50
] I 1
% Confirmation 4 FF Indlcation 1 SF Indkeation  § SF Indkeatlon End lndicatim% | Start of
= response # 1 response # 2 response # 3 response # 1 Next Request
3
}_
E
2
5 |
l Reguest Next Reguest

N i

OBD ECU #1 [ Mutiple Frame Response
Slingle Frame

OBDECU#2 Response

Shhgle Frame
OBOECU#13 Response

Figure 7 — ISO 15765-4 application timing parameter {Single and Multiple Frame Response Messages
not finished within P2,y overview

NOTE

requirements for legisiated diagnostic messages are specified in ISO 15765-4.
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Figure 8 shows an example of a request message followed by one (1} single frame, one {1) muitiple frame
response message (completion within P2¢,y) and another request message. The next request message can
be sent immediately by the external test equipment after completion of all response messages if the external
test equipment knows the number of responding ECUs. If not, it needs to wait with the next request message
to send until P2¢ 4y is expired.

Start #2
PZ can .
$ 10

B

% Confirmationg  4FF Indication  SF Indication} End Indication § 4 Start of Start of

-g response # 1 response # 2 | response # 1 Next Requsst Next Request

i

z

<

% Next Request

& if # of ECUs Next Request if # of

| Request is known ECUs is not known
f
OBDECU#1 [ Mulllple Frame Response
Single Frame
OBDECU#2 Response

Figure 8 — SO 15765-4 application timing parameter {Single and Mutitiple Frame Response Messages
within P2, ) overview

NOTE The Network Layer timing parameters for the raultiple frame response are not shown. Network Layer timing
requiremnents for legislated diagnostic messages are specified in 1SO 15765-4.

5.2.3.4 180 15765-4 — ECU behaviour to a request for supportedmon-supported OBD information

Figure 9 shows an exampie of a typical vehicle OBD configuration.

2 B
A £
i I |
a4a
oo C
e |

Key

A Extemnal test equipment
B ECM {Engine Conirol Module)
C  TCM (Transmission Conirol Moduie)

Figure 9 — External test equipment connected to two {2) OBD ECUs

A service shall only be implemented by an ECU if supported with data {e.g. PID/OBD Monitor ID/Test
ID/InfoType supported), except for Service $01 and PID $00 which shail be supported by all emissions-related
ECUs.

Typically, the ECM supports OBD Monitor iDs, which the TCM does not support. In case the external test
equipment requests the status of such OBD Monitor ID supported by the ECM, the ECM sends a positive
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response message and the TCM does not send a response message (no negative response message
aliowed). The external test equipment knows that the TCM will not send a positive response message based
on the OBD Monitor 1D supported information retrieved prior to the latter request.

This shall be implemented fo enhance the overall diagnostic communication performance between the
external fest equipment and the vehicle ECUs (see 5.2.3.3}.

5.2.4 Data not available

52.4.1 1S09141-2, 1SO 14230-4, and SAE J1850 — Data not available

There are two conditions for which data is not available. One condition is that the service is not supported, and
the other is that the service is supported but data is currently not available.

For SAE J1850 and iSO 9141-2 interfaces, there will be no reject message to a functional request message if
the request is not supported by the ECU. This prevents response messages from all ECUs that do not support
a service or a specific data value.

For 1SO 14230-4 interfaces, there will be a response message to every request message either positive {with
data) or negative. In order to avoid unnecessary communication the ECU(s} which does (do} not support a
functionally requested PID, TID, or INFOTYPE is permitted to not send a negative response message
because another ECU will send a positive response message. Format and possible codes of negative
responses are specified in 5.3.4.

Some services are supported by a vehicle, but data may not always be available when requested. For
Services 305 and $08, if the test has not been run since test results were cleared, or for Service $02 if freeze
frame data has not been stored, or for Service $08 if the engine is running, valid data will not be availabie. For
these conditions, the manufacturer has the option either o not respond or to respond with data that is invalid
(IS0 §141-2 and SAE J1850 only). The functional description for these services discuss the method to
determine if the data is valid.

52.4.2 I1SO 15765-4 — Data not available
There are four {4) conditions for which data is not available:

— Request message is not supported: The ECU(s) which does (do) not support the functional request
message shall not send any response message.

— Request message is supported but data is not supported: The ECU(s) which does (do} support the
functional request message but does {do) not support the requested data (e.g. PID, OBD Monitor 1D, TID,
or INFOTYPE) is (are) not aliowed to send a negative response message because another ECU will send
a positive response message. If the external test equipment sends a message including multiple PiDs
and each emission-related ECU does not support all requested PiDs, then each ECU shali send a
positive response message including the supported PiD(s) and data values and shall not send a negative
response message. if an ECU does not support any of the PIDs requested, it is not allowed to send a
negative response message.

— Request message is supported but data is currently not available: The ECU(s) which does {do})
support the functional request message but does (do) not currently have the requested dala available
shall respond with a negative response message with response code $22 - ConditionsNotCorrect
{negative response message format is specified in 5.3.3). For Service $08 the use of a negative response
message including response code $22 is not permitted. For Services $04 and $09 the use of a negative
response message including negative response code $22 is aliowed only during conditions specified by
OBD reguiations.

— Request message is supported but data is not available within P2 timing: The behaviour of the
ECU(s) and the external test equipment is specified in 5.2.4.3.

® IS0 2006 — All rights reserved 17
Licensed to Tars Casaletto. ANS! store arder # X_858624. Downloaded (1/08/2023. Single user license onfy. Copying and networking prohibited.



ISO 15031-5:2006(E)

5.2.4.3 Data not available within P2 timing

5.2.4.3.1 Overview
The foliowing subclauses specify the requestiresponse message handling for each protocol if the data is not

available within the P2 timing in the ECU(s). The description in the sub section only applies to Service $09,
InfoType $06 Calibration Verification Numbers.

5.2.4.3.2 iSO 9141-2 — Data not available within P2 timing

If an ECU(s) supports the functional request message but does not have the requested data available within
P2 timing, then a retry message handling routine shali be performed as foliows:

a) If the response message is not received within P2y | ines the extemal test equipment shall stop retrying the
request message after one (1) minute from the original request.

b} The retry message shall be sent at least every four (4) seconds {between 55 ms and 4 000 ms}). The retry
message keeps the bus alive and prevents the external test equipment from having to re-initialize the bus
(PSX-Line time Out).

¢} The ECUs, which either have already sent a positive response message or have not sent a positive
response message shall not restart the requested internal routine again.

d} The external test equipment shall record if ali ECUs have sent the expected number of response
messages.

e} After successful completion of all response messages, the external test equipment shall send a request
message which is “not equal” to the “Repeated Request” message.

Additional description is included in the functional description of the corresponding service.

Start P2 Start P2 Start P2
and P3 and P3 and P3
P2,3 Kike ™ P23 Kilne P23 Kilne
e ———————l: e — ——————————-
§ 255055 4000 5000 9255055 4000 5000 8255055 4500 5808
N I T I I I R
} } }
Stant P2 | Start P2 ? II‘ Start P2 Start P2 H
and P3 and P3 and P3 and P3
k- P2.3 wire P2.3 kilne P2.3 Kune P2,3 xdine
E 9255055 4800 5000 § 255855 40005000 6255055 LO0O 5000 8255055 L0400 5000
3 I I 1111 || 1111 L1 1111 1 1
e}
F } 4 4
}_
5
X Next Request
Requsst Not Equal
l Réuest repeated Request Repeated
OBDECU# 1 Positive Positive t
Response] |Response
OBDECU#2 Positive
JLBSPONSY

OBD ECy # 3 [Poslive
[Response]

Figure 10 —1SO 9141-2 (Key Bytes: $08 $08) — Data not available within P2 timing handiing overview
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For iSO 9141-2 with key bytes $94 $94, the response message timing P2y ;e shall be according to table
“Definition of IS0 §141-2 application timing parameter values”.

5.2.4.3.3 SO 14230-4 — Data not available within P2 timing

If an ECU(s) supports the functional request message but does not have the requested data available within
P2 timing, handling shall be performed as foliows:

a) The ECU(s) shall respond with a negative response message with response code $78 -
RequestCorrectlyReceived-ResponsePending within P2 timing.

b) ECUs which require more time than P2y, . to perform the requested action shall repeat the negative
response message with response code $78 prior to expiration of P2y i, until the positive response
message is available.

¢) After all positive response messages have been received or a time out P2y ;;,.max has occurred, the
external test equipment shall wait untit P3y ; j,omin is reached 1o send a new request message.
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nd P3 nd
@ P23 kike o andP3 P23 kike _
0 25 50 5080 0 25 50 5600
111 L L 1.1 1
4od A Start of
; ] N N
§ P2,3 xiine - P23 kike .
=]
9 25 50 5600 b 25 50 S
) ) I T L
& i ) |
‘g Start P2 I Start P2 I I
nd P
% and P3 P23 Kire . al '3 P23 kive
9 25 50 5000 9 25 50 5000
P11 1 11 |
Request I
Neg. Response Poslilve 4
OBD ECU#1 with RC=$78 RESDONSS
Neg. Response Poslilve
OBDECU#2 with RC=578 Response
OBD ECU#3 g"”‘i""’e

Figure 11 — ISO 14230-4 — Negative response code RC=$78 handling overview

5.2.434 SAE J1850 — Data not available within P2 timing

if an ECU(s) supports the functional request message but does not have the requested data available within
P2 timing, then a retry message handiing routine shall be performed as follows:

a) If the response message is not received within P2 554, the external test equipment shall stop retrying the
request message after one {1) minute from the original request.
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b) The retry message shall be repeated after thirty (30 1) seconds.

¢} The external test equipment shall record if ali ECUs have sent the expected number of response

messages.

Additional description is included in the functional description of the corresponding service.
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O8O ECU# 4 Posltive Poshive ¢
[Response] |R
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Figure 12 — SAE J1850 — Data not availabie within P2 timing handling overview

5.243.5 Data not available test conditions for protocols: iSO 9141-2, iSO 14230-4 and SAE J1858

There are two conditions for which data is not available:

a} Service is not supported.

b} Service is supported but data is not available at the time that the request is made.

Table 6 indicates the proper server/ECU response for each protocol as detailed in 5.2.4.1.

Table 6 — Proper response from server/ECU with iSO 9141-2, 1SO 14230-4 and SAE J1850 protocol

Condition iSO 9141-2 SAE J1850 150 142304
a)  Service $01 not supporfed | Al ECUs must respond o All ECUs must respond to All ECUs must respond to Sesvice
Service $01 PID $00 i Service | Service $01 PID $0C if Service | $01 PID $D0 # Service $01 is
$01 is supported. If Service $01 is supporied. If Service supported. i Service $D1 is not
$01 Is not supporied, no $01 is not supporied, no supported, ECU can either not
response is aliowed. response is allowed. respond of send a negative
response ($7F, $01, $11)
b}  Service $01 unsupported No response preferred, No response preferred, ECU can either not respond or
PID requested positive response is allowed positive response is allowed send a negative response ($7F,
$01, $12)
¢}  Service $01 supporfed PID | Respond within P2 timing Respond within P2 timing Respond within P2 timing
requested
20
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Table 6 {continued)

ISO 15031-5:2006(E)

Condition {SO 81412 SAE J1850 ISC 142304
d) Service $02 not supported The ECU shall not respond The ECU shall not respond ECU can either not respond or
send a negative response {($7F
$02,811)

e) Service $02 supported PiD PID $02 indicates $0000, but if | PID $02 indicates $0000, but i | PD $02 indicates $0000, but if
requested, no Freeze Frame | PIDs are requested, ECU can | PIDs are requested, ECU can | PiDs are requested, ECU can
stored either not respond or send either not respond or send either not respond or send a

invalid data, except if invalid data, except if negative response ($7F, $02,

supported PiDs (300, $20, ) | supported PiDs ($00, $20, ._.) |$12), except if supported PiDs

have been requested, then the | have been requested, then the | ($00, $26, ..} have been

ECU shal send a response ECU shal send a response requested, then the ECU shall

with the supporied PID and with the supporied PID and send a response with the

data bytes data bytes supported PID and data bytes

fy  Service $02 unsupported PID | No response preferred, No response preferred, ECU can either not respond or

requested, no Freeze Frame | positive response is aliowed positive response is aliowed send a negative response {§7F
stored %02, 312)

g) Service $02 supported PiD Respond within P2 timing Respond within P2 timing Respond within P2 timing
requested, Freeze Frame
stored

h) Service $02 unsupported PID | No response preferred, No response preferred, ECU can either not respond or
requested, Freeze Frame positive response is aliowed positive response is aliowed send a negative response {$7F
stored $02, $12)

i)  Service $03/307 not The ECU shail not respond The ECU shall not respond ECU can either not respond or
supported send a negative response {$7F

$03, $11)

j)  Service $03/$07 supported, | No response preferred, No response preferred, Posifive response indicaling no
no DICs stored positive response indicating nio | positive response indicating no | DTCs is reguired.

DTCs is aliowed D1Cs is aliowed

k) Service $03/307 supported, | Positive response is required | Positive response is required | Positive response is required
DTCs stored

i)  Service $04 not supported The ECU shail not respond The ECU shail not respond ECU can either not respond of

send a negative response {$7F
$04,%11)

m} Service $94 supported, The ECU shall not respond The ECU shail not respond Negative response is reguired
conditions not correct {$7F, $04, $22)

n) Service $04 supported, Positive response is required | Positive response is required | Positive response is required
conditions correct

o) Service $05/$06 not The ECU shail not respond The ECU shail not respond ECU can either not respond or
supperted send a negative response {$7F

$05/$06, $11)

p) Service $05/$06 supported | I TIDs are requested, ECU If TIDs are requested, ECU 1§ TIDs are requested, ECU can
TID reguested, no stored can either not respond or send | can either not respond or send | either not respond or send invatid
data available invaiid data invalid data data or send negative response

{$7F, $05/306, $12).

g) Service $05/$06 unsupported | No response preferred, No response prefered, ECU can either not respond or
TID reguested, no stored positive response is aliowed positive response is aliowed send a negative response {$7F
data available $05/%06, $12)

r}  Service $05/$06 supported Respond within P2 timing Respond within P2 timing Respond within P2 timing
TID reguested, stored data
available

s} Service $05/$06 unsupported | No response preferred, No response preferred, ECU can either not respond or
TID requested, stored data positive response is aliowed positive response is aliowed send a negative response {$7F
available $05/306, $12)

21
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Table 6 (continued)

Condition iSO 9141-2 SAE J185¢ 150 142304
t}  Service $G8 not supported The ECU shall not respond The ECU shali not respond £CU can etther not respond or
send a negative response ($7F
%08, $11)
u} Service $08 supported TiD Respond within P2 fiming Respond within P2 timing Respond within P2 timing

requested, conditions correct

v} Service $08 supported TiD The ECU shall not respond or | The ECU shall not respond or Negative response is reguired
requested, conditions not may respond with a may respond with a {§7F, $08, $22) or may respond
corect manufacturer-specified value | manufacturer-specified value | with a manufacturer-specified

as DATA A, which as DATA A, which vaiue as DATA A which
corresponds 1o the reason the | comresponds to the reason the comresponds to the reason the test
test cannot be run. test cannot be run. cannot be run.

w) Service $08 unsupporied TID | No response preferred, No response preferred, ECU can either not respond or
requested positive response is allowed positive response is allowed send a negative response ($7F

%08, $12)

X}  Service $09 not supported The ECU shall not respond The ECU shall not respond ECU can either not respond or
send a negative response ($7F
$09, $11)

¥} Service $G9 supporied Respond within P2 timing Respond within P2 timing Respond within P2 timing
INFOTYPE requested, data
available {VIN, CVN, CALID}

7z} Service $09 supporied Respond within 1 minute; do | Respond within 1 minute; do | One or multiple negative
INFOTYPE requested, data | not restart CVN calculation. nol restart CVN calculation. response message{s) {$7F, $09,
not available, conditions Test tool sends retry message | Test tool sends retry message | $78) required within P2max {25 —
correct {CVN} every 0,055 to 4,0 seconds after 3G seconds 50 ms) until positive response is

sent

aa) Service $09 supported The ECU shall not respond The ECU shali not respond Negative response is required
INFOTYPE requested, data {§7F, $09, $22)
not available, conditions not
correct {CVN}, prior o 2605
MY only

bb) Service $09 unsupported No response preferred, No response preferred, £CU can either not respond or

INFOTYPE reguested positive response is allowed positive response is allowed send a negalive response ($7F
. $09, $12}

5.243.6 150 15765-4 - Data not available within P2 timing

The ECU(s) which does (do) support the functional request message but does (do) not have the requested
data available within P2 timing, shali perform the following handling:

a)

b}

22

The ECU(s) shall respond with a negative response message with response code $78 -
RequestCorrectlyReceived-ResponsePending within P2 timing (not allowed for Service $01 requests).

After correct reception of the negative response message with response code $78, the P2¢,ymax
parameter timing vaiue shall be set to P2*;5y (5000 ms) by the external test equipment and the ECU
which has sent the negative response message.

If another ECU also sends a negative response message with response code $78, the P2, ymax timing
parameter value shali be reset to P2*;,,,.

ECUs which require more than P2*c4y to perform the requested action shall repeat the negative
response message with response code $78 prior to expiration of P2* 4\ until correct reception of the
positive response message.

After all positive response messages have been received or time out, P2*canmax has cccurred.
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it is the vehicle manufacturer's responsibility to ensure the network architecture of the vehicle does not cause
timing delays that exceed P2paymax timing when responding to Service $01 PID(s) request, hence a
negative response message with response code $78 shall not be allowed.

Figure 13 shows the negative response message handling with response code $78 for the I1SO 157654
interface.

% StatP2 * P2 can
£
2 0 5000
] i L
- Stag P2 * P2oan 4 Start of
§ - next request
5 4 5600
5 i Erd of t
2 StantP2 P2 na o
;f} Sal - ﬁ response # 4
y 100 End of
i ] response # 5
conflr- End of End of ﬂ §FF Indicationfend of 4
mation response # 1| response #2 response #3
Next Request
I Request
Neg. Response Posliive t
OBD ECU#1 with RC=$78 I{Reﬁ
Neg. Response i
OBD ECU#2 with RC=878 @
OBDECU#3 Multlple Frame
Poslilve Response

Figure 13 — I1SO 15765-4 — Negative response code RC=$78 handling overview
5.2.4.3.7 Data not available test conditions for protocol: 1SO 15765-4 Diagnostics on CAN
There are four conditions for which data is not available:

— Service is not supported.
—  Service is supported but data is not supported.
— Service is supported but data is not available at the time that the request is made.

— Service is supported but data is not available within P2 timing.

Table 7 indicates the proper server/ECU response as detailed in 5.24.2.
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Table 7 — Proper response from server/ECU for ISO 15765-4 protocot

Condition 150 157654
a}  Service $01 not supported All ECUs must respond to Service $61 PID 300 ¥ Service $01 is
supported. If Service $01 is not supported, no response is aliowed.
b}  Service $61 unsupported PID requested The ECU shall not respond
c)  Service $01 supported PID requested Respond within P2 timing {(no negative response message with response
code $78 allowed)
d}  Service $02 not supporied The ECU shali not respond
e}  Service $02 supported PID reguested, no Freeze PID 302 indicates $00008, but if PiDs are requested, ECU must not
Frame stored respond except i supported PIDs {306, $20, ._.) have been requested,
then the ECU shall send a response with the supported PID and data
bytes
f}  Service $02 unsupporied PID requested, no Freeze PID $02 indicates $000G, but if PiDs are requested, ECU must not
Frame stored respond except for support PIDs $0D, 328, etc.
g}  Service $62 supported PID requested, Freeze Frame Respond within P2 iming
stored
h}  Service $02 unsupported PID requested, Freeze The ECU shali not respond
Frame stored
i} Service $03/$07 not supported The ECU shali not respond
J}  Service $03/$07 supported, no DTCs stored Positive response indicating no DTCs is required
k)  Service $03/$07 supported, DTCs stored Postiive response including the stored DTCs is required
I} Service $64 not supported The ECU shali not respond
m) Service $04 supported, conditions not comrect Negative response is required ($7F, $04, $22)
n}  Service $04 supporied, conditions correct Positive response message required. Negative response messages(s}
{$7F, $04, $78) aliowed unfi positive response message available.
o}  Service $06 not supporied The ECU shall not respond
P} Service $06 supporied TID requested, no stored data | Posifive response required, test values, min and max limits must be set to
available $0D
q)  Service $06 unsupporied TID requested, no stored The ECU shali not respond
data avaitable
r)  Service $06 supporied TID requested, stored data Respond within P2 timing
available
s)  Service $06 unsupported TID requested, stored data | The ECU shalt not respond
available
t}  Service $08 not supporied The ECU shali not respond
u}  Service $08 supporied TID requested, conditions Respond within P2 timing
correct
¥}  Service $08 supported TID requested, conditions not | Negative response required ($7F, $08, $22)
comrect
w} Service $08 unsupported TID requested The ECU shali not respond
X}  Service $09 not supported The ECU shali not respond
Y}  Service $09 supported INFOTYPE reguested, data Respond within P2 timing
avattable (VIN, CVN, CALID}
z}  Service $09 supported INFOTYPE requested, data not | initial negative response message {$7F $09, $78) required within P2max
available, conditions correct {CYN) {56 ms} and consecutive negative response message{s} ($7F, $49, $78)
is {are) required within P2max (5,0 seconds) until positive response is
sent
aa) Service $09 supported INFOTYPE requested, data not | Negative response required ($7F, $09, $22)
available, conditions not correct (CVN), prior to 2065
MY only
bb) Service $69 unsupported INFOTYPE requested The £CU shall not respond
24 ©1S0 20606 — All rights resesved

Licensed to Tara Casaletto. ANS! store order # X_858634. Downloaded (1/08/2023. Single user license only, Copying and networking prohibited.



ISO 15031-5:2006(E)

5.2.5 Maximum values

i the data value exceeds the maximum value possible to be sent, the on-board system shall send the
maximum value possible ($FF or $FFFF). The external test equipment shall display the maximum value or an
indication of data too high. This is not normally critical for real-time diagnostics, but for example in the case of
a misfire at high vehicle speed with resulting freeze frame data stored, this will be very valuable diagnostic
information.

5.2.6 Invalid signals

in distributed network architectures, certain OBD devices may be hardwired to other ECUs or may be
independent OBD mechatronic devices, e.g. smart sensor or through a network from another ECU {both
referred to as remote OBD devices). When remote OBD devices are not hardwired to the OBD ECU and the
data is not received over the data bus from the specific remote OBD device, the primary OBD ECU shall
report Service $01 and Service $02 data parameters as the minimum or maximum value to indicate that the
signal has not been received. A PID which includes this invalid data {no signal} shall either be reported with a
minimum value ($00 or $0000) or maximum value ($FF or $FFFF), e.g. PID $0D “Vehicle Speed
Sensor” = $FF = 255 km/h, PID $2F “Fuel Level Input” = $00 = 0,0 %. The reported value shail be determined
by the manufacturer based on system design and network architecture to represent the least fikely value to be
expected under normal conditions.

5.3 Diagnostic message format

5.3.1 Addressing method

Functional addressing shall be used for ail request messages because the external test equipment does not
know which system on the vehicle has the information that is needed.

5.3.2 Maximum message iength

5.3.2.1 IS0 9141-2, ISC 14230-4, SAE J1850 — Maximum message fength
The maximum message length for request and response messages is fimited to seven (7) data bytes.

For SAE J1850 and 150 9141-2 interfaces, each unique diagnostic message specified in this part of
iSO 15031 is a fixed length, although not all messages are the same length. For Services $01 and $02,
message length is determined by parameter identification (PID). Several PiDs e.g. $06 - $09 require reading
of PiDs $13 and/or $1D to determine whether a data byte B is included in the response message. For Service
$05, message length is determined by Test ID. For other services, the message length is determined by the
service. This enables the external test equipment to check for proper message length, and to recognize the
end of the message without waiting for possible additional data bytes. For 1SO 14230-4 interfaces, the
message length is always determined by the length information included in the first byte of the header.

53.2.2 IS0 15765-4 — Maximum message length

The maximum message length is specified in 1SO 15765-2. For request messages, the message length is
fimited to seven (7) data bytes.

5.3.3 Requestiresponse message format

53.3.1 IS0 9141-2, ISO 14230-4, SAE J1850, 18O 15765-4 — Request message format

Table 8 specifies the format of the request message.
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Table 8 — Request message format for iSO 9141-2, ISO 14230-4, SAE J 1850, 1SO 15765-4

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request Service Identifier M XX SIDRQ
#2 service-specific data bylte#1 U XX —
#3 service-specific data byte#2 U XX —
#4 service-specific data byte#3 U XX —
#5 service-specific data byte#4 U XX —
#B service-specific data byte#5 U XX —
#7 service-specific data byte#6 U xx —_

The message format defined for some services for the 1SO 15765-4 protocol allows for an optional number of
data bytes in the request message sent by the external test equipment. If these are included in the request
message, support of those optional data bytes becomes mandatory for the server/ECU.

5.3.3.2 180 9141-2, I1SO 14230-4, SAE J1850 — Positive response message format

Table 9 specifies the format of the positive response message.

Table 9 — Positive response message format for 1SO 9141-2, ISO 14230-4, SAE J1850

Data Byte Parameter Name Cvt | Hex Value | Mnemonic

#1 Positive Response Service identifier

=

XX SIDPR

#2 service-specific data byte#1
#3 service-specific data byte#2
#4 service-specific data byte#3
#5 service-specific data byte#4
#B8 service-specific data byte#5
#7 service-specific data byle#6

cccccc
RERXXXR
|

3.3.3.3 180 15765-4 — Positive response message format

Table 10 specifies the format of the positive response message.

Table 10 — Positive response message format for 1SO 15765-4

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Positive Response Service identifier M XX SIDPR
#2 service-specific data byte#1 U XX —
#3 service-specific data byte#2 U XX e
#4 service-specific data byte#3 U XX —
#6-2 serviée—speciﬁc data byte#fm-2 U XX —
#n-1 service-specific data byte#im-1 U XX e
#n service-specific data bytefim U xX —
n:  ihis value depends on the response message length
m:  this value depends on the response message length - 1

3.3.3.4 IS0 14230-4, ISO 15765-4 — Negative response message format
This subclause includes additions, exceptions, and/or restrictions for the 1SO standards which apply.

Table 11 specifies the format of the negative response message.
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Table 11 — Negative response message format for ISO 14230-4, IS0 15765-4

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Negative Response Service identifier M 7F SIDNR
#2 Request Service identifier M XX SIDRG
#3 ResponseCode M XX RC_

5.3.4 Response code parameter definition

Response codes shali be implemented in an ECU, that supports a service(s} not having valid data available at

the time of a request or cannot respond with valid data available within P2y, ;. and P2,y timing.

Tabie 12 — Negative response code definition

Supported
by ISO

Hex
Value

Definition of Response Code

Mnemonic

14236-4

10

generalReject

This response code indicates that the service is rejected but the server (ECU) does
not specify the reason of the rejection.

GR

14230-4

11

serviceNotSupported

This response code indicates that the requested action will not be taken because
the server {ECU) does not support the requested service.

SNS

14236-4

12

subFunctionNotSupported-InvalidFormat

This response code indicates that the requesied action will not be taken because
the server {ECU} does not support the arguments of the request message or the
format of the argument bytes do not match the prescribed format for the specified
service.

SFNSIF

14236-4
157654

21

busy-RepeatRequest

This response code indicates that the server (ECU) is temporariy too busy io
perform the requested operation. For iSO 157654 protocol the client {external test
equipment) shall behave as defined in 1ISO 15765-4. In a multi-client {more than one
external test equipment, e.g. lelematic client) environment the diagnostic request
message of one client might be blocked temporarily by a negative response
message with response code $21 while another client finishes a diagnostic task.
Therefore this negative response code is only allowed io be used during the
initialization sequence of the protocol.

NOTE i the server (ECU) is able to perform the diagnostic task but needs additional time

to finish the task and prepares the response message, the negative response message with
response code $78 are used instead of $21.

BRR

14236-4
157654

22

conditionsNotCorrectOrRequestSequenceError

This response code indicates that the requested action will not be taken because
the server {ECU) prerequisite conditions are not mel. This request may alsc occur
when sequence-sensitive requests are issued in the wrong order.

CNCORSE

14230-4
15765-4

78

requestCorrectiyReceived-ResponsePending

This response code indicates that the request message was received correctly, and
that any parameters in the request message were valid, but the action to be
performed may not be completed yet. This response code can be used to indicate
that the request message was properly received and does not need to be
re-transmitied, but the server {ECU) is not yet ready io receive another request. The
negative response message with this response code may be repeated by the
ECU(s) within P2y ine = P2caN = P2"max until the positive response message with
the requested data is available.

RCR-RP
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5.3.5 Header byte definition of 1ISO 9141-2, 1SO 14230-4, and SAE J1850
The first three (3) bytes of all diagnostic messages are the header bytes.

For SAE J1850 and ISO 9141-2 interfaces, the value of the first header byte is dependant on the bit rate of the
data link and the type of message, refer to SAE J1850 and ISO 9141-2. The second header byte has a value
that depends on the type of message, either a request or a response.

For 180 14230-4 interfaces, the value of the first header byle indicales the addressing mode
{physical/functional} and the length of the data field. The second header byte is the address of the receiver of
the message. The third header byte for all interfaces is the physical address of the sender of the message.
The external test equipment has the address $F1. Other service tools shall use addresses in the range from
$F0 to $FD. The response to all request messages will be independent of the address of the external test
equipment requesting the information. Vehicle manufacturers shall not use the header bytes defined in

180 15031-5 for any purpose other than emissions-related diagnostic messages. When they are used, they
shall conform {o this specification.

Table 13 — Diagnostic message format for ISO 9141-2, ISO 14230-4, SAE J1850

Header bytes {Hex) Data bytes

PriorityType | Target address (hex) [ source address (hex) [ #1 | 52 [ % | # | #5 | #6 | #7 | Err | RESP
Diagnostic request at 10,4 kbit/s: SAE J1850 and 1SO 91412

68 I B8A I F1 | Maximum 7 data byles I Yes I No
Diagnostic response at 10,4 kbit/s: SAE J1850 and 1SO 9141-2

a8 | 6B | ECU addr | Maximum 7 data bytes | ves | No
Diagnostic request at 10,4 kbit/s {ISO 14230-4)

11LLLLLLD | 33 | F1 | Maximum 7 data bytes | ves | no
Diagnostic response at 16,4 kbitis {ISO 14230-4)

10LLLLLLD | F1 | Ecuadar ] Maximum 7 data bytes | ves | mo
Diagnostic request at 41,6 kbit/s {SAE J1850)

81 I B6A I F1 I Maximum 7 data bytes l Yes | Yes
Diagnostic response at 41,6 kbit/s {SAE J1850)

41 | 6B | ECU addr | Maximum 7 data bytes | ves | ves

NOTE LL 1111 =tength of data byles; RESP = In-frame response; ERR = Error Detection.
5.3.6 Header byte definition of ISO 15765-4

Each CAN frame is identified by a CAN Identifier. The size of the identifier is either 11 bit or 29 bit. The CAN
identifier shall always be foliowed by an eight (8) byte CAN frame data field {refer to ISO 15765-4; see section
“Data length code {DLC)"). Depending on the message type, up to three (3} bytes (FlowConirol} are used for
the PCl {Protocol Control Information) prior to the Service Identifier {only included in singie frame or first
frame) and data bytes of the message.

Table 14 — Diagnostic message format for SO 15765-4

Header bytes CAN frame data field
CAN Identifier (11 or 29 bit) w1 | w | #w | | #5 | 4 | = | 4
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5.3.7 Data bytes definition of ISO 9141-2, ISO 14230-4, SAE J1850, and ISO 15765-4

For the 1SO 9141-2, 1SO 14230-4, and the SAE J1850 protocol, the first data byte following the header is the
diagnostic service identifier, and the remaining data bytes vary depending on the specific diagnostic service.
For the ISO 15765-4 protocol, the first data byte following the CAN Identifier in a single frame and first frame
is the PCI {Protocol Control information, number of bytes varies, depending on frame type}, then diagnostic
service identifier, and the remaining data bytes vary depending on the specific diagnostic service.

5.3.8 Non-data bytes included in diagnostic messages with SAE J1850

All diagnostic messages use a cyclic redundancy check (CRC) as in SAE J1850 as the error detection (ERR)
byte. In-frame response (RSP} is specified as optional in SAE J1850. For messages specified in this part of
ISO 15031, the RSP byte is required in all request and response messages at 41,6 kbit/s, and is not allowed
for messages at 10,4 kbit/s. The in-frame response byte shall be the node address of the device transmitling
the RSP. SAE J1850 specifies additional message elements that may be included in diagnostic messages.
Use of these message elements is beyond the scope of this document, but needs to be considered when

specifying total diagnostic messages.

5.3.9 Non-data bytes included in diagnostic messages with IS0 9141-2 and 180 14230-4

Messages will include a checksum, specified in ISO 9141-2 and ISO 14230-4, after the data byles as the error
detection byte (ERR). There is no provision for an in-frame response.

5.3.10 Bit position convention

Some data byte values include descriptions that are based on bit positions within the byte. The convention
used is that the most significant bit (MSB) is referred to as “bit 7, and the least significant bit (LSB) is referred
to as “bit §,” as shown in Figure 14.

MSB LSB
| 7 6 5 4|3 2 1 0 |

Figure 14 — Bit position within a data byte

5.4 Allowance for expansion and enhanced diagnostic services

This part of I1SO 15031 allows for the addition of diagnostic services both as industry standards and
manufacturer-specific services. The diagnostic Services $00 through $0F are ISO/SAE reserved.

5.5 Definition of PIDs for Services $01 and $02

Ali PIDs are defined in Annex B.

5.6 Format of data to be displayed

Table 15 indicates the type of data and minimum requirements for format of the display.
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Table 15 — Format of data to be displayed

Data Services Display Format
Device ID — source address of ail ISO 8141-2:  Hexadecimal {00 to FF)
response ISO 142304: Hexadecimal (00 to FF)
SAE J1850: Hexadecimal (00 to FF)
I1SO 157654 Hexadecimal {11 bit or 29 bit CAN identifier)
Parameter ID {PID) $01 & $02 Hexadecimal {00 to FF) descripfion (see Annex B)
Frame number $02 Decimal {0 to 255)
Data values $01 & $02 See Annex B
Diagnostic irouble codes $03 & %07 “P,“B", "C” or *U", plus 4 hexadecimal characters and/or DTC
definition - see 1ISO 15031-6
Test 1D %05, $06 & $08 Hexadecimal {0G to FF)
Test value and test limits $05 Engineering units for Test iDs less than $80 (see Annex C)y-
Decimal {0 to 255) for test iDs greater than $80
Test value and test limits $08 Decimal {0 tc 65535)
Component iD $06 Hexadecimal {00 to 7F}
Optional data bytes $08 4 bytes, each decimal {0 to 255) {see Annex F)
Vehiecle information type 309 Hexadecimal (00 to 7F) (see Annex G}
Vehicle infonmation data $06 ASCH for information types $02 and $04;

Hexadecimal for information type $06;
Decimnal for information type $08 (see Annex G}

NOTE iSO 150314 specifies further guidelines and examples how to display Service $01 through $08 data.

30
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6 Diagnostic service definition for ISO 9141-2, ISO 142304, and SAE J1850
6.1 Service $01 — Request current powertrain diagnostic data

6.1.1 Functional description

The purpose of this service is to allow access to current emission-related data values, including analogue
inputs and outputs, digital inputs and outputs, and system status information. The request for information
includes a parameter identification {PiD) value that indicates to the on-board system the specific information
requested. PID specifications, scaling information, and display formats are included in Annex B.

The ECU(s) shall respond to this message by transmitting the requested data value last determined by the
system. All data values returned for sensor readings will be actual readings, not default or substitute values
used by the system because of a fault with that sensor.

Not all PIDs are applicable or supported by all systems. PID $00 is a bit-encoded PID that indicates, for each
ECU, which PIDs that ECU supports. PID $00 shall be supported by all ECUs that respond to a Service $01
request, because the external test equipment that conforms to 1ISO 15031-4 use the presence of a response
message by the vehicle fo this request message to determine which protocol is supported for diagnostic
communications. Annex A defines how to encode supported PlDs.

IMPORTANT — All emissions-related OBD ECUs which at least support one of the services defined in

this part of iSO 15031 shall support Service $01 and PID $00. Service $01 with PID $00 is defined as
the universal “initialization/keep alive/ping” message for all emissions-related OBD ECUs.

6.1.2 Message data bytes

6.1.2.1
PIDS)

Request current powertrain diagnostic data request message definition {read supported

Table 16 — Request current powertrain diagnostic data request message {read supported PIDs)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request current powerirain diagnostic data request SiD M 01 SIDRG
#2 PID {see Annex A} M XX PiD
6.1.2.2 Request current powertrain diagnostic data response message definition {report supported
PiDs}
Table 17 — Request current powertrain diagnostic data response message {report supported PiDs)
Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request current powerirain diagnostic data response SiD M 414 SIDPR
data record of supported PID={ PIDREC_
#2 supported PID M XX PiD
#3 data A, M XX DATA_A
#4 data B, M XX DATA B
#5 data C, M XX DATA_C
#5 dataD] M XX DATA D
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6.1.2.3 Request current powertrain diagnostic data request message definition {read PID vaiue)

Table 18 — Request current powertrain diagnostic data request message {read PiD value)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request current powertrain diagnostic data request SID M 01 SIBRQ
#2 PiD {see Annex B) M/C2a XX PiD
4 ¢ = Conditional — PID value is one of the supported PIDs of previous response message.

6.1.24  Request current powertrain diagnostic data response message definition (report PID value)

Table 19 — Request current powertrain diagnostic data response message {report PiD vaiue)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic

#1 Request current powertrain diagnostic data response SiD M 41 SIDPR
data record of 15t supported PID = PIDREC_
#2 PiD M XX PiD
#3 data A, M XX DATA_A
#4 data B, ca XX DATA B
# data C, C XX DATA C
#6 dataD} C XX DATA D
2 C=Conditional — data 8 - D depend on selected PID value.

The PID, which is included in the request message may be supported by all emission-related ECUs, which
shall comply with this specification. Therefore, multiple response messages are sent by the vehicle ECUs.

6.1.3 Parameter definition

6.1.3.1 PIDs supported

Annex A specifies the interpretation of the data record of supported PiDs.
6.1.3.2 PID and data byte descriptions

Annex B specifies standardized emission-related parameters.

6.1.4 Message example

The example below shows how the “Request current powerirain diagnostic data” service shall be
implemented.

6.1.4.1  Step #1: Request supported PiDs from vehicie

The external test equipment requests supported PIDs (PID = $00, $20) from the vehicle. Refer to Annex A to
interpret the data bytes in the response messages.
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Table 20 — Request current powertrain diagnostic data request message

Message direction: | Externat fest equipment —» AL ECUs
Message Type: Request
Data Byte Description {all values are in hexadecimal} Byte Value {Hex) Mnemonic
#1 Request current powerirain diagnostic data request 5iD 01 SIDRQ
#2 PiD used o determine PID suppoti for PIDs 01-20 a0 PiD
Table 21 — Request current powertrain diagnostic data response message
Message direction: |ECU#1 — External test equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1- Request current powertrain diagnostic data response SID 41 SIDPR
#2 PID requested a0 PID
#3 Data byte A, representing support for PIDs 01, 03-08 10111111b = $BF DATA_A
#4 Data byte B, representing support for PIDs 09, 0B-10 10111411b = $BF DATA B
#5 Data byte C, representing support for PIDs 11, 13, 15 10101000b = $A8 DATA C
#H6 Data byte D, representing support for PIDs 19, 1C, 20 160410601b = $81 DATA D
Tabile 22 — Reguest current powertrain diagnostic data response message
Message direction: | ECU#2 — Extemal test equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request current powertrain diagnostic data response SID 41 SIDPR
#2 PID requested 00 PiD
#3 Data byte A, representing support for PID {1 16000006b = $80 DATA_A
#4 Data byte B, representing support for PID 6D 000G1006b = $08 DATA B
#5 Data byte C, representing no support for PiDs 11-18 06060000b = $60 DATA_C
#6 Data byte D, representing no support for PiDs 19-20 000G0000b = %00 DATA_D
Tabie 23 — Request current powertrain diagnostic data request message
Message direction: | External test equipment —> Al ECUs
Message Type: Reguest
Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request current powertrain diagnostic data request SID o SIDRG
#2 PID requested 20 PID
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Table 24 — Request current powertrain diagnostic data response message

Message direction: |ECU#1 — External iest equipment
Message Type: Response

Data Byte Description {all values are in hexadecimai) Byte Value {Hex} | Mnemonic
#1 Request current powerltrain diagnostic data response SID 4% SIDPR
#2 PiD requested 20 PiD
#3 Data byie A, representing support for PID 21 100000006 = $80 DATA_A
#4 Data byie B, representing no support for PiDs 29-30 00000060 = $00 DATA B
#5 Data byte C, representing no support for PiDs 31-38 00000060b = $0G DATA_C
#6 Data byte D, representing no support for PIDs 3840 00000060b = $006 DATA D

NOTE ECU #2 does not send a response message because it indicated with the previous response message that it
does not support PID $26.

Now the external test equipment creates an internal list of supported PiDs for each ECU. The ECU #1 (ECM)

supports the following PIDs: $01, $03 - $09, $0B - $11, $13, $15, $19, $1C, $20, $21. The ECU #2 (TCM)
supports the PiDs $01 and $0D.

6.1.4.2  Step #2: Reguest PID from vehicle
The external test equipment requests the following PID from the vehicle:

— PID $01: Number of emission-related powertrain DTCs and MIL status, PID is supported by ECU #1 {ECM) and
ECU#2 (TCM)

Table 25 — Request current powertrain diagnostic data request message

Message direction: |External test equipment — All ECUs

Message Type: Request

Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request current powertrain diagnostic data request SID 01 SIDRQ
#2 PiD: Number of emission-related powertrain DTCs and MIL status 01 PiD

Table 26 — Request current powertrain diagnostic data response message

Message direction: |ECU#1 — External test equipment
Message Type: Response

Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request current powerlrain diagnostic data response SID 41 SIDPR
#2 PiD: Number of emission-related powertrain DTCs and ML status 01 PiD
#3 MiL: ON; Number of emission-related powertrain DTCs: 01 81 DATA_A
#4 Misfire -, Fuel system -, Comprehensive monitoring 33 DATA B
#5 Catalyst -, Heated catalyst -, .., monitoring supported FF DATA C
#5 Catalyst -, Heated catalyst -, ..., monitoring test complete/not complete 63 DATA D
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Tabie 27 — Request current powertrain diagnostic data response message

Message direction: |ECU#2 — Extemnal test equipment
Message Type: Response

Data Byte Description (all values are in hexadecimal} Byte Value {Hex) | Mnemonic
#1 Request current powertrain diagnostic data response SID 41 SIDPR
#2 PID: Number of emission-related powertrain DTCs and MIL status a1 PiD
#3 MIL: OFF; Number of emission-related powertrain DTCs: 01 o DATA_A
#4 Comprehensive monitoring: supported, test complete 44 DATA B
#5 Catalyst -, Heated catalyst -, ..., monitoring supported 00 DATA_C
#6 Catalyst -, Heated catalyst -, .__, monitoring test complete/not complete a0 DATA_D

The external test equipment requests the following PID from the vehicle:

—_ PID %18: Bank 2 - Sensor 2, PID is supported by ECU #1 (ECM)

Table 28 — Request current powertrain diagnostic data request message

Message direction: |External test equipment —» All ECUs

Message Type: Request

Data Byte Description {all values are in hexadecimal) Byte Value {Hex) | Mnemonic
#1 Request current powerirain diagnostic data request SID a1 SIDRG
#2 PiD: Oxygen Sensor Cuiput Voitage (B2 - 52} 19 PiD
Short Term Fuel Trim (B2 - 82)

Table 28 — Request current powertrain diagnostic data response message

Message direction: | ECU#1 — External test equipment
Message Type: Response

Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request current powertrain diagnostic data response SID 41 SIDPR
#2 PiD: Oxygen Sensor Ouiput Voltage (B2 - 52} 19 PiD

Short Term Fuel Trim (B2 - S2)

#3 Oxygen Sensor Cutput Voltage {B2 - 52} 0.8 Voit A0 DATA_A
#4 Short Term Fuel Trim (B2 - 82): 83,7 % 78 DATA B

NOTE ECU#2 does not support PiD $18 and therefore does not send a response message.
6.2 Service $02 — Request powertrain freeze frame data

6.2.1 Functional description

The purpose of this service is to aliow access to emission-related data values in a freeze frame. This allows
expansion to meet manufacturer-specific requirements not necessarily related to the required freeze frame,
and not necessarily containing the same data values as the required freeze frame. The request message
includes a parameter identification (PID) value that indicates to the on-board system the specific information
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requested. PID specifications, scaling information and display formats for the freeze frame are included in
Annex B.

The ECU(s) shall respond to this message by transmitting the requested data value stored by the system. All
data values returned for sensor readings will be actual stored readings, not default or substitute values used
by the system because of a fault with that sensor.

Not all PIDs are applicable or supported by all systems. PID $00 is a bit-encoded PID that indicates, for each
ECU, which PIDs that ECU supports. Therefore, PID $00 shail be supported by all ECUs that respond to a
Service $02 request as specified even if the ECU does not have a freeze frame stored at the time of the
request.

Annex A defines how to encode supported PiDs.

PiD $02 indicates the DTC that caused the freeze frame data to be stored. If freeze frame data is not stored in
the ECU, the system shall report $00 00 as the DTC. Any data reported when the stored DTC is $00 00 may
not be valid.

The frame number byte shall indicate $00 for the mandated freeze frame data. Manufacturers may optionally
save additional freeze frames and use this service to obtain that data by specifying the freeze frame number
in the request message. If a manufacturer uses these additional freeze frames, they will be stored under
conditions specified by the manufacturer, and contain data specified by the manufacturer.

