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

Commission|
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erify a vehicle or OBD Il scan tool can communicate on a bus according-te JISO 9141-2. It is n
pr a single module or for any subpart of an ISO 9141-2 network.

escribed is not provided to verify any tool or vehicle requirementot described in ISO 9141-2
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1989, Road vehicles + Diagnostic systems — Requirements for interchange of digital inform

2:1994, Road yéhicles — Diagnostic systems — Part 2: CARB requirements for interchar
n, and its Amendment 1:1996.

1-5:—1),.Road vehicles — Emission-related diagnostics — Communication between vehicle
t — Rart 5: Emission-related diagnostic services.

prameters in
pt applicable

In particular
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N tools which

f this part of
evision, and
applying the
Lirrently valid

ation.

ge of digital

and external

2:1995, Diagnostic Connector.

SAE J1978:1994, OBD Il Scan Tool.

3 Defin

itions and abbreviations

For the purposes of this part of ISO 9141, the definitions given in ISO 9141:1989 and the following abbreviations

apply.
DSO D

igital storage oscilloscope

1) To be published.
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ce under test

Not applicable
Network access device
Personal computer

Parameter identifier

er supply

DUT  Devi
NA
NAD
PC
PID
PS Pow
4 Genera
4.1 Testp

Three test p
purpose of

4.1.1 Mess
The messag
generated b
message.

4.1.2 Initiali

The initializa
responds co

4.1.3 Physi

The physics
specified in

4.2 Testc
4.2.1 Gene
The maximu
The tests sh
If a vehicle

specified oth

4.2.2 Digita

ocedure overview

rocedures are identified to test ISO 9141-2 implementations. The following_is “a short synoy
ach of the tests.

hge structure test

e structure test verifies that the DUT responds correctly to~Both correct and incorrect
y the NAD. This includes both the correct logical responSevand the correct response d
zation test

tion test verifies that the DUT can complete thetinitialization sequence with correct timing
frectly to errors from the vehicle or the OBD ll;s€an tool.

cal layer test

| layer test verifies that the DUT~shall receive and transmit data within physical param
SO 9141-2.

pnditions

al test conditions

M electrical vehicle’Joad shall be as specified in ISO 9141:1989.

all be conducted when the DUT is stable within the operating range specified in ISO 9141-2:
S being tésted then it shall be stationary and with engine idling for the duration of the procs

erwisefor an individual test.

storage oscilloscope requirements

©1SO

sis of the

messages
r request

and that it

bter limits

1994, 8.3.
ss unless

The DSO sh

all meet the following physical parameters:

20 pF maximum,

10 MQ minimum,

50 MHz
4.2.3 Powe

The PS shal

minimum.
r supply requirements

| be capable of supplying 5 A in a voltage range between 0 V and 20 V.
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4.2.4 Network access device requirements

The NAD shall be able to access and monitor the bus, display the initialization sequence and all messages. The
NAD is used to simulate the 1SO 9141-2 behaviour of an OBD Il scan tool or a vehicle. For more information, refer
to annex D.

Any inaccuracy in the NAD will result in possible errors in simulating and measuring timing, voltage and current
limits. This document accommodates the non-ideal NAD by adjusting these limits according to the tolerance of the
NAD (ANAD, see annex C). This adjustment necessarily narrows the range of acceptable DUT behaviour to prevent
a positive indication for a DUT that may fail in the field.

Cconverse 2 gnnd DUT may be rnjnnfnd due to a Inrgn ANAD. Eor this reason-it-is recommended-that a NAD is
selected which has the smallest ANAD.

5 Messpge structure test
5.1 Purpose

The mesgage test verifies that the DUT transmits and interprets correctly messages whose structure and timing are
standardized in ISO 9141-2. Additionally, this test verifies that the DUT responds correctly to messagg structure or
message fiming errors.
5.2 Equ|pment

0 NAD
0 PS.
5.3 Testset-up

O Connect the communication lines of the NAD to'the DUT.

O If the|DUT is an OBD Il scan tool, connectit as shown in figure A.1.
O If the|DUT is a vehicle, connect it as.shown in figure A.2.

0 SetHSto13,5Vx0,5V.

5.4 Progedure

5.4.1 OBP Il scan tool
5.4.1.1 Message-Structure test

Configure|theNAD as a simulated vehicle with key bytes 08 08 and communication timing parameterg P, = 10 ms,
P, = 30 mg~“Cause the scan tool to initialize the simulated vehicle, as described in 1ISO 9141-2:1994, clauses 6
and 7. Cause the OBD 1T scan tool to transmit a request message mode 1 PID O (request current powertrain data).
Configure the NAD to respond with the simulated vehicle response messages shown in table 1. Verify the OBD Il
scan tool behaviour according to table 1.