6.2.2 Message data bytes

6.2.21 Request powertrain freeze frame data request message definition {read supported PIDs)

Table 30 — Request powertrain freeze frame data request message (read supported PIDs)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request powerirain freeze frame data request SiD M 02 SIBDRQ
#2 PiD {see Annex A) M XX PiD
#3 frame # M XX FRNO

6.2.2.2 Request powertrain freeze frame data response message definition {report supported PIDs)

Table 31 — Request powertrain freeze frame data response message {report supported PiDs)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request powertrain freeze frame data response SID M 42 SIDPR
#2 PiD M XX PiD
#3 frame # M XX FRNO

data record of supported PiDs ={ DATAREC
#4 Data A: supporied PiDs, M XX DATA A
# Data B: supported PiDs, M XX DATA B
# Data C: supported PIDs, M XX DATA_C
#7 Data D: supported PIDs | M XX DATA_ D
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Request powertrain freeze frame data request message definition {read freeze frame PID

Table 32 — Request powertrain freeze frame data request message {read freeze frame PID value)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Reguest current powertrain diagnostic data request SiD M g2 SIDRG
#2 PID {see Annex B} AM/C2 XX PiD
#3 frame # M XX FRNO
a ¢ = Conditional — PID value shall be one of the supported PIDs of previous response message.

6.2.2.4
value}

Request powertrain freeze frame data response message definition {report freeze frame PID

Table 33 — Request powertrain freeze frame data response message (report freeze frame PID value}

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request powertrain freeze frame data response SID M 42 SIDPR
#2 PID ' M XX PiD
#3 frame # M XX FRNC

data record =1 DATAREC _
#3 Data A, M XX DATA_A
#4 Data B, ca XX DATA B
#5 Data C, C XX DAYTA C
#5 DataD} C XX DATA D
2 ¢ = Conditional — data B - D depend on selected PID value.

6.2.3 Parameter definition

6.2.3.1 PiDs supported

Annex A specifies the interpretation of the data record of supported PIDs.

6.2.3.2 PID and data byte descriptions

Annex B specifies standardized emission-related parameters.

6.2.3.3 Frame # description

The frame number identifies the freeze frame, which includes emission-related data values in case an
emission-related DTC is detected by the ECU.

6.2.4 Message exampie

The example below shows how the “Request powertrain freeze frame data” service shall be implemented.
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6.24.1  Step #1: Request supported powertrain freeze frame PiDs from vehicle

The external test equipment requests all supported powertrain freeze frame PIDs of freeze frame $60 from the
vehicle. Refer to the example of Service $01 how to request supported PiDs.

As a result of the supported PID request, the external test equipment creates an internal list of supported PiDs
for each ECU. ECU #1 (ECM) supports the following PIDs: $02 - $09, $0B - $O0E. ECU #2 (TCM) does not
support any PIDs for this service.

6.2.4.2  Step #2: Request PID $02 “DTC which caused freeze frame to be stored” from vehicle

6.2.4.2.1 Case #1: Freeze frame data are stored in ECU #1

Now the external test equipment requests PID $02 of freeze frame $00 from the vehicle. Since the ECU #2
{TCM) does not store a freeze frame data record, only the ECU #1 {ECM) will send a response message.

In this example, the freeze frame data are stored based on a DTC P0130 occurrence. The parameter value of
PID $02 “DTC that caused required freeze frame data storage” is set to the DTC P3130.

Table 34 — Request powertrain freeze frame data reguest message

Message direction: |External test equipment — All ECUs

Message Type: Request

Data Byte Description {all values are in hexadecimal} Byte Value {Hex} | Mnemonic
#1 Request powertrain freeze frame data request SID 82 SIDRQ
#2 PiD: DTC that caused required freeze frame data siorage G2 PiD
#3 Frame # 60 FRNO

Table 35 — Request powertrain freeze frame data response message

Message direction: |ECU #1 — Extemal test equipment

Message Type: Response

Data Byte Description {alf values are in hexadecimali) Byte Value {Hex} | Mnemonic
#1 Request powerlrain freeze frame data respense SID 42 SIDPR
#2 PiD: DTC that caused required freeze frame data storage G2 PiD
#3 Frame # 00 GO FRNO
#4 DTC High Byte of P0130 g1 DATA_A
#5 DTC Low Byte of P0130 30 DATA_B

6.24.2.2 Case #2: No freeze frame data are stored in any ECU

If no freeze frame data are stored, then the ECU(s) which support this service but do not have any freeze
frame stored shall send a response message with the parameter vaiues of DATA_A and DATA_B of PID $02
“DTC that caused required freeze frame data storage” set to $0000.
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Table 36 — Request powertrain freeze frame data request message

Message direction: |External test equipment — All ECUs

Message Type: Regquest

Data Byte Description {all values are in hexadecimal} Byte Value {Hex} | Mnemonic
#1 Request powertrain freeze frame data request SiD 02 SIDRG
#2 PiD: DTC that caused required freeze frame daia slorage 02 PiD
#3 Frame # 00 a0 FRNGC

Table 37 — Request powertrain freeze frame data response message (Service $02, PID 802,

Frame # $00})
Message direction: |ECU #1 — External fest equipment
Message Type: Response

Data Byte Description {alf values are in hexadecimal) Bylte Value (Hex} | Mnemonic
#1 Request powerirain freeze frame data response SiD 42 SIDPR
#2 PID: DTC that caused required freeze frame data storage 02 PIiD
#3 Frame # 00 00 FRNOC
#4 DTC High Byte: zero vaiue indicates that no freeze frame is stored a0 DATA_A
#5 DTC Low Byie: zero vaiue indicates that no freeze frame is stored 00 DATA B

NGCTE The DTC value reported is $00 00, therefore no valid freeze frame data are stored for supported PlDs.
6.3 Service $03 — Request emission-related diagnostic trouble codes

6.3.1 Functional description

The purpose of this service is to enable the external test equipment to obtain “confirmed” emission-related
DTCs. This shall be a two-step process for the external test equipment

— Step 1: Send a Service $01, PID $01 request to get the number of emission-reiated DTCs from all ECUs
that have this available. Each ECU that has a DTC(s) stored will respond with a message that includes
the number of stored codes to be reported. ¥ an ECU that is capable of storing emission-related DTCs
does not have stored DTCs, then that ECU shall respond with a message indicating zerc (0} D7Cs are
stored.

—_ Step 2: Send a Service $03 request for all emission-related DTCs. Each ECU that has DTCs will respond
with one or more messages, each containing up to three (3) DTCs. if no emission-related DTCs are
stored in the ECU, then the ECU may not respond to this request.

if additional DTCs are set between the time that the number of DTCs are reported by an ECU, and the DTCs
are reported by an ECU, then the number of DTCs reported could exceed the number expected by the
external test equipment. In this case, the external test equipment shall repeat this cycle until the number of
DTCs reporied equals the number expected based on the Service $01, PID $01 response.

DTCs are transmitted in two (2) bytes of information for each DTC. The first two (2) bits (high order) of the
first (1) byte for each DTC indicate whether the DTC is a Powertrain, Chassis, Body, or Network DTC (refer to
1SO 15031-6 for additional interpretation of this structure). The second two (2) bits shali indicate the first {1)
digit of the DTC (0 through 3). The second (2) nibble of the first (1) byte and the entire second (2} byte are the
next three {3) hexadecimal characters of the actual DTC reported hexadecimal. A powertrain DTC transmitted
as $0143 shall be displayed as P0143 {see Figure 15).
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Figure 15 — Diagnostic trouble code encoding example DTC P0143
If less than three {3) DTCs are reported, the response message used to report DTCs shall have their unused
bytes set to zero {0) to maintain the required fixed message length for all messages. if there are no DTCs to
report, a response message is allowed, but not required for SAE J1850 and 1SC 9141-2 interfaces. For

ISO 14230-4 interfaces, the ECU will respond with a report containing no DTCs (DTC#1, DTC#2, and DTC#3
shall be all set to $00).

6.3.2 Message data bytes

6.3.2.1  Request current powertrain diagnostic data request message definition (PID $01}

Table 38 — Request current powertrain diagnostic data request message (PID $01)

Data Byle Parameter Name Cvt | Hex Value | Mnemonic
#1 Request current powertrain diagnostic data request SID M 01 SIBRQ
#2 P1D {Number of emission-related DTCs and MiL status} M 01 PiD

6.3.2.2  Request current powertrain diagnostic data response message defnition (PID $01)

Table 39 — Request current powertrain diagnostic data response message {PID $01)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request current powertrain diagnostic data response SiD M 41 SIDPR
#2 PID {Number of emission-related DTCs and Ml status} M 01 PiD

datarecord = DATAREC

#3 Data A, M XX DATA A
#4 Data B, M XX DATA B
#5 Data C, M XX DATA C
#6 Data D] M XX DATA D

6.3.23 Request emission-related DTC request message definition

Table 40 — Request emission-related DTC request message

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request emission-related DTC request SiD M 03 SIDRQ
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6.3.24 Request emission-related DTC response message definition

Table 41 — Request emission-refated DTC response message

Data Byte Parameter Name Cvt | Hex Value | Mnemonic

#1 Request emission-related DTC response SID M 43 SIBPR
#2 DTC#1 {High Byte} M/Ca XX DTC1HE
#3 DTC#1 {Low Bylte) M/IC XX DTCILO
#4 DTC#2 {High Byle} MIC XX DTC2Hi
#5 DTCH#2 {Low Byle} M/C XX DTC2LO
#35 DTCH#3 {High Bylte} M/IC XX DTC3H!
#7 DTC#3 {Low Byle} M/IC XX DTC3LO

& ¢ = Conditionai — DTC#1, DTC#2, and DTC#3 are always present. If no valid DTC number is inciuded the DTC vaiues shali

contain $00.

6.3.3 Parameter definition

This service does not support any parameters.

6.3.4 Message exampie

The example below shows how the “Request emission-related DTCs” service shall be implemented. The
external test equipment requests emission-related DTCs from the vehicle. The vehicle supports the
ISO 14230-4 protocol. The ECU#1 (ECM) has six (8) DTCs stored, the ECU #2 (TCM) has one (1) DTC
stored, and the ECU #3 (ABS/Traction Control} has no DTC stored.

— ECU#1({ECM): P0143, PO196, P0234, P02CD, P0357, POA24

— ECU#2(TCMY): £0443

— ECU#3 (ABS/Traction Control): no DTC stored {response message is optional for 1SO 9141-2 and
SAE J1850)

The external test equipment requests the following PID from the vehicle:

—  PID $01: Number of emission-related DTCs and MIL status, PID is supported by ECU #1 (ECM), ECU #2
{TCM), and ECU #3 (ABS/Traction Control)

Tabie 42 — Request current powertrain diagnostic data request message

Message direction: | External test equipment > All ECUs

Message Type: Reguest

Data Byte Description {all values are in hexadecimal} Byte Value {Hex} | Mnemonic
#1 Request current powertrain diagnostic data request SID a1 SIDRQ
#2 PID: Number of emission-related DTCs and MIL status o1 PiD
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Table 43 — Request current powertrain diagnostic data response message

Message direction:

ECU#1 — External test equipment

Message Type: Response
Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request current powertrain diagnostic data response SID 41 SIDPR
#2 PiD: Number of emission-related DTCs and MIL status 01 PiD
#3 MIL: ON; Number of emission-related DTCs: 06 86 DATA_A
#4 Misfire -, Fuel system -, Comprehensive monitoring 33 DATA B
#5 Catalyst -, Heated catalyst -, ..., monitoring supported FF DATA_C
#6 Catalyst -, Heated catalyst -, .__, monitoring test complete/not compiete 63 DATA D
Table 44 — Request current powertrain diagnostic data response message
Message direction: |ECU#2 — External test equipment
Message Type: Response
Data Byte Description (all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request cusrent powertrain diagnostic data response SID 41 SIDPR
#2 PID: Number of emission-related DTCs and MIL status 01 PID
#3 MIL: OFF; Number of emission-related DTCs: 41 01 DATA_A
#4 Comprehensive monitoring: supporied, test compleie 44 DATA B
#5 Catalyst -, Heated catalyst -, ..., monitoring supported 0o DATA_C
#5 Catalyst -, Heated catalyst -, ..., monitoring test complete/not compiete 00 DATA_D
Table 45 — Request current powertrain diagnostic data response message
Message direction: |ECU#3 — External test equipment
Message Type: Response
Data Byte Bescription (all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request cusrent powertrain diagnostic data response SID 41 SIDPR
#2 PiD: Number of emission-retated DTCs and MIL status 01 PID
#3 MIL: OFF; Number of emission-relaied DTCs: 80 00 DATA_A
#4 Comprehensive mon#oring: supported, test complete 00 DATA_B
#5 Catalyst -, Heated catalyst -, ..., monitoring supported 00 DATA_C
#5 Catalyst -, Healed catalyst -, ..., monitcring test complete/not compiete 00 DATA D

The external test equipment requests emission-related DTCs because ECU #1 has six (8) DTCs stored

ECU #2 has one (1) DTC stored, and ECU #3 has no (0) DTC stored.

Table 46 — Request emission-related diagnostic frouble codes request message

3

Message direction:

External test equipment — All ECUs

Message Type: Reqguest
Data Byte Description {all values are in hexadecimal} Byte Value {Hex}] | Mnemonic
#1 Request emission-related DTC request SID 03 SIDRQ

42
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Table 47 — Request emission-related diagnostic trouble codes response message

Message direction:

£CU #1 — External fest equipment

Message Type: Response
Data Byte Description {all values are in hexadecimal) Byte Value {(Hex} | Mnemonic

#1 Regquest emission-retated DTC response SiD 43 SIDPR

#2 DTC#1 High Byte of P0143 o1 DTC1HI
#3 DIC#1 Low Byte of P0143 43 DTC1LO
#4 DYC#2 High Byte of P0196 o DTC2H!
#5 DTC#2 L ow Byte of P0196 96 DTC2LO
#6 DYC#3 High Byte of P0234 02 DTC3H!
#7 DTC#3 Low Byle of P0234 34 DTC3LO

Tabie 48 — Request emission-related diagnostic trouble codes response message

Message direction:

£CU #2 — External test equipment

Message Type: Response
Data Byte Description {all values are in hexadecimal} Byte Value {Hex} | Mnemonic

#1 Request emission-retated DTC response SiD 43 SIDPR

#2 DTC#1 High Byte of P0443 04 DTC1H
#3 DTC#1 Low Byle of P0443 43 DTCILO
#4 DTC#2 High Byte: 00 00 DTCZHi
#5 DTC#2 Low Bylte: G0 a0 DTC2LO
#6 DTC#3 High Byte: 60 a0 DTC3H!
#7 DTC#3 Low Byte: G0 00 DTC3LO

Table 48 — Request emission-related diagnostic trouble codes response message

Message direction: |ECU #1 — External fest equipment
Message Type: Response

Data Byte Description {all values are in hexadecimal) Byte Value {(Hex} | Mnemonic
#1 Request emission-related DTC response SiD 43 SIDPR
#2 DYC#1 High Byte of P02CD a2 DTC1H
#3 DTC#1 Low Byte of PO2CD CD DICILO
#4 DTC#2 High Bylte of PO357 03 DTC2Hi
#5 DIC#2 Low Byte of P0357 57 DTC2LO
#6 DTC#3 High Byle of POA24 0A DTC3H#
#7 DTC#3 Low Byte of POA24 24 DTC3LO
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Table 50 — Request emission-related diagnostic trouble codes response message

Message direction: |ECU #3 - FExtemal test equipment
Message Type: Response

Data Byte Description {all values are in hexadecimal} Byte Value {Hex) Mnemonic
#1 Request emission-related DTC response SID 43 SIDPR
#2 DTC#1 High Byte: 00 60 DIC1HI
#3 DTC#1 Low Byte: 00 G0 DTCHLO
#4 DTC#2 High Byte: 00 G0 DTC2HI
#5 DTC#2 Low Byte: 00 80 DTC21.0
#9 DTC#3 High Byte: 00 G0 DIC3HI
#7 DTC#3 Low Byte: 00 80 DTC3LO

NOTE For 1SC 9141-2 and SAE J1850 protocols, the ECU #3 response message is optional because there is no DTC
stored. if 1ISO 14236-4 protoco! is supported by the vehicle, ECU #3 shall send a positive response message with no
DTCs.

6.4 Service $04 — Clear/reset emission-related diagnostic information

6.4.1 Functional description

The purpose of this service is to provide a means for the external test equipment to command ECUs to clear
all emission-related diagnostic information. This inciudes:

— MIiL and number of diagnostic trouble codes {can be read with Service $01, PID $01)
— Clear the I/M {Inspection/Maintenance) readiness bits {Service $01, PID $01 and $41)

— Confirmed diagnostic trouble codes {can be read with Service $03)

— Pending diagnostic frouble codes {can be read with Service $07)

— Diagnostic trouble code for freeze frame data {can be read with Service $02, PID $02)
— Freeze frame data {can be read with Service $02)

— Oxygen sensor test data {can be read with Service $05)

— Status of system monitoring tests {can be read with Service $01, PID $01)
— On-board monitoring test results {can be read with Service $06)

— Distance travelied while MIL is activated {can be read with Service $01, PID $21)
— Number of warm-ups since DTCs cleared {can be read with Service $01, PID $30)
— Distance travelled since DTCs cleared {can be read with Service $01, PID $31)
— Time run by the engine while MIL is activated {can be read with Service $01, PiD $4D}
— Time since diagnostic trouble codes cleared {can be read with Service $01, PID $4E)

Other manufacturer-specific “clearing/resetting” actions may also occur in response to this request message.
For safety and/or technical design reasons, some ECUs may not respond to this service under all conditions.
All ECUs shall respond to this service request with the ignition ON and with the engine not running. ECUs that
cannot perform this operation under other conditions, such as with the engine running, will ignore the request
with SAE J1850 and 1SO 9141-2 interfaces, or will send a negative response message with 1SO 14230-4
interfaces, as described in iSO 14230-4.
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6.4.2 Message data bytes

6.4.2.1 Clearireset emission-related diagnostic information request message definition

Table 51 — Clear/reset emission-related diaghostic information request message

Data Byte Parameter Name Cvt | Hex Value | Mnemonic

#1 Clear/reset emission-related diagnostic information request SID M 04 SIDRQ

6.4.2.2 Clearireset emission-related diagnostic information response message definition

Table 52 — Clearireset emission-related diagnostic information response message

Data Byte Parameter Name Cvt | Hex Value | Mnemonic

#1 Clearfreset emission-Telated diagnostic information response SiD M 44 SIDPR

6.4.3 Parameter definition

This service does not support any parameters.

6.4.4 Message exampie

This example is based on the example of Service $03 as described in 7.3.4. The external test equipment
commands the vehicle io clear/reset emission-related diagnostic information with the engine running. The
ECU #1 (ECM) and ECU #2 (TCM) will send a response message to confirm that all emission-related
diagnostic information is cleared. For 18O 9141-2 and SAE J1850 protocols, ECU #3 (ABS/T raction Control)
will not send a response message because the conditions to perform the requested action are not met. For
ISO 14230-4 protocol, ECU #3 will send a negative response message with response code $22 -
conditionsNotCorrect. In such case the external test equipment shall post a message with “Stop engine and
turn ON ignition” and then repeat the Service $04 command and check for response messages from all
emission-related ECUs installed in the vehicle.

Table 53 — Clearireset emission-refated diagnostic information request message

Message direction: | Extemnal test equipment — Al ECUs

Message Type: Request

Data Byte Description {all values are in hexadecimal) Byte Value {Hex) | Mnemonic

#1 Clearireset ermission-related diagnostic information request SID 04 SIDRQ

Table 54 — Clearireset emission-related diagnostic information response message

Message direction: | ECU#1 — External test equipment

Message Type: Response

Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Clearfreset emission-related diagnostic information response SiD 44 SIDPR
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Table 55 — Clear/reset emission-related diagnostic information response message

Message direction: |ECU#2 — External test equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal} Byte Value {Hex) | Mnemonic
#1 Clear/reset emission-related diagnostic information response SID 44 SiIDPR

Table 56 — Negative response message

Message direction: |ECU#3 — External test equipment

Message Type: Response

Data Byte Description {all values are in hexadecimal} Byte Value {Hex} | Mnemonic
#1 Negative Response Service identifier 7F SIDNR
#2 Clearfreset emission-related diagnostic information request SID 04 SIDRQ
#3 Negatlive Response Code: conditionsNotCorrect 22 NR_CNC

For 18O 14230-4 protocol, the conditions of ECU#3 to Clear/reset emission-related diagnostic information are
not met. Therefore, ECU #3 sends a negative response message with response code “conditionsNotCorrect”.
The external test equipment shall repeat the request after the conditions of the vehicle have changed by the
user. Now, all ECUs shall send a positive response message o the external test equipment to confirm
successful operation of the Clear/reset emission-related diagnostic information service.

6.5 Service $05 — Request oxygen sensor monitoring test results

6.5.1 Functional description

The purpose of this service is to aliow access io the on-board oxygen sensor monitoring test resulis. The
same information may be obtained by the use of Service $05.

The request message for test resuits inciudes a Test ID value that indicates the information requested. Test
vaiue definitions, scaling information, and display formats are included in Annex C.

Many methods may be used to calculate test resuits for this service by different manufacturers. If data values
are to be reported using these messages that are different from those specified, ranges of test values have
been assigned that can be used which have standard units of measure. The external test equipment can
convert these values and display them in the standard units.

The ECU shall respond to this message by transmitting the requested test data last determined by the system.
The latest test resuits are to be retained, even over multiple ignition OFF cycles, until replaced by more recent
test results. Test results are requested by Test iD.

Not all test values are applicable or supported by all vehicles. An optional feature of this service is for the ECU
to indicate which Test IDs are supported. Test ID $00 is a bit-encoded value that indicates support for Test
IDs from $01 to $20. Test ID $20 indicates support for Test IDs $21 through $40, efc. This is the same
concept as used for PiD support in Services $01 and $02 as specified in Annex A. If Test ID $00 is not
supported, then the ECU does not use this feature to indicate Test ID support.
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6.5.2.1

supported TIDs}

ISO 15031-5:2606(E)

Request oxygen sensor monitoring test results request message definition {read

Table 57 — Request oxygen sensor monitoring test results request message {read supported TIDs}

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Regquest oxygen sensor monioring test results request SiD M g5 SIDRQ
#2 Test iD (see Annex A) M XX TID
#3 02 Sensor # M XX O2SNO
6.5.2.2 Request oxygen sensor monitoring test results response message definition (report

supported TIDs}

Table 58 — Request oxygen sensor monitoring test results response message {report supported TiDs})

Data Byte Parameter Name Cvt | Hex Value | Mnemonic

#1 Request oxygen sensor monitoring test results response SID M 45 SIDPR
#2 TestiD M XX TID

02 Sensor # M XX QZ8NO
#4 data record of supporied TestiDs ={ Data A: supported Test IDs, M XX DATA_A
#5 Data B: supported Test I1Ds, M XX DATA_B
#5 Data C: supporied Test 1Ds, M XX DATA_C
#7 Data D: supporied Test1Ds } M XX DATA_D

6.5.2.3 Request oxygen sensor monitoring test results request message definition {read TiD values)

Table 58 — Request oxygen sensor monitoring test results request message (read TiD values)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request oxygen sensor moniforing test results request SID M 85 SIDRQ
#2 TestiD M XX TID
#3 Q2 Sensor # M XX O2SNO
6.5.2.4 Request oxygen sensor monitoring test results response message definition

{report TiD values}

Table 60 — Request oxygen sensor monitoring test results response message {report TiD values)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request oxygen sensor monitoring test results response SID M 45 SIDPR
#2 TESTID M XX TID
#3 Q2 Sensor # M XX O28NO
#4 datarecord of Test iD=§ Tesi Value M XX TESTVAL
#5 Minimum Limit ca XX MINLIMIT
#5 Maximum Limit ] C XX MAXLIMIT

included.

3 ¢ = Condifional — if the supporied Test iD is 2 constant ($01 - $04), the parameters Minimum and Maximum Limit shalt not be
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6.5.3 Parameter definition

6.5.3.1

The Test iDs supported is the same concept as used for PiD support in Services $01 and $02 as specified in

Annex A.

6.5.3.2

Test IDs supported

Test ID and data byte descriptions

Annex C specifies standardized and vehicle manufacturer specific Test ID ranges.

6.5.3.3

The oxygen sensor location value used in the request message shall indicate the oxygen sensor location as

Oxygen sensor location definition

defined by PID $13 or $1D as specified in Annex B.

Tabie 61 — Oxygen sensor location description

Oxygen sensor location {one, and only one bit can be setto a 1}
Bit Sensor location? Alternative sensor location®
0 Bank 1 - Sensor 1 Bank 1 - Sensor 1
1 Bank 1 - Sensor 2 Bank 1-S8ensor 2
2 Bank 1 - Sensor 3 Bank 2 - Sensor §
3 Bank 1 - Sensor 4 Bank 2 - Sensor 2
4 Bank 2 - Sensor 1§ Bank 3 - Sensor 1
5 Bank 2 - Sensor 2 Bank 3 - Sensor 2
[ Bank 2 - Sensor 3 Bank 4 - Sensor 1}
7 Bank 2 - Sensor 4 Bank 4 - Sensor 2
3 i Service $01 PID $13 supported.
5 if Service $01 PID $1D supported.

6.5.3.4  Test result description

Table 62 — Test Result description

Hex # of bytes Description

00-FF 1 The Test Result parameter includes either a constant or a calculated value depending on the
Test ID.
6.5.3.5 Minimum and Maximum Test Limit description

Table 83 defines Minimum and Maximum Test Limit. The Test Limit value is either a minimum or a maximum
value to which the test resuits are compared. The Test Limit is a one-byte unsigned numeric value (0 - 255).

Table 63 — Minimum and Maximum Test Limit description

Test Limit | # of bytes Description
Minimum 1 The minimum test iimit (only for calculated iest result) is the minimum value to which the test
resuit is compared.
Maximum 1 The maximum test fimit {only for calculated test result) is the maximum value fo which the
test resuit is compared.
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For results of latest mandated on-board oxygen sensor monitoring test, see Figure 16.
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Figure 16 — Test ID value example

6.5.4 Message example

The example below shows how the “Request oxygen sensor monitoring test results” service shall be
implemented.

6.5.4.1 Step #1: Request oxXygen sensor monitoring test results {request for supported Test IDs})
from vehicie

The exiemnal test equipment requests all supported Test IDs from the vehicle. Refer to the example of Service
$01 for how to request supported PIDs {same concept is used for supported TIDs). PID $13 is supported by
ECU #1. This is important information for the external test equipment in order to identify the correct 02 Sensor
location.

As a result of the supported TiD request, the external test equipment creates an internal list of supported TIDs
for each ECU: The ECU #1 (ECM) supports Test iDs $01 - $06, $70, $71 and $81. The ECU #2 (TCM) does
not support any Test iDs.

6.5.4.2 Step #2: Request oxygen sensor monitoring test results from vehicle

The external test equipment sends two (2) “Request oxygen sensor monitoring test resuits” request messages
to the vehicle. The two (2) request messages include the foliowing Test iDs:

— 1st request message: Test IDs $01

—  2nd request message: Test IDs $05

NGTE In general, the externat fest equipment should read the test status of Service $01 PID $01 prior to execute
Service $05 with Test Id $01 and 305 to verify, whether the tests are supported and completed. The test values reported
may be invalid if the test is not compileted.
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Table 64 — Request oxygen sensor monitoring test results request message

Message direction: |External test equipment —> All ECUs

Message Type: Request

Data Byte Description {all values are in hexadecimal} Byte Value {Hex) | Mnemonic
#1 Request oxygen sensor monitoring test results request SID 85 SIDRQ
#2 TID: Rich to lean sensor threshold voltage {constant) 81 TiD
#3 02 Sensor # Bank 1 - Sensor 1 01 O2SNC

Table 65 — Request oxygen sensor monitoring test results response message

Message direction: |ECU#1 — External test equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal) Byte Value {Hex] | Mnemonic
#1 Request oxygen sensor monitoring test results response SID 45 SiDPR
#2 TID: Rich to lean sensor threshold voltage {constant) 01 TiD
#3 02 Sensor # Bank 1 - Sensor 1 01 O25NC
#4 Test Limit: 450 mV 5A TESTVAL

NOTE £CU#2 does not support any Test IDs and therefore does not send a response message.

Table 66 — Request oxygen sensor monitoring test results request message

Message direction: |External test equipment — All ECUs

Message Type: Request

Data Byte Description {all values are in hexadecimal) Byte Value {Hex) | Mnemonic
#1 Request oxygen sensor monitoring test results request SID 85 SiDRQ
#2 T1D: Rich to lean sensor switch time {calcutated) 85 TiD
#3 Q2 Sensor # Bank 1 - Sensor 1 81 O2SNO

Table 67 — Request oxygen sensor monitoring test results response message

Message direction: |ECU#1 — External test equipment
Message Type: Response

Data Byte Description {all values are in hexadecimal} Byte Value {Hex] | Mnemonic
#1 Request oxygen sensor monitoring test results response SID 45 SiDPR
#2 TID: Rich fo lean sensor switch time {calculated) 05 TiD
#3 02 Sensor # Bank 1 - Sensor 1 01 O2SNC
#4 Test Limit: 72 ms (milliseconds) 12 TESTVAL
#5 Minimum Limit O ms 00 MINLIMIT
#6 Maximum Limit: 160 ms 19 MAXLIMIT
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6.6 Service $06 — Reguest on-board monitoring test resuits for specific monitored systems

6.6.1 Functional description

The purpose of this service is to allow access to the resuits of on-board diagnostic monitoring tests for specific
components/systems. Examples are catalyst monitoring and the evaporative system monioring.

The vehicle manufacturer is responsible for assigning Test iDs and Component IDs for tests of different
systems and components. The latest valid test resuits are to be retained, even over multiple ignition OFF
cycles, untii replaced by more recent test results. Test results are requested by Test ID. Test results are
reported only for supported combinations of test limit type and component ID, and are reported as positive
{unsigned) values. Only one test limit is included in a response message, but that limit could be either a
minimum or a maximum fimit. If both a minimum and maximum test limit are to be reporied, then two (2)
response messages will be transmitted, in any order. The most significant bit of the “test limit type/component
D" byte will be used to indicate the test limit type.

An optional feature of this service is for the ECU to indicate which Test IDs are supported. Test ID $00 is a bit-
encoded value that indicates support for Test IDs from $01 to $20. Test ID $20 indicates support for Test IDs
$21 through $40, etc. This is the same concept as used for PID support in Services $01 and $02 as specified
in Annex A. if Test iD $00 is not supported, then the ECU does not use this feature to indicate Test iD

support.

This service can be used as an alternative to Service $05 to report oxygen sensor test results.

A unique method must be utilized for displaying data for monitors that have muliiple tests. Many OBD
monitors have muitiple tests that that are done in either a serial or parallel manner. If a monitor uses mulitiple
Test iD/Component ID combinations that may not all complete at the same time, the following method shail be
used to update the stored test resuits at the time of monitor completion:

After the monitor completes, update all Test ID/Component {D combinations {or “test results”) that were
utilized by the monitor with appropriate passing or failing resuits. If a test result (or “Test ID/Component ID7)
was not utilized during this monitoring event, set the Test Values and Minimum and Maximum Test Limits o
their initial values (test not completed). Test results from the previously completed monitoring events shall not
be mixed with test resuits from the current completed monitoring event.

in some cases, test results {or “Test ID/Compoenent {D combinations”) will be displayed as being incomplete
even though the monitor (as indicated by PID $41) was successfully completed and either passed or failed. In
other cases, some Test IDs will show passing resuits while others will show failing results after the monitor {as
indicated by PID $41) was successfully completed and failed. Note that OBD-1l regulations prohibit a passing
monitor from showing any failing test results. if an initial serial fest indicates a failure and a subsequent re-fest
of the system indicates a passing result, the test that was utilized to make the passing determination shouid
be displayed, while the failing test that was utilized to make the initial determination should be reset to its initial
values {test not completed).

As an example of a serial monitor, an evaporative system monitor can fail for a large evaporative system leak
and never continue to test for smalt leaks or very small leaks. In this case, the Component ID for the large leak
would show a failing resuit, while the small leak test and the very small leak test wouid show incomplete. As
an example of the paraliel monitor, a purge valve flow monitor can pass by having a large rich lambda shift, a
large lean lambda shift or a large engine rpm increase. If the purge valve is activated and a large rich lambda
shift occurs, the Component D for the rich lambda shift would show a passing result while the other two
Component IDs would show incomplete. Since some Component 1Ds for a completed monitor will show
incomgplete, PID $41 must be used to determine monitor completion status.
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6.6.2 Message data bytes

6.6.2.1

definition {read supported TiDs)

Request on-board monitoring test resuits for specific monitored systems request message

Table 68 — Request on-board monitoring test results for specific monitored systems request message

{read supported TiDs)
Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request on-board monitoring test resulfs for specific monitored M 08 SIDRQ
systems request SiD
#2 Test ID {see Annex A} M XX TiD
6.6.2.2 Request on-board monitoring test results for specific monitored systems response message

definition {report supported TIDs)

Table 83 — Request on-board monitoring test results for specific monitored systems response

message {report supported TIDs}

Data Byle Parameter Name Cvt | Hex Value | Mnemonic
#1 Request on-board monitoring test results for specific monitored M 46 SIDPR
systems response SiD
#2 TestiD M XX TiD
#3 FillerByte M FF FB
data record of supported Test IDs ={ DATAREC _
#4 Datia A: supported Test iDs, M XX DATA_A
#5 Data B: supported Test iDs, M XX DATA B
#8 Data C: supported Test iDs, M XX DATA C
#7 Data D: supported Test iDs } M XX DATA D
6.6.2.3 Request on-board monitoring test resuits for specific monitored systems request message

definition {read test results)

Table 70 — Request on-board monitoring test results for specific monitored systems request message

{read test resuits)
Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request on-board monitoring fest results for specific monifored M 08 SIDRQ
systems request SID
#2 Test iD {request test results) M XX TiD
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6.6.2.4 Request on-board monitoring test results for specific monitored systems response message
definition {report test results)

Table 71 — Request on-board monitoring test results for specific monitored systems response
message (report test results)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic

#1 Request on-board monitoring test results for specific monitored M 48 SIDPR
systems response SID

#2 Test ID (report test resulis) M XX IID

#3 Test Limit Type & Component iD M XX TLTCID
data record of Test iD=§ TiDREC_

#4 Test Value {High Byte} M XX TvHI

#5 Test Value {Low Byte) M XX TVLO

#5 Test Limit (High Byte) ca XX TLHI

#7 Test Limit {Low Byte} ] C XX TLLO

2 ¢ = Conditional — if Test Limit is either a Minimum or a Maximum Limit depends on the parameter Test Limit Type & Component
ID value (bit 7).

6.6.3 Parameter definition

6.6.3.1 TestIDs supported

The Test 1Ds supported is the same concept as used for PID support in Services $01 and $02 as specified in
Annex A.

6.6.3.2 Test D and data byte descriptions

Annex C specffies standardized and vehicle manufacturer specific Test ID ranges, which are permitied to be
supported in this service.

NGCTE For 1SO §141-2, SAE J1850 and 150 14230-4 protocols that Annex C is recommended but not required. This
is for backward compatibility and only applies fo Test iD range $01 — $1F.

6.6.3.3 Test Limit Type and Component ID description

The Test Limit Type and Component D is a one (1) byte parameter and is defined in the table below.

Table 72 — Test Limit Type and Component iD description

Parameter Name Bit Description

Component iD 0-6 |Component D - manufaciurer specified - necessary when multiple components of
systems are present on the vehicle and have the same definition of Test iD.

if the same test is performed on more than one component, muttiple test resuits shall be
reported for that Test ID. For example, a test for bank 1 catalyst can be the same as a
test for a bank 2 catalyst, or a test for a pre-catalyst oxygen sensor can be the same as a
test for a post-catalyst oxygen sensor. in either case, a request for a single Test ID wouid
result in fwo test resulis being reporied with different Component 1Ds.

Test Limit Type 7 Most Significant Bit (MSB) indicates type of test limit, where:
0 - test limit is maximum value - lest fails if test value is greater than this value; and
1 - test Himit is minimuim value - test fails if test value is ess than this value.
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6.6.3.4  Test Resuilt description

The Test Result represents the test result and is defined in the tabie below.

Table 73 — Test Result description

Parameter Name # of bytes Description

Test Result 2 Test result - this value shall be less than or equal to the test limit if MSB of Test
{High and | Limit Type and Component iD byie is “0”, and shali be greater than or equal to the
Low Byte) |test fimit if MSB of Test Limit Type and Component iD byte is “4”. The Test Value
is a two-byte unsigned numeric value (0 - 65535).

6.6.3.5 Test Limit description

The Test Limit is defined in the table below.

Table 74 — Test Limit description

Parameter Name| # of bytes Description
Test Limit 2 The Test Limit value is either a minimum or a maximum vaiue to which the test resuits
{High and | are compared. The Test Limit is a two-byie unsigned numeric value {0 - 85535).
Low Byte)

6.6.4 Message example

The example below shows how the “Request on-board monitoring test results for specific monitored systems”
service shall be implemented.

6.6.4.1  Step #1: Request on-board monitoring test results for specific monitored systems {request
for supported Test IDs})

The external test equipment requests all supported Test IDs from the vehicle. Refer to the example of Service
$01 how to request supported PIDs {same concept is used for supported TiDs).

As a result of the supporied TID request, the external test equipment creates an intemal list of supported TiDs
for each ECU. The ECU #1 {ECM) supports Test iD $02. The ECU#2 {TCM) does not support any Test IDs.

6.6.42 Step #2: Request on-board monitoring test results for specific monitored systems

The external test equipment sends a *Request on-board monitoring test resuits for specific monitored
systems” request message with one {1) supported Test 1D to the vehicle. The response messages indicate
which Component IDs are supported. The request message inciudes the following Test ID:

Test ID $02 - Lean to rich sensor threshold voltage (constant), (supported Component IDs: $04, $16).

NOTE in general, the external test equipment should read the test status of Service $01 PID $01 prior to execute
Service $06 with Test ID $01 and $08 to verify whether the tests are supported and completed. The test values reported
may be invalid if the fest is not completed.
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Table 75 — Request on-board monitoring test resuits for specific monitored systems request message

Message direction:

Extemnal test equipment —» Al ECUs

Message Type: Request
Data Byte Description (all values are in hexadecimal} Byte Value {Hex} | Mnemonic
#1 Request on-board monitoring test resuits for specific monitored a6 SIDRAQ
systems request SiD
#2 TiD Lean to rich sensor threshold voltage {constant} 092 TiD

Tabie 76 — Request on-board monitoring test resuits for specific monitored systems

response message

Message direction: | ECU#1 - Extemal test equipment
Message Type: Response

Data Byte Description {all values are in hexadecimal) Byte Value {Hex) | Mnemonic

#1 Request on-board monitoring test resuils for specific monitored 46 SIBPR
systems response SiD
#2 TiD Lean to rich sensor threshaeld voltage {constant} a2 TiD
#3 Test Limit Type: test it is minimum value; Component 1D: 04 84 TLTCID
#4 Test Value High Byte: test fails if iest value is less than test limit a0 TVHI
#5 Test Vaiue Low Byte: test falls if test value is less than test limit 10 T™vVLO
#6 Minimum Test Limit High Byle a0 TLHI
#7 Minimum Test Limii Low Byte 00 TLLO
NCTE ECU#2 does not support any Test 1Ds and therefore does not send a response message.

Tabie 77 — Request on-board monitoring test results Tor specific monitored systems

response message
Message direction: | ECU#1 — External test equipment
Message Type: Response

Data Byte Description {all values are in hexadecimal) Byte Value {Hex) | Mnemonic

#1 Request on-board monitoring lest results for specific monitored 46 SIDPR
systems response SiD
H#2 TiD Lean to rich sensor threshold voltage {constant} 02 TiD
#3 Test Limit Type: test imit is maximum value; Component ID: 16 16 TLTCID
#4 Test Vaiue High Byte: test fails if test value is greater than test limit a0 TVHI
#5 Test Vaiue Low Byte: test fails if test value is greater than test limit 32 T™VLO
#5 Maximum Test Limit High Byle a0 TLHI
#7 Maximum Test Limii Low Byle 20 TLLO
NOTE The above example shows that the test in ECU #1 for Test iD 82 and Component iD 04 passed and that the

test in ECU #1 for Test ID 02 and Component iD 16 failed.
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6.7 Service $07 - Request emission-related diagnostic trouble codes detected during
current or last completed driving cycle

6.7.1 Functional description

The purpose of this service is to enable the external fest equipment to obtain “pending” diagnostic trouble
codes detected during current or last completed driving cycle for emission-related componenis/systems.
Service $07 is required for all DTCs and is independent of Service $03. The intended use of this data is to
assist the service technician after a vehicle repair, and after clearing diagnostic information, by reporting test
results after a single driving cycle. If the test failed during the driving cycle, the DTC associated with that test
will be reported. Test results reported by this service do not necessarily indicate a faulty component/system. If
test results indicate a failure after additional driving, then the MIL wili be illuminated and a DTC will be set and
reported with Service $03, indicating a faulty component/system. This service can always be used to request
the results of the latest test, independent of the setting of a DTC.

Test results for these components/systems are reported in the same format as the DTCs in Service $03 - refer
to the functional description for Service $03.

If less than three (3) DTC values are reported for failed tests, the response messages used to report the fest
results shall be filled with $00 to fill seven (7) data bytes. This maintains the required fixed message length for
all messages.

If there are no test failures to report, responses are pemmitted but not required for SAE J1850 and I1SO 9141-2
interfaces. For iSO 142304 interfaces, the ECU will respond with a report containing no codes (all DTC
values shall contain $00).

6.7.2 Message data bytes

6.7.21 Request emission-related diagnostic trouble codes detected during current or last
completed driving cycle request message definition

Table 78 — Request emission-related diagnostic trouble codes detected during current
or last compieted driving cycle request message

Data Byte Parameter Name Cvt | Hex Value | Mnemonic

#1 Request emission-related diagnostic frouble codes detected during M 07 SIDRQ
current or last completed driving cysole request SiD

6.7.2.2 Request emission-related diagnostic trouble codes detected during current or last
completed driving cycie response message definition

Table 79 — Request emission-related diagnostic trouble codes detected during current
or jast completed driving cycle response message

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request emission-related diagnostic irouble codes detected during M 47 SIDPR
current or fast completed driving cycle response SiD

H2 DTC#1 {High Byte) MWC2 XX DTCHHI
#3 DTC#1 {Low Byte} M/IC XX DTCH.O
#4 DTC#2 (High Byte) M/C XX DTC2HI
#5 DTC#2 {Low Byte) M/IC XX DTC2L0
#6 DTC#3 (High Byte) M/IC XX DTC3HI
#T DTC#3 {Low Byte) MIC XX DTC3LC

4 ¢ = Conditional — DTC#1, DTC#2, and DTC#3 are always present. If no valid DTC number is included the DTC values shall
contain $00.
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6.7.3 Parameter definition

This service does not support any parameters.

6.7.4 Message example

Refer to message example of Service $03.
6.8 Service $08 — Request controi of on-board system, test or component

6.8.1 Functional description

The purpose of this service is 1o enable the external test equipment o control the operation of an on-board
system, test or component.

The data bytes will be specified, if necessary, for each Test iD in Annex F, and will be unique for each Test ID.
if any data bytes are unused for any test, they shail be filled with $G0 to maintain a fixed message length.

Possible uses for these data bytes in the request message are

— Turmn on-board system/test/component ON;

— Turn on-board system/test/‘component OFF; and

— Cycle on-board system/test/component for ‘n’ seconds.

Possibie uses for these data bytes in the response message are

— Report system status; and

— Report test resulls.

An optional feature of this service is for the ECU to indicate which Test iDs are supported. Test 1D $00 is a bit-
encoded value that indicates support for Test IDs from $01 to $20. Test ID $20 indicates support for Test iDs

$21 through $40, etc. This is the same concept as used for PiD support in Services $01 and $02 as specified
in Annex A. i Test ID $00 is not supported, then the ECU does not use this feature to indicate Test ID

support.
6.8.2 Message data bytes

6.8.2.1 Request control of on-board device request message definition (read supported TiDs}

Table 80 — Request controi of on-board device request message {read supported TIDs)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request control of on-board device request SID M 48 SIDRQ
#2 Test iD (see Annex A) M XX TID
data record of Test iD= TIDREC_
#3 Data A, M 00 DATA A
#4 Data B, M 60 DATA B
#5 Data C, M 00 DATIA C
#6 Data D, M 00 DATA D
#7 Data E] M 6o DATA_E
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6.8.22  Request control of on-board device response message definition {report supported TiDs)

Table 81 — Request control of on-board device response message {report supported TIDs}

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request confro! of on-board device response SID M 48 SIDPR
#2 TestiD M XX TiD
#3 FillerByte M 0G FB
data record of supported Test IDs = { TIDREC_
#4 Data A: supporied Test 1Ds, M XX DATA A
# Data B: supporied Test 1Ds, M XX DATA B
#5 Data C: supported Test IDs, M XX DATA C
# Data D: supported Test iDs } M XX DATA D

6.8.2.3 Request control of on-board device request message definition {read TID values)

Table 82 — Request control of on-board device request message ({read TiD values)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request conirol of on-board device request SiD M 08 SIBRQ
#2 Test ID {request Test 1D values) M xxX Tib

data record of TestiD =1 TIDREC_

#3 Data A, M/Cca XX DATA A
#4 Data B, M/IC xx DATA_B
#5 Data C, M/IC XX DATA_C
#8 Data D, MiC b DATA D
#7 DataE} MiC xx DATA_E

4 C=Conditional — Data A - £ shall be filled with $00 i unused.

6.8.24  Request control of on-board device response message definition {report TiD values)

Table 83 — Request control of on-board device response message {report TID values)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request controf of on-board device response SID M 48 SIBPR
H#2 Test D {report Test ID values) M XX T

data record of Test 1D =1 TIDREC_

#3 Data A, MWCa2 XX DATA_A
#4 Data B, M/IC XX DATA B
#5 Data C, M/C XX DATA_C
#6 Data B, M/C XX DATA_ D
H#7 Data E ] M/C XX DATA £

2 C=Conditional — Data A - £ shall be filled with $00 i unused.
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§.8.3 Parameter definition

6.8.3.1  Test IDs supported

Refer to Annex A.

6.8.3.2 Test ID and data byte descriptions

Refer to Annex F.

6.8.4 Message example

The example below shows how “Request control of on-board system, test or component” service shall be
implemented.

6.8.4.1 Step #1: Request control of on-board system, test or component {request for supported Test
IDs}

The exiernal test equipment requests all supported Test IDs from the vehicle. Refer to the example of Service
$01 how fo request supported Test iDs {same concept is used for supported TIDs}.

As a result of the supported TID request, the external test equipment creates an internal list of supported PiDs

for each ECU. The ECU #1 (ECM) supports Test ID $01. The ECU #2 (TCM) does not support any Test IDs
and therefore does not send a response message.

6.8.4.2 Step #2: Request control of on-board device {Service $08, Test ID $01)

The external test equipment sends a “Request control of on-board device” message with one (1} supported
Test iD $01 to the vehicle.

Table 84 — Request control of on-board device request message

Message direction: | Exiernal test equipment — Ali ECUs
Message Type: Request

Data Byte Description {alf values are in hexadecimal) Byte Value {Hex) | Mnemonic
#1 Request conirol of on-board device request SID a8 SiIDRQ
#2 TiD: Evaporative system leak test a1 TiD
#3 Data A: 00 00 DATA_A
#4 Data B: 00 00 DATA B
#5 Data C: 00 60 DATA_C
#6 Data D: 00 00 DATA_D
#7 Data E: 08 a0 DATA_E
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Table 85 — Request control of on-board device response message

Message direction: | ECU#1 — External test equipment
Message Type: Response

Data Byte Description {all values are in hexadecimal} Byte Value {Hex) | Mnemonic
#1 Request control of on-board device response SID 48 SIDPR
#2 TID: Evaporative system leak test o1 TiD
#3 Data A: 00 G0 DATA_A
#4 Data B: 00 00 DATA_B
#5 Data C: 00 G0 BDATA C
#B6 Data D: 00 80 DATA D
#7 Data E: 00 00 DATA_E

NOTE ECU#2 does not support the Test 1D and therefore does not send a feSponse message.
6.9 Service $09 — Request vehicle information

6.9.1 Functional description

The purpose of this service is o enable the external test equipment to request vehicle-specific vehicle
information such as Vehicle identification Number (VIN) and Calibration 1Ds. Some of this information may be
required by regulations and some may be desirable to be reported in a standard format if supported by the
vehicle manufacturer. INFOTYPESs are defined in Annex G.

An optional feature of this service is for the ECU to indicate which INFOTYPEs are supported (support of
INFOTYPE $00 is required for ISO 9141-2). INFOTYPE $00 is a bit-encoded value that indicates support for
INFOTYPEs from $01 to $20. INFOTYPE $20 indicates support for INFOTYPEs $21 through $40, etc. This is
the same concept as used for PID support in Services $01 and $02 as specified in Annex A. If PID {Parameter
IDYTID (Test IDYINFOTYPE $00 is not supported, then the ECU does not use this feature fo indicate PID
{Parameter ID)/TID (Test ID)INFOTYPE support.

The external test equipment shall maintain a list of ECUs, which support the INFOTYPEs not equal to 300 in
order to justify, whether it expects a response message from this ECU or not. For request messages with
INFOTYPESs not equal to $00, the positive response messages may not be sent by the ECU(s) within the
P2max timing window as specified in 5.2.2. This applies to the following protocols:

a} 150 9141-2: if the positive response message is not received within P2y ine- the external test equipment
shall stop retrying the request message after one (1) minute from the original request. The retry message
shall be sent at least every four (4) seconds. The retry message keeps the bus alive and prevents the
external test equipment from having to re-initialize the bus {P3y tine lime out). The ECU shall not
re-initialize the Service $09 internal routine {see 5.2.4.3.2).

b} SAE J1850: If the response message is not received within thity (30) seconds, the external test
equipment shall re-send (retry) the request message. The ECU shall not re-initiate the Service $09
internal routine, but send the positive response message if not already sent. In order o achieve a
maximum time out of one (1) minute, the external test equipment shall perform no more than one (1) retry
(see 52.4.34).

If INFOTYPE $02 (VIN) is indicated as supported, the ECU shall respond within P2max timing even if the VIN
is missing or incomplete. For example, a development ECU may respond with $FF characters for VIN
because the VIN has not been programmed.
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6.9.2.1 Request vehicle information request message definition {read supported InfoType)
Tabie 86 — Request vehicle information request message {read supported InfoType}
Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Reguest vehicle information request SID M Gg9 SIDRQ
#2 infoType {see Annex A} M XX INFTYP
6.0.2.2 Request vehicle information response message definition {report supported infoType)
Table 87 — Request vehicle information response message (report supported InfoType)
Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Regqguest vehicle information response SiD M 49 SIDPR
#2 infoType M XX INFTYP_
#3 MessageCount M XX MC_
data record of infoType =[ DATAREC
4 Data A: supported InfoTypes, M XX DATA_A
#5 Data B: supported infoTypes, M XX DATA B
#5 Data C: supporied infoTypes, M XX DATA C
#7 Data D: supported infoTypes } M XX DATA D
6.9.2.3 Request vehicle information request message definition {read InfoType values}
Table 88 — Request vehicie information request message (read infoType vaiues}
Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Regquest vehicle information request SID M 89 SIDRG
#2 infoType M XX INFTYP_
6.9.2.4 Request vehicle information response message definition {report InfoType values)
Table 89 — Request vehicie information response message {report InfoType values)
Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Regquest vehicle information response SiD M 49 SIDPR
#2 infoType M XX INFTYP_
#3 MessageCount M XX MC_
#4 data record of infoType =[ Dala A, M/IC2 XX DATA_A
#5 Data B, W/C XX DATA B
#6 Data C, M/C XX DATA C
#7 Data D } MIC XX DATA D
2 (= Conditional — data A - D s only present if the requested infoType equals an even number.
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6.9.3 Parameter definition

6.9.3.1  Vehicle information types supported

Refer to Annex A.

6.9.3.2 Vehicie information types and data byte descriptions

Refer to Annex G.

6.9.3.3 MessageCount description
The MessageCount parameter has two (2) definitions depending on the InfoType parameter value:

— Odd InfoType parameter values (1, 3, 5, etc.}: In such a case, the MessageCount parameter includes a
value which represents the number of response messages to be sent by the server {(ECU) to report the
Data A .. D referenced by the corresponding next higher even InfoType parameter vaiue. The
MessageCount parameter value is a “static value”.

— Even infoType parameter values (2, 4, 6, etc.): In such a case the MessageCount parameter includes a
value which represents a dynamic counter starting with the value of 1 and incremented by 1 in the
following response messages {assuming error-free fransmission of the response message). The
MessageCount parameter value is a “dynamic incremented value” (increments by 1). The last response
message shall include an incremented MessageCount value, which matches the reported MessageCount
parameter vaiue previously reported by the server (ECU) with the odd InfoType {even InfoType — 1).

Refer to Annex G.
6.9.4 Message example

The example below shows how the “Request vehicle information” service shall be implemented.

6.9.41  Step #1: Request vehicle information (request supported InfoType} from vehicle

The external test equipment requests all supported InfoTypes from the vehicle. Refer to the example of
Service $01 for how to request supported PiDs (same concept is used for supported InfoTypes). As a resuit of
the supported InfoType request, the extemnal test equipment creates an internal list of supported InfoTypes for
each ECU: The ECU #1 (ECM) supports the following InfoTypes: $01, $02, $03, $04, $05, $06, $07, and $08.

Since there is only one ECU, which meets emission-related legislative requirements, no response messages
from another ECU will occur.

6.9.4.2 Step #2: Request infoTypes from vehicie
Now the external test equipment requests the following InfoType:

— InfoType $01: MC_VIN =5 response messages; supported by ECU#1

Table 90 — Request vehicle information request message

Message direction: |External test equipment — All ECUs

Message Type: Regquest

Data Byte Description {all values are in hexadecimal) Byte Value {Hex] | Mnemonic
#1 Request vehicle information request SID 09 SIDRQ
#2 infoType: MessageCount VIN 01 INFTYP
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Table 91 — Request vehicle information response message

Message direction: | ECU#1 — Exiernal test equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal} Byte Value {Hex} | Mnemonic
#1 Request vehicie information response SiD 49 SIDPR
#2 InfoType: MessageCount ViN a1 INFTYP
#3 MessageCount VIN = 5 response messages a5 MC_ViIN
Now the exiernal test equipment requests the following infoType:
—  InfoType $02: VIN = [1G1JC5444R72523867] supported by ECU#1.
Table 92 — Request vehicle information request message
Message direction: | Exiemal test equipment — All ECUs
Message Type: Request
Data Byte Description {all values are in hexadecimal) Byte Value {(Hex} | Mnemonic
#1 Request vehicie information request SiD 09 SIDRQ
#2 InfoType: VIN a2 INFTYP
Table 93 — Request vehicle information response message {1}
Message direction: | ECU#1 — Extemal test equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal) Byte Value {Hex) | Mnemonic
#1 Request vehicle information response SiD 49 SIBPR
#2 InfoType: VIN a2 INFTYP
#3 MessageCount VIN = 1t response message o1 MC_ViIN
#4 Data A: Fill byte 00 DATA A
#5 Data B: Fill byte 00 DATA_B
#6 Data C: Fill byte a0 DATA_C
#7 Data D: 'Y 31 DATA_D
Table 94 — Request vehicie information response message {2}
Message direction: | ECU#1 — External test equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal) Byte Value (Hex) | Mnemonic
#1 Request vehicle information response SiD 49 SIDPR
#2 InfoType: VIN a2 INFTYP
#3 MessageCount VIN = 27d response message 02 MC_ViN
#4 Data A 'G 47 DATA_A
#5 Data B: ‘1 31 DATA B
#6 Data C. 'J 4A DATA C
#7 Data D:°C’ 43 DATA_D
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Table 95 — Request vehicle information response message (3)

Message direction: |ECU#1 — External test equipment

Message Type: Response

Data Byte Description {all values are in hexadecimal} Byte Value {Hex} | Mnemonic
#1 Request vehicle information response SiD 49 SIDPR
#2 infoType: VIN g2 INFTYP
#3 MessageCount VIN = 37 response message g3 MC_VIN
#4 Data A:'5’ 35 DATA_A
#5 Data B: ‘4 34 DATA B
#6 Data C: ‘4’ 34 DATA_C
#7 Daia D:'4 34 DATA_D
Table 96 — Request vehicle information response message (4)
Message direction: |ECU#1 — External test equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal} Byte Value {Hex) | Mnemonic
#1 Request vehicle information response SiD 49 SIDPR
#2 infoType: VIN 82 INFTYP
#3 MessageCount ViN = 4% response message 04 MC_VIN
#4 Data A* R’ 52 DATA_A
#5 Daia B 7 37 DATA B
#6 Data C: 2 32 DATA C
#7 Data D: 5’ 35 DATA D
Table 97 — Request vehicle information response message {5)
Message direction: |ECU#1 — External test equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal} Byte Value {Hex} | Mnemonic
#1 Request vehicle information response SiD 49 SiDPR
#2 infoType: VIN 02 INFTYP
#3 MessageCount VIN = 5% response message 85 MC VIN
#4 Data A2 32 DATA_A
#5 Data B.'% 33 DATA_B
#6 DataC: ¢ 36 DATA_C
#7 Data D: ‘7" 37 DATA D
Now the external test equipment requests the following InfoType:
— InfoType $03: MessageCount Calibration ID = $08;  supported by ECU#1
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Table 98 — Request vehicie information request message

Message direction: | Extemal test equipment — All ECUs

Message Type: Request

Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request vehicle inforrnation request SiD a9 BIDRQ
#2 InfoType: MessageCount Calibration 1D 03 INFTYP

Table 99 — Request vehicle information response message

Message direction: | ECU#1 - External test equipment

Message Type: Response

Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request vehicle information response SID 49 SIBDPR
#2 InfoType: MessageCount Calibration |1D a3 INFTYP
#3 MessageCount Calibration ID = 8 response messages a8 MC_CALID

Now the external test equipment requests the following infoType:
— InfoType $04: CALID#1 = [JMB*36761500}; supported by ECU#1;

—  InfoType $04: CALID#2 = [IMB*47872611]; supported by ECU#1;

Table 100 — Request vehicie information request message

Message direction: | Extemal test equipment — Al ECUs

Message Type: Request

Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request vehicie information request SiD 09 SiDRQ
#2 InfoType: Calibration 1D 04 INFTYP

Table 101 — Request vehicle information response message {1}

Message direction: | ECU#1 — External test equipment
Message Type: Response

Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request vehicle information response SiD 49 BIDPR
#2 InfoType: Calibration ID 04 INFTYP
#3 MessageCount Catibration ID#1 = 1s! response message a1 MC_CALID
#4 Data A °J 4A DATA_A
#5 Data B2 "M 4D DATA_B
#6 Data C.'B' 42 DATA_C
#7 Data D: ™ 2A DATA D
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Table 102 — Request vehicle information response message (2)

Message direction: |ECU#1 — External test equipment

Message Type: Response

Data Byte Description {all values are in hexadecimal} Byte Value {Hex} | Mnemonic
#1 Request vehicle information response SiD 49 SIDPR
#2 InfoType: Calibration 1D 04 INFTYP
#3 MessageCount Calibration 1D#1 = 2nd response message 02 MC_CALID
#4 Data A: ‘3 33 DATA A
#5 Data B:'6 36 DATA B
#5 Data C: 77’ 37 DATA C
#7 Data D: 6’ 36 DATA D

Tabie 103 — Request vehicle information response message {3}

Message direction: |ECU#1 — External test equipment
Message Type: Response

Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request vehicle information response SiD 49 SIDPR
#2 infoType: Calibration 1D 04 INFTYP
#3 MessageCount Calibration 1D#1 = 379 response message 83 MC_CALID
#4 Data A "1 31 DATA_A
#5 DataB: 5 35 DATA B
#8 Data C. QY 30 DATA C
#7 Data D¢ 30 DATA D

Tabie 104 — Request vehicle information response message {4)

Message direction: | ECU#1 - External test equipment

Message Type: Response

Data Byte Description {all values are in hexadecimal} Byte Value {Hex) | Mnemonic
#1 Request vehicle information response SiD 49 SiDPR
#2 infoType: Calibration 1D 04 INFTYP
#3 MessageCount Calibration 1D#1 = 4% response message 04 MC_CALID
#4 Data A: Fill byte G0 DATA_A
#5 Data B: Fill byte 00 DATA B
#6 Data C: Fill byte G0 DATA_C
#7 Data D: Fill byte 00 DATA_D
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Table 105 — Reguest vehicle information response message {5)

Message direction: | ECU#1 — Exiernal test equipment
Message Type: Response

Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Regquest vehicle information response SiD 40 SIDPR
#2 InfoType: Calibration 1D 04 INFTYP
#3 MessageCount Calibration 1D#2 = 5t response message 05 MC_CALID
#4 Data A2°J 4A DATA_A
#5 Data B:'M 4D DATA B
#6 Data C. '8’ 42 DATA_C
#7 Data D: ™ 2A DATA_D

Table 106 — Request vehicle information response message {6)

Message direction: | ECU#1 — Extemal test equipment
Message Type: Response

Data Byte Description {all values are in hexadecimal) Byte Value {Hex) | Mnemonic
#1 Request vehicle information response SIiD 49 SIBPR
#2 InfoType: Calibration 1D 04 INFTYP
#3 MessageCount Calibration 1D#2 = 6th response message 06 MC_CALID
#4 Data A2 °4 34 BATA_A
#5 DataB. 7° 37 DATA B
#6 Data C:°8 38 DATA_C
#7 Data D: 7° 37 DATA_D

Table 107 — Request vehicle information response message {7)

Message direction: | ECU#1 — Exdemal test equipment
Message Type: Response

Data Byte Description {all values are in hexadecimal) Byte Value {(Hex) | Mnemonic
#1 Request vehicle information response SID 49 SIDPR
#2 InfoType: Calibration 1D 04 INFTYP
#3 MessageCount Calibration ID#2 = 7ih response message o7 MC_CALID
H#4 Data A: 2 32 DATA_A
#5 Data B: 6 ' 36 DATA_B
#5 Data C:°¥ 31 DATA_C
#7 Data D: ¥ 31 DATA D
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Table 108 — Request vehicle information response message {8)

Message direction: |ECU#1 — External test equipment
Message Type: Response

Data Byte Description {all values are in hexadecimal} Byte Value {Hex) | Mnemonic
#1 Request vehicle information response SiD 49 SiDPR
#2 infoType: Calibration 1D 04 INFTYP
#3 MessageCount Calibration 1D#2 = 8% response message 08 MC_CALID
#4 Data A Fill byte 60 DATA_A
#5 Data B: Fill byte 00 DATA_B
#6 Data C: Fill byie G0 DATA C
#7 Data D: Fill byte 00 DATA_D

Now the external test equipment requests the following InfoType:

— InfoType $05: MessageCount Calibration Verification Number = $02;  supporied by ECU#1

Table 109 — Request vehicle information request message

Message direction: |External test eguipmeni - Al ECUs

Message Type: Request

Data Byte Bescription {all values are in hexadecimal) Byte Value {Hex) | Mnemonic
#1 Request vehicle information request SID G9 SiIDRQ
#2 infoType: MessageCount Calibration Verification Number G5 INFTYP

Table 110 — Request vehicle information response message

Message direction: |ECU#1 — Extemat test equipment

Message Type: Response

Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request vehicle information response SiD 49 SIDPR
#2 infoType: MessageCount Calibralion Verification Number 05 INFTYP
#3 MessageCount Calibration Verification Number = 2 response messages 02 MC_CVN

Now the external test equipment requests the following InfoType:
— InfoType $06: CVN#1 ={17 91 BC 82]; supported by ECU#1

— InfoType $06: CVN#2 = [16 E0 62 BE]; supported by ECU#1
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Table 111 — Request vehicie information request message

Message direction: | Extemal test equipment — All ECUs

Message Type: Request

Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request vehicle information request SiD a9 SIDRQ
#2 InfoType: Calibration Verification Number 06 INFTYP

Table 112 — Request vehicle information response message (1)

Message direction: |ECU#1 — External test equipment
Message Type: Response

Data Byte Description {alf values are in hexadecimal) Byte Value {Hex) | Mnemonic
#1 Request vehicle information response SiD 49 SIDPR
#2 InfoType: Calibration Verificaion Number 06 INFTYP
#3 MessageCount Calibration Verification Number = 15t response message o1 MC _CVN
#4 Data A2 17 17 DATA_A
#5 Data B: 91 91 DATA B
#6 Data C:BC B8C DATA C
#7 Data D: 82 82 DATA D

NCTE Depending on which protocol the vehicle supports the foliowing situations may occur:

— if the vehicle supports SO 9141-2, the externat fest equipment may need lo repeat the request message muitiple
times before the ECU(s) send a response message.

—  if the vehicle supports SAE J1850, the external fest equipment may need to repeat the reguest message before the
ECU{s) send a response message.

—  if the vehicle supporis iSO 14230-4, the ECU(s) may send a negative response message with response code $22 -
conditionsNotCorrect ¥ e.g. the engine is running. After the vehicle conditions have been adjusied o meet this
service request, the extemal test equipment shall repeat the request message and the ECU{s) shall send a positive
response message.

Table 113 — Regquest vehicle information response message {2)

Message direction: |ECU#1 — External test equipment
Message Type: Response

Data Byte Description {ail values are in hexadecimal} Byte Value {Hex) | Mnemonic
#1 Request vehicie information response SIiD 49 SIDPR
#2 InfoType: Calibration Verification Number 06 iNFTYP
#3 MessageCount Catibration Verification Number = 2nd response message 82 MC_CVN
#4 Data AZ 16 16 DATA_A
#5 Data B: EG EO DATA B
#6 Data C: 62 62 DATA C
#7 Data D: BE BE DATA_D
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Now the external test equipment requests the following InfoType:

— InfoType $07: MessageCount in-use Performance Tracking = $08; supported by ECU#1.

Table 114 — Request vehicle information request message

Message direction: |External test equipment > Al ECUs

Message Type: Request

Data Byte Description {all values are in hexadecimaf} Byte Value {Hex} | Mnemonic
#1 Request vehicle information request SID 09 SIDRQ
#2 InfoType: MessageCount In-use Performance Tracking 07 INFTYP

Table 115 — Request vehicle information response message

Message direction: |ECU#1 — External test equipment
Message Type: Response

Data Byte Description {all values are in hexadecimal} Byte Value {Hex} | Mnemonic
#1 Request vehicle information response SID 49 SIDPR
#2 infoType: MessageCount In-use Performance Tracking 07 INFTYP
#3 MessageCount In-use Performance Tracking = 8 response messages 08 MC_iPT

Now the external test equipment requests the following InfoType:

— InfoType $08: MC_IPT = 8 response messages; supported by ECU#1.

Table 116 — Request vehicle information request message

Message direction: |External test equipment — All ECUs
Message Type: Reguest

Data Byte Description {all values are in hexadecimal) Byte Value {Hex) | Mnemonic
#1 Request vehicle information request SID 09 SiDRQ
#2 InfoType: In-use Performance Tracking 08 INFTYP

Table 117 — Request vehicle information response message {1}

Message direction: | ECU#1 — Extermat test equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal) Byte Value Mnemonic
{Hex}
#1 Request vehicle information response SiD 48 SIDPR
#2 InfoType: In-use Performance Tracking 08 INFTYP
#3 MessageCount In-use Performance Tracking = 15t response message 01 MC_IPT
#4 OBDCOND_A: 1024 counts 04 OBDCOND_A
#5 OBDCOND_B: 1024 counts 00 OBDCOND_B
#6 IGNCYCCNTR_A: 3337 counts 0D IGNCYCCNTIR A
#7 IGNCYCCNTR_B: 3337 counts 08 IGNCYCCNIR B
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Table 118 — Reguest vehicle information response message {2}

Message direction: | ECU#1 — Exiernal test equipment
Message Type: Response

Data Byte Description {all values are in hexadecimal} Byte Value {Hex}| Mnemonic
#1 Request vehicie information response SiD 49 SIDPR
#2 InfoType: In-use Performance Tracking a8 INFTYP
#3 MessageCount in-use Performance Tracking = 2rd response a2 MC_IPT

message

#4 CATCOMP1_A: 824 counts 03 CATCOMP1_A
#5 CATCOMP1_B: 824 counts 38 CATCOMP1_B
#6 CATCOND1_AZ 945 counts 03 CATCOND1_A
#7 CATCOND1_B: 845 counts B1 CATCCND1_B

Table 119 — Request vehicle information response message {3}

Message direction: |ECU#1 — Extemal test equipment
Message Type: Response

Data Byte Description {all values are in hexadecimal) Byte Value {Hex}| Mnemonic
#1 Request vehicie information response SID 49 SIBPR
#2 InfoType: In-use Performance Tracking a3 INFTYP
#3 MessageCount in-use Performance Tracking = 37 response message 03 MC_IPT
#4 CATCCOMPZ_A: 711 counts 02 CATCOMP2_A
#5 CATCOMP2_B: 711 counts c7 CATCOMP2_B
#6 CATCOND2_A: 845 counts 03 CATCOND2_A
#7 CATCOND2_B: 845 counts B1 CATCCOND2_ B

Table 120 — Request vehicle information response message {4}

Message direction: | ECU#1 — External test equipment
Message Type: Response

Data Byte Description {afl values are in hexadecimal) Byte Value {Hex}| Mnemonic
#1 Request vehicle information response SID 49 SIDPR
#2 infoType: In-use Performance Tracking 08 INFTYP
#3 MessageCount In-use Performance Tracking = 41 response message 04 MC_IPT
#4 OZ2SCOMP1_A: 737 counts 02 O2SCOMP1_A
#5 0O2SCOMP1_B: 737 counts E1 025COMP1_B
#B O2SCOND1_A: 824 counts 03 O2SCOND1_A
7 0O2S5COND1_B: 824 counts aC O2SCOND1_B
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Table 121 — Request vehicle information response message {5}

Message direction: ECU#1 — External test equipment

Message Type: Response

Data Byte Description {all values are in hexadecimal} Byte Value {Hex)| Mnemonic
#1 Request vehicle information response SIiD 49 SIDPR
#2 InfeTypa: In-use Performance Tracking 08 INFTYP
#3 MessageCount In-use Performance Tracking = 5% response message G5 MC_IPY
#4 028COMP2_A: 724 counis g2 O2SCOMP2_A
#5 02SCOMP2_8: 724 counts D4 028COMP2_B
#6 0O2Z8COND2_A: 833 counts 83 O2SCOND2_A
#7 0O2SCOND2_8: 833 counts 41 O28COND2 B

Table 122 — Request vehicle information response message {6}

Message direction: |ECU#1 — External test equipment

Message Type: Response

Data Byte Description {all values are in hexadecimal} Byte Value {Hex} | Mnemonic
#1 Request vehicle information response SiD 49 SIDPR
#2 InfoType: In-use Performance Tracking 48 INFTYP
#3 MessageCount In-use Performance Tracking = 6th fesponse message 08 MC_IPY
#4 EGRCOMP_A: 997 counts G3 EGRCOMP_A
#5 EGRCOMP_B: 897 counis E5 EGRCOMP_B
#6 EGRCOND_A: 1010 counts 83 EGRCOND_A
#7 EGRCOND_B: 1010 counts F2 EGRCOND_B

Table 123 — Request vehicle information response message {7}

Message direction: |ECU#1 — External test equipment
Message Type: Response

Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request vehicle information response SiD 49 SIDPR
#2 infoType: In-use Performance Tracking 08 INFTYP
#3 MessageCount In-use Performance Tracking = 7t response message 67 MC IPT
#4 AIRCOMP_A: 937 counts 03 AIRCOMP_A
#5 AIRCOMP_B: 937 counts A9 AIRCOMP_B
#5 AIRCOND_A: 973 counis 83 AIRCOND_A
#7 AIRCOND_B: 973 counis Cb AIRCOND_B
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Table 124 — Request vehicle information response message (8)

Message direction: | ECU#1 — Exiernal test equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal) Byte Value {(Hex}| Mnemonic
#1 Regquest vehicle information response SiD 49 SIDPR
#2 InfoType: In-use Performance Tracking 08 INFTYP
#3 MessageCount in-use Performance Tracking = 8t response message 08 MC_IPT
#4 EVAPCOMP_A: 68 counts 00 EVAPCOMP_A
#5 EVAPCOMP_B: 68 counis 44 EVAPCOMP_B
#6 EVAPCOND_A: 87 counis 00 EVAPCOND_A
#7 EVAPCOND_B: 87 counis 81 EVAPCOND_B

7 Diagnostic service definition for ISO 15765-4
7.4 Service $01 — Request current powertrain diagnostic data

7.1.1 Functional description

The purpose of this service is to allow access to current emission-related data values, including analogue
inputs and outputs, digital inputs and outputs, and system status information. The request for information
includes a parameter identification (PID) value that indicates to the on-board system the specific information
requested. PID specifications, scaling information and dispiay formats are included in Annex B.

The ECU(s) shall respond to this message by transmitting the requested data value last determined by the
system. All data values returned for sensor readings shall be actual readings, not default or substitute values
used by the system because of a fault with that sensor.

Not all PIDs are applicable or supported by all systems. PID $00 is a bit-encoded value that indicates for each
ECU which PIDs are supported. PiD $00 indicates support for PIDs from $01 to $20. PID $20 indicates
support for PIDs $21 through $40, etc. This is the same concept for PiDs/OBD Monitor IDs/TIDs/InfoTypes
support in Services $01, $02, $06, $08, $09. PID $00 is required for those ECUs that respond to a
corresponding Service $01 request message as specified in Annex A.

IMPORTANT — All emissions-related OBD ECUs which at least support one of the services defined in
this document shall support Service $01 and PID $00. Service $01 with PID $00 is defined as the
universai “initialization/keep alive/ping” message for all emissions-related OBD ECUs.

The request message may contain up to six (6) PIDs. An external test equipment is not allowed to request a
combination of PIDs supported and PIDs, which report data values. The ECU shall support requests for up to
six (8) PiDs. The request message may contain the same PID muiltiple times. The ECU shall treat each PiD
as a separate parameter and respond with data for each PID (data returned may be different for the same
PID) as often as requested.

The order of the PIDs in the response message is not required to match the order in the request message.
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7.1.2 Message data bytes

7.1.2.1  Request current powertrain diagnostic data request message definition {read supported
PIDs}

Table 125 — Request current powertrain diagnostic data request message (read supported PiDs)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request current powertrain diagnostic data request SID M 01 SIDRQ
#2 PiD#1 (PIDs supporied: see Annex A) M ped PiD
#3 PID#2 (PIDs supported: see Annex A) 2 XX PiD
#4 PID#3 (PIDs supported: see Annex A) U XX PiD
#5 P1D#4 (PiDs supporied: see Annex A) U XX PiD
#8 P1D#5 (PiDs supporied: see Annex A) U XX PiD
#7 PID#6 (PIDs supported: see Annex A) U XX PiD

U = User Optional — PID may be included to avoid multiple PID supported reguest messages.

To request PIDs supported range from $C1 - $FF another request message with PiD#1=3%C0 and
PID#2 = $E0 shall be sent to the vehicie.

7.1.22 Request current powertrain diagnostic data response message definition {report supported
PIDs}

ECU(s}) shall respond to all supported ranges if requested. A range is defined as a block of 32 PIDs {e.g.

range #1: PID $01-$20). The ECU shali not respond to unsupported PID ranges uniess subsequent ranges
have a supported PID(s}.

Table 126 — Request current powertrain diagnostic data response message (report supported PiDs}

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request current powertrain diagnostic data response SiD M 41 SIBDPR
data record of supported PiDs ={ PIDREC_
#2 15t supported PID M XX PiD
#3 Data A: supported PiDs, M XX DATA_A
#4 Data B: supported PiDs, M XX DATA B
#5 Data C: supported PIDs, M XX DATA_C
#6 Data D: supported PIDs ] M XX DATA D
data record of supported PiDs =| PIDREC _
#n-4 mth supported PID c1? XX PiD
#n-3 Data A: supported PiDs, cob XX DATA_A
#n-2 Data B: supported PiDs, c2 XX DATA B
#n-1 Data C: supported PIDs, c2 XX DATA C
#n Data D: supported PIDs | c2 XX DATA D

C1 = Conditional — PID value shall be the same value as included in the request message if supported by the ECU.

C2 = Conditionat — value indicates PIDs supporied; range of supported PIDs depends on selected PID value (see C1).
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The response message shall only include the PID(s) and Data A - D which are supported by the ECU. if the
request message includes {a) PID value(s) which are not supported by the ECU, those shail not be included in
the response message.

7.1.2.3  Request current powertrain diagnostic data request message definition {read PID values)

Table 127 — Request current powertrain diagnostic data request message

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Regquest current powertrain diagnostic data request SiD M 01 SIDRQ
#2 PID#1 {see Annex B} M XX PiD
#3 PID#2 {see Annex B} U2 XX PiD
#4 PID#3 {see) Annex B U XX PID
#5 PID#4 {see Annex B} y XX PiD
#5 PID#5 {see) Annex B U XX PiD
#7 PID#6 {see) Annex B U XX PID
2 = User Optional — the parameter may be present or not.

7.1.2.4 Request cumrent powertrain diagnostic data response message definition {report PiD vaiues)}

Tabie 128 — Request current powertrain diagnostic data response message

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Regquest current powsrirain diagnostic data response SID M 41 SIDPR
data record of 15t supported PID =[ PIDREC_
#2 PiD#1 M XX PiD
#3 data A, M XX DATA_A
#4 data B, c12@ XX DATA B
#5 data C, C1 XX DATA_C
#6 data D] Ct XX DATA_D
data record of mt supported PID ={ PIDREC_
#n-4 PiD#m c2b XX PID
#n-3 data A, c2 XX DATA A
#n-2 data B, 3 XX DATA_B
#n-1 data C, C3 XX DATA_C
#n dataD] C3 XX DATA_D
2 {1 = Conditional — “data B - D" depend on selected PID vaiue.
5 ©2= Conditional — parameter is only present if supported by the ECU.
£ €3 = Conditional — parameters and values for “data B - D” depend on selected PID number and are only included if PID is
supported by the ECU.

Not all PiDs which are included in the request message may be supported by all emission-related ECUSs,
which shall comply with this specification. Therefore, each vehicle ECU, which supports at least one (1) PID,
shall send a response message including the PID(s) with data.
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7.1.3 Parameter definition

7.1.3.1  PIDs supported

Annex A specifies the interpretation of the data record of supported PiDs.
7.1.3.2  PID and data byte descriptions

Annex B specifies standardized emission-related parameters.

7.1.4 Message example

The example below shows how the “Request current powertrain diagnostic data” service shall be
implemented.

7.1.4.1  Step #1: Request supported PiDs from vehicie

The external test equipment requests supported PIDs ($00, $20, $40, $60, $80, $A0) from the vehicle. Refer
to Annex A to interpret the data bytes in the response messages.

ECU(s) shall respond to all supported ranges if requested. A range is defined as a block of 32 PIDs {e.g.
range #1: PID $01-$20). The ECU shali not respond to unsupported PID ranges unless subsequent ranges
have a supported PiD{s).

Table 129 — Request current powertrain diagnostic data request message

Message direction: |External test equipment —» All ECUs
Message Type: Request

Data Byte Description {All PID values are in hexadecimal) Byte Value {(Hex} | Mnemonic
#1 Request current powertrain diagnostic data requesi SiD 01 SiDRGQ
#2 PiD used io determnine PID suppori for PIDs 01-20 00 PID
#3 PiD used to determine PID support for PIDs 2140 20 PID
#4 PiD used to determine PID support for PIDs 41-80 40 PID
#5 PiD used o determine PID support for PIDs 61-80 80 PID
#6 PiD used fo determine PID support for PIDs 81-A0 80 PID
#7 PiD used fo determine PID support for PIDs A1-CO AD PID
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Table 130 — ECU#1 response: Reguest current powertrain diagnostic data response message

Message direction: | ECU#1 — External test equipment
Message Type: Response
Data Byte Description {All PID values are in hexadecimal) Byte Value {(Hex} | Mnemonic
#1 Request current powertrain diagnostic data response SID 41 SIDPR
#2 PiD requested 00 PiD
#3 Data byte A, representing support for P1Ds 01, 03-08 10111111b =$BF DATA_A
#4 Data byte B, representing support for PIDs 09, 0B-10 10111111b =%BF DATA B
#5 Data byte C, representing support for PIDs 11, 13, 15 10161000b = $A8 DATA_C
#6 Data byte D, representing support for PIDs 19, 1C, 26 16010601b = $81 DATA_D
#7 PiD requested 20 PiD
#8 Data byte A, representing support for P1D 21 100G0000b = $80 DATA_A
#9 Data byte B, representing no support for PiDs 29-30 000G0000b = $00 DATA B
#10 Data byte C , representing no support for PiDs 31-38 00060600b = $60 DATA_C
#11 Data byte D, representing no support for PIBs 3940 000G0006b = $00 DATA_D

Table 131 — ECU#2 response: Reguest current powertrain diagnostic data response message

Message direction: | ECU#2 — Exiernal test equipment
Message Type: Response

Data Byte Description {All PID values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request current powertrain diagnostic data response SID 41 SIDPR
#2 PID requested g0 PiD
#3 Data byte A, representing support for PID 01 16000G00b = $80 DATA_A
#4 Data byte B, representing support for PID 0D 06001600b = $68 DATA B
#5 Data byie C, representing no support for PIDs 11-18 0G0080000b = $G0 DATA_C
H#6 Data byte D, representing no support for PiDs 19-20 00000000b = %00 DATA_D

Now the external test equipment creates an internal list of supported PIDs for each ECU. The ECU #1 (ECM)
supports the following PiDs: $01, $03 - $08, $0B - $11, $13, $15, $19, $1C, $20, $21.

The ECU #2 (TCM) supports the following P1Ds: $01 and $0D.

7.1.4.2 Step #2: Request multiple PIDs from vehicie

Now the external test equipment requests a combination of a maximum of six (6} PIDs in one request
message {o gain best performance of displaying current data.

PiD $15: Bank 1 - Sensor 2,

PID $01: Number of emission-related DTCs and MiL status,
PiD $05: Engine coolant temperature,

PID $03: Fuel system 1 status,

PID $0C: Engine speed

PiD $0D: Vehicle speed
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Table 132 — Request current powertrain diagnostic data request message

Message direction: |External test equipment — All ECUs
Message Type: Request

Data Byte Description {(All PID values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request current powerirain diagnostic data request SiD 81 SiIDRQ
#2 PiD: Bank 1 - Sensor 2 15 PID{15}
#3 PiD: Number of emission-related DTCs and MiL status 01 PID{01}
#4 PiD: Engine coolant temperature G5 PID{05)
#5 PiD: Fuel system 1 status 43 PID{03)
#6 PiD: Engine speed oC PID{OC)
#7 PiD: Vehicle speed oD PID{OD)

Table 133 — ECU#1 response: Request current powertrain diagnostic data response message

Message direction: |ECU#1 — External test eguipment
Message Type: Response
Data Byte Description {All PID values are in hexadecimal} Byte Value {Hex) | Mnemonic
#1 Request current powerirain diagnostic data response SID 41 SIDPR
#2 PiD: Engine coolant temperature a5 PID(05}
#3 Data byle A B8E DATA{A)
#4 PiD: Number of emission-related DTCs and MiL status a1 PID{01)
#5 MIL: ON; Number of emission-relaied DTCs: 03 83 DATA{A)
#6 Misfire -, Fuel system -, Comprehensive monitoring 33 DATA(B)
#7 Catalyst -, Heated catalyst -, .., monitoring supported FF DATA(C)
#8 Catalysi -, Healed catalyst -, ..., monitoring test complete/not complete 83 DATA({D}
#3 PiD: Bank 1 - Sensor 2 15 PID(15}
#10 Bank 2 - Sensor 2: 0,8 Voit pat] DATA{A)
#11 Bank 2-Sensor2: 937 % 78 DATA(B)
#12 PiD: Engine speed GC PiB(0C)
#13 Data byle A: 667 rom DA DATA{A)
#14 Data byte B: 667 rpm 68 DATA(B)
#15 PiD: Fuel system 1 status a3 PID{03)
#16 Data byte A: Closed ioop - using oxygen sensor{s) as feedback for fuel a2 DATA{A)
control
#17 Dala byte B 00 DATA(B)
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Table 134 — ECU#2 response: Request cuyrent powertrain diagnostic data response message

Message direction: | ECU#2 — External test equipment
Message Type: Response

Data Byte Description {All PID values are in hexadecimal} Byte Value {Hex) | Mnemonic
#1 Request current powerlrain diagnostic data response SID 41 SIDPR
#2 Pi1D: Vehicle speed oD PID{OD)
#3 Data byte A 23 DATA(A)
#4 PiD: Number of emission-related DTCs and MIL status 01 PID{01)
#5 MIL: OFF, Number of emission-related DTCs: {1 01 DATA(A)
#5 Comprehensive monitoring: supported, test complete 44 DATA(B)
#7 Catalyst -, Healed catalyst -, ..., monitering supported 80 DATA{C)
#8 Catalyst -, Heated catalyst -, __, monitoring test complete/not complete 80 DATA(D)

7.2 Service $02 — Request powertrain freeze frame data

7.2.1 Functional description

The purpose of this service is to allow access to emission-related data vaiues in a freeze frame. This aliows
expansion o meet manufacturer-specific requirements not necessarily related to the required freeze frame,
and not necessarily containing the same data values as the required freeze frame. The request message
includes a parameter identification {PID} value that indicates to the on-board system the specific information
requested. PID specifications, scaling information and display formats for the freeze frame are included in
Annex B.

The ECU(s} shall respond io this message by transmitling the requested data value stored by the system. All
data values returned for sensor readings shall be actual stored readings, not defauit or substitute values used
by the system because of a fault with that sensor.

Service $02 PID $02 indicates the DTC that caused the freeze frame data o be stored. if freeze frame data is
not stored in the ECU, the system shall report $00 00 as the DTC.

The frame number byte shall indicate $00 for the freeze frame data. Manufacturers may optionally save
additional freeze frames and use this service to obtain that data by specifying the freeze frame number in the
request message. If a manufacturer uses these additional freeze frames, they shall be stored under conditions
specified by the manufacturer, and contain data specified by the manufacturer.

Not all PIDs are appiicabie or supported by ail systems. PiD $00 is a bit-encoded value that indicates for each
ECU which PIDs are supported. PiD $00 indicates support for PIDs from $01 to $20. PID $20 indicates
support for PIDs $21 through $40, etc. This is the same concept for PIDs/TiDs/InfoTypes support in Services
$01, $02, $06, $08, $09. PID $00 is required for those ECUs that respond to a corresponding Service $02
request message as specified in Annex A

The order of the PiDs in the response message is not required to match the order in the request message.

The request message may contain up to three (3) PIDs. An external test equipment shall not request a
combination of PiDs supported and PiDs, which report data values. The ECU shall support requests for up to
three (3} PiDs. The request message may contain the same PID multiple times. The ECU shall freat each PID
as a separate parameter and respond with data for each PID as often as requested.

© ISO 2006 — All rights reserved 79
Licensed to Tare Casaletto. ANS! store order # X_858634. Downloaded 01/08/2023. Single user ficense only. Copying and networking prohibited.



ISO 15031-5:2006(E)

7.2.2 Message data bytes

7.2.21

Request powertrain freeze frame data request message definition {read supported PiDs)

Table 135 — Request powertrain freeze frame data request message {read supported PiDs)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic

#1 Request powertirain freeze frame data request SiD M 02 SIBRQ
#2 PiD#1 (PIDs supported: Annex A) M XX PiD
#3 frame # M XX FRNO_
#4 PID#2 (PiDs supporied: Annex A) ya XX PiD
#5 frame # uice XX FRNO
H6 PID#3 (PIDs supported: Annex A} U XX PiD
7 frame # u/c XX FRNO_

2 U =User Optional — PID may be included to reduce multipie PID supported request messages.

b ¢ = Conditional — parameter is only included if preceding PID# is included.

To request PIDs supported range from $61 - $FF, multiple request messages with PIDs = $60, $80, $AQ, $CO
and $EO shall be sent {o the vehicle.

1222

Request powertrain freeze frame data response message definition {report supported PIDs)

ECU(s) must respond to all supported ranges if requested. A range is defined as a block of 32 PIDs (e.g.
range #1: PID $01-520). The ECU shall not respond to unsupported PID ranges uniess subsequent ranges
have a supported PiD(s).

Table 136 — Request powertrain freeze frame data response message {report supported PIDs)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request powerirain freeze frame daia response SiD M 42 SIDPR
#2 1st supported PID M 00 PiD
#3 frame # M XX FRNO_

data record of supported PIDs =1{ DATAREC
#4 Data A: supported PiDs, M XX DATA_A
#5 Data B: supported PiDs, M XX DATA B
#5 Data C: supported PIDs, M xX DATA C
#7 Data D: supported PIDs ] M ped DATA D
#n-5 mith supported PID c1a XX PiD
#n-4 frame # C1 XX FRNO
data record of supported PiDs =1 DATAREC
#n-3 Data A: supported PiDs, c2b XX DATA_A
#n-2 Data B: supported PiDs, Cc2 XX DATA B
#n-1 Data C: supported PIDs, c2 XX DATA_C
#n Data D: supported PIDs ] Cc2 XX DATA D

C1 = Conditicnal — PID value shall be the same vaiue as included in the request message if supported by the ECU.

(2 = Conditional — value indicates PIDs supporied; range of supported PIDs depends on selected PID value (see C1).
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The response message shall only include the PID(s) and Data A - D which are supported by the ECU. if the
request message includes {a) PID value(s) which are not supported by the ECU, those shall not be included in

the response message.

7.2.2.3 Request powertrain freeze frame data request message definition {read freeze frame PID
values)

Table 137 — Request powertrain freeze frame data request message {read freeze frame PID values)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Reqguest powertrain freeze frame data request SiD M g2 SIDRGQ
#2 PID#1 {see Annex B} M XX PiD
#3 frame # M XX FRNC
#4 PID#2 {see Annex B} U2 XX PiD
#5 frame # c1b XX FRNO
#6 PID#3 {see Annex B} : 3] XX PiD
#7 frame # Ct XX FRNOC

8 U = User Optional — the parameter may be present or not.

b 1= Conditionat — parameter is only present if preceding PID# is present.

7.2.2.4 Request powertrain freeze frame data response message definition {report freeze frame PID
values}

Table 138 — Request powertrain freeze frame data response message {report freeze frame PID values)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Reguest powerlrain freeze frame data response SID M 42 SIDPR
#2 1st supported PID M XX PID
#3 frame # M XX FRNG_
#4 data record of 15t supported PID = data A, M XX DATA_A
#5 data B, c1@ XX DATA B
#6 data C, C1 XX DATA C
#7 dataD} C1 XX DATA D
#2 mth supposted PiD co2b XX PID_
#3 frame # C2 XX FRNG _
#4 data record of mt supported PID ={ data A, C3¢ XX DATA_A
data B, for L XX DATA_B

#5 dataC, c4 XX DATA C
#7 dataD} c4 XX DATA D

2 1= Conditional — "data B - D" depend on selected PID.

b £ = Conditional — parameter shall be the same value as included in the request message and only present if supporied.

€ €3 =Conditionat — data A shall be included if preceding PID is supported.

d ¢4 = Conditional — parameters and vaiues for “data B - D” depend on selected PID number.
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7.2.3 Parameter definition

7.2.3.1  PIDs supported

Annex A specifies the interpretation of the data record of supported PiDs.

7.2.3.2  PID and data byte descriptions

Annex B specifies standardized emission-related parameters.

7.23.3 Frame # description

The frame number identifies the freeze frame, which includes emission-related data vaiues in case an
emission-related DTC is detected by the ECU.

7.2.4 Message exampie

The example below shows how the “Request powertrain freeze frame data” service shall be implemented.

7.241  Step #1: Request supported powertrain freeze frame PiDs from vehicle

The external test equipment requests all supported powertrain freeze frame PIDs of freeze frame $00 from the
vehicle. Refer to the example of Service $01 for how fo request supporied PIDs.

As a result of the supported PID request, the external test equipment creates an internal fist of supported PiDs

for each ECU: ECU #1 (ECM) supports the following PIDs: $02 - $08, $0B - $0E, ECU #2 {TCM) does not
support any PiDs for this service.

7.2.4.2  Step #2: Request PID $02 “DTC which caused freeze frame to be stored” from vehicle

Case #1: Freeze frame data are stored in ECU #1:

Now the exiernal test equipment requests PID $02 of freeze frame $00 from the vehicle. Since the ECU #2
{TCM) doesn't store a freeze frame data record only, the ECU #1 {(ECM) wili send a response message. In

this example, the freeze frame data are stored based on a DTC P0130 occurrence. The parameter value of
PID $02 “DTC that caused required freeze frame data storage” is set to the DTC P3130.