5.4.1.2 Message timing test

Configure the NAD as a simulated vehicle with keybytes 08 08. Cause the scan tool to initialize the simulated
vehicle, as in 1ISO 9141-2:1994, clauses 6 and 7. Cause the OBD Il scan tool to transmit a request message mode 1
PID 1 (request current powertrain data). Configure the NAD to respond with the simulated vehicle response
message 48 6B D1 41 00 CB 4D 28 00 06 using the timing parameter values shown in table 2. Verify the OBD Il
scan tool behaviour according to table 2.
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Table 1 — Message structure test for OBD Il scan tool

NAD o Reference
. . Verification to
(simulated vehicle response message)
ISO 9141-2:
1994
Respond with correct message: Verify that the transmitted test message request on | clauses 11

48 6B D1 41 00 CB 4D 28 00 06 (hex.) the bus corresponds to the test message request and 12
as shown in annex B. Verify P, to be in range.

Respond with incorrect checksum byte: | verify that the OBD Il scan tool retransmits the| Subclause
48 6B D1 %@%@%Q%H—mms after—the k,umpiciiun of 13.2.1

Respond With incorrect 1st header byte: thellast received byte (checksum byte). Verify P, .to
49 6B D1 /11 00 CB 4D 26 00 06 (hex.). |P€ in range between Pyny and Pyac) — X %. Verify

that the OBD Il scan tool continues to retry for-at
Respond Wwith incorrect length (too short): | |east 1 min.

48 6B D1 #11 00 CB 4D 28 06 (hex.).

NOTE —x% is not specified in 1SO 91412 It is| Subiclause

Respond with incorrect length (too long): [ recommended that x % is set at least to 10,% for this test. 18.2.2
48 6B D1 #1 00 CB 4D 28 00 00 06 This is done to guarantee interoperability;
(hex.)

Table 2 — Message timing test for OBR'JI scan tool

NAD S Rdgference
Verification ¢
(simulated|vehicle response message) 0
1S 9141-2:
1994
Respond with minimum P, period: Clhuse 12
P1 = Pimin)
Respond with maximum P, period: ; .
b —pP L ANAD 1P Verify that the OBD Il scan tool received the response Clause 12
177 Lmax) message correctly, e.g. displays the message according
ini iod: to 1ISO 15031-5 or displays the message at hex. level.
Respond with minimum P, period: play 9 Clhuse 12
P, = Pyogmin| — ANAD
Respond with maximum Pg£period: Clhuse 12
P2 = P3(min.) T ANAD
Respond with incorrect long P, period: Verify that the OBD Il scan tool retransmits the original
p.=p 1 ANAD request message P, after the completion of the last| gybclauses
1= P 2(min. . . .
mn) received byte (checksum byte). Verify P, to be in range| 13.2.1
Detweem Py @t Py — X 70, verfy that the OB 1—13.2.3 and
scan tool continues to retry for at least 1 min. 13.2.4
NOTE — X% is not specified in 1S0O09141-2. 1t is
Do not respond. recommended that X % is set at least to 10 % for this test. This
is done to guarantee interoperability.

5.4.2 Vehicle
5.4.2.1 Message structure test
Configure the NAD as a simulated OBD Il scan tool with communication timing parameters P, = 60 ms, P, = 10 ms.

Cause the simulated scan tool to initialize the vehicle, as described in ISO 9141-2:1994, clauses 6 and 7. Verify the
vehicle behaviour according to table 3 using the correct test message responses shown in annex B.
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Table 3 — Message structure test for vehicle

ISO 9141-3:1998(E)

NAD
(simulated OBD Il scan tool messages)

Verification

Reference to
ISO 9141-2:1994

Transmit correct message:
68 6A F1 01 00 C4 (hex.)

Verify that vehicle responds with correct
response message (see annex B).

Verify that timings P, and P, are in range.

Clauses 11
and 12

Transmit message with incorrect
checksum byte: 68 6A F1 01 00 C5 (hex.)

Subclause 13.2.1

and 3OS tater withT CorTect messaje

Transmit message with incorrect length
(too sHort): 68 6A F1 01 C4 (hex.) and
300 m§ later with correct message:

68 6A F1 01 00 C4 (hex.)

Transmit message with incorrect length
(too lopg): 68 6A F1 01 00 00 C4 (hex.)
and 3(J0 ms later with correct message:
68 6A F1 01 00 C4 (hex.)

Verify that vehicle responds P, after the
completion of the last byte of the correct
message.

Subclpuse 13.2.2

Subclpuse 13.2.2

5.4.2.2 Message timing test

Configure| the NAD as a simulated OBD Il scan tool. Cause the,simulated scan tool to initialize the Vehicle, as in
ISO 914112:1994, clauses 6 and 7. Cause the simulated*OBD Il scan tool to transmit a requdst message
68 6A F1 P1 00 C4 with the timing parameters given in table 4. Verify the vehicle behaviour accordipg to table 4
using the correct test message responses shown in annex’B.