Table 139 — Request powertrain freeze frame data request message

Message direction: |External test equipment — All ECUs
Message Type: Reguest
Data Byte Description {all values are in hexadecimal) Byte Value {Hex] | Mnemonic
#1 Request powertrain freeze frame data request SID a2 SIDRQ
#2 PiD: DTC that caused required freeze frame data storage 82 PID
#3 Frame # 00 FRNO
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Table 140 — Request powertrain freeze frame data response message

Message direction: | ECU #1 - External test equipment
Message Type: Response

Data Byte Description (all values are in hexadecimal) Byte Value {(Hex) | Mnemonic
#1 Request powertrain freeze frame data response SiD 42 SIDRAQ
#2 PiD: DTC that caused required freeze frame datia storage g2 PiD
#3 Frame # 00 FRNO
#4 DTC High Byte of P0130 o1 DATA_A
#5 DTC iow Byte of PO130 30 DATA B

NGTE ECL#2 does not siore ffeeze frame data and therefore does not send a response message.

Now the external test equipment requests the parameter value of PID $0C “Engine Speed”, PID $05 “Engine

coolant temperature”, and PID $04 “Load” stored in the freeze frame.

Table 141 — Request powertrain freeze frame data request message

Message direction: | External test equipment — All ECUs
Message Type: Request )
Data Byte Description {all values are in hexadecimal) Byte Value {Hex) | Mnemonic
#1 Request powertrain freeze frame data reguest SID a2 SIBRQ
#2 PID: Engine Speed ac PiD
#3 Frame # 00 FRNO
#4 PID: Engine coolant temperature a5 PiD
#5 Frame # a0 FRNO
#4 Pib: Load 04 PiD
#5 Frame # 00 FRNO
Table 142 — Reguest powertrain freeze frame data response message
Message direction: | ECU #1 — External test equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal} Byte Value {Hex) | Mnemonic
#1 Request powertrain freeze frame data response SiD 42 SIDRQ
#2 PiD: Engine Speed oc PiD
#3 Frame # a0 FRNO
#4 High Byie: Engine Speed: 2680 rpm 20 DATA A
#5 Low Byte: Engine Speed: 2080 rpm 80 DATA_B
#6 PiD: Load 04 PiD
#7 Frame # 00 FRNO
#8 Load: 56,2 % 80 BATA_A
#O PiD: Engine coolant temperaiure a5 PiD
#10 Frame # 00 FRNO
#11 Engine coolant temperature: 0 °C 28 DATA_A
83
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Case #2: No freeze frame data are stored in any ECU:

If no freeze frame data are stored, then the parameter value of PiD $02 “DTC that caused required freeze
frame data storage” is set to $00 00. If the external test equipment requests a PID excluding $00, $02, $20,
$40, etc., the ECU shali not send a response message.

Table 143 — Request powertrain freeze frame data request message

Message direction: | External test equipment — All ECUs
Message Type: Request

Data Byte Description {all values are in hexadecimal} Byte Value {Hex) | Mnemonic
#1 Request powertrain freeze frame data request SiD 02 SiDRQ
#2 PID: Number of emission-related DTCs and MiL status 01 PID
#3 Frame # G0 FRNO
#4 PID: DTC that caused required freeze frame data storage 82 PID
#5 Frame # 80 FRNO

Table 144 — Request powertrain freeze frame data response message

Message direction: |ECU #1 — External test equipment
Message Type: Response

Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request powerlrain freeze frame data response SID 42 SIDRQ
#2 PiD: DTC that caused required freeze frame dala storage 82 PID
#3 Frame # 80 FRNO
#4 DTC High Byte of PO000 {no freeze frame data stored} 80 DATA_A
#5 DTC Low Byte of POGOG {no freeze frame data stored} 41] DATA B

7.3 Service $03 — Request emission-related diagnostic trouble codes
7.3.1 Functional description

The purpose of this service is to enable the external test equipment to obtain “confirmed” emission-related
DTCs.

Send a Service $03 request for all emission-related DTCs. Each ECU that has DTCs shall respond with one
{1) message containing all emission-related DTCs. if an ECU does not have emission-related DTCs, then it
shall respond with a message indicating no DTCs are stored by setting the parameter # of DTC to $00.

DTCs are transmitted in two (2) bytes of information for each DTC. The first two (2) bits (high order) of the first
{1) byte for each DTC indicate whether the DTC is a Powertrain, Chassis, Body, or Network DTC (refer to
ISO 15031-6 for additional interpretation of this structure). The second two {2) bits shall indicate the first digit
of the DTC {0 through 3). The second (2) nibble of the first (1) byte and the entire second {2) byte are the next
three (3) hexadecimal characters of the actual DTC reported as hexadecimal. A Powertrain DTC transmitied
as $0143 shall be displayed as P0143.
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Figure 17 — Diagnostic trouble code encoding exampile DTC P0143
7.3.2 Message data bytes
7.3.2.1 Request emission-related DTC request message definition
Table 145 — Request emission-reiated DTC request message
Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request emission-related DTC request SiD M 03 SIDRG
7.3.2.2 Request emission-related DTC response message definition
Table 146 — Request emission-related DTC response message
Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request emission-related BDTC response SiD M 43 SIDPR
#2 #ofDTC={ M XX =1 HOFDTC
no emission-related DTCs stored 08,
emission-related DTCs siored } G1-FF
#3 DTC#1 {High Byte} ca XX DTC1Hi
#4 DTC#1 {Low Byte} C XX DTC1LO
XX
#n-1 DTCH#m (High Byte} C XX DTCmH]
#n DTCHm {Low Bylte) C XX DTCmiO

2 = Condifionat — DTC#1 - DTC#m are only included if # of DTC parameter value = $00.

7.3.3 Parameter definition

7.3.3.1 #of DTC parameter description

The # of DTC parameter reporis the emission-related DTC(s} currently (at the time of the request message
processing) stored in the ECU{s).

7.3.4 Message exampie

The example below shows how the “Request emission-related DTCs” service shall be implemented. The
external test equipment requests emission-related DTCs from the vehicle. The ECU#1 (ECM) has six {8)
DTCs stored, the ECU #2 (TCM) has one {1) DTC slored, and the ECU #3 (ABS/Traction Control} has no
DTC stored.

— ECU#1(ECM): P0143, P0186, P0234, PO2CD, P(357, POA24

— ECU#2(TCM): P0443
— ECU #3 (ABS/Traction Control): no emission-related DTC stored
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Table 147 — Request emission-related diagnostic trouble codes request message

Message direction: |External test equipment > All ECUs
Message Type: Request
Data Byte Description {all values are in hexadecimal} Byte Value {Hex) | Mnemonic
#1 Request emission-related DTCs request SID 03 SiDRQ

Table 148 — Request emission-related diagnostic trouble codes response message

Message direction: |ECU #1 — External test equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request emission-related DTCs response SiD 43 SiDPR
#2 # of DTC {number of emission-related DTCs stored in this ECU} 06 #OFDTC
#3 DTC High Byte of P0143 g1 DTC1HI
#4 DTC Low Byte of PO143 43 DICiLO
#5 DTC High Byte of P0196 01 DTCZHI
#6 DTC Low Byte of P0198 86 BIC2i0
#7 DTC High Byte of P0234 02 DTC3H1
#8 DTC Low Byte of P0234 34 DIC3t0
#9 DTC High Byte of PO2CD 02 DTC4HI
#10 DTC Low Byte of PO2CD CD DYC4L0
#11 DTC High Byte of P0357 03 DTC5HI
#12 DTC Low Byte of P0357 57 DIC5LO
#13 DTC High Byte of POA24 GA DTC6H!
#14 DTC Low Byte of POA24 24 BIC8LO

Table 149 — Request emission-related diagnostic trouble codes response message

Message direction: |ECU #3 — Externat fest equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal} Byte Value {Hex] | Mnemonic
#1 Request emission-related BTCs response SiD 43 SiDPR
#2 # of DTC {number of emission-related DTCs stored in this ECU} G0 #OFDTC

Table 150 — Request emission-related diagnostic trouble codes response message

Message direction: |ECU #2 — External test equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal} Byte Value {Hex] | Mnemonic
#1 Request emission-related DTCs response SiD 43 SiDPR
#2 # of DTC {number of emission-related DTCs stored in this ECU} 1 #OFDTC
#3 DTC High Byte of P0443 o4 DTC4H!
#4 DTC Low Byte of P0443 43 DICHO
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7.4 Service $04 — Clear/reset emission-related diagnostic information

7.4.1 Functional description

The purpose of this service is to provide a means for the external test equipment to command ECUs to clear
ali emission-related diagnostic information. This includes:

— MIL and number of diagnostic trouble codes {can be read with Service $01, PID $01);
— Clear the /M {Inspection/Maintenance) readiness bits {Service $01, PID $01 and $41};

— Confirmed diagnostic froubie codes {can be read with Service $03);

— Pending diagnostic trouble codes {can be read with Service $07};

— Diagnostic frouble code for freeze frame data {can be read with Service $02, PiD $02);
— Freeze frame data {can be read with Service $02};

— Status of system monitoring tests {can be read with Service $01, PID $01);
—  On-board monitoring test results {can be read with Service $06};

— Distance travelled while MiL is activated {can be read with Service $G1, PID $21);
—  Number of warm-ups since DTCs cleared {can be read with Service $01, PiD $30);
— Distance traveiled since DTCs cleared {can be read with Service $01, PiD $31);
— Time run by the engine while MiL is activated {can be read with Service $01, PiD $4D});
— Time since diagnostic trouble codes cleared {can be read with Service $01, PID $4E});

— Reset misfire counts of standardized Test iD $0B to zero {can be read with Service $06).

Other manufacturer-specific “clearing/resetting” actions may also occur in response to this request message.
Ali ECUs shall respond to this request message with ignition ON and with the engine not running.

For safety and/or technical design reasons, ECUs that can not perform this operation under other conditions,
such as with the engine running, shall send a negative response message with response code $22 -
conditionsNotCorrect.

7.4.2 Message data bytes

7.4.2.1 Clear/reset emission-related diagnostic information request message definition

Tabie 151 — Clearireset emission-related diagnostic information request message

Data Byte Parameter Name Cvt | Hex Value | Mnemonic

#1 Ciear/reset emission-reiated diagnostic information request SID M 04 SIDRG

7.4.2.2 Clearireset emission-related diagnostic information response message definition

Tabie 152 — Clear/reset emission-related diagnostic information response message

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Clear/reset emission-reiated diagnostic information response SiD M 44 SIDPR
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7.4.3 Parameter definition

This service does not support any parameters.

744 Message example

The example below shows how the “Clear/reset emission-related diagnostic information” service shall be
implemented if ignition is ON and with the engine not running.

The external test equipment commands the vehicle to “Clearfreset emission-related diagnostic information”.

Table 153 — Clear/reset emission-related diagnostic information request message

Message direction: |External test equipment — All ECUs

Message Type: Request

Data Byte Description {all values are in hexadecimal} Byte Value {Hex) | Mnemonic

#1 Clear/reset emission-related diagnostic information request SID 04 SIDRQ

Table 154 — Clearireset emission-related diagnostic information response message

Message direction: |ECU#1 — External test equipment

Message Type: Response

Data Byte Description {all values are in hexadecimal} Byte Value {Hex) | Mnemonic

#1 Clear/reset emission-related diagnostic information response SID 44 SIDPR

Table 155 — Clear/reset emission-related diagnostic information response message

Message direction: |ECU#2 — External test equipment

Message Type: Response

Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic

#1 Clear/reset emission-related diagnostic information response SID 44 SIDPR

Table 156 — Negative response message

Message direction: | ECU#3 — External test equipment

Message Type: Response

Data Byte Description {all values are in hexadecimal) Byte Value {Hex] | Mnemonic
#1 Negative Response Service identifier 7F SIBNR
#2 Ciear/reset emission-related diagnostic information request SiD 04 SiDRQ
#3 Negative Response Code: conditionsNotCorrect 22 NR_CNC

7.5 Service $05 — Request oxygen sensor monitoring test results

Service $05 is not supported for CAN. The functionality of Service $05 is implemented in Service $06.
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7.6 Service $06 — Request on-board monitoring test results for specific monitored systems

7.6.1 Functional description

The purpose of this service is to allow access to the resuits for on-board diagnostic monitoring tests of specific
components/systems that are continuously monitored (e.g. misfire monitoring) and non-continuously
monitored (e.g. catalyst system).

The request message for test values includes an On-Board Diagnostic Monitor ID (see Annex D) that
indicates the information requested. Unit and Scaling information is inciuded in Annex E.

The vehicle manufacturer is responsible for assigning “Manufacturer Defined Test IDs” for different tests of a
monitored system. The latest valid test values {results) are to be retained, even over muitiple ignition OFF
cycles, until replaced by more recent test values (resuits). Test values (results) are requested by On-Board
Diagnostic Monitor ID. Test values {resulis) are always reported with the Minimum and Maximum Test Limits.
The Unit and Scaling ID included in the response message defines the scaling and unit to be used by the
external test equipment to display the test values (results), Minimum Test Limit, and Maximum Test Limit
information.

if an On-Board Diagnostic Monitor has not been completed at least once since Clear/reset emission-related
diagnostic information or battery disconnect, then the parameters Test Value (Results}, Minimum Test Limit,
and Maximum Test Limit shall be set to zero ($0000) values.

Not ali On-Board Diagnostic Monitor iDs are applicable or supported by all systems. On-Board Diagnostic
Monitor iD $00 is a bit-encoded value that indicates for each ECU which On-Board Diagnostic Monitor iDs are
supported. On-Board Diagnostic Monitor 1D $00 indicates support for On-Board Diagnostic Monitor IDs from
$01 to $20. On-Board Diagnostic Monitor ID $20 indicates support for On-Board Diagnostic Monitor iDs $21
through $40, etc. This is the same concept for PIDs/TIDs/InfoTypes support in Services $01, $02, $06, $08,
and $08. On-Board Diagnostic Monitor 1D $00 is required for those ECUs that respond to a corresponding
Service $06 request message as specified in Annex A.

The request message including supported On-Board Diagnostic Monitor IDs may contain up to six (6}
OBDMIDs. A request message including an On-Board Diagnostic Monitor 1D, which reports test values shall
only contain one (1) OBDMID. An external test equipment shall not request a combination of OBDMIDs
supported and a single OBDMID, which report test values. The ECU shall support requests for up to six {6}
supported OBDMIDs and only one (1) OBDMID which reports test values.

A unique method must be utilized for displaying data for monitors that have multiple tests. Many OBD
monitors have multiple tests that are done in either a serial or parallel manner. If a monitor uses multiple OBD
Monitor iD/Test iD combinations that may not ali complete at the same time, the following method shall be
used to update the stored test resuits at the time of monitor compietion:

After the monitor completes, update all Monitor ID/Test 1D combinations {or “test resuits”) that were utilized by
the monitor with appropriate passing or failing resuits. if a test result (or “Monitor ID/Test ID”) was not utilized
during this monitoring event, set the Test Values and Minimum and Maximum Test Limits to their initial values
($0000, test not completed). Test resuits from the previously compieted monitoring events shall not be mixed
with test results from the current completed monitoring event.

In some cases, test results (or “Monitor 1D/Test ID combinations”) will be displayed as being incomplete even
though the monitor {as indicated by PID $41) was successfully completed and either passed or failed. in other
cases, some Test IDs will show passing results while others will show failing results after the monitor (as
indicated by PID $41) was successfully completed and failed. Note that OBD-Il regulations prohibit a passing
monitor from showing any failing test results. If an initial, serial test indicates a failure and a subsequent re-test
of the system indicates a passing result, the test that was utilized to make the passing determination should
be displayed, while the failing test that was utifized to make the initial determination should be reset to its initial
values {$0000, test not completed).
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As an example of a serial monitor, an evaporative system monitor can fail for a large evaporative system leak
and never continue to test for small leaks or very small leaks. In this case, the Test ID for the large leak would
show a failing result, while the smali leak test and the very small leak test would show incomplete. As an
example of the parallel monitor, a purge vaive flow monitor can pass by having a large rich lambda shiff, a
large lean lambda shift or a large engine rpm increase. If the purge valve is activated and a large rich lambda
shift occurs, the Test ID for the rich lambda shift would show a passing result while the other two Test iDs
would show incomplete. Since some Test IDs for a completed monitor will show incomplete, PID $41 must be
used to determine monitor completion status.

7.6.2 Message data bytes

7.6.21  Request on-board monitoring test resuits for specific monitored systems request message
definition {read supported OBDMIDs)

Table 157 — Request on-board monitoring test results for specific monitored systems request
message {read supported OBDMIDs)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request on-board monitoring test resulis for specific monitored M 08 SIDRQ
systems requesi SiD

#2 On-Board Diagnostic Monitor iD {OBDMIDs supported: Annex A} M xxX CBDMID
#3 On-Board Diagnostic Monitor iD {OBDMIDs supported: Annex A} {2 xX OBDMID
#4 On-Board Diagnostic Mon#or iD {OBDMIDs supporied: Annex A} U XX OCBDMID
#5 On-Board Diagnostic Monitor 1D (OBDMIDs supporied: Annex A) U XX CBDMID
#6 On-Board Diagnostic Monitor iD {OBDMIDs supported: Annex A} U XX OBDMID
#7 On-Board Diagnostic Monitor iD {OBDMIDs supporied: Annex A) U XX OBDMID

2 4 = User Optional — OBDMID may be inciuded to avoid muttiple OBDMID supported request messages.

To request OBDMIDs supported range from $C1 - $FF another request message with OBDMID#1 = $C0 and
OBDMID#2 = $EQ shall be sent to the vehicle

7.6.22  Request on-board monitoring test results for specific monitored systems response message
definition {report supported OBDMIDs})

ECU(s) must respond to ail supported ranges if requested. A range is defined as a block of 32 OBDMIDs {e.q.
range #1: OBDMID $01-$20). The ECU shall not respond to unsupported OBDMID ranges unless subsequent
ranges have a supported OBDMID(s).

90 © 1SC 2006 — Ali rights resesrved
Licensed to Tara Gasaletto. ANS! store order # X_858634. Downloaded 01/08/2023. Single user license onfy. Copying and networking prohibited.



ISO 15031-5:2006(E)

Tabie 158 — Request on-board monitoring test results for specific monitored systems response

message {report supported OBDMIDs)

Data Byte Parameter Name Cvt | Hex Value| Mnemonic
#1 Regquest on-board monitoring iest results for specific monitored M 48 SIDPR
systems response SID
data record of supported OBDMID = OBDMIDREC
#2 1st supported OBDMID M XX OBDMID
#3 Data A supporied OBDMIDs, M XX DATA_A
#4 Data B: supporied OBDMIDs, M XX DATA_ B
#5 Data C: supported CBDMIDs, M XX DATA_C
#5 Data D: supporied OCBDMIDs ] M XX DATA D
data record of supported OBDMID = CBDMIDREC
#n-4 mth supported OBDMID c12 XX OBDMID
#n-3 Data A: supported OBDMIDs, cob XX DATA_A
#n-2 Data B: supported OBDMIDs, c2 XX DATA_B
#n-1 Data C: supporied CBDMIDs, c2 XX DATA_C
#n Data D: supporied OBDMIDs ]| 2 XX DATA D
a  ¢1 = Conditional — OBDMID value shall be the same value as included in the request message if supported by the ECU.
b 7 = Conditional — Value indicates OBDMIDs supported; range of supported OBDMIDs depends on selected OBDMID value {see
C1).

The response message shall only include the OBDMID(s) and Data A-D, which are supported by the ECU. if
the request message includes {(a) OBDMID value(s} which are not supported by the ECU, those shall not be
included in the response message.

7.6.2.3

definition {read OBDMID test values)

Request on-board monitoring test results for specific monitored systems request message

Tabie 159 — Request on-board monitoring test resuits for specific monitored systems request

message {read OBDMID test vaiues)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request on-board monitoring test resulis for specific monitored M 08 SIDRG
systems request SiD
#2 On-Board Diagnostic Monitor ID M XX OBDMID
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7.6.2.4  Request on-board monitoring test results for specific monitored systems response message
definition {report OBDMID test vaiues)

Table 160 — Request on-board monitoring test results for specific monitored systems response
message {report OBDMID test values)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request on-board mon#oring test results for specific monitored M 46 SIDPR
systems response SiD
data record of supporied OBDMID = OBDMIDREC
#2 On-Board Diagnostic Monitor M XX OBDMID
#3 iD M XX SMDTID
#4 Std /Manuf. Defined TID#1 M XX UASID
#5 Unit And Scaling ID#1 M XX TVHi
#5 Test Value (High Byte)#1 M XX IVLO
#7 Test Value {Low Byte)#1 M Xx MINTLHI
#3 Min. Test Limit (High Byte}#1 M XX MINTLLO
#9 Min. Test Limit {Low Byte}#1 M XX MAXTLHI
#10 Max. Test Limit {High Byte}#1 M XX MAXTLLO

Max. Test Limit {Low Byte}#1 ]

data record of supporied OBDMID =1 OBDMIBDREC

#n-8 On-Board Diagnostic Monitor c1 XX OBDMID
#n-7 D Cob XX SMDTID
#n-6 Std /Manuf. Defined TID#m c2 XX UASID
#n-5 Unit And Scaling ID#m c2 XX TVHI
#n4 Test Value {High Byte)#m c2 XX IVLO
#n-3 Test Value {Low Byte)#m o7 XX MINTLHI
#n-2 Min. Test Limit (High Byte¥m c2 XX MINTLLO
#n-1 Min. Test Limit {Low Byte)¥m c2 XX MAXTLHI

#n Max. Test Limit {High Byte)#m c2 XX MAXTLIO

Max. Test Limit {Low Byte}¥m }

2 Ct = Conditional — Parameter is only present if more than one {1) Manufacturer Defined TiD is supported by the ECU for the

requested Monitor iD.

b £2 = Conditionat — Parameter and value depend on selected Manufacturer Defined TID number and are only included if the
Manufacturer Defined TID is supported by the ECU. The value shall be zero {$00) in case the On-Board Diagnostic Monitor has not
been completed at least once since Clear/reset emission-reiated diagnostic information or battery disconnect.

7.6.3 Parameter definition

7.6.31  On-Board Diagnostic Monitor IDs supported

The On-Board Diagnostic Monitor IDs supported is the same concept as used for PID support in Services $01
and $02 as specified in Annex A.

7.6.3.2 On-Board Diagnostic Monitor ID description

The On-Board Diagnostic Monitor 1D is a one (1) byte parameter and is defined in Annex D. An On-Board
Diagnostic Monitor may have more than one (1) monitor test (Test ID).

NOTE The On-Board Diagnostic Monitor 1D is similar to the Test ID parameter specified in Service $06 in 6.6.3.1.
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7.6.3.3 Standardized and Manufacturer Defined Test ID description

The Standardized and Manufacturer Defined Test ID is a one {1) byte parameter. For exampie, the On-Board
Diagnostic Monitor “Oxygen Sensor Monitor Bank 1 - Sensor 1” or the On-Board Diagnostic Misfire Monitor
may use some of the following Standardized Test iDs.

The table below specifies the range of identifiers.

Table 161 — Standardized Test ID description

Range {Hex} Description
a0 ISO/SAE reserved
01 Rich io lean sensor threshoid voltage {constant)
a2 Lean to rich sensor threshold voltage {consiant)
a3 { ow sensor voltage for switch time caiculation (constant)
04 High sensor voltage for swiich time calculation {constant}
05 Rich to lean sensor switch time {calculated)
08 t ean to rich sensor switch time {calcuiated)
a7 Minimum sensor voltage for test cycle {calculated)
a8 Maximum sensor voitage for tesi cycle {caiculated)
08 Time between sensor transitions {calculated)
OA Sensor period {caiculated)
0B EWMA {Exponential Weighted Moving Average) misfire counts for last ten {10} driving cycles (caiculated,
rounded {c an integer vaiue}
General EWMA calculation: 0,1 * {current misfire counts) + 0,9 * {previous misfire counts average)
ini#ial value for {previcus misfire counts average}=0
NOTE Intemal ECU calcuiation registers with precision higher than one count must be used and relained to calculate
the contents of registers 308 and $0C to prevent rounding errors. if this is not done, these registers wili never count
back down to zero after misfire stops. The calculations must be done using the high-precision registers, then rounded
fo the nearest integer value to be oulput as register $0B and $0C.
High_Precision EWMA_Misfire_ Counts yrent = Rounded [(0,1) * High_Precision_Misfire_Counts ypent +
{0,9) * High_Precision_EWMA_Misfire_Counts p,m,sl
Where: Rounded means rounded to the nearest integer. The high-precision values are never reported,
they are only used for internal calculations.
This TEST ID shali be reported with OBD Monitor 1Ds $A2 — $AD {refer io Annex D) and the Scaling ID
$24 {refer to Annex E).
oCc Misfire counts for lastfourrent driving cycles {calculated, rounded to an integer value)
0D-7F Reserved for future standardization
Table 162 — Manufacturer Defined Test iD description
Range {Hex} Description
80-FE Manufacturer Defined Test iD range — This parameler is an identifier for the iest perforrmed within the
On-Board Diagnostic Monitor.
FF iSOfSAE reserved
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Results of iatest mandated on-board oxygen sensor monitoring tests, see Figure 18.

1 $08

- AN,

$02/ 3\3‘”
\
$03 \7
7| 2 .
$06 | |, . S0A || $09 X
I
Key
1 rich
2  lean

Figure 18 — Standardized Test ID value example
7.6.3.4 Example for Use of Standardized Test iDs for Misfire Monitor

0BD regulations may require reporting the number of misfires detected during the current driving cycle (Test
ID $OC) and the average number of misfires detected during the last ten (10} driving cycles (Test ID $0B) for
each cylinder. Therefore, for a 4-cylinder engine, eight {8) pieces of data must be reported for both Test iDs.
The purpose of the misfire data is to help a service technician identify which cylinders are currently misfiring
{$0C) and identify which cylinders have been consistently misfiring in the past ten (10} driving cycles ($0B).
The actual misfire counts will depend on how the vehicle was driven, how long it was driven, etc. Misfire
counts for cylinders shall only be compared relative to each other. if some cylinders have many more misfires
than other cylinders, the technician should probabily begin his troubleshooting with the cylinders that have the
highest misfire counts.

The $0B registers contain the EWMA (Exponential Weighted Moving Average) values for misfire counted
during the last ten {10} driving cycles. The EWMA values should only be re-calculated once per driving cycle.
This caiculation can be done every power-up, or every power-down sequence if the ECU stays alive after the
ignition key is turned off. The EWMA value uses the misfire counts collected during the last/current driving
cycle. The value of the $0C counters, after the driving cycle ends, is the number of misfires counted during the
current/last driving cycle. The software shall take the contents of the $0B register {this is the previous
average) multiply by 0,9 and add the contents of the $0C register {this is the current counts) multiplied by 0,1.
This becomes the new EWMA value.

The internal ECU calculation registers with precision higher than one count shall be used and retained to
caiculate the contents of registers $0B and $0C to prevent rounding errors. If this is not done, these registers
will never count back down to zero after misfire stops. The calculations shall be done using the high-precision
registers, then rounded to the nearest integer value to be output as register $30B and 3$0C. The last row of
Table 163 shows the high-precision internal calculation.

The Test ID $0C counters shall count misfires for each cylinder and save them in Keep Alive or Non-Volatile
Memory. They should update continuously, in 200 or 1000 revoiution increments, as a minimum. When the
engine starts, the $0C misfire counters shall be reset to zero. Prior to engine start-up, the last value from the
previous driving cycle shall be retained and displayed until the engine staris so that a service technician can
see how many misfires occurred the last ime the vehicle was driven.

If a vehicle has constant misfire in one or more cylinders, the service technician can watch the Test ID 30C
counters count-up as he drives the vehicle, up to a maximum of 65,535 misfires. If the technician is driving
and waiching the $0C counters, he would be seeing misfire counts for the “current” driving cycle. ¥f he tums off
the ignition key, he has just ended the current driving cycle. If he then tums the key back on, but does not start
the engine, the $0C counters will contain the number of misfires that occurred during the “last” driving cycle. If
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the technician now starts the engine, the $0C counters wili be reset to zero and the software staris counting

misfires all over again.

There are no minimum or maximum misfire monitor threshold limits for misfire counts. Test iDs $0B and $0C
just accumulate the number of misfires that occurred. These counts should accumulate with or without a
misfire DTC. If there was a litle misfire, but not enough to store a DTC, Test ID $0B and $0C values for each
cylinder should still show the number of misfires that occurred. The minimum test limit value should be §; the

maximum test limit value should be 85,535 so there will never be a *fail” resuit.

For this example, the vehicie PCM or ECM does not stay alive after shutdown so EWMA values are updated

avery power-up:

Table 163 — Misfire Test ID $0B and $0C example

© IS0 20086 — All rights reserved

Misfire counts Cyl #1 Cyl #1 Cyl #2 Cyl #2 Cyi#3 Cyl#3 Cyl#d Cyi#4
Counts EWMA Counts EWMA Counts EWMA Counts | EWMA
Monitor ID/ TestID | A27/0C A2/0B A3/ecC A3/0B Ad70C A470B | A5/0C | A5/0C
key on, drive cycie 1 G g 0 g 0 g it
siari engine G 0 g 0 0 0 g g
drive with misfire 260 0 1 0 500 0 9 G
key off 260 0 1 0 500 0 9 g
key on, drive cycle 2 260 20 1 0 5600 50 9 i
start engine 8 20 0 0 4] 50 0 1
drive with misfire 1000 260 4 0 3000 50 12 1
key off 1000 26 4 0 3000 50 12 1
key on, drive cycle 3 1 0G0 118 4 0 3000 345 12 2
stari engine G 118 G 0 4] 345 g 2
drive with misfire 1 000 118 4 0 3000 345 12 2
key off 1 060 118 4 0 3000 345 12 2
key on, drive cycle 4 1 060 206 4 0 3000 611 12 3
start engine 8 206 G 0 a 811 g 3
drive with misfire 1060 208 4 0 3000 811 12 3
key off 1 000 206 4 0 3000 611 12 3
key on, drive cycle 5 1 0G0 286 4 0 3000 848 12 4
start engine g 286 4] 0 o 843 0 4
drive with misfire 1 060 286 4 0 3000 848 12 4
key off 1000 285 4 0 3000 8489 12 4
key on, drive cycle 6 1 0G0 357 4 0 3000 1065 12 5
stari engine G 357 g 0 0 1085 ] 5
drive with misfire 1 060 357 4 0 3000 1065 12 5
key off 1060 357 4 0 3000 1065 12 5
key on, drive cycle 12 1060 892 4 0 3000 2074 12 8
start engine 4] 692 g 0 g 2074 g 8
drive with misfire 1060 692 4 0 3000 2474 12 8
key off 1000 892 4 0 (0,444) 3000 24074 12 8 {8,130}
{692,456) {2 0874,25%)
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7.6.3.5 Unit and Scaling ID definition

The Unit and Scaling 1D is a one (1) byte identifier to reference the scaling and unit to be used by the external
test equipment to calculate and display the test values (resuits), Minimum Test Limit, and the Maximum Test
Limit for the Standardized and Manufacturer Defined Test ID requested. All standardized Unit And Scaling IDs
are specified in “Annex E” of this part of ISO 15031.

7.6.3.6  Test Vaiue {result) description

The Test Value represents the test result and is defined in the table below.

Table 164 — Test Value description

Parameter name | # of bytes Description
Test Value 2 Test Value {Resuit) — This value shall be calculated and displayed by the external
{High and |test equipment based on the Unit and Scating ID included in the response message.
Low Byle} |The Test Value shall be within the Minimum and Maximum Test Limit to indicate a

“Pass” result.

7.6.3.7 Minimum Test Limit description

The Minimum Test Limit parameter is defined in Table 165.

Tabie 165 — Minimum Test Limit description

Parameter name | # of byles Description
Minimum Test 2 The Minimum Test Limit shall be calculated and displayed by the extemal test
{imit {High and |equipment based on the Unit and Scaling 1D included in the response message. The
LowByte} |Unit and Scaling iDs are specified in Annex E of this part of 1SO 15031. The

Minimum Test Limit shall be the minimum value for the monitor identified by the On-
Board Diagnostic Mon#tor 1D. For the Stendardized Test IDs that are constant values,
the Minimum Test Limit shall be the same value as reporied for the Test Value.

The following conditions apply

— if the Test Value is less than the Minimum Test Value results in 2 “Fail
condition;

— ifthe Test Value equals the Minimum Test Value resuiis in a “Pass” condition;

— if the Test Value is greater than the Minimum Test Value results in a “Pass”
condition.
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7.6.3.8 Maximum Test Limit description

The Maximum Test Limit parameter is defined in Table 166 below.

Table 166 — Maximum Test Limit description

Parameter name | # of bytes Description
Maximum Test 2 The Maximum Test Limit shall be cailculated and displayed by the extemal fest
Limit {High and | equipment based on the Unit and Scaling ID included in the response message. The

Low Byte) |Unit and Scaling 1Ds are specified in Annex E of this part of 180 15031. The
Maximum Test Limit shall be the maximum value for the monitor identified by the On-
Board Diagnostic Monitor ID. For the Standardized Test iDs, that are constant
values, the Maximum Test Limit shall be the same value as reported for the Test
Value.

The following conditions apply

— if the Test Value is less than the Maximum Test Vaiue resuits in a "Pass’
condition;

— i the Test Value equais the Maximum Test Value results in a “Pass” condition;

— if the Test Value is greater than the Maximum Test Value resulls in a “Fail’
condition.

7.6.4 Message exampie

The example below shows how the “Request on-board monitoring test results for specific monitored systems”
service shall be implemented.

7.6.41 Step #1: Request on-board monitoring test resuits for specific monitored systems {request
for supported OBDMIDs)

The external test equipment requests all supported OBDMIDs from the vehicle. Refer o the example of
Service $01 how to request supported PiDs (same concept is used for supported OBDMIDs}).

As a result of the supported OBDMID request, the external test equipment creates an internal list of supported

OBDMIDs for each ECU: The ECU #1 (ECM) supports OBDMIDs $01, $05, $10, and $21. The ECU #2 (TCM)
does not support any OBDMIDs.

7.6.4.2  Step#2: Request current powertrain diagnostic data {Service $01, PID $01)
Prior to requesting OBD Monitor test results, the external test equipment shall evaluate if the monitor is

complete. The status of the monitor is included in the response message of Service $01, PID $01 data byte
B-D {see Annex B}.

7.6.4.3  Step #3: Request on-board monitoring test resuits for specific monitored systems

The external test equipment sends a “Request on-board monitoring test results for specific monitored
systems” message with one supported OBDMID in the request message to the vehicle. in this exampie, the
request message includes the following OBDMID:

— request message: OBDMID $01 - Oxygen Sensor Monitor Bank 1 - Sensor 1
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Table 167 — Request oxygen sensor monitoring test resuits request message

Message direction: |External test equipment —> Al ECUs

Message Type: Request

Data Byte Description {all values are in hexadecimal} Byte Value {Hex) | Mnemonic

#1 Request on-board monitoring test results for specific monitored 06 SiDRQ
systems request SiD

#2 OBDMID: 81 - Oxygen Sensor Monitor Bank 1 - Sensor 1 01 OBDMID

Table 168 — Request oxygen sensor monitoring test results response message

Message direction: |ECU #1 — External test equipment

Message Type: Response

Data Byte Description {all values are in hexadecimal) Byte Value {Hex] | Mnemonic
#1 Request on-board monitoring test results for specific monitored 46 SIDPRQ
systems response SID
#2 OBDMID: §1 - Oxygen Sensor Monitor Bank 1 - Sensor 1 01 OBDMID
#3 Standardized Test iD: 41 - Rich to iean sensor threshoid voltage 01 STID
{constant}
#4 Unit And Scaling ID: Voltage OA UASID
#5 Test Value High Byte: 0B TESTVAL
#6 Test Value Low Byte: 0,365V BO TESTVAL
#7 Minimum Test Limit High Byte: 0B MINLIMIT
#8 Minimum Test Limit Low Byte: 8,365 V BO MINLIMIT
#9 Maximum Test Limit High Byte: 08 MAXLIMIT
#10 Maximum Test Limit Low Byte: 0,365V BO MAXLIMIT
#11 OBDMID: 61 - Oxygen Sensor Monitor Bank 1 - Sensor 1 01 OBDMID
#12 Standardized Test iD: 85 - Rich to lean sensor switch time g5 STID
{calculated)
#13 Unit And Scaling ID: Time 10 UASID
#14 Test Value High Byte G0 TESTVAL
#15 Test Value Low Byte: 0,072 s {0 min, 0 s) 48 TESTVAL
#16 Minimum Test Limit High Byte 80 MINLIMIT
#17 Minimum Test Limit Low Byte: 0,080 s (O min, 0 5) GO MINLIMIT
#18 Maximum Test Limit High Byte G0 MAXLIMIT
#19 Maximum Test Limit Low Byte: 8,100 s {G min, 0 5) 84 MAXLIMIT
#20 OBDMID: 81 - Oxygen Sensor Monitor Bank 1 - Sensor 4 1 OBDMID
#21 Manufacturer Defined Test ID: 133 {The name of this Test ID shall be 85 MDTID
documented in the vehicle Service information.)
#22 Unit And Scatling iD: Counts 24 UASID
#23 Test Value High Byte GO TESTVAL
#24 Test Value Low Byte: 150 counts 86 TESTVAL
#25 Minimum Test Limit High Byte 00 MINLIMIT
#26 Minimum Test Limit Low Byte: 75 counts 48 MINLIMIT
#27 Maximurn Test Limit High Byte FF MAXLIMIT
#28 Maximurn Test Limit Low Byte: 65535 counts FF MAXLIMIT
NOTE ECU#2 does not support any Test iDs and therefore does not send a response message.
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7.6.44 Request on-board monitoring test results for specific monitored systems

in this example, the requested monitor has not been completed once. The request message includes the
following OBDMID: request message: OBDMID $21 - Catalyst Monitor Bank 1.

Table 160 — Request Catalyst Monitor Bank 1 monitoring test results request message

Message direction: | Extemnal test equipment — All ECUs

Message Type: Request

Data Byte Description {all values are in hexadecimal) Byte Value {(Hex} | Mnemonic
#1 Request on-board monitoring test resuits for specific monitored 06 SIDRQ
systems reguest SiD
#2 OBDMID: 21 - Catalyst Monitor Bank 1 21 OBDMID

Tabie 170 — Request Catalyst Monitor Bank 1 monitoring test resuits response message

Message direction: | ECU #1 - External test equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request on-board monitoring test resuits for specific monitored . 46 SIDPRQ
sysiems response SiD
#2 OBDMID: 21 - Catalyst Monitor Bank 1 21 CBDMID
#3 Manufacturer Defined Test iD: 135 87 MDTID
#4 Unit And Scaling iD: Percent 2E UASID
#5 Test Vaiue High Byte: Monitor not completed at least once since a0 TESTVAL
erasure
#6 Test Value Low Bylte: 0,00 % g0 TESTVAL
#7 Minimum Test Lim#t High Byie 00 MINLIMIT
#8 Minimum Test Limit Low Byle: 0,00 % 80 MINLIMIT
#9 Maxirsum Test Limit High Byte 00 MAXLIMIT
#10 Maximum Test Limit Low Byte: 0,00% a0 MAXLIMIT

NOTE ECU#2 does not support any Test IDs and therefore does not send a response message.

7.7 Service $07 — Request emission-related diagnostic froubie codes detected during
current or last completed driving cycle

7.7.1 Functional description

The purpose of this service is to enable the external test equipment to obtain “pending” diagnostic trouble
codes detected during current or last completed driving cycle for emission-related components/systems.
Service $07 is required for all DTCs and is independent of Service $03. The intended use of this data is to
assist the service technician after a vehicle repair, and after clearing diagnostic information, by reporting test
results after a single driving cycle. If the test failed during the driving cycle, the DTC associated with that test
shall be reported. Test results reported by this service do not necessarily indicate a faulty component/system.
i test results indicate a failure after additional driving, then the MIL will be illuminated and a DTC will be set
and reported with Service $03, indicating a faulfy component/system. This service can always be used to
request the resulis of the latest test, independent of the setting of a DTC.
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Test results for these components/systems shall be reported in the same format as the DTCs in Service $03 -
refer to the functional description for Service $03.

7.7.2 Message data bytes

7.7.21  Request emission-related diagnostic trouble codes detected during current or last
completed driving cycle request message definition

Table 171 — Request emission-related diagnostic trouble codes detected during current
or fast completed driving cycle request message

Data Byte Parameter Name Cvt | Hex Value | Mnemonic

#1 Request emission-related diagnostic frouble codes detected dunng M 07 SIDRQ
current or last completed driving cycle request SiD

7.7.22  Request emission-related diagnostic trouble codes detected during current
or last completed driving cycie response message definition

Table 172 — Request emission-related diagnostic trouble codes detected during current
or fast completed driving cycie response message

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request emission-related diagnostic trouble codes detected during M 47 SIDPR
current or {ast completed driving eycle response SID
H2 #ofDTC =] M #OFDTC
no emission-related DTCs 06
# of emission-related DTCs } 01-FF
#3 DTC#1 {High Byte) ca XX DYC1HI
#4 DYC#1 {Low Byte) C XX DTCHLO
xxX
#n-1 DTC#m (High Byte) C XX BTCmHI
#n DTC#m {Low Byte) C XX BTCmLO

2 C=Conditional — DTC#1 - DTC#m are only inciuded # # of DTC parameter vakse = $G0.

7.7.3 Parameter definition
This service does not support any parameters.
71.7.4 Message example

Refer to message exampie of Service $03.
7.8 Service $08 — Request control of on-board system, test or component

7.8.1 Functional description

The purpose of this service is to enable the external test equipment to control the operation of an on-board
system, test or component.

The data bytes will be specified, if necessary, for each Test ID in Annex F, and will be unique for each Test ID.
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Possible uses for these data byles in the request message are

— Turn on-board system/test/component ON;

—  Turn on-board system/test/component OFF; and

—  Cycle on-board system/test/component for ‘n’ seconds.

Possibie uses for these data bytes in the response message are

— Report system status; and

— Report test resulls.

Not all TiDs are applicable or supported by all systems. TID $00 is a bit-encoded value that indicates for each
ECU which TiDs are supporied. TiD $00 indicates support for TiDs from $01 to $20. TiD $20 indicates
support for TiDs $21 through $40, etc. This is the same concept for PIDs/TIDs/infoTypes support in Services
$01, $02, 306, $08, $09. TID $00 is required for those ECUs that respond to a corresponding Service $08
request message as specified in Annex A.

The order of the TiDs in the response message is not required to match the order in the request message.
The request message including supported Test IDs may contain up to six (6) Test IDs. A request message
including a Test ID with optional data shall only contain one (1) Test ID. An external test equipment is not

aliowed to request a combination of Test IDs supported and a single Test ID with optional data. The ECU shall
support requests for up to six (8} supported Test IDs and only one (1) Test ID with optional data.

7.8.2 Message data bytes

7.8.2.1  Reguest control of on-board device request message definition (read supported TIDs)

Table 173 — Request control of on-board device request message {read supported TIDs)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Reguest controt of on-board device request SiD M 08 SIDRGQ
#2 TID#1 (Test IDs supported: Annex A) M XX TID
#3 TID#2 (Test IDs supported: Annex A} U XX 1D
#4 TID#3 {Test iDs supported: Annex A} y XX TID
#5 TID#4 {Test iDs supported: Annex A} (3 XX TID
#6 TID#5 (Test IDs supported: Annex A) U XX 1D
#7 TID#6 (Test iDs supported: Annex A) U XX TID
U = User Optional — TiD may be included o avoid muitiple TiD supported request messages

To request TiDs supported range from $C1 - $FF, another request message with TID#1=3C0 and
TID#2 = $EC shali be sent to the vehicle.

7.8.2.2 Request control of on-board device response message definition (report supported TiDs)

ECU(s) must respond to ali supported ranges if requested. A range is defined as a block of 32 TiDs (e.g.
range #1: TID $01-$20). The ECU shall not respond to unsupported TID ranges unless subsequent ranges

have a supported TID(s).
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Table 174 — Request controf of on-board device response message {report supported TIDs)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request control of on-board device response message SiD M 48 SIDPR
data record of supported TiDs = FIDREC _
#2 1st supported TID M XX TiD
#3 Data A: supporied TIDs, M XX DATA_A
#4 Data B: supported TIDs, M XX DATA B
#5 Data C: supported TiDs, M XX DATA C
#6 Data D: supported TIDs } M XX DATA D
data record of supported TiDs ={ TIDREC
#n-4 mth supported TiD c13 XX TiD
#n-3 Data A: supported TIDs, foy XX DATA_A
#n-2 Data B: supporied TIDs, c2 XX DATA B
#n-1 Data C: supported TIDs, c2 XX DATA_C
#n Data D: supported TIDs ] c2 XX DATA D
2 C1= Condiional— TID value shall be the same value as included in the request message if supperted by the ECU.
b €2 =Conditional — Value indicates TIDs supported, range of supported TIDs depends on selected TID value (see C1).

The response message shall only include the TID(s) and Data A - D which are supported by the ECU. If the

request message includes {(a) TiD value(s) which are not supported by the ECU, those shall not be included in
the response message.

7.8.2.3 Request control of on-board system request message definition {read TID values)

Table 175 — Request control of on-board device request message {read TID values)

Data Byte

Parameter Name Cvt | Hex Value | Mnemonic

#1 Request control of on-board device request SiD M 08 SIDRQ

data record of TestiD ={ TIDREC
#2 Test ID {request Test ID values} M/Cte XX TiD
#3 Data A, cob XX DATA A
#4 Data B, c2 XX DATA_B
#5 Data C, c2 XX DATA C
#6 Data B, c2 XX DATA D
#7 Data E] c2 XX DATA_E

C2 = Conditional — Presence and vaiues of Data A - E parameter depend on Test iD.

C1 = Conditional — Test ID value shall be one of the supported Test IDs of previous response message.
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7.8.24 Request control of on-board device response message definition (report TID values})

Table 176 — Request control of on-board device response message {report TiD values)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request controt of on-board device response SID M 48 SIDPR
data record of TestiD =1 TIDREC
#2 Test ID (report Test ID values) Mic1e XX 7D
#3 Data A, cob XX DATA_A
#4 Data B, c2 XX DATA B
#5 Daia C, c2 XX DATA C
#5 Data D, c2 XX DATA D
#7 DaiaE] 2 XX DATA_E
a ¢4 = Conditional — Test D value shali be the same value as included in the request message.
C2 = Conditional — Presence and values of Data A - E parameter depend on Test ID.

7.8.3 Parameter definition

7.8.3.1 Test IDs supported

Refer toc Annex A.

7.8.3.2 Test ID description

Refer to Annex F.

7.8.4 Message exampie

The example below shows how “Request conirol of on-board system, test or component” service shall be
implemented.

7.8.4.1  Step #1: Request control of on-board system, test or component {request for supported
Test IDs}

The external test equipment requests all supported Test IDs from the vehicle. Refer to the example of Service
$01 for how to request supported Test IDs {same concept is used for supported TIDs).

As a result of the supported TID request, the external test equipment creates an intemal fist of supported PiDs

for each ECU: The ECU #1 (ECM) supports Test ID $01. The ECU #2 {TCM) does not support any Test IDs
and therefore does not send a response message.

7.8.4.2 Step #2: Request control of on-board device (Service $08, Test ID $01)

The external test equipment sends a “Request control of on-board device” message with one (1) supported
Test 1D $01 to the vehicle.

Table 177 — Request controi of on-board device request message

Message direction: | External test equipment — Al ECUs

Message Type: Request

Data Byte Description (all values are in hexadecimal} Byte Value {Hex) | Mnemonic
#1 Request conirol of on-board device request SID 08 SIDRQ
#2 Test 1D: 01 - Evaporative sysiem leak test a1 FiD
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Table 178 — Request control of on-board device response message

Message direction: |ECU #1 — External test equipment

Message Type: Response

Data Byte Description {all values are in hexadecimal} Byte Vaiue {Hex) | Mnemonic
#1 Request control of on-board device response SID 48 SIDPR
#2 Test 1D 01 - Evaporative system leak test 01 TiD

In the following example, the conditions of the system are not proper to run the Evaporative system leak test.
Therefore, the ECM (ECU #1) responds with a negative response message with response code $22 -
conditionsNotCorrect. The TCM (ECU #2) does not respond because it previously reported that it does not
support the Evaporative system leak test.

Table 179 — Request control of on-board device request message

Message direction: |External test equipment — All ECUs

Message Type: Regquest

Data Byte Description {all values are in hexadecimal} Byte Value {Hex) | Mnemonic
#1 Request control of on-board device request SID 08 SiDRQ
#2 Test iD: 01 - Evaporative system leak test 1 TiD

Table 180 — Negative response message

Message direction: |ECU#1 — External test equipment

Message Type: Response

Data Byte Bescription {all values are in hexadecimal) Byte Value {Hex) | Mnemonic
#1 Negative Response Service identifier 7F SIDNR
#2 Request control of on-board device request SID 08 SiDRQ
#3 Negative Response Code: conditionsNotCorrect 22 NR_CNC

7.9 Service $09 — Request vehicle information

7.9.1 Functional description

The purpose of this service is to enable the external test equipment fo request vehicle-specific vehicie
information such as Vehicle Identification Number (VIN) and Calibration 1Ds. Some of this information may be
required by regulations and some may be desirable to be reported in a standard format if supported by the
vehicle manufacturer. INFOTYPESs are defined in Annex G.

Not all Infotypes are applicable or supported by all systems. infotype $00 is a bit-encoded value that indicates
for each ECU which Infotypes are supported. infotype $00 indicates support for infotypes from $01 o $20.
Infotype $20 indicates support for Infotypes $21 through $40, etc. This is the same concept for
PiDs/TIDs/Infotypes support in Services $01, $02, $08, $08, $09. Infotype $00 is required for those ECUs that
respond to a corresponding Service $09 request message as specified in Annex A.

The request message including supported InfoTypes may contain up to six {6} Infotypes. A request message
including an infoType, which reports vehicle information shall only contain one (1} infotype. An external test
equipment shall not request a combination of Infotypes supported and a single Infotype, which reports vehicle
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information. The ECU shall support requests for up to six (6) supported infotypes and only one (1) Infotype
which reportis vehicle information.

if INFOTYPE $02 (VIN) is indicated as supported, the ECU shall respond within P2max timing even if the VIN
is missing or incomplete. For example, a development ECU may respond with $FF characters for VIN
because the VIN has not been programmed.

7.9.2 Message data bytes

7.9.2.1  Request vehicle information request message definition {request supported infoType}

Table 181 — Request vehicle information request message {request supported InfoType}

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Regquest vehicle information request SID M 49 SIDRQ
#2 infoType#1 (infoTypes supported: Annex A) M XX INFTYP
#3 InfoType#2 (infoTypes supported: Annex A) us XX INFTYP
#4 InfoType#3 (infoTypes supporied: Annex A) U XX INFTYP
#5 infoType#4 {infoTypes supported: Annex A} U XX INFTYP
#5 infoType#5 (infoTypes supported: Annex A} U XX iINFIYP
#7 infoType#b (infoTypes supposted: Annex A) U XX INFTYP
3 U = yser Optional — InfoType may be included to avoid multiple InfoType supported request messages.

To request InfoTypes supported range from $C1 - $FF, another request message with infoType#1 = $CO0 and
InfoType#2 = $EO shall be sent fo the vehicle.

7.9.2.2 Request vehicle information response message definition {report supported InfoType)
ECU(s) shall respond to all supported ranges if requested. A range is defined as a block of 32 infoTypes (e.g.

range #1: InfoType $01-$20). The ECU shall not respond to unsupported infoType ranges unless subsequent
ranges have a supporied infoType(s).

Table 182 — Request vehicle information response message (report supported InfoType)

Data Byte Parameter Name Cvt | Hex Value | Mnemeonic
#1 Request vehicle information response SiD M 49 SIDPR
data record of supported InfoTypes =[ INFTYPREC
#2 1st supported infoType M XX INFTYP
#3 Data A: supported infoTypes, M XX DATA_A
#4 Data B: supported infoTypes, M XX DATA_ B
#5 Data C: supported infoTypes, M XX DATA_C
#6 Data D supported infoTypes | M XX DATA_D
data record of supporied InfoTypes = iNFTYPREC
#n-4 mth supported InfType c1a XX INFTYP
#n-3 Data A: supported infoTypes, Ccob XX DATA_A
#n-2 Data B: supported infciypes, C2 XX DATA_B
#n-1 Data C: supported infoTypes, c2 XX DATA_C
#n Data D: supported infoTypes ] c2 XX DATA_D
a 1 = Conditional — INFOTYPE value shali be the same value as included in the request message if supported by the ECU.
b 2 = Conditional — Value indicates INFOTYPEs supporied; range of supported INFOTYPEs depends on selected INFOTYPE
vatue (see C1).
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The response message shall only include the INFOTYPEs and Data A - D, which are supported by the ECU. if
the request message includes (an) INFOTYPE value(s), which are not supported by the ECU, those shall not
be included in the response message.

7.9.23  Request vehicle information request message definition {read infoType values)

Table 183 — Request vehicie information request message (read InfoType values)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic
#1 Request vehicle information request SID M 08 SIDRQ
#2 infoType (read InfoType values) M XX INFTYP

7.9.2.4  Request vehicle information response message definition {report InfoType values)

Table 184 — Request vehicle information response message {report InfoType values)

Data Byte Parameter Name Cvt | Hex Value | Mnemonic

#1 Request vehicle information response SID M 48 SIDPR
data record of infoType ={ INFTYPREC
#2 infoType (report InfoType values) MWcCie XX INFTYP
#3 NOfDataitems M XX NCDI
#4 data #1, M XX DATA_#1
#5 data #2, c2b XX DATA_#2
: : c2 XX :

#m data #m] c2 XX DATA_#m

2 C1=Condiional — InfoType value shal be the same value as included in the request message.
b G2 = Conditional — Data #1 -#m depend on selected InfoType value.

7.8.3 Parameter definition

7.83.1  Vehicle information types supported

Refer to Annex A.

7.93.2 Vehicle information type description

Refer to Annex G.

7.9.3.3  Number of data items data byte description

This parameter defines the number of data tems included in the response message which are identified and
belong to the InfoType reported.

EXAMPLE A request message with the InfoType for CVN (Calibration Verification Number} may cause the ECU to
send a response message that contains muitiple CVNs. The amount of CVNs is included in the “Number of data items”
parameter.

For InfoType $08, In-use Performance Tracking, there are 16 data items specified in Annex G. Therefore, the
parameter number of data items shail have a value of 18,4 in a response message containing InfoType $08.
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7.9.4 Message example

The example below shows how the “Request vehicle information” service shall be implemented.

7.9.41 Step#1: Request vehicle information {request supported InfoType} from vehicie

The external test equipment requests all supported InfoTypes {InfoType#1 = $00) from the vehicle. The ECU
#1 (ECM) and the ECU #2 {TCM) send a response message with InfoTypes supported information for

infoTypes $01 - $20.

Now the external test equipment creates an internal list of supported infoTypes for each ECU. The ECU #1
(ECM) supports the following InfoTypes: $02, $04, $06, and $08. The ECU #2 (TCM) supports InfoTypes $04

and $06.

7.9.4.2 Step #2: Request InfoTypes from vehicle

Now the external test equipment requests a combination of three {3} infoTypes:

— infoType $62: VIN

= [1G1JC5444R7252367] supported by ECU #1;

— infoType $04: Cal. ID#1 = [JMB*36781500] supporied by ECU #1;
— InfoType $04: Cal. ID#2 = [JMB*4787261111] supported by ECU #1;

— infoType $06: Cal. CVN#1
— InfoType $08: Cal. CVN#2

— InfoType $08: IPT

— InfoType $04: Cal. ID
— InfoType $06: Cal. CVN

[1791BC82] supported by ECU #1;

[16E062BE] supported by ECU #1;

= [D4000DO0S ... 00440061] supported by ECU #1;
[JMA*431289110000] supported by ECU #2; and
[88123476] supported by ECU #2.

Table 185 — Request vehicie information request message

® IS0 2006 — All rights reserved

Message direction: | External test equipment — All ECUs
Message Type: Request
Data Byte Description {all values are in hexadecimal} Byte Value {Hex) | Mnemonic
#1 Reguest vehicie information request SiD 09 SIDRQ
#2 InfoType: 82 - VIN {Vehicle identification Number} a2 INFTYP
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Table 186 — Request vehicle information response message

Message direction: |ECU #1 » External test equipment

Message Type: Response

Data Byte Description {all values are in hexadecimal} Byte Value {Hex} | Mnemonic
#1 Request vehicle information response SiD 49 SIDPR
#2 infoType: 02 - VIN {Vehicle Information Number) G2 INFTYP
#3 Number of data iterns: 01 01 NODi
#4 1st ASCHl character of VIN: ‘1° 31 VIN
#5 27d ASCH character of VIN: ‘G’ 47 VIN
#6 31 ASCH character of VIN: '{’ 3% VIN
#7 4% ASCH character of VIN: \J 4A VIN
#8 5t ASCIi character of VIN: 'C’ 43 VIN
#9 6% ASCH character of VIN: 5 35 VIN
#10 7 ASCIi character of VIN: ‘4’ 34 VIN

#11 8th ASCHi character of VIN: 4’ 34 VIN
#12 9t ASCH character of VIN: 4’ 34 VIN
#13 10th ASCH characier of VIN: ‘R’ 52 VIN
#14 14t ASCH character of ViN: ‘7" 37 VIN
#15 12t ASCH character of VIN: ‘2 32 VIN
#16 13th ASCii characier of VIN: 5 35 VIN
#17 14% ASCH character of ViN: ‘2 32 VIN
#18 15t ASCH character of VIN: '3 33 VIN
#19 16t ASCii character of VIN: ‘6’ 36 VIN
#20 17t ASCH character of VIN: 7 37 VIN

Now the external test equipment requests the following InfoType:

— InfoType $04: CALID#1 = [JMB*36761500] and CALID#2 =[JMB*4787261111]; supported by ECU#1.

Table 187 — Request vehicle information request message

Message direction: | External test equipment — Al ECUs

Message Type: Reguest

Data Byte Description {all values are in hexadecimal) Byte Value {Hex] | Mnemonic
#1 Request vehicle information request SID G9 SIDRQ
#2 infoType: Calibration ID 04 INFTYP
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Table 188 — Request vehicle information response message {1ist}

Message direction: | ECU#1 — External test equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request vehicle information response SiD 49 SIDPR
#2 InfoType: Calibration 1D 04 INFTYP
#3 Number of data items: 02 a2 NODi
#4 Data A 'J 47 DATA_A
#5 Data B: '™ 4B DATA B
H#6 Data C:'B’ 42 DATA C
#7 Data D: ™ 2A DATA_D
#3 Data E: '3 33 DATA_E
#9 Data F:'6 36 DATA_F
#10 Data G:°7 37 DATA G
#11 Data H. ‘¢’ 36 DATA_H
#12 Data I *1 31 DATA_l
#13 Data J. 'S 35 DATA J
#14 Data K- °0 30 DATA_K
#15 DataL. 'O 30 DATA_L
#18 Data M: Fill byte a0 DATA_M
#17 Data N: Fill byte 00 DATA_N
#18 Data O: Fill byte 00 DATA_O
#19 Data P: Fill byte a0 DATA P
#20 Data A. J 4A DATA A
#21 Data B: '™ 4D DATA B
#22 Data C.'5' 42 DATA_C
#23 Data D: "% 2A DATA_D
#24 Data E: ‘4 34 DATA_E
#25 Data F. 7" 37 DATA_F
#26 Data G:°8 38 DATA G
#27 Data H: 7’ 37 DATA_H
#28 Data |- 2 32 DATA_|
#28 Data J: &’ 36 DATA_J
#30 Data K ¥’ 31 DATA K
#31 DataL: ‘1" 31 DATA_L
#32 Data M: "1 31 DATA_ M
#33 Data N2 °1’ 3 DATA_N
#34 Data O: Fill byte a0 DATA_O
#35 Data P: Fill byte 00 DATA_P

NCTE The same response message with different data byte content will be sent by ECU #2 in this example.
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In the following example, the ECUs need more time than P2oan o calculate the Calibration Verification
Number(s). Therefore, both ECUs respond with negative response messages with response code $78 -

RequestCorrectlyReceived-ResponsePending as long as the positive response message is not ready in the
ECU.
Now the external test equipment requests the following InfoType:

— InfoType $06: CVN#1 =[17 91 BC 82] and CVN#2 = [16 E0 62 BE]; supported by ECU#1: and

— InfoType $08: CVN =[98 12 34 76}; supported by ECU#2.

Table 189 — Request vehicle information request message

Message direction: | External test equipment - All ECUs
Message Type: Request
Data Byte Description {(all values are in hexadecimal} Byte Value {Hex) | Mnemonic
#1 Request vehicle information request SID 09 SiDRQ
#2 InfoType: Calibration Verification Number 8153 INFTYP
Table 190 — Negative response message
Message direction: | ECU#1 — External test equipment
Message Type: Response
Data Byte Description {alf values are in hexadecimal) Byte Value {Hex) Mnemonic
#1 Negative Response Service Identifier 7F SIDNR
#2 Request vehicle information reguest SiD 09 SIDRQ
#3 Negative Response Code: RequestCorrecilyReceived- 78 NR_RCR_RP
ResponsePending
Table 191 — Negative response message
Message direction: | ECU#2 — External test equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal) Byte Value {Hex) Mnemonic
#1 Negative Response Service identifier 7F SIDNR
#2 Request vehicle information request SID G9 SIDRQ
#3 Negative Response Code: RequesiCorrectiyReceived- 78 NR_RCR_RP
ResponsePending
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Tabile 192 — Request vehicle information response message {1st)

Message direction:

ECU#1 — External test equipment

Massage Type: Response
Data Byte Description {all values are in hexadecimal) Byte Value {(Hex) | Mnemonic
#1 Request vehicie information response SiD 49 SIDPR
#2 InfoType: Calibration Verificalion Number 06 INFTYP
#3 Number of data items: 02 02 NOCDi
#4 Data A: 17 17 DATA A
#5 Data B: 91 91 DATA B
#6 Data C: BC 8C DATA_C
#7 Data D: 82 82 DATA_D
#8 Data E: 16 16 DATA_E
#9 Data F: EQ EO DATA_F
#10 Data G: 62 62 DATA_G
#11 Data H: BE BE DATA_H
Table 183 — Request vehicle information response message {1st}
Message direction: | ECU#2 — Exiernal test equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal) Byte Value {(Hex) | Mnemonic
#1 Request vehicle information response Sib 49 SIDPR
#2 InfoType: Calibration Verification Number a6 INFTYP
#3 Number of data items: {1 a1 NOD1
#4 Data A- 98 98 DATA_A
#5 Data B: 12 12 DATA B
#6 Data C: 34 34 DATA_C
#7 Data D: 76 76 DATA_D
Now the external test equipment requests the following InfoType:
— InfoType $08: IPT;  supporied by ECU#1.
Table 194 — Request vehicle information request message

Message direction: | Exiternal test equipment — All ECUs
Message Type: Request
Data Byte Description {all values are in hexadecimal) Byte Value {Hex} | Mnemonic
#1 Request vehicle information request SiD 09 SIDRQ
#2 InfoType: In-use Performance Tracking a8 INFTYP
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Table 185 — Request vehicle information response message {1}

Message direction: | ECU#1 — External test equipment
Message Type: Response
Data Byte Description {all values are in hexadecimal) Byte Value {Hex) Mnemonic
#1 Requast vehicle information response SID 49 SIDPR
#2 infoType: in-use Performance Tracking 08 INFTYP
#3 Number of data items: 16 10 NGDi
#4 OBDCOND_A: 1024 counts G4 OBDCOND_A
#5 OBDCOND_B: 1024 counts 60 OBDCOND_B
H#5 IGNCYCCNTR_A: 3337 counis 0D IGNCYCCNTR_A
#7 IGNCYCCNTR_B: 3337 counis 09 IGNCYCCNTR_B
#38 CATCOMP1_A: 824 counts 03 CATCOMP1_A
#9 CATCOMP1_B: 824 counts 38 CATCOMP1_B
#10 CATCOND1_A: 945 counts 03 CATCOND1_A
#11 CATCOND1_B: 945 counts B1 CAICCND1_ B
#12 CATCOMP2_A: 711 counis 02 CATCOMP2Z_A
#13 CATCOMP2_B: 711 counts Cc7 CATCOMP2_B
#14 CATCOND2_A: 945 counts 03 CAICONDZ_A
#15 CATCOND2_B: 945 counts B1 CATCOND2 B
#16 O2SCOMP1_A: 737 counts 82 O2SCOMP1_A
#17 0O2SCOMP1_B: 737 counts E1 O2SCOMP1_B
#18 O28CONDB1_A: 924 counts 83 O28COND1_A
#18 02SCOND1_B: 924 counts 9C O2SCOND1_B
#20 Q28COMP2_A: 724 counis 82 028COMP2_A
#21 0O2SCOMP2_B: 724 counis D4 02SCOMP2_B
#22 0O28COND2_A: 833 counts 03 O25COND2_A
#23 0O2SCOND2_B: 833 counts 41 0O25COND2_B
#24 EGRCOMP_A: 997 counts 63 EGRCOMP_A
#25 EGRCOMP_B: 997 counts E5 EGRCOMP_B
#28 EGRCOND_A: 1010 counts 83 EGRCOND_A
#27 EGRCOND_B: 1010 counts F2 EGRCCND B
#28 AIRCOMP_A: 937 counts G3 AIRCOMP_A
#29 AIRCOMP_B: 937 counts A9 AIRCOMP_B
#30 AIRCCND_A: 973 counts 03 AIRCOND_A
#31 AIRCOND_B: 973 counts CcD AIRCCND B
#32 EVAPCOMP_A: 68 counts 00 EVAPCOMP_A
#33 EVAPCOMP_B: 68 counts 44 EVAPCCMP B
#34 EVAPCOND_A: 97 counis 00 EVAPCOND_A
#35 EVAPCOND_B: 97 counts 61 EVAPCOND B

Now the external test equipment requests the foliowing InfoType:

112

infoType $0A: ECUNAME;

supported by ECU#1; The name of the ECU is: “ECM-Engine Controf”.
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Table 196 — Request vehicie information request message

Message direction: | Extemal test equipment — All ECUs
Message Type: Request
Data Byte Description {all values are in hexadecimal) Byte Value {(Hex] | Mnemonic
#1 Request vehicle information request SiD 09 SIDRQ
#2 InfoType: ECU's/module’s acronym and text name 0A INFTYP
Table 197 — Request vehicle information response message (1)
Message direction: | ECU#1 — External test equipment
Message Type: Response
Data Byte Description (all values are in hexadecimal) Byte Value {Hex) Mnemonic
#1 Request vehicle information response SiD 49 SiDPR
H2 InfoType: ECU'simodule’s acronym and text name OA INFTYP
#3 Number of data items: 81 01 NODi
#4 Data A 'E 45 ECUNAME_A
#5 DataB: T 43 ECUNAME_B
HE DataC: 'M 4D ECUNAME_C
#7 Data D: filer byte 00 ECUNAME D
8 Data E: -’ delimiter 2D ECUNAME E
#9 DataF. £ 45 ECUNAME_F
#10 DataG: o 8E ECUNAME_G
#11 DataH: 'g 67 ECUNAME_H
#12 Datal: ¥ 69 ECUNAME |
#13 DataJ: n 8E ECUNAME_J
#14 DataK: '€ 65 ECUNAME_K
#15 Datal: '’(space) 20 ECUNAME_L
#16 DataM: 'C 43 ECUNAME_M
#17 Data N: ‘o 8F ECUNAME_N
#18 Data O: ' 8E ECUNAME_C
#19 DataP: 74 ECUNAME_P
#20 DataQ: 7 72 ECUNAME_Q
#21 DataR: 'O 6F ECUNAME_R
#22 DataS: 7 8C ECUNAME_S
#23 Data T: filler byte 00 ECUNAME_T
113
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Annex A
(normative)

PID (Parameter ID)/OBDMID (On-Board Monitor ID)/TID
(Test ID)/INFOTYPE supported definition

This annex specifies standardized hex values to be used in the request message for Services $01, $02, $05
$06, $08, and $09 to retrieve supported PIDs, OBDMIDs, TiDs, and INFOTYPEs.

3

Tabie A.1 — Supported PID/OBDMID/TID/INFOTYPE definition

Supported Scaling/bit External test equipment
PID/OBDMID/ Number of data bytes = 4 Sl {Metric) / English display
TIDANFOTYPE Data A - D or B - E: bit evaluation
{hex} PID/OBDMID/TID/INFOTYPE supported {Hex)
G0 Data Abit7 01 1ISO 1586314 specifies the behaviour of the
Data Abit6 02 8 = not supporied external test equipment for how to interpret
: : = supported the data received to identify supporied
DataDbit 0 pit) PiDs/OBDMIDS/TIDSANFOTYPESs for each
i) Data Abit7 21 ECU.
Data Abit6 22 8 = not supporied The ECU shall not respond to unsupported
: : 1 = supported PiD/TiID/MID/InfoTypes ranges uniess
DataDbit 0 40 subsequent ranges have a supported
PiD{syYMID{sYTID{s)/infoT 5).
40 Data Abit7 41 (sYMID(s) ) ype(s)
Data Abit6 42 8 = not supporied
: : 1 = supported
DalaDbt 0 60
60 Data Abit7 61
Data Abit6 62 8 = not supporied
: : 1 = supported
DaiaDbit 0 86
80 Data Abit7 81
Data Abit6 82 6 = not supporied
: : 1 = supported
DalaDbit 0 AD
Ag Data Abit7 Al
Data Abit6 A2 8 = not supporied
: N 1 = supported
DataDbit 0 Co
Co Data Abit7 C1
Data Abit6 C2 8 = not supporied
: y 1 = supported

DataDbito| E0

EO Bata Abit7 E1
Data Abit6 £2

DataDbit1| FF 0 ?f‘)t S“"*’{;’e’fd
Data D b#t 0 | ISO/SAE = SUppo!

reserved
{setto 0)
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Annex B
(normative)

1SO 15031-5:2006(E)

PIDs (Parameter ID) for Services $01 and $02 scaling and definition

8.1 Nomenclature

This Annex uses the following nomenciature for numbering and units for the U.S., European notation, and
External Test Equipment display. Table B.1 includes an exampie.

Table B.1 — Numbering and units for the U.S. notation, European notation

and External Test Equipment display

Annex example

.S, notation

European notation

External Test Equipment display

4750,75 min—?

4750,75 min—!

4750,75 min!

4750,75 min—!

B.2 Signals received via distributed networks

in distributed network architectures, cerfain OBD devices may be hardwired to other ECUs or be independent
OBD mechatronic devices, e.g. smart sensor, or through a network from ancther ECU (both referred o as
remote OBD devices). When remote OBD devices are not hardwired to the OBD ECU and the data is not
received over the data bus from the specific remote OBD device, the following applies:

— The primary OBD ECU shall report Service $01 and Service $02 data parameters as the minimum or
maximum value io indicate that the signal has not been received. A PID which includes this invaiid data
{no signal) shall either be reported with a minimum value ($00 or $0000) or maximum value {$FF or
$FFFF), eg. PID $0D “Vehicle Speed Sensor’=$FF=255 km/h, PID $2F ‘Fuel Level
Input” = $00 = 0,0 %. The reported value shall be determined by the manufacturer based on system
design and network architecture to represent the least likely value to be expected under normal

conditions.

— The OBD ECU is required to store a network communication DTC after appropriate filtering, if the ECU
detects that any remote OBD signal is missing. it shall set a DTC for “Lost Communication with X'

Control Medule”.

The network communication DTCs shall be obtained from {SO 15031-6.

© IS0 2006 — All rights reserved
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B.3 PID definitions

Table B.2 — PiD 301 definition
PID Description Data Scaling/bit External test equipment
thex} byte Sl {Metric}/ English display
01 | Monitor status since DTCs cleared
The bits in this PID shall report two pieces of information for each monitor:
— monior status since DTCs were last cleared, saved in NVRAM or Keep Alive RAM; and
— monitors supported on this vehicle.
Number of emission-related DTCs and A |byie 10f4 DTC and MIL status:
MiL staius {bit)
# of DTCs stored in this ECU 3-8 |hex fo decimal DTC_CNT: xxd
Malfunction Indicator Lamp {MiL} 7 |0=MILOFF; 1 =MILON |MiL: OFF or ON
Status
The MIL status shall indicate “OFF" during the key-on, engine-off bulb check unless the MiIL has also been
commanded "ON” for a detected malfunction. The status should reflect whether there is any confirmed DTC(s)
stored that are ifluminating the MIL. I should not reBect the status of the MiL, which couid be on for a function
check, flashing I/M readiness or flashing for misfire.
Supported tests which are continuous B |byte 2 of 4 {{ ow Nibble} Support status of continucus
{bit) Monitors:
Misfire monitoring supported 0 |0 = monitor not supported |MIS_SUP: NO or YES
{NOC}
1= monitor supported
{YES)
Misfire monitoring shall be supported on both spark-ignition and compression-ignition vehicles ¥ the vehicle
ytilizes a misfire monitor.
Fuel system monitoring supported 1 [0 = monitor not supported | FUEL_SUP: NO or YES
{NG}
= monitor supported
{YES)
Fuel system mont#toring shail be supporied on vehicles that utilize oxygen sensors for closed loop fuel feedback
control, and utilize a fuel system monitor, typically spark-ignition engines.
Comprehensive component monitering] 2 |0 = monitor not supporied |CCM_SUP: NO or YES
supported (NG}
1= monitor supported
{YES)
Comprehensive component monitoring shall be supported on spark-ignition and compression-ignition vehicles
that utifize comprehensive component monitoring.
ISO/SAE reserved (bit shall be reported| 3 —
as 0}
Status of continuous monitoring tests| B byte 2 of 4 {High Nibbie) Completion status of continuous
since DTC cleared: {bit} monitors since DTC cleared:
Misfire monitoring ready 4 |0= monitor complete, or |MIS_RDY: YES or NO
not applicable (YES)
= monitor not complete
{NO}
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Table B.2 (continued)

ISO 15031-5:2006(E)

PID
{hex)

Description

Data
byte

Scaling/bit

External test equipment

SI {Metric) / English display

Misfire monitoring shall always indicate complete for spark-ignition engines. Misfire monitoring shall indicate
compiete for compression-ignition engines afier

the misfire evaluation is complete.

Fuel sysiem moniloring ready

5 |0 = monitor compiete, or

not applicable {YES)

1= monior not compleie
{NO)

FUEL_RDY: YES or NO

Fuel system monitoring shali always indi

cate complete for both spark-ignition

and compression-ignition engines.

Comprehensive component monitoring
ready

5} 0 = monilor complete, or

not applicable (YES)

1 = monitor not complete
{NO)

CCM_RDY: YES or NO

Comprehensive component monitoring  shall

compression-ignition engines.

NCTE

support other non-continuous monitors.

always

i can be assumed that by the time any non-continuous monitors are complete, conlinuous comprehensive
component monitoring will also be compiete. Bit 6 is aliowed o always indicate “complete” on spark-ignition vehicles that

indicate complete on both spark-gnition and

ISO/SAE reserved (bit shall bereported | 7 —
as “0™)
Supported tests run at least once per C |byte3of4d Support status of non-continuous
trip {bit} monitors:
Catalyst monitoring supported 0 CAT_SUP:NOor YES
Heated catalyst monitoring supported 1 HCAT_SUP: NG or YES
Evaporative system monitoring 2 EVAP_SUP: NO or YES
supported
Secondary air systern monitoring 3 |8 = monior not supporied |AIR_SUP: NOor YES
supported {NO)
AIC system refrigerant monitoring 4 | 1= moniior supported ACRF_SUP: NO or YES
supported (YES)
Oxygen sensor monitoring supported 025_SUP: NO or YES
Oxygen sensor heater monitoring HTR_SUP: NO or YES
supported
EGR system monitoring supported 7 EGR_SUP: NC or YES
Status of tests run atleastonce pertip | D |byle4 of4 Compietion status of non-
{bit} continuous monitors since DTCs
cleared:
Catalyst monitoring ready 0 CAY_RDY: YES or NO
Heated catalyst monitoring ready 1 HCAT_RDY: YES or NO
Evaporative system monitoring ready 2 EVAP_RDY: YES or NO
. I 0 = monior compiete, or ]
Secondary air system monitoring ready 3 not applicable (YES) AIR_RDY: YES or NO
A]Cdsystem refrigerant monitoring 4 1= montor not complete ACRF_RDY: YESor NO
ready (NO)
Oxygen sensor monitoring ready 02S_RDY: YES or NO
Oxygen sensor heater monitoring ready| © HTR _RDY: YES or NO
EGR system monitoring ready EGR_RDY: YES or NO
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Table B.3 — PID $02 definition

PiD Description Data Min. Max. Scaling External test equipment
{hex} byte value value SI {Metric} / English display
02 |DTC that caused required A B G000 FFFF Hexadecimal DTCFRZF: Pxxxx, Cxxxx,
freeze frame data storage e.g. POIAB Bxooxx, Uxxxx
{30000 indicates no freeze {D7Cs defined

frame data) in
iSO 15031-§6)

Table B.4 — PiD $03 definition

PID Description Data Scaling/bit External test equipment
{hex) Byte 81 {Metric)/English display
03 |Fuel system 1 status: A |byle10f2 FUELSYS1:
{bity
{Unused bits shall be 6 [1= Open ioop - has not yet satisfied conditions to OL
reported as 'G’; no go ciosed loop
more than one bitat a .
time can be setic a1’ 1 |1= Ciosed loop - using oxygen sensor(s} as CL
of that bank ) feedback for fuei control
2 |1= Open ioop due to driving conditions {e.g. OL-Drive
power enrichment, deceleration enieanment)
1= Open icop - due to detected system fault OL-Fauit
1= Closed loop, but fault with at least one oxygen Ci-Fault
Sensor - may be using single oxygen sensor for fuel
control

5-7 |1SO/SAE reserved (bits shall be reported as ‘0°) —

NOTE Fuel systems do not normally refer to injector banks. Fuel systems are intended to represent compietely different
fuel sysiems that can independently enter and exit closed-loop fuel. Banks of injectors on a V-engine are generally not
independent and share the same closed-loop enablement criteria. If the engine is off and the ignition is on, all bits in Data Byte
A and Data Byte B shall be reported as '0’.

Fuel sysiem 2 status: B |byte20i2 FUELSYS2:
{bit)

{Unused bits shall be G |1= Open ioop - has not yet satisfied conditions to OL

reported as ‘0’; no go ciosed loop

more than one bitata

- g 1 |1= Closed loop - using oxygen sensor(s) as CL
timecan be settoa ‘1
of that bank.) feedback for fuei control
2 |1= Open iocop due to driving conditions {e.g. OL-Drive
power enrichment, deceleration enleanment)
= Open lcop - due to detected system fault OL-Fauilt
4 |1= Closed loop, but fault with at ieast one oxygen Ci-Fault
SeNnsor - may be using single oxygen sensor for fuel
control

57 |ISO/SAE reserved {bifs shall be reported as '0') —
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Table B.5 — PID $04 definition

PID Description Data Min. Max. Scaling/bit External test equipment
{hex} byte value value SlI {Metric) / English display
04 |Calculated LOAD Value A 0% 100 % 100/255 % LOAD PCT: xxx.x %

The OBD reguiations previousty defined CLV as
{current airflow / peak airflow @ sea level) * (BARO @ sea ievel / BARC) * 100 %.

Various manufacturers have implemented this calculation in a variety of ways. The following definition,
although a lithe more restrictive, will standardize and improve the accuracy of the calculation:

LOAD_PCT = fcurrent airflow] / {{peak airflow at WOT@STP as a function of rpm) * (BARO/29,92} *
SQRT{298/(AAT+273))}

—  Where: STP = Standard Temperature and Pressure = 25 °C, 29,82 in Hg BARO, SQRT = square roof;

—  WOT = wide open throtile, AAT = Ambient Air Temperature and is in °C

NOTE At engine off and ignifion on the LOAD_PC7 =0 %.

Characteristics of LOAD_PCT:

— Reaches 100 % at WOT at any altitude, temperature or rpm for both naturally aspirated and boosted

engines, if no spark retard due o knock-control {dependant on load, fuel and temperature). Also, for
boosted engines the altitude does not affect the load as long as the turbo could deliver the right amount

of air.
— indicates percent of peak available torque during nommal, fault-free conditions.
— Linearly correlated with engine vacuum.
— Often used io schedule power enrichment.

— Compression-ignition engines (diesels) shall support this PID using fuel-flow in place of airflow for the
above calculations.

Both spark-ignition and compression-ignition engines shall support PID $04. See PID $43 for an additional
definition of engine LOAD.

Table B.6 — PID $05 definition

PiD Description Data Min. Max. Scaling/bit External test equipment
{hex} byte value value Sl {Metric} / English display
05 Engine Coolant Temperature A —-40°C +215°C 1°Cwith ECT: xxx °C {xxx °F}

-40°C
offset

ECT shall display engine coolant temperature derived from an engine coolant temperature sensor or a
cylinder head temperature sensor. Many diesels do not use either sensor and may substitute Engine Ol

Temperature instead.
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Tabie B.7 — PiD $06 definition

PID
{hex}

Description Data| Min. Max. Scaling/bit External test equipment
byte| value Value 81 {Metric}/ English display

06

Short Term Fuel Trim -Bank 1| A | -1009% | +99,22 % | 100/128 % |SHRTFT1: xxx.x %
¥ 3 1 L+
{use i only 1 fuel trim value) {lean} {rich) (G % at 128} SHRTFT3: 300X %

Short Term Fuel Trim-Bank 3| B

Short Term Fuel Trim Bank 1/3 shall indicate the comection being utilized by the closed-icop fuel algorithm. if the
fuel system is in open loop, SHRTFT1/3 shall repori 8 % comection.

Data B shall only be included in the response fo a PID $06 request if PID $1D (Location of Oxygen Sensors}
indicates an oxygen sensor is present in Bank 3. The extemnal test equipment can determine length of the
response message based on the data content of PiD $13 or $1D. In no case shall an ECU send an unsupported
data byte A if data byte B is supported. See exampiles in the description of PiD $03.

Table B.8 — PID $07 definition

PID
{hex)

Description Data| Min. Max. Scaling/bit External test equipment
byte| value Value Sl {Metric}) / English display

07

long Term Fuel Tim—Bank 1| A | —100% | +99,.22 % | 1001128 % |LONGFT1: xxx.x %
{use if only 1 fuel trim vaiue) {lean} {rich) |(0 % at 128) LONGFT3: 300X %

iong Term Fuel Trim - Bank 3| B

Fuel trim correction for Bank 1/3 stored in Non-volatile RAM or Keep-alive RAM. LONGFT shall indicaie the
correction being utifized by the fuel control aigorithm at the time the data is requested, in both open-icop and
closed-loop fuel contrel. If no correction is utifized in open-loop fusel, LONGFT shall report G % correction. if long-
term fuel irim is not utilized at ali by the fuel control algorithm, the PID shali not be supporied.

Data B shall only be included in the response to a PID $067 request # PID $1D (Location of Oxygen Sensors)
indicates an oxygen sensor is present in Bank 3. The external test equipment can determine length of the
response message based on the data content of PID $13 or $1D. In no case shall an ECU send an unsupported
data byle A if data byle B is supported. See examples in the description of PID $08.

Tabie B.9 — PID $08 definition

PID
{hex}

Description Data Min. Max. Scaling/bit External test equipment
byte| value value Sl {Metric) / English display

08

Short Term Fuel Trim-Bank 2| A | —108% | +99,22 % | 100/128 % |SHRTFT2: xxx.x %
{use i only 1 fuel trim value) {lean) {rich} {0 % at 128} SHRTFT4: xxx.x %

Short Termn Fuel Trim- Bank4| B

Short Term Fuel Trim Bank 2/4 shali indicate the correction being utitized by the closed-ioop fuel algorithm. If the
fuel system is in open-loop, SHRTFT24 shall report 0 % correction.

Data B shall only be included in the response to a PID $08 request ¥ PID $1D (Location of Oxygen Sensors)
indicates an oxygen sensor is present in Bank 4. The extemal test equipment can determine length of the
fesponse message based on the data content of PID $13 or $1D. In no case shall an ECU send an unsupported
data byte A if data byte B is supported. See examples in the description of PiD $08.
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Table B.10 — PID $09 definition

PID Description Data Min. Max. Scaling/bit External test equipment
{hex) byte | value value Si {(Metric) / English display

09 |Long Term Fuel Trim —Bank 2| A | —100% | *98,22 % | 100/128 % |LONGFT2: xxxx %
if 1 fuel i3 | ich 0 % at 128
{use if only 1 fuel trim value} {iean) {rich} {0 % ) LONGFT4: 30 X %

Long Term Fuel Tim-Bank4 | B

Fuel trim correction for Bank 2/4 stored in Non-volatile RAM or Keep-alive RAM. LONGFT shall indicate the
correction being utilized by the fuel control algorithm at the time the data is requested, in both open-oop and
closed-ioop fuel control. if no correction is utilized in open-loop fuel, LONGFT shall report 0 % correction. if iong-
term fuel trim is not utilized at all by the fuel contro! algorithm, the PID shall not be supported.

Data B shall only be inciuded in the response to a PID $09 request if PiD $1D (Location of Oxygen Sensors)
indicates an oxygen sensor is present in Bank 4. The external test equipment can determine length of the
response message based on the data content of PID $13 or $1D i data byle B is supporied.

For vehicles with one (1)} Engine ECU), the ECU indicates the support of PiDs $08, $07, $13, and many more
PiDs. The data of PID $13 is $03 (0000001 1b}. This indicates support of 02511 and 02812, Based on this
information, only data A of PiD $06 Short Term Fuel Trim - Bank 1 and PID $07 Long Term Fuel Trim - Bank 1
shall be reported upon an external test equipment request.

For vehicles with two {2) Engine ECUs), ECU#1 supports 02811, 02812, 02831, and 02832. The exhaust
banks 1 and 3 are located at cylinder bank 1 or 1 and 3. The ECU#1 indicates the support of PiDs $08, $07,
$1D, and many more PiDs. The data of PiD $1D is $33 {00110011b}. This indicates support of 02811,
02812, 02831, and 02832.

Based on above information the following data byles shall be reported:
— data A of PID $06 Short Term Fuel Trim - Bank 1;

— data B of PID $06 Short Term Fuel Trim - Bank 3;

— data A of PiD %07 Long Term Fuel Trim - Bank 1; and

— data B of PiD $07 Long Term Fuel Trim - Bank 3.

ECU#2 supports 028521, 02522, 02841 and 02842. The exhaust banks 2 and 4 are located at cylinder bank
2 or 2 and 4. The ECU#2 indicates the support of PiDs $08, $09, $1D, and many more PiDs. The data of PID
$1D is $33 (11001100b). This indicates support of 02521, 02822, 02541, and 02542.

Based on above information the following data bytes shall be reported:
— data A of PID $08 Short Term Fuel Trim - Bank 2;

— data B of PID $08 Short Term Fuel Trim - Bank 4;

— data A of PID $09 Long Term Fuel Trim - Bank 2; and

— data B of PID $09 Long Term Fue! Trim - Bank 4.

in no case shall an ECU send an unsupported data byte A if data byte B is supported.

For vehicles with one (1) Engine ECU, the ECU indicates the support of PIDs $06, $07, $08, $09, $1D, and
many more PiDs. The data of PID $1D is $0F (00001111b). This indicates support of 02511, 02812, 02821,
and 02522, Based on this information, only data A of PID $06 Short Term Fuel Trim - Bank 1 and PiD $07
Long Tem Fuel Trim - Bank 1 and data A of PiD $08 of Short Term Fuel Trim - Bank 2 and PID $09 Long
Term Fuel Trim - Bank 2 shall be reported upon an external test equipment request.

For vehicles with two {2) Engine ECUs and exhaust banks 1 + 2 connected to cylinder bank 1 and exhaust
banks 3 + 4 connected to cylinder bank 2, which is the opposite side of cylinder bank 1, ECU#1 supports
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02511, 02812, 02821, and 02822. Also PID $06, $07, $08, $09, $1D and many more PiDs are supported.

The

data of PID $1D is $OF (00001111b).

Based on above information the following data bytes shail be reported:

data A of PID $06 of Short Term Fuel Trim - Bank 1 and data A of PID $07 of Long Term Fuel Trim -
Bank 1;

data B of PID $06 of Short Term Fuel Trim - Bank 3 and data B of PID $07 of Long Term Fue! Trim -
Bank 3 (data B value shall be communicated through network from ECU#2);

data A of PID $08 of Short Term Fuel Trim - Bank 2 and data A of PiD $09 of Long Term Fuel Trim -
Bank 2; and

data B of PID $08 of Short Term Fuel Trim - Bank 4 and data B of PID $08 of Long Term Fuel Trim -
Bank 4. (Data A value shall be communicated through network from ECU#2.)

ECU#2 supports 02831, 02832, 02841 and 02842. Also PIDs $06, $07, $08, $09, $1D and many more
PiDs are supported. The data of PID $1D is $F0 {11110000b).

Based on above information the following data bytes shall be reported:

data A of PID $06 of Short Term Fuel Trim - Bank 1 and data A of PID $07 of Long Term Fuel Trim -
Bank 1 (data A value shall be communicated through network from ECU#1);

data B of PID $06 of Short Term Fuel Trim - Bank 3 and data B of PID $07 of Long Term Fuel Trim -
Bank 3;

data A of PID $08 of Short Term Fuel Trim - Bank 2 and data A of PiD $08 of Long Term Fuel Trim -
Bank 2 (data A value shall be communicated through network from ECU#1);

data B of PID $08 of Short Term Fuel Trim - Bank 4 and data B of PID $08 of Long Term Fuel Trim -
Bank 4.

Table B.11 — PID $0A definition

PID Description Data Min. Max. Scaling/bit External test equipment
{thex) byte value value Sl {Metric) / English display
OA | Fuel Rail Pressure (gauge) A 0 kPa 765 kPa 3kPa FRP: xxx kPa (xx.x psi}

(gauge) | {gauge) per bit
(gauge}

FRP shail display fuel rail pressure at the engine when the reading is referenced fo atmosphere {gauge
pressure).

For systems supporting a fuel pressure sensor, one of the foliowing 3 PIDs is required: $0A, $22, or $23. Support
for more than one of these PiDs is not afiowed.

Table B.12 — PID $0B definition

PID Description Data Min. Max. Scaling/bit External test equipment
{hex) byte value value Sl {Metric) / English display
0B |intake Manifoid Absociute A 0 kPa 255 kPa 1%Pa MAP: xxxx.x ¥Pa (o x inHg)
Pressure {absoluie} | (absclute) per bit
{absclute)

MAP shall display manifold pressure derived from a Manifold Absolute Pressure sensor, if a sensor is utilized. i a
vehicle uses both a MAP and MAF sensor, both the MAP and MAF PiDs shall be supported.

if PID $4F is not supported for this ECU, or if PID $4F is supported and includes $00 for Intake Man#old Absolute
Pressure, the external test equipment shall use the scaling values included in this table for those values. if PID
$4F is supported for this ECU, the external iest equipment shall calculate scaling and range for this PID as
expiained in the PID $4F Data D definition.
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Table B.13 — PiD $0C definition

ISO 15031-5:2006(E)

PID Description Data Min. Max. Scaling/bit External test equipment
{hex} byte value Value St {Mefric) / English display
0C |Engine RPM A B 0 min—! 16383,75 1/4 rpm RPM: xxxxx min—t
min—t per bit
Engine RPM shali display revolutions per minute of the engine crankshaft,
Table B.14 — PID $0D definition
PID Description Data Min. Max. Scaling/bit External test equipment
{hex) byte value Value Si {Metric) / English display
0D | Vehicie Speed Sensor A g kmvh 255 km/h 1 km/h VS8S8: xxx km/h {xxx mph}
per bit
VSS shall display vehicle road speed, if utilized by the control module sirategy. Vehicle speed may be derived
from a vehicle speed sensor, calculated by the PCM using other speed sensors, or obtained from the vehicle
serial data communication bus.
Table B.15 — PID $0E definition
PID Description Data Min. Max. Scaling/bit External test equipment
thex} byte value Value Si {Metric) / English display
OE |ignition Timing Advance A —64° 63,5° 1/2° with | SPARKADV: xx.x°
for #1 Cylinder 3°at 128
ignition timing spark advance for #1 cylinder {not including mechanical advance).
Table B.16 — PID $0F definition
PID Description Data Min. Max. Scaling/bit External test equipment
{hex) byte value value 8i {Metric) / English display
OF |intake Air Temperature A -40°C +2145°C 1°Cwith |IAT: xxx °C (xxx °F}
—-40°C
offset
1AT shall display intake manifoid air temperature, if utifized by the control module strategy. IAT may be cbtained
directiy from a sensor, or may be inferred by the control sirategy using other sensor inpuis.
Tabie B.17 — PID $10 definition
PID Description Data Min. Max. Scaling/bit External test equipment
{hex) byte value value 81 {Metric} / English display
10 |Air Fiow Rate from Mass Air| A, B dgis 655,35 0,01 g/s | MAF: x000xx gfs {xxxx.x Ib/min)
Flow Sensor gfs {1/100)

MAF shall dispiay the airflow rate as measured by a vehicle that ulilizes & MAF sensor or an equivalent source. If
the engine is off and the ignition is on, the aclual sensor value reading shalt be reported. If the actual sensor
reading can not be reported, the MAF value shali be reporied as 0,00 g/s.