Table 4 — Message timing test for vehicle

NAD
(simylated OBD Il scan tool messages)

Verification

Reference to
1ISO 9141-2:1994

Transmif test message request with\minimum Clalise 12

P, periodl: P, = P,y — ANAD

Transmif test message “-request with Cladise 12
maximum P, period: P, = Py, + ANAD Verify that vehicle responds with correct

Transmif test message request with minimum | 'éSponse message (see annex B). Verify Clajise 12

P, periog: P, = Py~ ANAD that timing P, is in range.

Transmif tests message request with Clalise 12
maximuin Pyperiod: P; = Py ) + X %

Transmi{ testmessage Tequest withincorrect | Verify that vetticle Tesponas P, after the Subctause 13.2.3

long P, period: P, = Pyyiny — ANAD
and 300 ms later with correct P, period

completion of the last byte of the correct
message.

Transmit test message request with incorrect
long P; period: Py = Pyacy + X %

Vehicle shall not respond.

Subclause 13.2.5

NOTE — X % is not defined in ISO 9141-2. It is recommended that x % shall not exceed 10 % for this test.
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6 Initialization test

6.1 Purpose

The initialization test verifies that the DUT handles correctly the initialization sequence and that it responds correctly
if errors occur in the sequence.

6.2 Equipment

O

0

6.3

0

0

6.4 Procec

6.4.1 OBD

The NAD sh
the vehicle S
to be measy
have to be d

NAD,

2 DSO.
Test s¢
Connec
If the D
If the D
Set PS

Connec|

pt-up

I the communication lines of the NAD to the DUT.

T is an OBD Il scan tool, connect it as shown in figure A.1.
UT is a vehicle, connect it as shown in figure A.2.
0135V+05V.

I the DSO to K and L as shown in annex A.

ure

| scan tool

All be set up to respond as shown in table 5. The’OBD Il scan tool shall be set up as if just copnected to
0 as to cause it to start the initialization sequence, i.e. to send the address byte 33, . The pprameters
red are indicated in table 5. Note that the order of these tests is free but that the OBD Il scaf tool may
sconnected or reset following a successful initialization.
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Table 5 — Initialization timings and parameter settings

ISO 9141-3:1998(E)

NAD
. . . . . Verification Reference
(simulated vehicle behaviour) simulated vehicle response to
W, Sync W, KW W, KW2 W, inv. ISO 9141-2:
1 Addr 1994
08 Verify parameter
hex. 08 hex. CC hex.
Wi(min,) — ANAD Wo(miny — ANAD 0 Wi riny — ANAD address, BTs, BR,
Vi(min.)»
S5 94 Viimax Vi (min): Subclause
hex. hex. 94 hex. CC hex. VL(max.) 5.1; clauses
6,7 and 8
08 Verify patamete
Wl(max.) + ANAD W2(ma><.) + ANAD | hex. W3(ma><.) + ANAD | 08 hex. W4(ma><.) +ANAD | CC hex.| KW2’nv., P, W)
(OBD Il scan tool)
No action
Wi (min) — ANAD Stop transmission
60 08 Stop transmission Verify that the
OBD Il scan
hex. Stop-ttansmission tool does not Subclause
retransmit the 13.1
55 #08 08 hex. address before
hex. | Wominy—ANAD | hex. 0 CC hex Ws(min.)
Wi miny — ANAD 08 #08 | Wiy(min) — ANAD
hex. hex:
08 hex. #CC
hex.

NOTE — Th

e OBD Il scan tool verification of the sync pattern is intentionally excluded from the test.

6.4.2 Ve

O Confi

0 Captlire the vehicle responses.

O Verify
O Verify
and 3

hicle

that there are'three bytes.

gure the NAD to send the address 33, at BRs,) On both the K- and L-line.

the time W, between the end of the address and the start of the first byte, the time W, betw
econd bytes of the response and the time W; between the second and third bytes of the respg

O Verify the values of the bytes are SYNC, KW1 and KW2 respectively.

een the first
nse.

O  Verify the values of the following parameters: Viminy Viqmax): Viminy Vimaxy BT on the K-line. BT needs to be
within tolerance for each bit of the sync byte.

0O Setthe NAD to allow 300 ms to elapse and then retransmit the address at BRsy,,y On both the K- and L-lines.

0 Setthe NAD to respond to the vehicle response by transmitting the inversion of the last value of the last byte of
the vehicle response W, after the end of the vehicle response.

0 Capture the vehicle responses.

O Verify that the values of the bytes are SYNC, KW1, KW2.
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O Verify the time W, between the end of the second NAD transmission and the subsequent vehicle response.