If P1D $50 is not supported for this ECU, or ¥ PID $50 is supported and includes $00 for Ar Flow Rate from Mass
Air Flow Sensor, the exiernal est equipment shall use the scaling values included in this table for those values_ if
PiD $50 is supporied for this ECU, the external test equipment shall calculate scaling and range for this PID as
explained in the PID $50 Data A definition.

® 1SO 2006 — All rights reserved
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Table B.18 — PID $11 definition

PID Description Data Min. Max. Scaling/bit External test equipment
thex} byte value value Si {Metric) / English display
11 | Absolute Throitie Position A 0% 100 % 100/255 % | TP xxx.x %

Absolute throttie position (not “relative” or “learned” throitie position) shall be displayed as a nonmatized vaiue,
scaled from 0 to 100 %. For example, if a § to 5,0 volt sensor is used {uses a 5,0 volt reference voitage), and the
closed throtile position is at 1,0 volts, TP shall display (1,0 / 5,0} = 20 % st closed throttie and 50 % at 2,5 volts.

Throttle position at idle will usualy indicate greater than 0 %, and throttle position at wide open throitie will usuatly
indicate less than 100 %.

For systems where the output is proportional to the input voltage, this value is the percent of maximum input
reference voltage. For systems where the output is inversely proportionat to the input voltage, this value is 100 %
minus the percent of maximum input reference voliage.

A single throttie plate could have up to three throttle posifion sensors, A, B and C. There are no provisions for
more than one throttle in this part of SO 15031. This PID shall be used to report the sensors that are on the
primary throttie.

NOTE See PID $45 for a definition of Relative Throttle Position.

Table B.19 — PID $12 definition

PiD Description Data Scaling/bit External test equipment
{hex} byte 81 {MetricyEnglish
display

12 Commanded Secondary A |byte 1 of 1 AIR_STAT:

Air Status {bit}

(If supporied, one, and G |1 = upsiream of first catalytic converter AIR_STAT: UPS

only one bit at a time can _ . . §

be settoa 1. 1 |1 = downslream of first catalylic converter iniet | AIR_STAT: DNS

2 |1 = atmosphere / off AIR_STAT: OFF
3-7 |iSO/SAE reserved (Bits shali be reported as 0"} | —

Table B.20 — PID $13 definition

PID Description Data Scaling/bit External test
equipment
{hex} byte 81 {Metric} ! English
display
13 Location of Oxygen Sensors | A |byie1of 1 0281.0C:
{bit)
(Where sensor 1 is closest 0 |1=DBank - Sensor 1 present at that location 02811

to the engine. Each bit
indicates the presence or
absence of an oxygen

.

1 =Bank 1 - Sensor 2 present at that iocation Q2812

A 2 |1=Bank 1-Sensor 3 present at that location 02513
sensor at the following
location.) 3 |1=DBank 1 - Sensor 4 present at that location 02514
4 | 1=Bank 2 - Sensor 1 present at that location 02821
5 |1=Bank 2 - Sensor 2 present at that iocation Q2822
& | 1=DBank 2 - Senscr 3 present at that location 02823
7 | 1=Bank 2 - Sensor 4 present at that location 02824
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PiD $13 shall only be supported by a given vehicle i PID $1D is not supported. In no case shall a vehicle
support both PIDs.

Table B.21 — PiD $14 - $1B definition

16

Bank 1 - Sensor 3

17

Bank 1—Senscr4

18

Bank 2 — Sensor 1

19

These PiDs shall be used fora

conventional, 0 to 1 voit oxygen sensor.

Any sensor with a different full scale
value shall be normalized to provide
nominal full scale at $C8 {200 decimal).
Wide-rangeflinear oxygen sensors shall

PID Description Data Min. Max. Scaling/bit External test equipment
{hex} | Use if PID $13 is supported! | byte value value SI {Metric} / English
digplay
14 |Bank 1—Sensor1
15 |Bank 1 - Sensor 2

Bank 2 — Sensor 2

1A

Bank 2 — Sensor 3

1B

Bank 2 — Sensor 4

use PIDs $24 {0 $2B or PIDs $34 {o
$38.

Oxygen Sensor Output Voltage
{Bx-Sy)

oV 1,275V

0,005V

O25xy: X XxxX ¥V

Short Term Fuel Trim (Bx-Sy)

{associated with this sensor $FF
if this sensor is not used in the
calculation)

99,22 %
{rich}

- 100,00 %
{lean)

100/128 %
{0 % at 128)

SHRTFTxy: xxx.x %

The PiDs listed in the table above only apply if PiD $13 is used to define the oxygen sensor location.

Table B.22 — PID $14 - $1B definition

(associated with this sensor
$FF if this sensor is not used
in the calculation}

PiD Description Data Min. Max. Scaling/bit External test equipment
{hex) | Use if PID $1D is supported! value value §1 {Metric} / English display
14 |Bank 1—Sensor i
15 |Bank 1—Sensor 2 These PIDs shall be used for a
16 |Bank 2 - Sensor 1 conventional, 0 to 1 voit oxygen
sensor. Any sensor with a different full
17 |Bank 2 — Sensor 2 scale value shall be normalized to
48 |Bank 3 — Sensor 1 provide nominat full scale at $C8 {200
decimal). Wide-range/linear oxygen
19 |Bank 3 - Sensor2 sensors shall use PiDs $24 o0 $2B or
PiDs $34 o $3B.
1A |Bank4 — Sensor 1
1B |Bank 4 —Sensor 2
Oxygen Sensor Quiput ov 1,275V G005V Q28xy: xxxx V
Voltage {(Bx-Sy)
Short Term Fuel Trim (Bx-Sy) — 100,00 % | 98,22 % 1006/128 % | SHRTFTxy: xxxx %
{lean) (rich} {0 % at 128)

The PIDs listed in the table above only apply if PiD $1D is used to define the oxygen sensor location.
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Table B.23 — PID $1C definition

PID Description Data Scaling External test equipment
{hex) byte Sl {Metric) / English display
1C | OBD requirements to which vehicle is designed A byte 1 0f1 OBDSUP:
(hex) | (State Encoded
Variable}
0BD i (Califomia ARB) 81 OBD li
OBD {Federal EPA) g2 68D
OBD and OBD #i 83 OBD and GBD #
CBD | G4 OBD |
Not OBD compliant 85 NO OBD
EOBD 06 EOBD
EOBD and OBD i g7 EOBD and OBD i
EOBD and OBD 08 EOBD and OBD
EOBD, OBD and OBD il 6o EOBD, OBD and OBD il
JOBD A JOBD
JOBD and OBD il 8B JOBD and OBD il
JOBD and EOBD oC JOBD and EOBD
JOBD, EOBD, and OBD 1i oD JOBD, EOBD, and OBD 1
Heavy Duty Vehicles (EURC V) B1 OE EURO iV B1
Heavy Duly Vehicles {EURO V) B2 OF EURC VB2
Heavy Duly Vehicles (EURO EEC) C {gas engines) 10 EURGC
Engine Manufacturer Diagnostics (EMD} 11 EMD
ISO/SAE reserved 12-FA —
{SO/SAE - Not available for assignment FB-FF SAE J1939 special meaning
Table B.24 — PID $1D definition
PID Description Data Scaling/bit External test equipment
{hex) byte Sl {Metric} / English
display
10 | Location of oxygen sensors A |byle tof 4 0281L.0C:
{bi}
{Where sensor 1is closestio | 0 |1 =Bank 1- Sensor 1 present at that location |02511
the engine. Each bit indicates .
the presence or absence of 1 |1 =Bank 1 - Sensor 2 present at that location |02812
2}?3;’:;’5;?;:22:}“ the 2 |1 =Bank 2- Sensor 1 present at that location |02521%
3 |1 =Bank 2 - Sensor 2 present at that location |02522
4 |1 =Bank 3 - Sensor 1 present ai that location |02S31
5 |1 =Banrk 3 - Sensor 2 present at that location | 02832
6 |1 =DBank 4 - Sensor 1 present at that locafion | 02541
7 |1 =Bank 4 - Sensor 2 present at that location | 02542
126
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PID $1D shall only be supported by a given vehicle if PID $13 is not supported. In no case shall a vehicle
support both PIDs.

Table B.25 — PID $1E definition

PID Description Data Scaling/bit External test equipment
{hex} byte SlI {Metric}/ English display
1E | Auxitiary Input Status A |bytetof i Auxiliary Input Status
{bit}
Power Take Off (PTO) Status 8 |0 =PTO not active {OFF}; PTC_STAT: OFF or ON
1 = PTG active (ON}.
1-7 |iSO/SAE reserved (Bils shall be —
reported as G’}
Table B.26 — PID $1F definition
PID Description Data Min. Max. Scaling/bit | External test equipment
{hex} byte | value vaiue SI {Metric) / English display
1F | Time Since Engine Start A B 0 sec. | 65,535sec. | 1second |RUNTM: xxxxx sec.
per count
RUNTM shail increment while the engine is running. i shali freeze if the engine sialls. RUNTM shall be reset to
zero during every control module power-up and when entering the key-on, engine off position. RUNTM is limited
to 65,535 seconds and shall not wrap around to zero.
Table B.27 — PID $21 definition
PID Description Data Min. Max. Scaling/ External test equipment
{hex} byte value value bit S1 {Metric} 7 English display
21 | Distance Travelled While MiL is A B Okm 65535 km | 1 kim per | MIL_DIST: oomxx ki {Xxxxx
Activated count | miles)

Conditions for “Distance traveiled” counter:

— reset to $0000 when MIL state changes from deactivated to activated by this

ECY;

— accumulate counts in kin i MIL is activated {ON);
— do not change value white MIL is not aclivated (OFF);

—  reset to $0000 if diagnostic information is cleared efther by service $04 or at

ieast 40 warm-up cycles without MIL activated;

— do not wrap to $0000 if value is $FFFF.

® IS0 2006 — All rights reserved

127

Licensed to Tara Casaletto, ANS! store order # X_858634, Downioaded 01/09/2023. Single user ficense only. Copying and networking prohibited.



ISC 15031-5:2006{E)

Table B.28 — PID $22 definition

PID Description Data Min. Max. Scaling/bit External test equipment
thex) byte value value 81 {Metric) / English display
22 Fuel Rail Pressure relative A B 0kPa| 5177 27 kPa 6,079 kPa FRP: 0% x kPa {ox.x PS1)
{o manifold vacuum {5178/65535)
per bit unsigned,
1 kPa=
0,1450377 PSi

FRP shall display fuel rail pressure at the engine when the reading is referenced to manifcld vacuum {relative
pressure).

For systems supporting a fuel pressure sensor, one of the following three PiDs shall be used: $0A, $22, or $23.
There shall be no support for more than one of these PiDs.

Table B.29 — PID $23 definition

PiD Description Data Min. Max. Scaling/bit External test equipment
thex) byte |value| value SlI {Metric) / English display
23 Fuel Rail Pressure A, B |0kPa | 655350 | 10kPaperbit |FRP: xooox kPa {oooo.x
kPa unsigned, PSl)
1kPa=
0,1450377 PSI

FRP shall display fuel rait pressure at the engine when the reading is referenced to atmosphere {gage
pressure). Diesel fuel pressure and gasoline direct injection systems have a higher pressure range than FRP
PiD $0A.

For systems supporting a fuel pressure sensor, one of the following three PIDs shali be used: $0A, $22, or $23.
There shall be no support for more than one of these PIDs.

Tabile B.30 — PID $24 - $2B definition

PiD Description Data | Min. Max. |Scaling/bit External test equipment
thex) Use if PID $13 is supported! byte |value| value 81 {Metric) / English display
24 |Bank 1 - Sensor 1 {wide range 028} PiDs $24 to $2B shall be used for finear or wide-ratio Oxygen

i i | displayed.
25 |Bank 1 Sensor 2 (wide range 02S) Sensors when equivalence ratio and voltage are displaye

26 |Bank 1 — Sensor 3 {wide range 02S)

i PID $4F is not supported for this ECU, or ¥ PID $4F is

27 |Bank 1 - Sensor 4 {wide range 0O2S) supported and includes $08 for either Equivalence Ratio or
: Maximum Oxygen Sensor Voitage, the external test equipment

3 |Bank2-S 1 {wad S 4
2 an ensor 1 (wide range 025) shall use the scaling values included in this fable for those
29 |Bank 2 — Sensor 2 {wide range 025} values. if PID $4F is supported for this ECU, the external test
- equipment shall calculate scaling and range for these PiDs as

2A | Bank 2 — Sensor 3 (wide range 02S) explained in the PID $4F definition.

28 |Bank 2 — Sensor 4 (wide range 028)

Equivalence Ratio (lambda} (Bx-Sy) A.B 8 1,989 | 0,0000305 [EQ_RATXy: XXX Xxx
{2/65535)

Oxygen Sensor Voltage {Bx-Sy) C,D GV | 7,959V |0,600122 V| 028xy: XXX XXX V
{8/65535)

The PiDs listed in the table above only apply if PID $13 is used to define the oxygen sensor location.
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Table B.31 — PID $24 - $2B definition

PID Description Data | Min. | Max. | Scaling/it External test equipment
{hex) Use if PID $1D is supported! byte |value| value 81 {Metric) / English display
24 |Bank 1 - Sensor 1 {wide range O25) PIDs $24 to $2B shall be used for linear or wide-ratic Oxygen
- Sensors when equivalence ratic and vollage are displayed.
25 |Bank 1 - Sensor 2 {wide range 025}
26 |Bank 2 - Sensor 1 {wide range O25)
- I PiD $4F is not supported for this ECU, or if PID $4F is
27 |Bank 2 - Sensor 2 {wide range O25) supporied and includes $0G for either Equivalence Ratio or
~ . . Maximum Oxygen Sensor Voltage, the external test eguipment
28 |Bank 3 - Sensor 1 (wide range O25) shall use the scaling values included in this tabie for those values.
28 |Bank 3 - Sensor 2 {wide range 025) if PID $4F is supporied for this ECU, the extemal test equipment
" shali calculate scaling and range for these PiDs as explained in
2A |Bank 4 - Sensor 1 {wide range 028) the PID $4F definition.
2B |Bank 4 - Sensor 2 {wide range 025}
Fquivaience Ratic lambda) (BXx-Sy) A B 8 1,999 | 0,0000305 | EQ_RATXY Xxx0X
{2/65535)
Oxygen Sensor Voitage {BX-Sy) c, D 0V |7,898V|0,000122 V| O25xy: xxrxxx V
{8/65535)

The PiDs listed in the table above only apply if PID $1D is used to define the oxygen sensor location.

Table B.32 — PiD $2C definition

PID
{hex}

Description Data Min. Max. Scaling/it External test equipment

byte value value Sl {Metric) / English display

2C

Commanded EGR A 0% 100 % 106/255 % |EGR_PCT: xxx.x %
(no flow} {max. fiow)

Commanded EGR displayed as a percent. EGR_PCT shall be normalized to the maximum EGR commanded
cutput confrol parameter. EGR systems use a variety of methods to conirol the amount of EGR delivered to the
engine.

If an onfoff solencid is used — EGR PCT shatll display 0 % when the EGR is commanded off, 100 % when the
EGR system is commanded on.
If a vacuum solenoid is duty cycled, the EGR duty cycle from 0 to 100 % shall be displayed.

If a linear or stepper moior valve is used, the fully closed position shall be displayed as 0 %, the fully open
position shall be dispiayed as 100 %. intermediate positions shall be displayed as a percent of the full-open
position. For example, a stepper-motor EGR valve that moves from 0 fo 128 counts shall dispiay 0 % at zero
counts, 100 % at 128 counts and 50 % at 64 counts.

Any other actuation method shall be normalized o dispiay 0 % when no EGR is commanded and 100 % at the
maximum commanded EGR position.
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Table B.33 — PID $2D definition

PID
{hex)}

Description

Data
byte

Min.
value

Max.
value

Scaling/bit

External test equipment
S1 {Metric) / English
display

2D

EGR Error = ((EGR actual —
EGR commanded}/ £EGR
commanded) * 100 %

A

- 100 %
{less than
commanded)

+88,22 %
{more than
commanded)

160/128 %
{0 % at 128)

EGR_ERR: xxx.x %

EGR evor is a percent of commanded EGR. Often, EGR valve control oulputs are not in the same engineering
units as the EGR feedback input sensors. For example, an EGR vaive can be conirolled using a duty-cycled
vacuum solenoid; however, the feedback input sensor is a position sensor. This makes # impossibie to display
“actual” versus “commanded” in the same engineering unifs. EGR error solved this problemn by displaying a
normalized {non-dimensionat) EGR system feedback parameter. EGR error is defined o be

((EGR actuai - EGR commanded)/ EGR commanded) * 100 %

For example, if 16% EGR is commanded and 5% is delivered to the engine, the EGR_ERR is
({5 % — 10 %)}/ 10 %} * 100 % = -50 % error.

EGR_ERR may be computed using varicus control parameters such as posttion, steps, counts, etc. Al EGR
systems must react fo quickly changing conditions in the engine; therefore, EGR_ERR will generally show errors
during transient conditions. Under steady condition, the error will be minimized {not necessarily zero, however)} if
the EGR system is under control.

if the control system does not use closed loop control, EGR_ERR shall not be supported.

When commanded EGR is 0 %, EGR error is technically undefined. in this case EGR error should be set to 0 %
when aciual EGR =0 % or EGR error should be set to 99,2 % when actual EGR > 0 %.

Tabie B.34 — PID $2E definition

PID
{hex)

Description Data

byte

Min. Max. Scaling/it External test equipment

value value $1 {Metric} / English display

2e

Commanded Evaporative Purge A 0%

no flow

100 %
max. flow

100/255 % |EVAP_PCT: xxx.X %

Commanded evaporalive purge condrol valve displayed as a percent. EVAP_PCT shall be nomalized to the
maximum EVAP purge commanded output control parameter.

i an on/off solenoid is used, EVAP_PCT shall display § % when purge is commanded off, 100 % when purge is
comnmanded on.

if a vacuum solenoid is duty-cycled, the EVAP purge valve duty cycie from O to 100 % shall be dispiayed.

if 8 linear or stepper motor valve is used, the fully ciosed position shall be displayed as 0 %, and the fully open
position shali be displayed as 100 %. intermediate posifions shall be displayed as a percent of the full-open
position. For example, a stepper-motor EVAP purge valve that moves from 0 o 128 counts shall display 0 % at
0 counts, 100 % at 128 counts and 50 % at 64 counts.

Any other actuation method shall be normalized to dispiay G % when no purge is commanded and 108 % at the
maximum commanded pusrge positior/fow.
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Table B.35 — PiD $2F definition

PID
{hex}

Description Data| Min. Max. Scaling/bit External test equipment
byte | value value 81 {Metric) / English display

2F

Fuel Leve! input A 0% 100 % | 100/255 % |FLE xxxx %
no fuel | max. fuel
capaciy

FL! shall indicate nominal fuel tank liquid fill capacity as a percent of maximum, if utilized by the control module
for OBD monitoring. FLI may be obtained directly from a sensor, may be obiained indirectly via the vehicle serial
data communication bus, or may be inferred by the control strategy using other sensor inputs. Vehicles that use
gaseous fuels shall display the percent of useable fuel capacity. if there are two fanks in a bi-fuel car, one for
each fuel type, the Fuel Leve! Input reported shall be from the tank, which contains the fuel type the engine is
running on.

Tabie B.36 — PID $30 definition

PID
{hex}

Description Data| Min. Max. |Scaling/bit External test equipment
byte | value value 81 {Metric} / English display

30

Number of warm-ups since| A g 255 1 warm-up | WARM_UPS xxx
diagnostic frouble codes cleared per count

Number of OBD warm-up cycles since all DTCs were cleared (via an external test equipment or possibly, a
battery disconnesct). A warm-up is defined in the OBD regulations to be sufficient vehicle operation such that
coolant temperature rises by at least 22 °C (40 °F) from engine starting and reaches a minimum temperaiure of
70 °C {160 °F) (60 °C (140 °F) for diesels). This PID is not associated with any particular DTC. It is simply an
indication for ¥M, of the last time an extemal test equipment was used io clear DICs. if greater than
255 warm-ups have occurred, WARM_UPS shali remain at 255 and not wrap o zero.

Tabie B.37 — PID $31 definition

PID
{hex}

Description Data] Min. Max. Scaling/bit External test equipment
byte | value value 81 {Metric} / English display

3%

Distance since diagnhostic A, Bl Okm 65,535 1 km per |CLR_DIST: xoxx km {oxxxx miles)
trouble codes cleared Km count

This is distance accumulated since DTCs were cleared {via an external test equipment or possibly, a battery
disconnect). This PID is not associated with any particular DTC. it is simply an indication for /M
(Inspectiocn/Maintenance}, of the iast time an external est equipment was used o clear DTCs. if greater than
65,535 km have cccurred, CLR_DIST shall remain at 65,535 km and not wrap o zero.

Tabie B.38 — PID $32 definition

PID
thex)

Description Data Min. Max. Scaling/bit External test equipment
byte value value Si {Metric} / English display

32

Evap System Vapour Pressure | A, B | (38000} {$7FFF) 025 Pa |EVAP_VP: xxxx.x Pa (XX.xxx

-8192 Pa | 8191.75 Pa, | {1/4) per bit |in Hy,O)

(32,8878 | (32,8868 in signed
nH20) H20)

This is evaporative system vapour pressure, if utilized by the control module. The pressure signal is normally
obtained from a sensor located in the fuel tank (FTP — Fuel Tank Pressure) or a sensor in an evaporative system
vapour line. If a wider pressure range is required, PiD $54 scaling allows for a wider pressure range than
PiD $32.

For systems supporting Evap System Vapour Pressure, one of the following iwo PiDs shall be used: $32 or $54.
There shall be support for no more than one of these PiDs.
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Table B.39 — PID $33 definition

PID Description Data Min. Max. Scaling/bit External test equipment
{hex) byte value value Sl {Metric} / English display
33 |Baromeiric Pressure A 0 kPa 255 kPa | 1kPa per bit | BARO: xxx kPa {xx.x inHg)
{absolute) | {ebsolute} | (absolute)
Barometric pressure utilized by the control module. BARQ is normally oblained ffom a dedicated BARQ 5Ensor,
from a MAP sensor at key-on and during certain modes of driving, or inferred from a MAF sensor and other
inpuis during certain modes of driving. The conirol module shall report BARO from whatever source i is derived
from.
NOTE 1 Some weather services report local BARO values adjusted to sea level. In these cases, the reported value may not
match the displayed value on the external test equipment.
NOTE2 i BARO is inferred while driving and stored in non-volatile RAM or Keep-alive RAM, BARO may not be accurate
after a battery disconnect or total memory clear.
Table B.40 — PID $34 - $3B definition
PID Description Data Min. Max. Scaling/bit External test equipment
{hex) Use if PID $13 is supported! byte | value value 81 {Metric) / English
display
34 |Bank 1 — Sensor 1 {wide range 028) PIDs $34 to $3B shall be used for knear or wide-ratio Oxygen
i Hi d nt are displayed.
35 |Bank 1— Sensor 2 (wide range O2S) Sensors when equivalence ratic and current are displayi
- if PiD $4F is not supported for this ECU, or if PID $4F is supported
36 | Bank 1 — Sensor 3 (wide range 025) and includes $00 for either Equivalence Ratio or Maximum Oxygen
37 |Bank 1 — Sensor 4 {wide range O2S) Sensor _Cunent, t§e e;gtemai fest equipment shall use the scaiiﬂ_g
values included in this table for those values. if PID $4F is
38 |Bank 2 — Sensor 1 {wide range 02S) supported for this ECU, the external test equipment shall caiculate
N scaling and range for these PiDs as explained in the PID $4F
39 |Bank 2 — Sensor 2 {wide range 028) definition.
3A | Bank 2 — Sensor 3 {wide range 023)
3B | Bank 2 — Sensor 4 {wide range 0O2S)
Equivalence Ratic {iambda) (Bx-Sy) A B 0 1,989 0,00063065 EQ_RATxXy: 00X XXX

(2/65535)

Oxygen Sensor Current (Bx-Sy)

C,D| -128 | 127,98 | 0,00380625 mA
mA B mA {128/32768}
(38000 =0 mA)

0285xy: X0 xx mA

The PiDs listed in the table above only apply if PID $13 is used to define the oxygen sensor location.
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ISO 15031-5:2006(E)

PID Description Data Min. Max. Scaling/bit External test equipment
{hex} Use if PID $1D is supported! byte value value S] {Metric} / English display
34 |Bank 1 — Sensor 1 {wide range O2S) PiDs $34 to $3B shall be used for linear or wide-ratic Oxygen
N Sensors when equivalence ratio and current are displayed.
35 |Bank 1 — Sensor 2 {wide range 028}
- - If PID $4F is not supported for this ECU, or if PID $4F is supported
36 | Bank 2 - Sensor 1 (wide range 023) and includes $00 for either Equivalence Ratio or Maximum Oxygen
37 |Bank 2 — Sensor 2 (wide range 02S) Sensor _Cuner;t, ﬁ)e egtemat test equipment shall use the scaﬁn_g
values included in this iable for those values. i PID $4F is
38 |Bank 3 — Sensor 1 {wide range 025} supported for this ECU, the externatl test equipment shall calculate
scaling and range for these PID lai i Pl 4F
39 |Bank 3 — Sensor 2 (wide range 025) -y g 5 as explained i the PID $
3A |Bank 4 — Sensor 1 {wide range 028}
3B |Bank 4 — Sensor 2 {wide range 028}
Eguivalence Ratio {lambda) {Bx-Sy} AB 0 1,899 0,0600305 EQ RATXy: X000 XXX
{2/65535)
Oxygen Sensor Current {Bx-Sy} C, D| —128 |127986| 0,00380825 |0O2Sxy xxx.Xx mA
mA mA mA
(128/32768)
{$8000 = 0 mA})

The PIDs listed in the table above only apply if PID $1D is used to define the oxygen sensor location.

Table B.42 — PID $3C definition

PID Description Data Min. Max. Scaling/bit External test equipment
{thex} byte value value St {Metric) / English display
3C | Catalyst Temnperature Bank 1, A,B |-40°C|+65135°C| 0,1°C/bit |CATEMP11 x000x °C (0xx °F}
Sensor 1 with
—40°C
offset
CATEMP11 shall dispiay caialyst substraie temperature for a bank 1 catalyst, ¥ utilized by the control module
strategy for OBD monitoring, or the Bank 1, Sensor 1 calalyst temperature sensor. CATEMP11 may be oblained
directly from a sensor, or may be inferred by the control sirategy using other sensor inputs.
Table B.43 — PID $3D definition
PID Description Data Min. Max. Scaling/bit External test equipment
{hex) byte | value value 81 {Metric) / English display
3D | Catalyst Ternperature Bank 2, A,B |-40°C|+65135°C| 0,1°C/bit |CATEMP21: xoox °C (oxx °F}
Sensor 1 with — 40 °C
offset

CATEMP21 shall dispiay caialyst subsiraie temperature for a bank 2 catalyst, ¥ ulilized by the control module
strategy for OBD monitoring, or the Bank 2, Sensor 1 calalyst temperature sensor. CATEMP21 may be obtained
directly from a sensor, or may be inferred by the coniroi strategy using other sensor inputs.
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Table B.44 — PID $3E definition

PID Description Data Min. Max. Scaling/bit External test equipment
{hex) byte | value value Si {(Metric) / English display
3E |Catalyst Temperature Bank 1, A B |-40°C|+65135°C| 0,1°C/bit |CATEMP12: xxxx °C {xxxx °F)
Sensor 2 with — 40 °C
offset
CATEMP12 shall display catalyst substrate temperature for an additional bank 1 catalyst, if utilized by the control
modute strategy for OBD monitoring, or the Bank 1, Sensor 2 catalyst temperature sensor. CATEMP12 may be
obtained direclly from a sensor, or may be inferred by the contro! strategy using other sensor inputs.
Table B.45 — PID $3F definition
PID Description Data Min. Max. Scaling/bit External test equipment
{hex) byte | value value Si {(Metric) / English display
3F | Catalyst Temperature Bank 2, A B |-40°C|+6513,5°C| 0,1°C/bit |CATEMP22: xxxx °C {xxxx °F}
Sensor 2 with — 40 °C
offset
CATEMP22 shall display catalyst substrate temperature for an additional bank 2 catalyst, i utifized by the control
module sirategy for OBD monitoring, or the Bank 2, Sensor 2 catalyst temperature sensor. CATEMP22 may be
obtained directly from a sensor, or may be inferred by the controi strategy using other sensor inputs.
134
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Table B.46 — PID $41 definition

PID
{hex}

Description Data Scaling/bit External test equipment
byte S1 {Metric) / English display

41

Monitor status this driving cycle

The bit in this PiD shall report iwo pieces of information for each monitor:

1

2

Monitor enable status for the current driving cycle. This bit shall indicate when a monitor is disabled in a
manner such that there is no easy way for the driver to operate the vehicle to aliow the monitor to run.

Typical examples are

— engine-off soak not long enough {e.g., cold stari temperature conditions not satisfied);
—  monitor maximum time Himit or number of attempts/aboris exceeded;

— ambient air temperature oo low or oo high;

— BARO too low {high aliitude).

The montor shall not indicate “disabled” for operator-controlied conditions such as rpm, load, throftie
position. The monitor shall not indicate “disabled” from key-on because minimum time limit has not been
exceeded or engine warm-up conditions have not been met, since these conditions wili eveniually be metas
the vehicle continues io be driven.

if the operator drives the vehicle to a different aititude or ambient air temperature conditions, monitor stalus
may change from enabled fo disabled. The monitor shall not change from disable to enable if the conditions
change back. This could result in @ monitor showing “disabled” but eventually showing “complete”.

Monitor completion status for the current driving/monitoring cycle. Status shall be reset to “not complete”
upon starting a new monitoring cycle. Note that some monitoring cycles can include various engine-
operating conditions; other monitoring cycles begin afier the ignition key is turned off. Some status bits on a
given vehicle can utilize engine-running monitoring cycles while others can utilize engine-off monitoring
eycles. Resetting the bits to “not complete” upon starting the engine will accommodate most engine-running
and engine-off monitoring cycles; however, manufacturers are free to define their own monitoring cycles.

PID $41 bits shall be utifized for ali non-continuous monitors which are supported, and change completion
status in PID $01. # a non-continuous monitor is not supporied or always shows “complete”, the
corresponding PID $41 bits shall indicate disabled and complete. PID $41 bits may be utilized at the vehicle
manufacturers discretion for all continuous monitors which are supported, with the exception of data byte B
bit 2 which shall always show CCM (Comprehensive Component Monitoring} as enabled for spark-ignition
and compression-ignition engines.

A byte 10f4
{bit}

Reserved — shall be reported as 0-7 —
$00

E£nable status of continuous B byte 2 of 4 (Low Nibble} |Enable status of continuous monitors
monitors this monioring cycle: {bit} this monitoring cycle: NO means

disabied for rest of this monitoring
cycle or not supported in PID $01; YES
means enabled for this monioring
cycle.

Misfire monitoring enabled 0 |0= monitor disabled for MIS_ENA: NO or YES

Fuel system monitoring enabled
Comprehensive component 2 (NO}) CCM_ENA: NO or YES
moenitoring enabled f=

ISO/SAE reserved (Bt shali be 3 monitoring cycle {YES)
reported as 0.}

rest of this monitoring

cycle or not supported FUEL_ENA: NO or YES

= monitor enabled for this

Completion status of continuous B | byte 2 of 4 {High Nibbie) Completion status of continuous
monitors this monitoring cycle: {bit) monitors this monitoring cycle:

© IS0 2006 — All rights reserved 135

Licensed to Tara Casaletto. ANSH siore order # X_858634. Downicaded 01/08/2023. Single user license only. Copying and networking prohibited.



I1SC 15031-5:2008{E)

Tabie B.46 (continued)
PiD Description Data Scaling/bit External test equipment
{thex) byte St {(Metric) / English display
Misfire monitoring completed 4 | See PiD $01 to determine MIS_CMPL: YES or NO
- which monitors are )
Fuel system monitoring completed supported. FUELCMPL: YES or NO
Comgre_henswe ?(;mé)oneat 0= monitor complete this CCM_CMPL: YES or NO
moniorning complete monitoring cycle, of not
ISO/SAE reserved (Bit shall be 7 supported (YES})
reported as ‘0" 1= moniior not complete
this monitoring cycle
{NO)
Enable status of non-continuous C |byle3o0f4 Enabie status of non-continuous
monitors this monitoring cycle: {bit) monitors this monitoring cycle:
Catalyst monitoring 0 CAT_ENA:NOor YES
Heated catalyst monitoring 1 |0 = monior disabled for HCAT_ENA: NG or YES
. Y rest of this monitoring .
Evaporative system monitoring 2 cycle (NO} EVAP_ENA: NC or YES
Secondary air system monitoring 3 1= monitor enabled for AIR_ENA: NO or YES
ASC system refrigerant monitoring 4 this monitoring cycle | ACRF_ENA- NO or YES
YES
Oxygen sensor monitoring 5 { ) O2S5_ENA:NO or YES
Oxygen sensor heater monitoring 8 HTR_ENA: NO or YES
EGR system monitoring 7 EGR_ENA: NO or YES
Completion status of D |bytedof4 Completion status of non-continuous
non-continuous monitors this {bit) moniors this monitoring cycle:
monitoring cycle:
Catalyst monitoring completed 0 |See PiD $01 todetermine | CAT_CMPL: YES or NO
Heated catalyst monitoring :’3;;2;";““"'3 are HCATCMPL: YES or NO
completed ’ )
Evaporative system moniforin 2 0= monttor complete this EVAPCMPL: YES or NO
o 16 ¥ 9 monitoring cycle, o not | AIR_CMPL: YES or NO
’ supported (YES) ACRFCMPL: YES or NO
B . : 0
Secondtir‘?.r air system monitoring 3 1= monitor not complete ]
complel this monitoring CyCie OZS_CMPL. YES or NO
A/C system refrigerant monitoring 4 {NO) HTR_CMPL: YES or NO
compieted
EGR_CMPL: YES or NO
Oxygen sensor monitoring 5
compieted
Oxygen sensor heater monitoring 8
compieted
EGR system monitoring completed 7
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Tabie B.47 — PID $42 definition

PID Description Data Min. Max. Scaling/bit External test equipment
{hex} byte value value 81 {Metric) / English display
42 Control module voltage A, B oV 65,535V 0,601 VIVPWR xx.xx vV

{1/100G} per bit

VPWR — power input to the conirol module. VPWR is normaily battery voitage, less any voltage drop in the circuit

between the batiery and the control module.

NOTE 42-volts vehicies may utilize multiple voltages for different systems on the vehicle. VPWR represents the voltage at

the conirol moduie; it may be significantly different than battery voltage.

Table B.48 — PID $43 definition

PID Description Data Min. Max. Scaling/bit External test equipment
{hex) byte value value SI {Metric} / English display

43 | Absolute { oad Value A B G % 25700 % 100/255 % L OAD_ABS: xxxxx.X %

The absolute ioad value has some different characteristics than the LOAD_PCT defined in PID 04. This

definition, although restrictive, will standardize the calculation. LOAD_ABS is the normalized value of air mass

per intake stroke displayed as a percent

LOAD_ABS = [air mass (g / intake stroke}] / [1,184 (g / litre) * cylinder displacement {litres / intake stroke}]

NOTE At engine off and ignition on the LOAD ABS=0%.

Derivation:

— air mass (g / intake stroke) = [total engine air mass {g/sec)} / frpm (revs/imin)* {1 min / 60 sec) ™ {1/2 # of
eylinders {intake strokes / rev}j;

— LOAD_ABS =[air mass {g)iintake stroke] / {maximum air mass {g)intake sircke at WOT@STP at 100 %
voiumetric efficiency} * 100 %.

Where:

— STP =Standard Temperature and Pressure =25 °C, 28,92 in Hg {1061,3 kPa} BARO, WOT =wide open
throttie.

— The quantity {maximum air mass {(g)inteke stroke at WOT@STP at 100 % volumetlric efficiency) is a
constant for a given cylinder swept volume. The constant is 1,184 (g/fiitre) * cylinder displacement
{litresfintake stroke} based on air density at STP.

Characteristics of LOAD_ABS:

— ranges from 0 % to approximately 95 % for naturally aspirated engines, 0 % to 400 % for boosted engines;

— linearly correlated with engine indicated and brake torgue;

— often used fo schedule spark and EGR rates;

— peak value of LOAD_ABS correlates with volumetric efficiency at WOT,

— indicates the pumping efficiency of the engine for diagnostic pusposes.

Spark-ignition engine are required to support PID $43. Compression-ignition (diesel) engines are not required fo

support this PID.

See PID $04 for an additional definition of engine LOAD.
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Table B.49 — PID $44 definition

PID Description Data Min. Max. Scaling/bit External test equipment
{hex} byte value value 81 {Metric} / English display
44 | Commanded Equivalence A B 0 1,989 0,0006305 |[EQ_RAT: x00xxx
Ratio {2/65535)

Fuel systems that utifize conventional oxygen sensor shall display the inverse of the commanded open iocop
equivalence ralio (alsc known as lambda} while the Ruel controi systemn is in open loop. EQ_RAT shall indicate
1,600 while in closed-loop fuel.

NOTE Lambda is the inverse of F/A equivalence ratio.

Fuel systems that utilize wide-range/linear oxygen sensors shall display the inverse of the commanded
equivatence ratio {lambda} in both open-icop and closed-loop operation.

To obtain the actual A/F ratio being commanded, multiply the stoichiometric A/F ratio by the inverse of the
eguivalence ratio {lambda). For example, for gasoline, sioichiometric is a ratio of 14,641, If the fuel control
system was commanding an 0,95 EQ_RAT, the commanded A/F ratio to the engine would be 1464*095=139
AF.

if PID $4F is not supported for this ECU, or if PID $4F is supported and includes $00 for Equivalence Ratio, the
external test equipment shall use the scaling value included in this table. ¥ PiD $4F is supported for this ECU, the
external test equipment shall calculate scafing for this PID as explained in the PID $4F definition,

Table B.50 — PID $45 definition

PID Description Data Min. Max. Scaling/bit External test equipment
{hex) byte value value SI {Metric} / English display
45 |Relative Throtile Position A 8% 160 % 106/255% |TP_R:xxx %

Relative or “leamed” throtile position shall be displayed as a normalized value, scaled from 8 to 100 %. TP_R
should display a value of 0 % at the “learned” closed-throttie position. For example, i a § to 5,0 volt sensor is
used (uses a 5,0 volt reference voliage), and the closed-throttle position is at 1,0 volts, TP shalt display
(1,0 - 1,0/ 5,0)=0 % at closed throtile and 30 % at 2,5 volis. Because of the closed-throtile offset, wide-open
throttle will usually indicate substantially less than 100 %.

For systemns where the oulput is proporiional fo the input voitage, this value is the percent of maximum input
reference voliage. For systemns where the output is inverssly proportional {c the input voitage, this value is 100 %
minus the percent of maximum input reference voltage. See PID $11 for a definition of Absolute Throttle Position.

Table B.51 — PID $46 definition

PID Description Data Min. Max. Scaling/it External test equipment
{hex} byte value value Sl {Metric) / English display
48 | Ambient air iemperature A —40°C | +215°C 1°C with AAT: xxx °C / xxx °F
{same scaling as IAT - $0F) — 40 °C offset

AAT shall display ambient air temperature, if utitized by the control module strategy for OBD monitoring. AAT may
be obtained directly from a sensor, may be obtained indirectly via the vehicle serial data communication bus, or
may be inferred by the control strategy using other sensor inputs.
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Table B.52 — PID $47 definition

PID
{hex}

Description Data Min. Max. Scaling/it External test equipment
byte value value SI {Metric} / English display

47

Absolute Throttle Posiion B A 0% 100 % 100/255 % TP _B: xxxx %

Absociute throtile position B, if utilized by the control modute, (not ‘relative” or “leamed” throitle position) shall be
displayed as & normalized value, scaled from 0 fo 160 %. For example, #f a 0 to 5,0 volt sensor is used {uses a
5,0 voit reference voltage), and the closed-throttie position is at 1,0 volts, TP_B shall display (1,0/5,0) = 20 % at
closed throttle and 50 % at 2,5 voits. Throitle position at idle will usually indicate greater than 0 %, and throttle
position at wide-open throtile will usually indicate less than 100 %.

For systems where the culput is proportional to the input voltage, this vaiue is the percent of maximum input
reference voliage. For systems where the output is inversely proportional to the input voltage, this value is 100 %
minus the percent of maximum input reference voltage.

A single throttle plate could have up to three throtfle position senscrs, A, B and C. There are no provisions for
more than one throtile in this part of ISO 15031. This PID shall be used to report the sensors that are on the
primary throtile.

Tabie B.53 — PID $48 definition

PID
{hex}

Description Data Min. Max. Scaling/it External test equipment

byte value value 81 {Metric} ] English display

48

Absolute Throtile Position C A 0% 100 % 100/255 % TP_Coxxx.x %

Absolute throtile position C, # utiiized by the control module, {not “relative” or “learmned” throtile position) shal be
disptayed as a normalized value, scaled from © to 100 %. For example, if a © to 5,0 voit sensor is used {uses a
5.0 volt reference voitage), and the ciosed-throttle position is at 1,0 volts, TP_C shall display (1.0/ 50)=20% at
closed throttic and 50 % at 2,5 volts. Throttie position at idle will usually indicate greater than 0 %, and throtile
position at wide-open throttle will usually indicate less than 100 %.

For systems where the output is propostional to the input voltage, this value is the percent of maximum input
reference voltage. For systems where the output is inversely proportional to the input voltage, this value is 100 %
minus the percent of maximum input reference voitage.

A single throttie piate could have up to three throtile position sensors, A, B and C. There are no provisions for
more than one throttie in this part of iSO 15031. This PID shall be used to report the sensors that are on the
primary throttie.

Tabie B.54 — PID $49 definition

PID
{hex)

Description Data Min. Max. Scaling/bit External test equipment
byte value value Si {Meftric} / English display

48

Accelerator Pedal Position D A 3% 160 % 106/255% |APP_DIxxx.x %

Accelerator Pedal Position D, # utifized by the conirol module, (not “relative” or “leamed” pedal position) shal be
displayed as & normalized vaiue, scaled from 0 to 100 %. For example, if a 8 to 5,0 volt sensor is used {uses a
5,0 volt reference voitage), and the closed-pedal position is 1,0 voit, APP_D shall display (1,0 / 50) = 20 % at
closed pedal and 50 % at 2,5 volts. Pedal position at idle will usually indicate greater than 0 %, and pedal position
at wide-open pedal will usually indicate less than 160 %.

For systems where the output is proportional tc the input voltage, this vaiue is the percent of maximum input
reference voitage. For systems where the output is inversely proportional to the input voltage, this value is 106 %
minus the percent of maximum input reference voltage.

The designation “D” shall match the diagnostic trouble code defined in IS0 15031-6. #f additicnat DTCs are
defined, those should match this PID designation. Pedal sensor designations are B, Eand F.
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Table B.55 — PID $4A definition

PID
thex)

Description Data Min. Max. Scaling/bit External test equipment

byte vaiue value Sl {Metric) / English display

4A

Accelerator Pedal Position £ A 0 % 100 % 100/255 % |APP_E: xxx.x %

Accelerator Pedal Position E, if utilized by the confrol module, {not “relative” or “leamed” pedal position) shall be
dispiayed as a normalized value, scaled from 0 to 100 %. For example, i a 0 to 5,0 volt sensor is used (uses a
5,0 volt reference voltage}, and the closed-pedal position is 1.6 voit, APP_E shall display (1,0 / 5,0)=20 % at
closed pedal and 50 % at 2,5 volts. Pedal position at idle will usually indicale greater than 0 %, and pedal posttion
at wide-open pedal will usually indicate less than 100 %.

for systems where the oulput is proportional fo the input voltage, this value is the percent of maximum input
reference voliage. For systems where the output is inversely proportionat to the input voitage, this value is 100 %
minus the percent of maximum input reference voliage.

The designation “E” shall match the diagnostic frouble code defined in 1SO 15031-6. if additional DICs are
defined, those should match this PID designation. Pedal sensor designations are D, Eand F.

Table B.56 — PID $4B definition

PID
{hex)

Description Data Min. Max. Scaling/bit External test equipment
byte value value 81 {Metric} / English display

48

Accelerator Pedal Position F A 0% 100 % 100/255 % |APP_F: xxx.x %

Accelerator Pedal Position F, if utilized by the conirol module, {not “relative” or “leamed” pedal position} shall be
displayed as a normalized value, scaled from 0 to 100 %. For exampie, #f a 0 to 5,0 volt sensor is used (uses a
5.0 volt reference voltage), and the closed-pedat position is 1,0 voit, APP_F shall dispiay (1,0 / 5,0)=20 % at
closed pedal and 50 % at 2,5 volis. Pedal position at idle wilt usually indicate greater than 0 %, and pedal position
at wide-open pedal wili usually indicate less than 100 %.

For systems where the output is proporiional io the input voitage, this value is the percent of maximum input
reference voltage. For systems where the output is inversely proportional fo the input voitage, this value is 100 %
minus the percent of maximum input reference voltage. )

The designation “F” shall match the diagnostic trouble code defined in 1SO 15031-6. If additional DTCs are
defined, those should match this PiD designation. Pedal sensor designations are D, Eand F.

Table B.57 — PID $4C definition

PID
{hex)}

Bescription Data Min. Max. Scaling/bit External test equipment
byte value value Sl {Metric) / English display

4C

Commanded Throttle Actuator A 0% 106 % 160/255 % | TAC_PCT: xxx.x %
Conirol {closed {wide-
throttie) open
throttie}

Commanded TAC displayed as a percent. TAC_PCT shali be normalized to the maximum TAC commanded
output conirol parameter. TAC systems use a variety of methods %o control the amount of throttle opening:

1) ¥ alinear or stepper motor is used, the fully closed throttie position shail be displayed as 0 %, and the fully
open throttle position shall be displayed as 100 %. Intermediate positions shal be displayed as a percent of
the full-open throitle position. For example, a stepper-motor TAC that moves the throtle from O o 128
counts shall display 0 % at 0 counis, 108 % at 128 counts and 50 % at 84 counts.

2} Any other actuation method shall be nonmalized to dispiay 8 % when the throtile is commanded closed and
100 % when the throttle is commanded open.

1490
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Table B.58 — PiD $4D definition

ISO 15031-5:2606(E)

PID Description Data | Min. Max. Scaling/ External test equipment
{hex} byte | value value bit St {Metric) { English display
4D |Time runby the enginewhile MILis | A,B | Gmin | 65535 min | 1 min per MIL_TIME: xxxx hrs, xx min
activated count
Conditions for “Time run by the engine while MiL is activated” counter:
—  reset to $0000 when MiL siate changes from deactivated fo activated by this
ECU;
— accumulate counts in minutes if MIL is activated {ON);
— do not change value while MiL is not activated (OFF);
—  reset to $0000 if diagnostic information is cleared either by service $04 or at
least 40 warm-up cycles without MiL activated;
— do not wrap o $0000 if value is $FFFF.
Table B.59 — PID $4E definition
PID Description Data Min. Max. Scaling/bit | External test equipment
{hex) byte | value value Sl {Metric) / English display
4E |Time since diagnostic frouble A, B O min 65 535 min 1 min per | CLR_TIME: xxxx hrs, xx min
codes cleared count
Time accumulated since DTCs were cleared (via an extemnal test equipment or possibly a battery disconnect).
This PID is not associated with any particuler DTC. 1i is simply an indication for M (Inspection/Maintenance}, of
the last time an external test equipment was used to clear DTCs. if greater than 65 535 min have occurred,
CLR_TIME shall remain at 65 535 min and not wrap to zero.
Table B.60 — PID $4F definition
PID Description Data Min. Max. Scaling/bit External test equipment
{hex) External Test Equipment byte value value Sl {Meftric) / English display
Configuration information #1
4F | Maximum value for Equivaience A G 255 1 These values are not intended
Ratio for display 1o the service
technician.

These values shall be used by the external test equipment fo calculate scaling factors for finear or wide-ratio
oxygen sensor data reporied with PIDs $24 to $2B, PIDs $34 to $3B, and PID $44.

Data A shall be used by the extemnal test equipment {o caiculate the scaling per bit of PIDs $24 10 $28, PiDs $34
to $38, and PiD $44. if Data A is reported as $00, the extemal test equipment shall use the "Maximum value for
Equivalence Ratio” inciuded in the orginal PiD definition {1,999 / 65535 =0,0000305 per bit). If the value
reported in Data A of PID $4F is greater than $00, that value shall be divided by 65535 to calculate the scaling
per bit to use to display Equivalence Ratio. {Data A contains the new maximum vaiue for PiDs $24 to $28, PiDs
$34 to $3B and PiD $44))

The following is an example to calculate PiD $24 with PID $4F supported and including a non-zero value. in this
example, a manufacturer needs a range of equivalence ratio larger than 0 to 1 889, The manufacturer needs a

rangecf0tc 4 and sels Data A=4.

EXAMPLE  EQ_RAT11piposy= DATA_A Bipipoa) * (DATA_Arpinsr)/ 65535)
New scaling per bit for PID $24 = DATA_Apipar) / 65535 = 410y / 6553519 = 8,0000610 per bit
DATA_A_Bipip24) = $7000 = 320004 = value reported by vehicle ECU
EQ_RAT11pi4 = 32000 * {4 / 65535) = 1,953
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Table B.60 (continued)

PID
{hex)

Description Data Min. Max. Scaling/bit External test equipment
External Test Equipment byte value value Sl {Metric} / English display
Configuration Information #1

Maximum vaiue for Oxygen B8 oV 255V 1V These values are not infended
Sensor Voitage for display to the service
technician.

Data B shall be used by the extemal test equipment to calculate the scaling per bit of PiDs $24 to $2B. if Data B
is reported as $00, the external test equipment shall use the “Maximum value for Oxygen Sensor Voltage”
included in the original PID definition (7,998 V / 65535 bits = £,000122 V per bit). if the value reported in Data B of
PID $4F is greater than $00, that value shall be divided by 65535 to calculate the scaling per bit to use to dispiay
Oxygen Sensor Veltage. if PiDs $34 to $3B are supported by this ECU, this value shall be reported as $00.

The following is an exampie fo calculate PID $24 with PID $4F supported and including a2 non-zero vailue. In this
example, a manufacturer needs a range of voltage targer than 0 o 7,999 V. The manufacturer needs a range of
016 16 V and sets Data A = 16.

EXAMPLE  02511(pinosy = DATA_C_Dipipng)* (DATA_Bpingr) * 1V/ 65535)
New scaling per bit for PID $24 = DATA_Bypipsr)* 1 V765535 = Wpg*1V/ 655351y =
0,000244 V per bit
DATA_C_Dipipogy = $9C40 = 400001¢ = value reported by vehicle ECU
028 pip24) = 40000 * (16 V / 65535) = 9,766 V

Maximum value for Oxygen c OmA | 255mA 1 mA These values are not intended
Sensor Current for display to the service
technician.

Data C shall be used by the external test equipment to calculate the scaling per bit of PIDs $34 to $38. If Data C
is reported as $00, the external test equipment shall use the “Maximum value for Oxygen Sensor Current”
included in the original PID definition (128 mA / 32768 biis = 0,00390625 mA per bit}. If the value reported in Data
C of PiD $4F is greater than $08, that value shall be divided by 32768 {oxygen sensor current is a signed value)
{o calculate the scaling per bi fo use o display Oxygen Sensor Current. if PIDs $24 to $2B are supporied by this
ECU, this vaiue shall be reported as $060.

The following is an exampie to calculate PID $24 with PID $4F supporied and including a non-zero vatue. In this
example, a manufacturer doesnt need a range of —128 to 127,956 milliamps and wishes to increase the
resolution. The manufacturer only needs a range of - 84 {o +64 mA and sets Data A = 64 mA.

EXAMPLE 02511 pipagy = DATA_C Dippipagy ™ {DATA Cpipary ™ 1 mA/ 32768)
New scaling per bit for PID $34 = DATA Cpipury ™ 1 mA /32768 = 6410y mA 7 3276815, =
0,001953 mA per bit
DATA_C_D(;:DM} =$8C4A0= -255361p; = negative value reported by vehicle ECU
02511 (pip34; = -25536 * (64 mA 7 32768) = 49,875 mA

Maximum value for Intake D OkPa | 2550 kPa 10 kPa These values are not intended
Manifold Absolute Pressure for dispiay to the service
technician.

Data D shall be used by the exiernal test equipment fo caiculate the scaling per bitof PID $0B_ f Data D is
reported as $00, the external test equipment shall use the “intake Manifold Absclute Pressure” included in the
original PID definition (255 kPa 7 255 bits = 1 kPa per bit). #f the value reported in Data D of PID $4F is greater
than $00, that value shali be multiplied by 10 kPa per bit and then divided by 255 to calculate the scaling per bit o
use to display intake Manifoid Absciute Pressure.

The following is an example fo caiculate PID $0B with PID $4F supporied and including a non-zero value. In this
example, a manufaciurer needs a range of pressure larger than 0 to 255 kPa. The manufacturer needs a range of
0 to 765 kPa and sets Data A = 77, the closest value possibie to 78,5

EXAMPLE MAP{plDQB) = DATA_A{p]QQB) * (DATA_D{p'm;:) * 10 kPa per bit / 255)
New scaling per bit for PID $0B = DATA Dipipary® 16 kPa/ 255 = 7740y “10 kPa / 255 = 3,0196 kPa per bit.
DATA_A{p;DgB} =$7F = 127{‘;{)) = value reported by vehicle ECU ¥/
MAPpippgy = 127 * {770 kPa/ 255) = 383 5 kPa
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Tabie B.61 — PID $50 definition

PID Description Data Min. Max. Scaling/bit External test equipment
{hex} External Test Equipment byte value value SI {Metric} / English display
Configuration Information #2
50 |Maximum value for Air Flow A 0gis | 25504/s 10 g/s These values are not intended
Rate from Mass Air Flow for display o the service
Sensor technician.

Data A shall be used by the external test equipment to calculate the scaling per bit of PID $10 { Data A is
reported as $00, the external iest equipment shall use the "Air Fiow Rate from Mass Air Flow Sensor included i
the original PID definition (655,35 g/s / 65535 bits = 0,01 ¢fs per bit). if the value reported inData AcfPID $50 is
greater than $00, that value shaii be multiplied by 10 g/s and then divided by 65 535 to calculate the scaling per
bit to use to display Air Flow Rate from Mass Air Flow Sensor.

The following is an example fo calculate PID $10 with PID $50 supported and including a non-zero value. in this
exampie, a manufaciurer needs a range of air flow rate larger than 0 to 655,35 g/s. The manufacturer needs a

range of 0 to 1600 gfs and sets Data A = 100,
EXAMPLE MAF(QDm) =DATA_A Bppipigy™ (DATA_Apipsoy * 10 gfs / 65535)
New scaling per bit for PID $10 = DATA_Apipsgy * 10 g/s/ 85535 =
100 (403 * 10 gfs § 65535 = 8,01526 g/s per bit
DATA_A Bpipipy = $E250 = 58090(13) = value reported by vehicle ECU */
MAF(plgqg) = 58000 * {1000 g/s / 65535) = 885,02 gis

Reserved for future B These values are not intended

expansion — report as $00 for display fo the service
technician.

Reserved for fulure C These values are not intended

expansion — report as $00 for display io the service
technician.

Reserved for future D These values are not intended

expansion — report as $00 for display to the service
technician.
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Tabie B.62 — PID $51 definition

PID Description Data Scaling External test equipment
{hex} byte S1 {Metric} / English display
51 | Type of fuel cummently being utilized A byte 1 of 1§ FUEL_TYP
by the vehicle (hex} |{State Encoded Variable)
01 Gascline/petrol GAS
02 Methanot METH
03 Ethanol ETH
04 Diesel DSL
a5 Liquefied Petroleun: Gas (LPG) |LPG
08 Compressed Natural Gas CNG
{CNG)
a7 Propane PROP
a8 Battery/electric ELEC
08 Bi-fuel vehicle using gasoline Bi_GAS
OA Bi-fuel vehicle using methanol  |Bi_METH
0B Bi-fuel vehicle using ethanol Bi_ETH
[$10% Bi-fuel vehicle using LPG Bi 1 PG
6D Bi-fuel vehicle using CNG Bi CNG
OE Bi-fuel vehicle using propane Bi_PRCP
OF Bi-fuel vehicle using battery Bi ELEC
10 —FF [I1SO/SAE reserved —
EXAMPLE if a vehicle has less than 10 % ethanol in the gascline/petrol, then the exiernal test equipment shail

display state $09. In such a case, the system would be using gaschine/petrol {fuel) tables and OBD threshoids. PID $52
should either astificially display 0 % or some number 10 % or less i the system has such resolution. If the ethandl in the
gasoline/pelrol is above 10 %, then the external test equipment shall display state $0B. PID $52 shall report the calculated
ethanol/alcohol percentage.

Table B.63 — PID $52 definition

PID Description Data Min. Max. Scaling/bit External test equipment
{hex) byte value value SI {Metric) / English display
52 |Alcohol Fuel Percentage A 0% 100 % 160/255 % |ALCH _PCT: xxx.x %
no aicochol | max_ alcohol
ALCH_PCT shall indicate the percentage of alcohol contained in ethano! or methanol fuels, if ulilized. For
exampie, ethanol fuel {E85) normally contains 85 % ethanol, in which case ALCH_PCT shall display 850 %.
Alcohol percentage can be determined using a sensor or can be inferred by the fuel control sciware.
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Tabie B.64 — PID $53 definition

PID Description Data Min. Max. Scaling/bit External test equipment
{hex} byte value value S1 {Metric} / English dispiay
53 |Absoclute Evap System Vapour A B g kPa 327,675 | 0,005 kPa |EVAP_VPA. xxxxxx kPa {Xxxx.xx
Pressure (0,006 kPa {17206}, |mnHy0}
inH,O) | (131548 | unsigned
inH0)
Absclute evaporative system vapour pressure, if utitized by the control module. The pressure signal is normally
obtained from a sensor located in the fuel tank (FTP — Fuel Tank Pressure) or a sensor in an evaporative system
vapour ine.
Tabie B.65 — PID $54 definition
PID Description Data Min. Max. Scaling/bit External test equipment
{hex} byte | value value Si {Metric} / English display
54 |Evap System Vapour Pressure A B| -32767 | 32768 Pa 1 Pa, EVAP_ VP oo Pa dooxx
Pa {13155 signed inHy 0}
IﬂHzO}
Evaporative system vapour pressure, if utilized by the control module. The pressure signal is normally cbtained
from a sensor located in the fuel tank (FTP — Fuel Tank Pressure} of a senasor in an evaporative system vapour
line. PID $54 scaling allows for a wider pressure range than PID $32.
For systems supporting Evap System Vapour Pressure, one of the following 2 PIDs is reguired: $32, or $54.
Support for more than one of these PIDs is not aliowed.
Tabie B.66 — PID $55 definition
PID Description Data| Min. Max. Scaling/it External test equipment
{hex) byte | value value Sl {Metric} / English display
55 | Short Term Secondary O2 A | —100% |+99,22% | 100/128 % |STSO2FT1: xxxx %
Sensor Fuel Trim — Bank 1 {lean} {rich} |(0 % at 128} 5
{use i only 1 fuel tim value) STSOZFT3: xxx.x %
Short Term Secondary 02 B
Sensor Fuel Trim — Bank 3
Short Term Secondary O2 Sensor Fuel Trm Bank 4/3 shall indicate the correction being utilized by the
closed-oop fuel algorithm. if the fuel system is in open loop, STSO2FT shall report O % comrection.
Data B shail only be included in the response to a PID $55 request i PID $1D {Location of Oxygen Sensors)
indicates an oxygen sensor is present in Bank 3. The extemal test equipment can determine length of the
response message based on the data content of PID $13 or $1D. See examples in the description of PID $08.
© IS0 2006 — All rights reserved 145

Licensed to Tare Casaletto. ANS! store order # X_858634. Downloaded 01/08/2023. Single user license only, Copying and networking prohibited.



1SC 15031-5:2006{E)

Table B.67 — PID $56 definition

PID Description Data Min. Max. Scaling/bit External test equipment
{hex) byte | value value Si {(Metric) / English display
56 |Long Term Secondary Q2 A | —100% [+969,22% | 100/128 % |LGSO2FTT: xxx.x %
Sensor Fuel Trim — Bank 1 (lean) {rich) {0 9% a1 128) .
{use if only 1 fuel trim value) LGSO2FT3: xoax.x %
tong Term Secondary Q2 B
Sensor Fuel Trim — Bank 3
Secondary O2 Sensor Fue! trim correction for Bank 1/3 stored in Non-volatiie RAM or Keep-alive RAM.
LGSO2FT shall indicate the correction being utilized by the fuel control algorithm at the time the daia is
requesied, in both open-loop and closed-loop fuel control. if no comrection is utilized in open-loop fuel, LGSC2FT
shall report 8 % correction. If secondary O2 sensor long-term fuel trim is not utilized at afl by the fuel control
algorithm, the PID shail not be supported.
Data B shall only be included in the response to a PiD $56 request if PID $1D {Location of Oxygen Sensors)
indicates an oxygen sensor is present in Bank 3. The exiernal test equipment can determine length of the
response message based on the data content of PID $13 or $1D. See exampies in the description of PID $09.
Table B.68 — PID $57 definition
PID Description Data Min. Max. SBcaling/bit External test equipment
{hex) byte | value Value S1 {Metric} / English display
57 |Short Term Secondary 02 A | —100% |+99,22% | 100/128 % |STSO2FT2: x0xX %
Sensor Fuel Trim - Bank 2 {lean} {rich) |{0% at128) i
{use if only 1 fuel trim value) STSO2FT4: xxx.x %
Short Term Secondary 02 B
Sensor Fuel Trim - Bank 4
Short Term Secondary 02 Sensor Fuel Trim Bank 2/4 shali indicate the correction being ulilized by the
closed-loop fuel algorithm. If the fuel system is in open ioop, STSO2FT shali report 0 % correction.
Data B shall only be included in the response to a PiD $57 request if PID $1D (Location of Oxygen Sensors)
indicates an oxygen sensor is present in Bank 4. The external fest equipment can determine length of the
response message based on the data content of PID $13 or $1D. See examples in the description of PID $09.
Table B.69 — PID $58 definition
PID Description Data| Min. Max. Scaling/bit External test equipment
thex) byte| value value 81 {Metric) / English display
58 |[Long Term Secondary 02 A |-100% |+69,22%| 100/128 % |LGSO2FT2: xx¢.x %
Sensor Fuel Trim — Bank 2 ({lean) {rich) |{0 % at 128) . o
{use if only 1 fuel trim value) LGSO2FT4: 3o0x.x %
Long Term Secondary 02 8
Sensor Fuel Trim - Bank 4
Secondary Sensor Fuei tim comrection for Bank 2/4 stored in Non-volatile RAM or Keep-alive RAM. LGSO2FT
shali indicate the correction being utilized by the fuel control algorithm at the time the daia is requested, in both
open-iocp and closed-loop fuel control. if no comrection is utilized in cpen-ioop fuel, LGSO2FT shall report 0 9%
correction. if post O2 sensor long-term fuel trim is not utilized at ail by the fuel contro! algorithm, the PID shali not
be supported.
Data B shall only be inciuded in the response tc a PiD $58 request if PID $1D (Location of Oxygen Sensors}
indicates an oxygen senscr is present in Bank 4. The exiemnal test equipment can determine iength of the
response message based on the data content of PID $13 or $1D. See exampies in the description of PID $69.
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Tabie B.70 — PID $59 definition

PID Description Data| Min. Max. Scaling/bit External test equipment
{thex} byte | value Value Si {Metric) / English display
59 | Fuel Rail Pressure A B| OkPa 655350 10 kPa per | FRP: xxooux kPa (ooooex PSH
{absolute) kPa bit unsigned,
1 kPa=
0,1450377
PSi
FRP shail display fuel rail pressure at the engine when the reading is absolute. Diesel fuel-pressure and
gasoline direct-injection systems have a higher pressure range than FRP PiD $0A.
For systems supporting a fuel pressure sensor, one of the foliowing 4 PIDs shall be used: $0A, $22, $23 or $59.
There shall be no support for more than one of these PlDs.
Table B.71 — PID $5A definition
PID Description Data| Min. Max. Scaling/bit External test equipment
{thex) byte | value value 81 {Metric) / English display
5A | Relative Accelerator Pedal A 0% 160 % 100/255 % |APP_RIxxxx%
Position
Reilative or “leamned” pedal positicn shall be dispiayed as a normalized value, scaled from § fo 108 %. APP_R
should display a value of § % at the “learned” closed-pedal position. For example, if a 0 to 5,0 volt sensor is
used {uses a 5,0 volt reference voitage), and the closed-pedal position is at 1,0 voiis, APP_R shali display
(1,6 -1,075.0) =00 % at closed pedal and 30,8 % at 2,5 volts. Because of the closed-pedal offset, wide-open
pedal will usually indicate substantially less than 100,0 %. In many cases, APP_R wil be the average of muitiple
pedal sensor values.
For systems where the output is proportional to the input voltage, this value is the percent of maximum input
reference voitage. For sysiems where the oulput is inversely proporticnal to the input voltage, this value is
106,0 % minus the percent of maximum input reference voitage. See PID $49 for a definition of Absolute Pedal
Position.
Table B.72 — PID $5A - $FF definition
PID Description Data Min. Max. Scaling/it External test equipment
{hex) byte value value St {Metric) / English display
5B - FF |iSO/SAE reserved e — e — —
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Annex C
(normative)

TIDs (Test ID) scaling description

Table C.1 defines standardized Test iDs.

Table C.1 — Test ID scaling description

TestID Description Min. {$00) Max. {$FF) | Scaling/bit
$01 Rich te lean sensor threshoid voltage {(constani) ov 1,275V 0065V
$02 Lean to rich sensor threshold voltage {constant) ov 1275V 8,060V
$03 Low sensor voltage for switch time calculation {constant) oV 1275V 0005V
$04 High sensor voltage for switch fime calculation {constant) oV 1275V 0005V
$05 Rich to lean sensor swiich time {caiculated) Gs 10823 0,604 s
$06 Lean to rich sensor switch time (calculated) Gs 10823 0,004 s
$07 Minimum sensor voltage for test eycle (calculated) oV 1275V 0,005V
$08 Maximum sensor voltage for iest cycle (calculated) oV 1,275V 8,005V
$09 Time between sensor transitions (caicuiated} 8s 102s 004s
$0A Sensor period {calcutated) Os 102s 0,04

$0B-31F |ISO/SAE reserved

$21-%2F |manufacturer Test ID description gs 162s 0,004 s

$30-$3F : s 10,2s 0,04s

$41-34F ov 1,275V 8,005V
$50-85F oV 12,75V G05Y
$61-$6F O Hz 255 Hz 8,1 Hz
$70-$7F @ counts 255 counts 1 count
$81-$9F |manufacturer Test ID description manufacturer specific values / units
$A1-$BF : :
$C1-$DF
$E1-$FF
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Annex D
(normative)

ISO 15031-5:2006(E)

OBDMIDs (On-Board Diagnostic Monitor ID) definition for Service $06

This annex only applies to 1ISO 15765-4.

Table D.1 — Standard On-Board Diagnostic Monitor ID definition

OBDMID {Hex} On-Board Diagnostic Monitor ID name

00 OBD Meniior iDs supported ($01 - $20)
o Oxygen Sensor Monitor Bank 1 — Sensor 1
02 Cxygen Sensor Monitor Bank 1 — Sensor 2
a3 Oxygen Sensor Monitor Bank 1 — Sensor 3
04 Oxygen Sensor Menitor Bank 1 — Sensor 4
05 Oxygen Sensor Monitor Bank 2 — Sensor 1
06 Oxygen Sensor Monitor Bank 2 — Sensor 2
o7 Oxygen Sensor Monitor Bank 2 — Sensor 3
08 Oxygen Sensor Monitor Bank 2 — Sensor 4
09 Oxygen Sensor Monitor Bank 3 — Sensor 1
0A Oxygen Sensor Monitor Bank 3 — Sensor 2
08 Oxygen Sensor Monitor Bank 3 — Sensor 3
oc Oxygen Sensor Monitor Bank 3 — Sensor 4
8D Oxygen Sensor Monitor Bank 4 — Sensor 1
OE Oxygen Sensor Monitor Bank 4 — Sensor 2
OF Oxygen Sensor Monitor Bank 4 — Sensor 3
10 Oxygen Sensor Monitor Bank 4 — Sensor 4

11-1F ISO/SAE reserved
20 OBD Monitor iDs supporied ($21 — $40}
21 Catalyst Monitor Bank 1
22 Catalyst Monitor Bank 2
23 Catalyst Monitor Bank 3
24 Catalyst Monitor Bank 4

25-30 ISCISAE reserved
31 EGR Monitor Bank 1
32 EGR Monitor Bank 2
33 EGR Moniior Bank 3
34 EGR Monitor Bank 4

35-38 ISO/SAE reserved
39 EVAP Monitor {Cap Off)
3A EVAP Monitor (0,080}
3B EVAP Monitor {0,0407)
3C EVAP Monitor {0,020}
30 Purge Flow Monitor
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Table D.1 {continued)

OBDMID {Hex) On-Board Diagnostic Monitor ID name

3E-3F ISO/SAE reserved
49 OBD Monitor 1Ds supported ($41 — $60)
41 Oxygen Sensor Heater Monitor Bank 1 — Sensor 1
42 Oxygen Sensor Heater Monitor Bank 1 — Sensor 2
43 Oxygen Sensor Heater Monitor Bank 1 — Sensor 3
44 Oxygen Sensor Heater Monitor Bank 1 — Sensor 4
45 Oxygen Sensor Heater Monitor Bank 2 — Sensor 1
45 Oxygen Sensor Heater Monitor Bank 2 — Sensor 2
47 Oxygen Sensor Heater Monitor Bank 2 — Sensor 3
48 Oxygen Sensor Heater Monitor Bank 2 — Sensor 4
49 Oxygen Sensor Heater Monitor Bank 3 — Sensor 4
4A Oxygen Sensor Heater Monitor Bank 3 — Sensor 2
48 Oxygen Sensor Heater Monitor Bank 3 — Sensor 3
4C Oxygen Sensor Heater Monitor Bank 3 — Sensor 4
4D Oxygen Sensor Heater Monitor Bank 4 — Sensor 4
4E Oxygen Sensor Heater Monitor Bank 4 — Sensor 2
4F Oxygen Sensor Heater Monitor Bank 4 — Sensor 3
50 Oxygen Sensor Heater Monitor Bank 4 — Sensor 4

51 -5F ISO/SAE reserved
60 0BD Monitor 1Ds supported ($61 — $80)
g1 Heated Catalyst Monitor Bank 1
82 Heated Catalyst Monitor Bank 2
83 Heated Catalyst Monitor Bank 3
84 Heated Catalyst Monitor Bank 4

85-70 iSO/SAE reserved
71 Secondary Air Monitor 1
72 Secondary Air Monitor 2
73 Secondary Air Monitor 3
74 Secondary Air Monitor 4

75-7F ISO/SAE reserved
80 OBD Monitor 1Ds supported ($31 — $AG)
81 Fuel System Monitor Bank 1
82 Fuel System Monitor Bank 2
83 Fuel System Monitor Bank 3
84 Fuel System Monitor Bank 4

85— 9F ISO/SAE reserved
A0 OBD Monitor 1Ds supported (3A1 — $CG)
Al Misfire Monitor General Data
A2 Misfire Cylinder 1 Data
A3 Misfire Cylinder 2 Data
Ad Misfire Cylinder 3 Data
AL Misfire Cylinder 4 Data
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Table D.1 {continued)

1ISO 15031-5:2006(E)

OBDMID {Hex) On-Board Diagnostic Monitor ID name
AB Misfire Cylinder 5 Data
A7 Misfire Cylinder 6 Data
A8 Misfire Cylinder 7 Data
A9 Misfire Cylinder 8 Data
AA Misfire Cylinder 8 Data
AB Misfire Cylinder 10 Data
AC Misfire Cylinder 11 Data
AD Misfire Cylinder 12 Data
AE —BF ISGI/SAE reserved
Co OBD Monitor iDs supported {$C1 — $EO)
Ct-DF iSO/SAE reserved
EO OBD Mgnitor iDs supporied {$3E1 — §FF)
E1-FF Vehicte manufacturer defined OBDMIDs
EXAMPLE Examples for sensor and catalyst configuration. The cylinder most remote of the fiywheel is defined as
cylinder number 1.
a b b
Bt S1 8182 8183
i
L T 1
h
Bt \
2 2 3
1
- e
2 2 3
B2 /
—]
| i
i
Bz $1 BZ $2 B2 S3
3 b b
Key
S1 Sensor i 1 V6/V8/V12 Cylinder engine with exhaust banks
S2 Sensor2 2  Catalyst
83 Sensor3 3 Tai pipe

B1 Cyiinder Bank 1
B2 Cyiinder Bank 2

2 wade range
5 heated

Figure D.1 — V6/V8/V12 Cylinder Engine with 2 exhaust banks and 4 catalysts example
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Key

51
82
S3
B1
82

a

b

Key

51
S2
53
B1

b

152

Sensor 1
Sensor 2
Sensor 3
Cylinder Bank 1
Cylinder Bank 2

wide range
heated

B1S1 b
B1 52
B1 R
2 8153
//_,....—»-""‘1
- 1
) \
B2 2 3
B2 $2
B2 St b

1 VB/N8/V12 Cylinder engine with exhaust banks
2  Caialyst
3  Tail pipe

Figure D.2 — V6 V8/V12 Cylinder Engine with 2 exhaust banks and 3 catalysts example

1

\

b

B1

Sensor 1
Sensor 2
Sensor 3
Cylinder Bank 1

wide range
heated

2 b b
B1 % 8182 B183

1 L4-Cylinder engine with exhaust bank
Catalyst
3  Tail pipe

N

Figure D.3 — L4 Cylinder Engine with 1 exhaust bank and 2 catalysts exampie
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1
3 b
8151 8182
B1 1\
2 3
Key
81 Sensor i 1 L4-Cylinder engine with exhaust bank
82 Sensor2 2  Catalyst
B1 Cyiinder Bank 1 3  Tail pipe
wide range

b heated

Figure D.4 — L4 Cylinder Engine with 1 exhaust bank and 1 catalyst exampie
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Annex E
(normative)

Unit and Scaling definition for Service $06
This annex only applies to IS0 15765-4. The Unit and Scaling IDs are separated into two ranges; $01 - $7F

are unsigned Scaling Identifiers, and $80 - $FE are signed Scaling Identifiers. Unit and Scaling IDs $00 and
$FF are ISO/SAE reserved for future definition and shali not be defined as Unit and Scaling identifiers.

Bit7="170 unsigned Scaling identifier range
Bit7="7 signed Scaling identifier range
L7 [ e | s T« s T 2T 1o ]

Figure E.1 — Unsigned/Signed Scaling Identifier range encoding

E.1 Unsigned Unit and Scaling Identifiers definition

Table E.1 — Unit and Scaling ID $01 definition

Unit and Description Scaling/it Min. value Max. value External test equipment
Scaling ID {hex) thex} | {(dec)} | t(hex) {dec.) Sl {Metric) display
81 Raw Vaiue 1 perbit 0000 0 FFFF 65535 XXXXK
hex o decimal Data Range examples: Display examples:
unsigned $0000 1] 8
$FFFF + 65535 65535

Table E.2 — Unit and Scaling ID $02 definition

Unit and Description Scaling/it Min. value Max. value External test equipment
Scaling ID {hex) thex} | {dec) | {hex) {dec.) S8l {Metric) display
g2 Raw Value 0,1 per bit 0000 0 FFFF| 65535 XXXX.X
hex o decimal Dala Range examples: Display exampies:
unsigned $0000 0 0.0
$FFFF + 65535 6553,5

Table E.3 — Unit and Scaling ID $03 definition

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID thex) thex} | {dec) | {hex) {dec.} Sl {Metric) display
a3 Raw Value 8,01 per bit 00400 G FFFF 655,35 XXX XX
hex o decimal Data Range exampies: Display exampies:
unsigned $0000 0 0,00
$FFFF + 655,35 655,35
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Table E.4 — Unit and Scaling ID $04 definition

ISO 15031-5:2006(E)

Unit and Description Scaling/bit Min. value Max. vaiue External test equipment
Scaling ID {(hex} {hex} | {(dec.) | {hex) {dec.} 8] {Metric} display
04 Raw Value 0,001 per bit 000G g FFFF 65,535 XX XXX
hex to decimal Data Range exampies: Display exampies:
unsigned $0000 0 0,000
SFFFF +65,535 685,535
Table E.5 — Unit and Scaling ID $05 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling 1D (hex) {hex) | {dec.) |{hex) {dec.} Si {Metric} display
05 Raw Value 0,0060305 00600 0 FFFF 1,898 X XXX
per bit Data Range exampies: Display examples:
hex to decimat $06000 0 0,000
unsigned $FFFF + 1,999 1,999
Table E.6 — Unit and Scaling ID $06 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling 1D {hex) thex) | {dec.} | {hex) {dec.} S1 {Metric} display
08 Raw Vaiue | 0,000305 per bit | 0600 g FFFF 18,988 XX XXX
hex to decimal Data Range exampies: Display exampies:
unsigned $0060 0 0.0G0
$FFFF 16.988 19,988
Table E.7 — Unit and Scaling ID $07 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID thex) {hex} | {dec} | {hex} {dec.} 81 {Metric) display
o7 rotational 8,25 pmperbit | 0600 | Drpm | FFFF | 16384 rpm XXXXX 1P
frequency unsigned Data Range examples: Dispiay examples:

$0000
$0002
$FFFC
$FFFD
$FFFE
$FFFF

0 pm
+ 0,5 pm
+ 16383 rpm
+ 16383,25 rpm
+ 18383,50 rpm
+ 16383,75 rpm

Orpm

1 pm
16383 rpm
16383 rom
16384 rpm
16384 rpm

© I1SO 20086 — All rights reserved
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1ISO 15631-5:2006(E)

Table E.8 — Unit and Scaling ID $08 definition

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID thex} {hex} | {dec.} | {hex) {dec.} St {Metric) dispiay
08 Speed 0,01 ken/h per bit| 0000 |0 xmvh | FFFF | 655,35 km/h | xo0xxox Km/h {xxx. xx mph)
unsigned Data Range examples: Display examples:
Conversion km/h > mph: $0000 8 km/h 0,00 km/h {0,060 mph)
1 km/h = 0.62137 mph $0064 +1 ken/h 1,60 km/h (0,82 mph}
$03E7 + 9,95 kin/h 9,89 kmih (6,21 mph}
$FFFF + 655,35 km/h 655,35 km/h (407,21 mph)
Table E.9 — Unit and Scaling iD $09 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID thex) | {dec)} | t{hex) {dec.} 81 {Metric) display
{hex)
09 Speed Tkm/hperbit | 0000 | Okm/h | FFFF [ 65535 km/h | sooacx kmvh (xxxxx miph)
unsigned Data Range examples: Display exampies:
Conversion kinfh -> mph: $6000 0 km/h G km/h {0 mph}
1 km/h =0,62137 mph $0064 + 100 ki/h 160 km/h {62 mph)
$G3E7 + 998 kmvh 989 km/h {621 mph)
$FFFF + 65535 km/h 85535 km/h {40721 mph)
Table E.10 — Unit and Scaling ID $0A definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID thex} {hex) | {dec.}) | {(hex} {dec.) Sl {Metric) display
0A Voliage 8,122 mV per bit| 60060 av FFFF 798V X XXX V
unsigned Data Range examples: Display examples:
Conversion mVY -> V: $G000 Omv 0,0600 Vv
1000 mv=1V $0001 +0,122mv 08,0001V
$2004 +989812 mV 0,9898 Vv
$FEFF + 7895 mV 7,9953 v
Table E.11 — Unit and Scaling ID $0B definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID thex) {hexj | {dec) | {hex} {dec.} Si {Metric) display
4B Voltage 6,001 V perbit | 8000 Y FFFF | 85,535V XX.XXX W

unsigned

Data Range examples;

Display examples:

Conversicn mY -> V:
1000 mv=1V

$0000
$0001
$FFFF

Omy
+1mV
+ 65535 mv

6,000V
0,001V
65,535V
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Tabile E.12 — Unit and Scaling 1D $0C definition

ISO 15031-5:2006(E)

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling 1D (hex) {hex} | {dec.) | thex) {dec.) S {Metric} display
oc Voltage G.01 ¥ perbit | G0CO ov FFFF | 65535V XXX XXX YV
unsigned Data Range examples: Display exampies:
Conversion mV -> V! $0000 omv 0.000V
1000mv =1V $0001 +10mv 0010V
$FFFF + 655350 mV 655,350V
Table E.13 — Unit and Scaling 1D $0D definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex) {hex} | {dec) | {hex} {dec.} Si {Metric) display
0D Cusrent $,00390625 mA | 0000 gA FFFF | 255,936 mA XXX XXX MA
per b, unsigned Data Range exampies: Display examples:
$0000 0 mA 0,000 mA
$0001 8,004 mA 0,004 mA
$8000 + 128 mA 128,000 mA
$FFFF + 255,896 mA 255,996 mA
Table E.14 — Unit and Scaling ID $0E definition
Unit and Description Scaling/it Min. value Max. value External test equipment
Scaling ID thex) {thex} | {dec} | t{hex) {dec.} 81 {Metric) display
OE Current 0,001 A perbit | 0600 GA FFFF | 85535 A XXX XXX A
unsigned Data Range exampies: Dispiay examples:
Conversion mA -> AZ $0000 GA 0,000 A
{000 mA=1A $8000 +32,768 A 32,768A
$FFFF +65,535 A 65,535 A
Tabie E.15 — Unit and Scaling ID $0F definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling 1D {(hex) {hex} | {dec.) |{hex) {dec.) Si {Metric} display
oF Current G,01 Aperbit | 06000 O0A FFFF | 65535A XXX XXX A
unsigned Data Range examples: Display exampies:
Conversion mA > Al $0000 8 mA 0,000 A
1000mA=1A $0001 + 10 mA 0,010 A
$FFFF + 655350 mA 855350 A
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1SO 15031-5:2006(E)

Table E.16 — Unit and Scaling ID $10 definition

Unit and Description SBcaling/bit Min. value Max. value External test equipment
Scaling ID {hex) {thex} | {dec.} | (hex} {dec.} Sl {Metric) display
10 Time 1 ms per bit G060 | Gms |FFFF | 65535 ms XX XXX S (X min, XX 5)
unsigned Data Range examples: Display examples:
Conversion s -» min -> h: $0006 gms 0,000 s (G min, 05}
60s=1min $8000 + 32768 ms 32,768 s {8 min, 33 5)
80min=1h $EABD + 60060 ms {1 min) 60,000 s {1 min 0s)
$FFFF  +65535ms {1 min, 6 5) 65,535 s {1 min, 6 s)
Table E.17 — Unit and Scaling ID $11 definition
Unit and Description Scaling/bit Min. value Max. value External test eguipment
Scaling ID {(hex) {hex} | {dec.}| thex) {dec.}) 81 {Metric) display
11 Time 100 ms per bit | 0000 0s | FFFF 65535s XXXX.X 5 {x h, x min, xx s)
unsigned Data Range exampies: Display exampies:
Conversion 5 -> min -> h: $0000 Gs 0,060 s {0 h,0min, 0s)
66s=1min $3000 +32768s 3276,8s{0h,54 min, 37 5)
60min=1h $SEAB0 +60605{1h40min) 8000s{1h, 40 min, § s)
$FFFF  +6553.5 5 {1h, 49 min 13s)| 6553,55 (1 h, 49 min, 13 5}
Table E.18 — Unit and Scaling ID $12 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling 1D {hex) {hex}| {(dec) |[{hex} {dec.} Sl {Metric) display
12 Time 1 second per bit | 5000 gs FFFF| 65535s XXXXX 5 {XX b, XX min XX S)
unsigned Data Range examples: Display examples:
Conversion s -> min -> h: $0060 Os 0s{Gh,Omin,  Gs)
605 =1min $0063C +80s 60s{0h, 1 min, 0s)
80min=1h $0E10 +3600s 36006 s (1 h, Omin, 0 5)
$FFFF +85535s 655355 {18 h, 12 min, 155}
Table E.19 — Unit and Scaling ID $13 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex} {thexj | {dec.) | thex} {dec.) Sl {Metric) display
13 Resistance | 1 mOhm per bit | 0000 | 0 mChm | FFFF 65535 xx.xxx Ohm
unsigned mOhim
Conversion mChm > Ohm: Data Range examples: Display examples:
1600 mOhm = 1 Ohm $0060 0 mOhm 0,000 Ohm
$0001 + 1 mChm 0,001 Ohm
$8060 + 32768 mChm 32,768 Ohm
$FFFF + 85535 mChm 65,535 Ohm
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Table E.20 — Unit and Scaling 1D $14 definition

1SO 15031-5:2006(E)

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling 1D {hex}) thex) | {dec.} | thex) {dec.} Si {Metric) display
14 Resistance 1 Chmperbit | 0000 | 0 Ohm | FFFF | 65535 Ohm XX xxx kOhm
unsigned Data Range exampies: Display examples:
Conversion Chm -> KOhm: $0000 0 Ohm 0,000 kChm
1600 Chm = 1 kChm $0001 +1 Ohm 0,001 kChm
$8000 + 32768 Ohm 32,768 kOhm
$FFFF + 65535 Ohm 85,535 kChm
Table E.21 — Unit and Scaling 1D $15 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID thex) thex) | {dec.} | {hex} {dec.} Si {Metric) display
18 Resistance 1 kOhm per bt | 0600 | 8 kOhm | FFFF 65535 xxxxx kChm
«Chm
unsigned Data Range examples: Display examples:
$0000 0 kOhm 0 kOhm
$0001 + 1 kChm 1 kOhm
$8000 + 32768 kChm 32768 kOhm
$FFFF + 65535 kChm 85535 kOhm
Table E.22 — Unit and Scaling iD $16 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID thex} | {dec.} |{hexj {dec.} Sl {Metric) display
{hex}
16 Temperature | (G.1 °C perpit}- | 0000 | —40°C | FEFF | +6513.5°C XXXX.X °C {30XXXX.X °F})
40 °C Data Range exampies: Display examples:
unsigned $0800 -40°C —40,0°C {(—40,0°F)
Conversion °C -> °F: $0001 —-38,9°C -3898°C {— 38,8 °F}
°F=°C*18+32°C $G0DC -18,06°C -18,0°C (- 0,4 °F)
$0190 g°C 8,0°C (32,8 °F}
$FFFF +65135°C 8513,5°C (11756,3 °F}
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ISO 15031-5:2006{E)

Table E.23 — Unit and Scaling ID $17 definition

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID thex) {hex} | {dec) | {hex) {dec.} St {Metric) display
17 Pressure 0081 kPaperbit | 000 | 0kPa | FFFF |655.35kPa xxx.xx kPa {Gauge}
{Gauge) unsigned {xx.x P81}

Conversion kPa -> PSi:
1 kPa (10 HPa) = 0,1450377 PSI
Additional Conversions:

1kPa = 4 0146309 inH20
1kPa = 101,8716213 mmH20 {millimetre of waier)
1 kPa = 7,5006151 mmHg {millimetre of mercury)
1 kPa = 0,010 bar

Data Range examples:

Display examples:

$0G00 0 kPa
$00601 + 8,01 kPa
$FFFF + 655 35 kPa

0,00 kPa {0,6 PSI}
0,61 kPa {0,6 P8I}
655,35 kPa {95,1 PSH

Table E.24 — Unit and Scaling ID $18 definition

1kPa = 101.6716213 mmH20 {milliimetre of water)
1 kPa = 7.5006151 mmHg {milimetre of mercury)
1kPa=0.010 bar

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex} | {dec} | {hex) {dec.} Sl {Metric) display
{hex)
18 Pressure 0,0117 kPaper | G000 | O kPa | FFFF | 766,76 kPa Xxx.Xxx kPa {Air}
{Air pressure) bit unsigned {(xxx.x PSl)
Conversion kPa -> PSI: Data Range examples: Display examples:
1 KPa (10 HPa) = 8.1450377 PSI $0000 O kPa 0,606 kPa {0,G PShH
Additional Conversions: $0001 + 08,0117 kPa 8,012kPa {0,6 PSI)
1 kPa = 4.0146308 inH20 $FFFF +766,7595kPa | 766,760 kPa {1112 PS8l

Table E.25 — Unit and Scaling ID $19 definition

1¥Pa = 101.8716213 mmH20 {milimetre of water)
1 kPa =7.5006151 mmHg (milimetre of mercury)
1 ¥Pa=0.010 bar

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling 1D (hex) {hex} | {dec.) | {hex} {dec.} SI (Metric) display
19 Pressure (Fuel| 0,079kPaper | 0000 | OkPa | FFFF 517727 Xxxx.xxx kPa {Gauge}
pressure} bit unsigned kPa (xxx.x PSH
Conversion kPa -> PSi: Data Range examples: Display examples:
1 kPa (10 HPa) = 0.1450377 PSi $0000 O kPa 0,000 kPa (C,0 P8
Additional Conversions: $00601 +0,079 kPa 0,678 kPa (0,0 PSH
1 kPa = 4.0146309 inH20 $FFFF +5177,265kPa |5177,265kPa  (750,8 PS})
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Tabie E.26 — Unit and Scaling ID $1A definition

ISO 15031-5:2006(E)

1 kPa = 101,8716213 mmH20 {miliimetre of water)
1 kPa = 7,5006151 mmHg {(millimetre of mercury)
1 kPa = 0,010 bar

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling 1D {hex) {hex) | {dec.) | {hex) {dec.} S1 {Metric) display
1A Pressure 1kPaperbit | 0060 | OkPa | FFFF | 65535kPa xxxxx kPa {Gauge)
{Gauge) unsigned {(xxxx.x PSi)

Conversion kPa -> PSI: Data Range exampies: Display examples:

1 kPa (10 HPa) = 8.1450377 PSi $0000 G kPa 0 kPa (0,0 PShH

Additional Conversions: $0001 +1kPa 1 kPa {0,1 PSi)

1 kPa = 4.0146308 nH20 $FFFF + 65535 kPa 65535kPa  (9505,0 PSYH

Table E.27 — Unit

and Scaling iD $1B definition

1 kPa = 4,0146308 nH20
1 kPa = 101,9716213 mmH20 {millimelre of water}
1 kPa = 7,5606151 mmHg {millimetre of mercury}
1 kPa =0,010 bar

Unit and Description Scaling/it Min. value Max. value External test equipment
Scaling ID {hex) {hex} | {dec.) | {hex} {dec.} SI {Metric} display
18 Pressure (Diesel | 10kPaper | 0000 | OkPa | FFFF | 655350 xxxxxx kPa {Gauge)
pressure) bit unsigned kPa oo x PSH
LConversion kPa ->: PS] Data Range exampies: Display examples:
1 kPa {10 HPa) = 0,1450377 P3l 30000 G kPa 0 kPa (0,0 PSY)
Additional Conversions: $0001 + 10 kPa 10 kPa {1,5PS})
$FFFF + 655350 kPa 655350 kPa  (95050,5 PSi)

Tabie E.28 — Uni

t and Scaling iD $1C definition

Unit and Description Scaling/it Min. value Max. value External test equipment
Scaling ID {hex) thex} | {dec) | thex}| {decl} 81 {Metric} display
1C Angle 0,01 °perbit | 0006 g° FFFF | 655,35° XXX.XX °
unsigned Data Range examples: Display examples:
$0060 0° G,06°
$6001 +0,01° 8,01°
$3CACL +360° 360,00°
$FFFF +8655,35° 655,35 °
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I1ISC 15031-5:2006(E)

Table E.29 — Unit and Scaling 1D $1D definition

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex} {thex} | {dec.) | thex} {dec.} Sl {Metric) display
1D Angle 0,5 ° per bit 0000 g° FFFF | 32767 5° XXXXX.X °
unsigned Data Range examples: Display examples:
$6000 g° 80°
$0001 05° 85°
SFFFF 3276757 327675°
Table E.30 — Unit and Scaling iD $1E definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex} thex} | {dec.} | {hex) {dec.} SI {Metric) display
1E Eguivalence 0,0006305 0000 g FFFF 1,898 X.xxx fambda
ratio (lambda) per bit Data Range examples: Display examples:
unsigned $0000 g {3,000 lambda
measured AirfFuel ratio divided $8013 1 1,000 lambda
by
the stoichiometric AirfFuel ratic $FFFF 1.959 1,999 lambda
(14,64 for gasciine)
Table E.31 — Unit and Scaling ID $1F definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling 1D {hex} thex} | {dec.} | {hex} {dec.} I {Metric) display
1F AirfFuel 6,05 per bit 0000 g FFFF | 3276,75 Xxxx.xx AfF ratio
Ratio unsigned Data Range exampies: Display examples:

measured Air/Fuel ratic NOT
divided by the stoichiometric

Air/Fuel ratio (14,64 for gasocline)

$06000 0
$0001 0,05
$0014 1,00
$0126 147
$FFFF 3276,75

0,00 AfF ratio
0,05 AJF ratio
1,00 AfF ratio
14,70 A/F ratio
3276,75 AIF ratio
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Table E.32 — Unit and Scaling ID $20 definition

ISO 15031-5:2006(E)

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex} {hex} | {dec.}) | {hex) {dec.} 8] {Metric) display
2G Ratio 0,0039062 per | 0000 o FFFF | 255983 XXX XXX
bit
unsigned Data Range exampies: Display examples:
$006G0 0 0,060
$0001 0,0639062 0,004
$FFFF 255,893 255,993
Table E.33 — Unit and Scaling 1D $21 definition
Unit and Description Scaling/bit Min. vaiue Max. value External test equipment
Scaling ID thex) {hex} | {dec)} | thex) {dec.} 8] {Metric) display
21 Frequency 1 mHz perbit | 0600 Y] FFFF 85535 xxxxx Hz
unsigned Data Range examples: Display exampies:
Conversion mHz -> Hz -> kKHz: $0600 OmHz 0,006 Hz
1000 mHz=1Hz $8000 32768 mHz 32,768 Hz
$FFFF 65535 mHz 65,535 Hz
Table E.34 — Unit and Scaling 1D $22 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID thex) thex) | f{dec.} | (hex) {dec.} Si {Metric} display
22 Frequency 1 Hz per bit 0600 OHz FFFF | 65535 Hz xxxxx Hz
unsigned Data Range examples: Display examples:
Conversion Hz -> KHz -> MHz: $0000 G Hz OHz
1006 Hz = 1 KHz $8000 32768 Hz 32768 Hz
1000 KHz = 1 MHz $FFFF 65535 Hz 65535 Hz
Table E.35 — Unit and Scaiing 1D $23 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex) thex} | {dec.} | {hex} {dec.}) 81 {Metric) display
23 Frequency {1 KHzperbit | 0000 | OKHz | FFFF |65535KHZ XX.XxXx MHz
unsigned Data Range exampies: Display exampies:

Conversion Hz -> KHz -> MHz:
1000 Hz = 1 KHz
1000 KHz = 1 MHz

$0000
$8000
$FFFF

g KHz
32768 KHz
65535 KHz

0,006 MHz
32,768 MHz
65,535 MHz
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I1ISC 15031-5:2006{E)

Table E.36 — Unit and Scaling ID $24 definition

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex) {hex}| {dec.) | {hex} {dec.} S1 {Metric) display
24 Counts 1 countper bit | 0000 | O counts | FFFF 65535 XXXXX COUnts
unsigned Data Range examples: Display examples:
$G6000 0 counts 0 counts
$FFFF 65535 counts 65535 counts
Table E.37 — Unit and Scaling ID $25 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID (hex} thexj | {dec.} | (hex) {dec.} St {Metric) display
25 Distance 1 km per bit 0000 g FFFF 65535 XXXXX KMt {(Xxxxx miles)
unsigned Data Range examples: Display examples:
Conversion km -> mile: $0G00 0 km 0 km {0 miles)
1km = 0,62137 miles $FFFF 65535 km 65535km {40721 miles)
Table E.38 — Unit and Scaling ID $26 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex} {hex}| {dec)} |{hex) {dec.} SI {Metric) display
26 Voltageper | 0,1 mV/msper | 0000 | 0V/ms | FFFF| 65535 Xx.Xxxx Vfms
fime bit unsigned Vims
Conversion mV/ms -> V/ms: Data Range examples: Display examples:
1006 mVims = 1 V/ims $6000 0 mVims 0,0060 Vims
$00061 0,1 mV/ms 0,6001 Vims
$FFFF + 65535 mVims 6,5535 Vims
Table E.39 — Unit and Scaling ID $27 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling 1D thex) thex) | {dec.) | {hex) {dec.) Si {Metric) display
27 Mass per 001 g/s per bit | 0000 Jda/is FFFF | 85535 gfs XXX.XX g/ (X xxx ib/s)
time unsigned Data Range examples: Display examples:

Conversion g/s -> ibfs:
1 g/s = 0.04622046 Ib/s

$0000
$0001
$FFFF

dgis
+ 0,01 g/s
+655,35g/s

0,00g/s (0,000 Ibfs)
6,01g/s {0,000 Ibfs)
655,35 g/s {1,445 Ibfs)
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Table E.40 — Unit and Scaling ID $28 definition

ISO 15031-5:2006(E)

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling 1D {hex)} {hex} | f{dec.}) |{hex) {dec.} Sl {Metric) display
28 Mass per 1 gfs per bit 8000 Gagls FFFF | 65535 g/s XXXXX /'S {xxx.xx b/s)
time unsigned Data Range examples: Display examples:
Conversion g/s -> ib/s! $6000 0g/s 0g/s (0,00 Ib/s}
1 gfs = §,0022046 b/s $00061 +1g/s 1g/s (0,00 Ibfs)
$FFFF +865535 g/s 65535¢9/s (144,48 ib/s)
Table E.41 — Unit and Scaling ID $29 definition
Unit and Description Scafing!bit Min. value Max. value External test equipment
Scaling 1D (hex) {hex) {dec.) | thex}) | {dec.) SlI {Metric) display
28 Pressure per | 0.25 Pafs perbit| 0000 | OkPa/s | FFFF | 16.384 |xxxox kPa/s {xx.xxx inH20/s)
time unsigned kPa/s
Conversion: inH20/s -> kPals Data Range examples: Dispiay examples:
1inH20/s = 0.2490889 kPa/s | $0000 0 Pa/s 0 inH20/s 0,000 kPa/s {0,000
inH20/s}
{inch of water) 1 inH20 = 248.0889 Pa $0004 +1 Pals +4015 0,001 kPals {4,015
inH20/s inH20/s}
{milimetre of water) 1 mmH20 = 9.80665 Pa $FFFF + 16384 + 65,5348 16,384 {65,775
Pais inH20/s kPa/s inH20/s})

{millimetre of me

rcury) 1 mmig = 133.3224 Pa

Tabie E.42 — Unit and Scaling ID $2A definition

Unit and Description Scaling/it Min. value Max. value External test equipment
Scaling ID thex) thex} | {dec) | {hex) {dec.) 81 {Metric) display
2A Mass periime | 0,061 kg/hper | 0006 | Okg/h |FFFF| 65535 XX.Xxx kgrh
bit unsigned ka/h
Conversion ibs/s -> kg/h: Data Range exampies: Display examples:
1 ibs/s = 0,4535624 kg/h $0000 0 kg/h 0,000 kg/h
$0001 + 08,001 kgh 8,001 kgih
$FFFF + 65535 kgih 65,535 kg/h
Tabie E.43 — Unit and Scaling 1D $2B definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling 1D {hex) {hex} | {dec) |t{hex) {dec.) Si {Metric} display
2B Switches hex to decimal | 0000 0 FFFF 65535 Xxxxx switches
unsigned Data Range examples: Display examples:
$0600 0 switches 0 swiiches
$0001 + 1 swiiches 1 switches
$FFFF + 65535 switches 65535 switches
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1SC 150631-5:2006(E)

Table E.44 — Unit and Scaling ID $2C definition

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex) {hex) | {dec.) | {hex} {dec.} SI {Metric) display
2C mass per 0,01 g/lcyiperbit| 0060 | Ogleyt | FFFF| 655,35 XXX XX gicyl
cylinder unsigned gfeyl
Data Range examples: Display examples:
$00060 G gicyl 8,00 g/eyl
$0001 +0,01 gleyl 8,01 gleyl
$FFFF + 655,35 gieyl 655,35 g/cyl
Table E.45 — Unit and Scaling ID $2D definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex) {hex}| {dec} |{hex}| {dec) Si {Metric) display
2D Mass per 0,01 mg/stroke | 0000 0 FFFF | 85535 XXX.XX mg/stroke
stroke unsigned mg/strcke mg/stroke
Data Range exampies: Display examples:
$0000 0 mg/stroke 0,06 mg/stroke
$0001 + 0,01 mg/stroke 8,01 mg/stroke
$FFFF +655,35 655,35 mg/stroke
mg/stroke
Tabie E.46 — Unit and Scaling ID $2E definition
Unit and Description | Scaling/bit Min. value Max. value External fest equipment
Scaling ID {hex) {hex} |idec.} {hex} |{dec.) S1 {Metric) display
2F True/Faise state encoded | G000 false 6061 true
unsigned Data Range examples: Display examples:
$0000 false false
$6001 frue irue
Table E.47 — Unit and Scaling ID $2F definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Bcaling ID thex) {thexj | {dec.) | {hex} {dec.} Sl {Metric) display
2F Percent 0,61 % per bit | 8000 d % FFFF | 655,35 % XXX.XX %
unsigned Data Range exampies: Display examples:
$0000 0% 8,00%
$0001 +0,81% 6,01%
$2710 + 100 % 100,00 %
$FFFF +655,35 % 655,35 %
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Table E.48 — Unit and Scaiing 1D $30 definition

ISO 15031-5:2006(E)

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling 1D {hex} {hex} | {dec.} | {hex) {dec.} 8] {Metric} display
30 Percent 0,001528 % 000G 0% FFFF | 108,00 % XXX XX %
per bit, unsigned Data Range examples!: Dispiay exampies:
$0000 8% 0,00 %
$0001 +0,001528 % 0,00 %
$FFFF + 100,60641 % 100,00 %
Table E.49 — Unit and Scaiing 1D $31 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID (hex) thex) | {dec.) | {hex) {dec) Si {Metric) display
31 volume 0,061L 0000 gL FFFF | 65535L XX XXX L
per bit, unsigned Data Range examples: Display exarﬁpies:
$0000 oL 0,060L
$0001 +0,001¢L 0,001L
$FFFF +65,535L 65,535 L
Table E.50 — Unit and Scaling 1D $32 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex) {hex} | idec) | thex} {dec.} 81 {Metric) display
32 length 0,0000305inch | 0808 | Oinch | FFFF | 1,999 inch XX.XXX M {X. 00X inch}
per bit, unsigned Data Range exampiles: Display examples:

1 inch =254 mm $0000 {Jinch 0,000 mm {0.800 inch)
$0010 + 0,0004880 inch 0,012 mm (0.600 inch)
$0011 + 0,0005185 inch 0,613 mm {(0.601 inch)
$FFFF + 1,9988175 inch 50,770 mm {1.989 inch)

Table E.51 — Unit and Scaling 1D $33 definition

ratio {lambda)

per bit, unsigned

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex) {hex) | {dec) | {hex} {dec.} 81 {Metric) display
33 Equivalence (,00024414 0006 g FFFF | 15,98976 XX.xx lambda

Data Range exampies:

Dispiay examples:

measured Air/Fuel ratio
divided by the stoichiometric
Air/Fuel ratio (14,64 for gasoline)

$0000 0
$0001 0,00
$1000 1,00
$ESBE 14,36
$FFFF 16,00

§,00 lambda
$,00 lambda
1,00 lambda
14,36 lambda
16,00 lambda

® IS0 2006 — All rights reserved ;
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Table E.52 — Unit and Scaling ID $34 definition

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex) {hex} | {dec) | {hex) {dec.} Sl {Metric) display
34 Time 1 minute perbit | 0000 0 FFFF 65535 xx days, Xx h, xx min
unsigned Data Range examples: Display examples:
Conversion s -> min -> h: $6000 0 min O days, O h, G min
60min=1h $063C + 60 min O days, 1h, 0 min
24 h =1 day $0E10 + 3,660 min 2 days, 12 h, O min
$FFFF +65,535 min 45 days, 12 h, 15 min
Table E.53 — Unit and Scaling ID $35 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex) thex} |{dec.}| thex} {dec.} 81 {Metric) display
35 Time 10 ms per bit 0000 G FFFF | 655,350 XXX.XX S {X min, XX 5)
unsigned Data Range examples: Display examples:
Conversion s -> min -> h: $0000 Oms 0,006 s (0 min, § s}
60s=1min $8000 + 327,680 ms 327,68 s {5min, 28 5)
80min=1h $EAG0 + 600,060 ms 600,005 {10 min, 0s)
$FFFF + 855,350 ms 655,35 s {10 min, 55 5}
Table E.54 — Unit and Scaling ID $36 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex) {thex} | {dec.} | {hex) {dec.} SlI {Metric) dispiay
36 Weight 8,01 g per bit 0006 g FFFF 85535 XXX.XX G {X.XxX ibS)
unsigned Data Range examples: Display examples:
Conversion g -> ibs: $56000 Og 5,00 g {B.000 Ibs)
1ibs5=453¢g $0052 +082¢g 0,82 g (0.002 Ibs)
$0E21 +3617¢g 36,17 g (G.G79 Ibs)
$FFFF +655,35g 655,35 g {1.447 ibs)
Table E.55 — Unit and Scaling ID $37 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID (hex} {thex) | {dec.) | {hex) {dec.} SI {Metric) display
37 Weight 0,1 g per bit 0000 0 FFFF 85535 X, XXX XX G {(XX.xxx ib3)
unsigned Data Range examples: Display exampies:
Conversion g -> ibs: $06000 dg 8,00 g {0.000 Ibs)
1ibs=453 g $0052 +8204g 8,20 ¢ (8.018 Ibs)
$0E21 +361,7¢g 361,70 g (0.798 ibs)
$FFFF +65535¢g 6553,50 g (14.467 ibs)
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Table E.56 — Unit and Scaling 1D $38 definition

1SO 15031-5:2006(E)

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID (hex) {hex} | {dec} | {hex} {dec.} 8] {Metric) display
38 Weight 1 g per bit 0000 8 FFFF 65535 XX, XXX G {xXxX. XX 1bs}
unsigned Data Range exampies: Dispiay examples:
Conversion g -> ibs: $0000 0g 0 g {0.00 bs)
1ibs=453¢g $0052 +82g 82 g (018 ibs}
$0E21 +3617¢g 3617 g {7.98 Ibs)
$FFFF +865535g 65535 g {144.67 Ibs)
Table E.57 — Unit and Scaling 1D $39 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex} {dec.) thex {dec.) Si {Metric} display
{hex}
39 Percent 0.01% perbit | 0000 |-327.68 % | FFFF |+ 32767 % XXX.XX %
unsigned Data Range examples: Display examples:

Conversion H = E*100 — 32768

$0000
$58F0
$7FFF
$8000
$8001
$A710
$FFFF

—327.68%
- 100.66%
-0861%
0%
+0.01 %
+ 100 %
+327.67 %

— 32768 %
—100.00 %
-001%
0.00 %
+001%
+100.00 %
+ 32767 %

Unit And Scaling Identifiers in the unsigned range of $01 through $7F, which are not specified, are ISO/SAE
reserved. Additional Scaling identifiers shall be submitted to the SAE Vehicle E/E System Diagnostic
Standards Committee or ISO/TC22/SC3/WG1 to consider for implementation in this document.

E.2 Signed Unit and Scaling Identifiers definition

Table E.58 — Unit and Scaling 1D $81 definition

hex to decimal

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling 1D {hex) thex) | {(dec)} | {hex} {dec.} Si {Metric) display
81 Raw Value 1 per bit 8000 | — 32768 | /FFF | +32767 XXXXX

Data Range exampies:

Dispiay exampies:

signed $80060 - 32768 — 32768
$FFFF -1 -1
$6000 0 g
$0001 +1 1
$7FFF + 32767 32767

© IS0 2006 — All rights reserved
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Table E.59 — Unit and Scaling ID $82 definition

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex} thex} | {dec.} | (hex) {dec.) S1 {Metric) display
82 Raw Value 0.1 per bit 8000 (- 32768 | 7FFF | +32787 XXXX.X
hex to decimal Data Range examples: Display examples:
signed $3000 -3276,8 -32768
$FFFF -0,1 -0,1
$0000 0 0,0
$0001 +0,1 0.1
$7FFF +3276,7 32787

Table E.60 — Unit and Scaling ID $83 definition

Unit and Description Scaling/bit Min. value Max. value External test equipment
SBcaling ID {hex) thex} | {dec.} | {hex) {dec.) Sl {Metric) display
83 Raw Value 6,01 per bit 8000 | -327 68| 7FFF | + 327,67 XXX XX
hex to decimal Data Range examples: Display examples:
signed $8000 —327,68 —-327.68
$FFFF - 0,01 -0,61
$0000 0 0,60
$0001 +0,01 0,01
$7FFF + 327,67 327,67

Table E.61 — Unit and Scaling ID $84 definition

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex} thex} | {dec) | {hex) {dec.} Sl {Metric) display
84 Raw Value 6,001 perbit | 8000 | -32,768 | 7FFF | +32,767 XX XXX
hex o decimal Data Range examples: Display examples:
signed $3000 —32,768 - 32,768
$FFFF - 0,601 — 0,001
$0000 ] 8,000
$0001 + 0,001 0,001
$7FFF + 32,767 32,767
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Table E.62 — Unit and Scaling ID $85 definition

1SO 15031-5:2006(E)

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling 1D {hex)} thex} | {dec.} | {hex} {dec.} Si {Metric) display
85 Raw Value 0,0080305 8000 | -0,999 | 7FFF 0,899 X XXX
per bit Data Range examples: Display examples:
hex to decimal $8000 —{,899424 - 0,099
signed SFFFF —0,0000365 0,000
$0000 0 0,060
$6001 +0,0000305 0,000
$7FFF +0,899384 0,999
Table E.63 — Unit and Scaling 1D $86 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex} {hex} | {dec) | {hex} {dec.} 81 {Metric) dizsplay
86 Raw Value |90,000305perbit | 8000 | — 8,894 | 7FFF 9,804 X XXX
hex to decimal Data Range examples: Display examples:
signed $80G0 —-9,89424 -9,994
$FFFF —$,000305 0,000
$0060 0 0,060
$6001 + §,B00305 0,000
$7FFF +9,59394 9,994
Tabie E.64 — Unit and Scaling 1D $8A definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex} {hex} {dec) {thex) {dec.) Si {Metric) display
BA Voltage 0,122 mV per | 8000 |- 39977 V| 7FFF | 3,9976 V Xxxxx V
bit signed Data Range examples: Dispiay examples:

Conversion my -> V.

1000mv=1V

$8000 —3997,696 mV
$FFFF -9,122 mV
$0000 0mv
$0001 8,122 mv
$7FFF +3097,574 mV

~3,9977 V
~ 10,0001V
0,0000 V
0,0001 V
38976 V

® ISO 2006 — All rights reserved
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Table E.65 — Unit and Scaling 1D $8B definition

Unit and Description Scaling/it Min. value Max. value External test equipment
Scaling ID {hex) {dec.) {hex} {dec.) 8l {Metric) display
{hex)
&8 Voitage 0,001V 800G |- 32,768 V| 7TFFF | 32,767 V XX XXX V
per bit, signed B
Data Range exampies: Display examples:
Conversion mV -> V: $3000 — 32768 mv —-32768V
1008 mv=1V SFFFF -1mVv -§3,001V
$0000 gmyv 8,000V
$0001 1my 8,001V
$7FFF + 32767 mvV 32,767V

Table E.66 — Unit and Scaling 1D $8C definition

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex} {hex} {dec.) thex) {dec.} 81 {Metric) display
8C Voiliage 0,01V 8000 |- 32763 V| 7FFF | 32767V XXX.XX V
per bi, signed Data Range examples: Display examples:
Conversion mY -> V: $80G0 — 327680 mV —-32768V

1000mv =1V $FFFF -10mv -0,01V
$0060 gmv 0,060V
$6001 +10mV 8,01 v

$7FFF + 327670 mV 327,87V

Table E.67 — Unit and Scaling 1D $8D definition

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex} {thex} | {dec.} | thex) {dec.} Sl {Metric) display
8D Current 0,00380625 mA | 8000 | —128.0 | 7FFF | 127.996 mA XXX XXX 1A
per bi, signed mA
Data Range examples: Display exampies:

$8000 -~ 128 mA
$FFFF — 0,00390625 mA
$0000 +0mA
$0001 0,00390625 mA
$FFFF + 127,996 mA

— 128,000 mA
- 0,004 mA
0,000 mA
0,004 mA
127,996 mA
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Table E.68 — Unit and Scaling ID $8E definition

ISO 15031-5:2006(E)

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID (hex) thex) | {dec.} | (hex} {dec.) 81 {Metric} display
8E Current 0001 A 8000 | - 32,768 | 7FFF | 32,767 A XX XXX A
per bit, signed A
Data Range exampies: Dispiay examples:
Conversion mA -> A: $8000 — 32768 mA —-32,768 A
1000mA=1A $FFFF -1mA —-0,001A
$0000 0 mA 0,000 A
$0001 +1mA 0,001 A
$7FFF + 32767 mA 32,767 A
Table E.69 — Unit and Scaling 1D $90 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex} {dec.} {hex} {dec.} 81 {Metric) display
{hex}
¢ 1] Time 1ms 8000 | -32768s |7FFF | +32,767 s XX XXX S
per bit, signed Data Range examples: Display exampies:
$8000 - 32768 ms —32,768 s
$0001 +1ms +0,001s
$TFFF +32767 ms +32767s
Table E.70 — Unit and Scaiing 1D $96 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex) {hex} {dec.) {hex} {dec.} 81 {Metric) display
86 Temperature g,1°C 8000 | - 32768 °C | 7FFF | +3276,7°C XXxX.X °C {(Xxxx.X °F)
per bil, signed Data Range exampies: Display examples:

® ISO 2006 — All rights reserved

Conversion °C -> °F: $8000 —32768°C  |-3276,8°C (- 58862 °F)
°F =°C*1.8+32°C $FE70 —40°C —40,0°C  (-40,0 °F)
$FFFF -0,1°C 0,1°C (31,8 °F)
$6000 o°C 6,0°C (32,0 °F)
$0001 +0,1°C 0,1°C (32,2 °F)
$4E20 +2000 °C 2000,0°C  {3632,0 °F)
$7FFF +3276,7 °C 32767°C  (5930,1°F)
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1SO 15031-5:2008{E)

Table E.71 — Unit and Scaling ID $9C definition

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex} {dec.} {hex} {dec.} 81 {Metric) display
{hex}
9C Angle 8,01° 8000 | -32768°| 7FFF | 32767 ° XXX XX ©
per bit, signed _
Data Range examples: Display examples:

$8060 —32768°
$F060 —4p°
$FFFF -001°
$6000 o°
$0FAQ +40°
$TFFF +32767°

-32768°
- 40,00 °
-0,01°
0,00°
+40,00 °
+32767°

Table E.72 — Unit and Scaling 1D $9D definition

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex} thex} | ({dec) | {hex} {dec.} Si {Metric) display
8D Angle 8,5° 8000 | -16384° | 7FFF | 163835° XXXXX.X °
per bit, signed Data Range examples: Display examples:
$8000 -16384° -16384,6°
$FFE0 -80° -80G°
$FFFF -05° -8,5°
$60C0 g° g6°
$0001 +05° g5°
$C0A0 +80° 800°
$7FFF +16383,5° 163835°

Table E.73 — Unit and Scaiing 1D $A8 definition

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling 1D {hex} {hex) {dec.) {hex) {dec.) SI {Metric) display
A8 Mass per time 1g/s 8000 | - 32768 | 7FFF | + 32767 XXXXX G5 {xxX.xx ib/s)
per bit, signed g/s afs
Data Range exampies: Display examples:
Conversion g/s -> Ibis: $8G00 - 32768 g/s —32768 g/s {—72.241bis)
1 g/s = 0.0022046 Ib/s $FFFF —1gfs -1gfs {—0.00 ibfs)
$0000 Jgis 0 g/s (8.00 s}
$00601 +19gfs 1 gfs (0.00 ib/s)
$7FFF + 32767 gis 32767 g/s {(72.24 1bis)
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ISO 15031-5:2606(E)

Tabie E.74 — Unit and Scaling iD $A9 definition

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling 1D thex} | {dec)) | {hex} | {dec.) St {Metric) display
{hex}
A9 Pressure per | 3,25 Pa/s per bit| 8000 | - 8192 | 7FFF | 818175 xxxx.xx Pafs (xx.xxx inH20/s}
time signed Pals Pals
Conversion Pa -> inH20 Data Range examples: Display examples:

1 Pa = 0.0040146309 inH20 $8000 — 8182 Pa/s |- 819200 Pa/s (- 32,888 inH20/s)
$FFFC — 1 Pals —~1,00Pa/s (- 0,004 nH20/s)
$0000 0 Pa/s 0,00 Pa/s {0,000 inH20/s)
$0004 + 1 Pajs 1,00 Pa/s {0,004 inH20/s)
$7FFF +8191,75 Pa/js | 8191,75 Pals (32,887 inH20/s)

Table E.75 — Unit and Scaling ID $AF definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex) {dec)} thex) {dec)) i {Metric) display
{thex}
AF Percent 0,01 % 8000 |- 327,68 % | 7FFF |+ 327,67 % XXX.XX %
per bit, signed Data Range examples: Display examples:
$8000 —327,68% - 327,68 %
$DSFo - 100 % - 106,00 %
$FFFF -0,01 % -0,10 %
$0000 0% 0,00 %
$G001 +0,61% 0,10 %
$2710 + 100 % 100,00 %
$7FFF + 327,67 % + 327,67 %
Tabie E.76 — Unit and Scaling ID $B0 definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex} {dec.} {hex) {dec.} Si {Metric} display
{hex}
BO Percent 0,003052 % 8000 |- 100,01 % | 7FFF [+ 100,00 % XXX.XX %

per bit, signed

Data Range examples:

Display exampies:

$8000
$FFFF
$0000
$0001
$7FFF

~ 100,007936 % - 100,01 %
- 0,003052 % 0,00 %
0% 0,00 %
+0,003052 % 0,00 %

+100,004884 % + 100,00 %

® IS0 2006 — All rights reserved
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Table E.77 — Unit and Scaling ID $B1 definition

Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex} {hex) | {dec]} | {hex} {dec.) S} {Metric) display
81 Voltage per 2 mV/s per bit | 8000 | — 65536 | 7FFF 65534 XXXXX mV/s
fime signed mV/fs mVis
Data Range examples; Display examples:
$8000 — 85538 mV/s - 65536 mVis
$FFFF -2 mvis -2 mVfs
$6000 S mvis G mvis
$0001 +2mVis +2mV/s
$7FFF +65534 mv + 65534 mV
Table E.78 — Unit and Scaling ID $FD definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex) {thex} | {dec.} | {hex) {dec.) Sl {Metric) display
FD Pressure 0,061 xPaper | 8000 | -32768 | 7FFF | + 32,767 XX.Xxx kPa
{absolute) bit, signed kPa kPa
Data Range examples: Display examples:
$8000 — 32,768 kPa - 32,768 kPa
$6001 +0,001 kPa + 08,001 kPa
$7FFF + 32,767 kPa +32,787 kPa
Table E.79 — Unit and Scaling ID $FE definition
Unit and Description Scaling/bit Min. value Max. value External test equipment
Scaling ID {hex} {hex) | {dec) | thex) | {dec.} 81 {Metric) display
FE Pressure 0,25 Paperbit | 8000 |- 8192 | 7FFF | 819175 xxxx.xx Pa {xx.xxx inH20)
{vacuum) signed Pa Pa

Conversion Pa -> inH20
1 Pa = 0.0040146303 inH20

Data Range examples:

Display examples:

$8000 -8192Pa  |-8192,00Pa (32,888 inH20)
$FFFC -1Pa -1,00Pa  {-0,004inH20)
$0000 0Pa 0,00 Pa {0,000 inH20)
$0004 +1Pa 1,00 Pa {0,004 iInH20)
$7FFF +8191,75Pa | 819175Pa (32,887 inH20)

Unit And Scaling Identifiers in the signed range of $80 through $FE, which are not specified, are ISO/SAE
reserved. Additional Scaling identifiers shall be submitted to the SAE Vehicle E/E System Diagnostic
Standards Committee or ISO/TC22/SC3/WG1 to consider for implementation in this part of 1ISO 15031.
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ISO 15031-5:2006(E)

Annex F
(normative)

TIDs (Test ID) for Service $08 scaling and definition

Table F.1 — Test ID description

TestID # Description

%01 Evaporative system leak test

For ISO 9141-2, 180 142304 and SAE J1850, DATA_A - DATA_E should be set to $00 for a request and
response message. If the conditions are not proper {o run the test, the vehicle may either not respond 1o the
request, or may respond with a manufacturer-specified value as DATA_A which corresponds to the reason
the test cannot be run.

For IS0 15765-4 protocol, DATA_A - DATA_E shall not be included in the request and response message.
if the conditions are not proper te run the test, the vehicle shall respond with a negative response message
with a response code $22 — conditionsNotCorrect.

This service enables the conditions required fo conduct an evaporative system leak test, but does not
actually run the test. An example is {o close a purge solenoid, preventing leakage i the system is
pressurized. The vehicle manufacturer is responsible io determine the criteria to automatically stop the test
{open the solencid in the exampie) such as engine running, vehicle speed greater than zero, or exceeding a
specified fime period.

302 — 3FF |iSO/SAE reserved
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1SO 15031-5:2006{E)

Annex G
(normative)

INFOTYPESs for Service $09 scaling and definition

Table G.1 — MessageCount VIN data byte description

InfoType Vehicle information data byte description Scaling Mnemonic
{Hex}
01 MessageCount VIN 1 byte unsigned MC_VIN
numernc

Number of messages to report Vehicle ldentification Number (VIN) —
For 180 9141-2, 1SO 14230-4 and SAE J1859, the message count in the
response shall always be $05, and shall be reported for consistency in
the use of this service. For ISO 157654, support for this parameter is not
recommendedfrequired for the ECU and the external test equipment.
The response message format is not specified.

Table G.2 — Vehicle Identification Number data byte description

infoType Description Scaling External test equipment
{Hex} Sl {Metric) / English display
02 Vehicle identification Number 17 ASCIil characters VN DO XXX

For vehicles that provide electronic access fo the VIN, it is recommended to report it using this format for
ease of use by the extemal test equipment intended either for vehicle diagnostics or Inspection/Maintenance
programmes.

For iSO §141-2, 1S0 14230-4 and SAE J1858, the response consists of the following messages:

— Message #1 shall contain three {3) filling bytes of $00, foliowed by VIN character #1;

— Message #2 shall contain VIN characters #2 fo #5 inclusive;

— Message #3 shall contain VIN characters #5 o #8 inclusive;

— Message #4 shall contain VIN characters #10 to #13 inclusive;

— Message #5 shall contain VIN characters #14 to #17 inclusive.

For 180 157654, there is only one response message, which contains al VIN characters without any filling

bytes.
Table G.3 — MessageCount CALID data byte description
infoType Vehicle information data byte description Scaling Mnemonic
{Hex)
03 MessageCount CALID 1 byte unsignhed MC_CALID
umeric

Number of messages io report calibration identifications — For n
180 6141-2, 1SO 14230-4 and SAE J1850, the message count in the
response shall always be a multiple of four {4) because four (4}
messages are used o repori each calibration identification. For
180 157654, support for this parameter is not recommendedirequired
for the ECU and the extemal test equipment. The response message
format is not specified.
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Table G.4 — Calibration identifications data byte description

infoType Description Scaling External test equipment
{Hex} 8] {Metric} / English display
04 Calibration Identifications 16 ASCI characters CALID: XOXXXXXXKXXXK XXX X

Muitipie calibration identifications may be reported for a coniroiler, depending on the software architeciure.
Calibration identifications can include a maximum of sixteen {18} characters. Each calibration ideniification
can contain only printable ASCH characters, and will be reported as ASCH values. Any unused data bytes
shall be reported as $00 and filled at the end of the calibration identification.

Calibration identifications shall uniguely identify the software insialled in the ECU. If regulations require
calibration identifications for emission-related software, those shall be reporied in a standardized format

Calibrations developed by any entity other than the vehicle manufaclurer shall also contain unigue
calibration identification o indicate that a calibration is installed in the vehicle that is different from that
developed by the vehicle manufacturer.

Vehicle controilers that contain calibration identifications shail store and report sixieen {16} ASCl-character
calibration identifications, even though they may nol use ali sixieen {16} characiers. This will allow modified
calibration 1Ds to be reporied that include additional characters.

Table G.5 — MessageCount CVN data byte description

InfoType Vehicle information data byte description Scaling Mnemonic
{Hex}
05 MessageCount CVN 1 byte unsigned MC_CVN
numeric
Number of messages to report Calibration Verification Numbers — For
IS0 9141-2, 150 142304 and SAE J1850, the message count in the
response shali be the number of CVYNs to report, because one message
is required fo report each CVN. For 150 157654, suppori for this
parameter is not recommendedfrequired for the ECU and the external
test equipment. The response message format is not specified.
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Table G.6 — Calibration Verification Numbers data byte description

InfoType Description Scaling External test equipment
{Hex) 81 {Metric} / English display
06 Calibration Verification Numbers 4 byte hex {most significant | CYN: XXOXXXXX
byte reported as Daia A) .

A Calibration Verification Number (CVN) is used to verify the integrity of the vehicle sofiware. The vehicie
manufacturer is responsible for determining how many CVNs are required and how the CVNs are calculated,
e.g. checksum, and the areas of memory to be included in each calculation. If regulations require calibration
verification numbers for emission-related software, those shall be reported in a standardized format. Fach
calibration, as identified by a calibration 1D number {infoType $04), shall also have at least cne unique
calfibration verification number {CVN) unless the entire ECU is not programmable. The CVN (or group of
CVNs) assigned to a CALID shall be reported in the same order as the CALIDs are reported o the external
test equipment.

Two {2) response methods to report the CVN{s) to an extemal test equipment are aliowed. The method to be
implemented in the vehicle is specified by the applicable requiations.

— Method #1: The CVYN(s) shall not be computed on demand, but instead shall be computed at least once
per frip. A trip shali be of reasonable length {e.g. 5 o 10 min). The computed CVYN(s) shall be stored in
NVM {Non Volatile Memory) for immediate access by the exiernal test equipment. Once the
computation is completed for the first time after & reprogramming event of the ECU(s) or a battery
disconnect, the resulfs shali be made available {c the extemal test equipment, even if the engine is
funning. if the CVN(s) are requested before they have been computed, a negative response message
with response code $78 — RequestCorrectiyReceived-ResponsePending shall be sent by the ECU(s)
until the positive response message is avaiiable for the ISQ 142304 and 1SO 15765-4 protocols. For
iSO 9141-2 and SAE J1850 protocols, the external test equipment and ECU(s) shall behave as
specified in 5.2.4.3.2 and Figure 11.

— Method #2: If method #1 does not apply, the on-board scftware of the ECU(s} shall compute the
CVN(s} on an external test equipment request message. if the ECU(s) are not able to send an
immediate posilive response message, a negative response message with response code 378 —
RequestCorrectiyReceived-ResponsePending shall be sent by the ECU(s) until the positive response
message is available for the 150 142304 and iSO 157654 protocols. For ISO 8141-2 and SAE J1850
protocols, the external test equipment and ECU(s) shall behave as specified in 5.2.4.3.2 and Figure 11.

Calibrations developed by any entity other than the vehicle manufacturer will generally have a2 calibration
verification number that is different from that calculated based on the calibration developed by the vehicle
manufacturer. ’

If the calculation technique does not use ali four {4) bytes, the CVN shall be right justified and filled with $00.

Table G.7 — MessageCount {PT data byte description

infoType Vehicle information data byte description Scaling Mnemonic
{Hex)
07 MessageCount IPT 1 byie unsigned MC_IPT
numeric

Number of messages io report In-use Performance Tracking — For
180 9141-2, 150 14230-4 and SAE J1850, the message count in the
response shall be $08, because at this time sixieen {18) values afe
required to be reported, and one message is required to report two
values. For IS0 15765-4, support for this parameter is not
recommendedirequired for the ECU and the external test equipment.
The response message format is not specified.
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Table G.8 — In-use Performance Tracking data byte description

infoType Description # of External test equipment
{Hex} data bytes| Si {Metric}/ English display
08 in-use Performance Tracking 32 bytes |iIPT:

Scaling: unsigned numeric {most significani byte reporied as Data A}.

This data is used to suppori possible regulalory requiremenis for In-use Performance Tracking.
Manufacturers are required to impiement scftware algorithms that track in-use performance for each of the
following components: catalyst bank 1, catalyst bank 2, primary oxygen sensor bank 1, primary oxygen
sensor bank 2, evaporative §,020” leak detection system, EGR system, and secondary aif sysiem.

The numerator for each component or sysiem shall track the number of fimes that ali conditions necessary
for a specific monitor to detect a malfunction have been encountered.

The denominator for each component or system shall frack the number of times that the vehicle has been
operated in the specified conditions. These conditions are specified for each monitcred component or
system.

The ignition counter shall track the number of fimes that the engine has been started.
All data items of the In-use Performance Tracking record shall be reported in the order as iisted in this table.

Data values, which are not implemented (e.g. bank 2 of the catalyst monitor of a 1-bank system} shall be
reporied as $0000.

if a vehicle utilizes Variable Vaive Timing {(VVT} in place of EGR, the VVT in-use data shall be reported in
piace of the EGR in-use data. If a vehicle ulitizes both an EGR system and a VVT system, the ECU shall
frack the in-use performance data for both monitors, but shall report only the data for the system with the
lowest numerical ratic.

if a vehicle utilizes an evaporative system monitor that is ceriified to 0,040" requirements instead of 0,0207
requirements, the ECU shall report the 0,040° monitor in-use performance data in place of the §,020° in-use
performance data.

OBD Monitoring Conditions Encountered Counts [26ytes  [0BDCOND: o0 cnts

OBD Moniltoring Conditions Encountered Counts displays the number of times that the vehicle has been
operated in the specified OBD monitoring conditions {(general denominator).

ignition Cycle Counter I 2 bytes | IGNCYCCNTR: xxxxx cnts

ignition Cycle Counter dispiays the count of the number of times that the engine has been started.

Catalyst Monitor Completion Counts Bank 1 ! 2 bytes |CATCOM?1: XXxxx cnts

Catalyst Monitor Completicn Counts Bank 1 displays the number of times that all conditions necessary io
detect a catalyst sysiem bank 1 maifunction have been encountered {numerator).

Catalyst Monitor Conditions Encountered Counts Bank 1 |2 bytes |CATCOND1: XXXXX €niS

Catalyst Monitor Conditions Encountered Counts Bank 1 displays the number of times that the vehicle has
been operated in the specified catalyst monitoring conditions {denominator).

Catalyst Monitor Completion Counts Bank 2 [26vtes  |caTcomp2: oo ents

Catalyst Monitor Completion Counis Bank 2 displays the number of times that all conditions necessary o
detect a catalyst system bank 2 maifunction have been encountered {numerator).

Catalyst Monitor Conditions Encountered Counts Bank 2 |2 bytes ICATCONDZ XXXXX €S

Catalyst Monitor Conditions Encountered Counts Bank 2 dispiays the number of times that the vehicle has
been operated in the specified catalyst monitoring conditions {denominator).

02 Sensor Monitor Completion Counts Bank 1 |2 bytes IO2SCOMP§: XXXxXX cnts

02 Sensor Monifor Completion Counis Bank 1 displays the number of iimes that all conditions necessary io
detect an oxygen sensor bank 1 malfunction have been encountered {numerator).

02 Sensor Monitor Conditions Encountered Counts Bank 1 |2 byles @SCOND%: XXXXX CRis

02 Sensor Monitor Conditions Encountered Counts Bank 1 displays the number of imes that the vehicle has
been operated in the specified oxygen sensor monitoring conditions {denominator}.
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Table G.8 {continued)
InfoType Description # of External test equipment
{Hex} data bytes 81 {Metric} / English
display
02 Sensor Monitor Completion Counts Bank 2 2 bytes O25COMP2: xxxxx ¢nts

02 Sensor Monitor Completion Counts Bank 2 displays the number of fimes that all conditions necessary to
detect an oxygen sensor bank 2 malfunction have been encountered {numerator).

02 Sensor Monitor Conditions Encountered Counts Bank 2 |2 bytes IOZSCONDZ: XXXXX enis

02 Senscr Monitor Conditions Encountered Counts Bank 2 displays the number of imes that the vehicle has
been operated in the specified oxygen sensor monitoring conditions (denominator).

EGR/VVT Monitor Completion Condition Counts |2 bytes [EGRCOMP: XXxxx cnts

EGRAVT Moniter Completion Condition Counts displays the number of times that all conditions necessary to
detect an EGR/VVT system malfunction have been encountered {numerator).

EGR/VVT Monitor Conditions Encountered Counts |2 bytes | EGRCOND: xxxxx cnts

EGR/VVT Monitor Conditions Encountered Counts displays the number of times that the vehicle has been
operated in the specified EGR/VVT system monitoring conditions {dencminator}.

AIR Monitor Completion Condition Counts (Secondary Air) |2 bytes | AlRCOMP: xooox ents

AIR Monitor Completion Condition Counts {Secondary Air} displays the number of times that ali conditions
necessary o detect an AIR sysiem malfunction have been encountered {numerator).

AIR Monitor Conditions Encountered Counts {Secondary Air) |2 bytes lAIRCON{): XXXXX Chits

AIR Monitor Conditions Encountered Counts {Secondary Air) dispiays the number of times that the vehicle
has been operated in the specified AIR syster monitoring conditions {denominator).

EVAP Monitor Completion Condition Counts |2 bytes |&’APCOMP: XXXHX ehits

EVAP Monitor Completion Condition Counts displays the number of times that ali conditions necessary io
detect a 0,620" {or §,040") EVAP system leak makfunction have been encountered {numerator).

EVAP Monitor Conditions Encountered Counts |2 bytes IEVAPCOND: XXXXX £nts

EVAP Monitor Conditions Encountered Counts displays the number of limes that the vehicle has been
operated in the specified EVAP system leak malfunction monitoring conditions {denominator).

Table G.9 — MessageCount ECU Name data byte description

infoType
{Hex}

Vehicle information data byte description Scaling Mnemonic

09

MessageCount ECUNAME 1 byte unsigned | MC_ECUNM

Numeric
Number of messages o report the ECU's/moduie’s acronym and text

name — For 1SO 9141-2, 1SO 142304 and SAE J1850, the message
count in the response shall always be five {5). For ISC 15765-4, suppori
for this parameter is not recommendedfrequired for the ECU and the
external test equipment. However, no support for INFOTYPE $09 shouid
be reflected in the appropriate bit of INFOTYPE $00. The response
message format is not specified.
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Tabie G.10 — ECU Name data byte description

infoType Description Scaling External test egquipment
{Hex} S {Metric} / English display
OA ECUNAME Max. 20 ASCH characters | ECU: XXXX
ECUNAME: YYYYYYYYYYYYYYY

This data is used o support the reporting of the ECU's/module’s acronym and text name to enable the
extematl test eguipment to display the acronym and fext name of the ECU/module with the data retneved
from that device. A maximum of 20 ASCH characters shall be used to report the acronym and text name of
the ECU/module. The format shall be a defined field of four characters for acronym, one characier for
delimiter, and 15 characters for text name, given in the following format “XOOK-YYYYYYYYYYYYYYY™ .
Defined field assignment:

Data bytes 1-4, “XXXX", contains ECU acronyn;

Data byie 5, “-", {$2D) contains delimiter; and

Data byies 6-20, “YYYYYYYYYYYYYYY”, contains text name.

All bytes in each field are available for use, yet any unused byies shall be filled with $00. The use of any filler
bytes shall extend to the end of each field for ECU acronym and name. Each ECU name shall contain only
printable ASCH characters, and these characiers shall spell acronyms and names in the English language.

All non-zero hex byltes {dispiaying valid text based informnation) are left justified within each field.

EXAMPLE #1:

$45 43 40 00 2D 45 6E 67 69 6E 65 20 43 6F 6E 74 72 6F 8C 00 transiates to "ECM-Engine Control”

EXAMPLE #2:

$41 42 5331 2D 41 6E 74 63 6C 6F 63 6B 20 42 72 61 6B 65 31 franslates to "ABS1-Antilock Braket®
This will benefit the technician to better understand which ECU/module provides the requested data.

The emissions-related ECUs (control modules) shall report the external test equipment acronym and name
as listed below. This table is not complete and emissions-related ECUs not listed in the iable shall be

reported to ISC/SAE for definition.

External test equipment Full name of Control Module/ External test equipment
reported acronym emissions-related ECU reported name {max 15 chars}
{max 1 —4 chars)

ABS Anti-Lock Brake System {ABS) Control Module antilLock Brake

AFCM Alternative Fuel Control Module Alt. Fuel Crtl

AHCM Auxiliary Heater Control Module Aux. Heat Crtl

BECM Battery Energy Control Module B+ Energy Crtl

BSCM Brake System Conirol Module Brake System

CCM Cruise Control Module Cruise Control

CTCM Coolant Temperature Control Module Cool Temp Crtl

DMCM Drive Motor Controt Module Drive Mot.Crtl

ECCI Emissions Crtical Control information Bmis Crit Info

ECM Engine Control Moduie Engine Control

FACM Fuel Additive Conircl Module Fuel Add. Crtl

FiCM Fuel injector Control Module Fuel Inj. Crtl

FPCM Fuel Pump Conircl Module Fuel Pump Crtl

FWDC Four-Wheel Drive Cluich Control Module 4 whl Dr.Cl.Crtl

GPCM Glow Piug Control Module Glow Plug Crtl

GSM Gear Shift Control Module Gear Shift Crtl

HPCM Hybrid Powertrain Control Module Hybrid Ptr Crtl

IPC instrument Panel Clusier (IPC) Conirol Module Inst. Panel Cl.

PCM Powerirain Control Module Powertrain Crtl

SGCM Starter / Generator Controf Module start/Gen. Crtl

TACM Throttle Actuator Control Module Thr.Act. Crtl

TCCM Transfer Case Confrol Module Transf Case Crtl

TCM Transmission Control Module Transm. Crtl

UDM Urea Dosing Control Module Urea Inj. Ctrl
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Table G.11 — ISO/SAE reserved

infoType Vehicle information data byte description Scaling Mnemonic
{Hex}

OB — FF |iSO/SAE reserved. — —
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