O Verify that the second vehicle response is a single byte.

O Verify that the value is the inverted address.

7 Physical layer test

7.1 Purpose

The physical layer test Is to verify that the OBD Il scan tool or the vehicle receives and transmits at, th

layer paramgters specified in ISO 9141-2.

7.2 Equipment

0 NAD,
0 DSO,
g PS,

0 ampere|meter.
7.3 Procedure
7.3.1 OBD |l scan tool

a) Resistance test

b physical

Set up test equipment as indicated in figure 1. Verify the resistance to Vg of the K- and L-line, R,;¢ by easuring

the voltage Y, on the DSO.
It is recommended that R_be 510 Q.

Verify R, e:

Rie = R_VX 1
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1
? i DUT i
L |
|
=1° |
C— |
| | 3 | 7 |
R - 1
DSQ 15 |
PS w.) []RL 4 E: 7 i
- 5 —=l> 1
T [ S T
I pay I :
C— i
6 ‘ |
| |
8 | |
Key
1 Connegtor according to SAE J1962 5 Signal GND
2 Unswitdhed Vg 6 Chassis GND
3 K-line 7 Scan tool
4 L-line 8 RepearasK-line for L-line

Figure 1 — Scan tool resistance test’set-up

b) Capaitance test

Set up tegt equipment as indicated in figure 2. Verify the capacitance to signal GND of K-line, C;¢.

1
" 7777777777777777777777777777 A
Vi ! DUT |
|
L I
LN 16 1
=
4 —|<= 7 = |
I L3 |-l :
\<— }
DS ? i
5 - 1
| — }
=1 |
— |
6 ‘ |
|
RS,2V13,5 V ! !
[ 7\
Vmax— —
Z- 0 A3 lm:l =1 m.m)
Vm\'n
.
Key
1 Connector according to SAE J1962 5 Signal GND
2 Unswitched Vg 6 Chassis GND
3 K-line 7 Scan tool
4 Signal generator

Figure 2 — Scan tool capacitance test set-up

Verify that: T < Rirgmax X Crema.-
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c) Voltage and rise time test

©1SO

Connect the equipment according to figure A.1. Configure the NAD to respond with the specific test response
message given in table B.1 with the settings given in the table 6. Cause the OBD Il scan tool to initialize the
simulated vehicle. Force the OBD Il scan tool to send mode 1 PID 0O (request current powertrain data) continuously.
Verify the values indicated by an * in the table are within the tolerances given in annex C and that the OBD Il scan
tool displays the correct response continually, throughout the test.

Note that for each test the OBD Il scan tool shall be reset and forced to reinitialize the NAD.

Table 6 — Scan tool voltage and rise time test, settings

NAD settings Scan tool measurements
Test
no. PS TT \A Vy BRos ViV | TTae | TT e | BR2yf Comms OK
\%
BRogmax) < BR
1 8 * *
< (1 + agr) BRog(max)
) BRog(max) = BR
2 13p | max. + | max. + | min. — * * * * *
< (1 + agr) BRog(max)
) BRogmax) < BR
3 16 ANAD | ANAD | ANAD % *
< (1 + agr) BRog(max)
(1 - agr) BRog(min,
4 13b * *
< BR =< BRog(mip)
1) For this tpst add an R,4 resistor as shown in figure A.1.
* Indicates|values to be verified, see 7.3.1 c).
7.3.2 Vehicle
a) Resistapce test
Set up test gquipment as indicated in figure 3. Verify the resistance to Vg of K- and L-line, R,z and the registance to
signal ground of K- and L-line R g,
1
Isc bty bt bt b e
} 2 DuT |
L |
|
) == i
| 3 —] 7 1
C— !
TS ‘
Vo) v = 7 3
> l=1|° |
1
- T = A i
‘ 6 1
8 : |
o ]
Key
1 Connector according to SAE J1962 5 Signal GND
2 Unswitched Vg 6 Chassis GND
3 K-line 7 Vehicle
4 L-line 8 Repeat as K-line for L-line

10

Figure 3 — Vehicle resistance test set-up
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Measure Vg and I to verify that

AR

= RyoBmin.
Isc

and

VOC

Vg— 25— =R _op
ISC(VB _Voc)

b) Capa itarrce-test
Set up tegt equipment as indicated in figure 4. Verify the capacitance to signal GND of K-line, Cgg!
1
f""""""id"DUT"""""]
| [
L I
[
510 =18 |
3 P 1
= ;
[
N | 7 i
b > —l> 1
— |
[
= |
[
DSO ; 6 }
| [
b ]
Vmax
0,63V oy = Viin)
Vm\'n
7
Key
1 Connegtor according to SAE J1962 5 Signal GND
2 Unswitghed Vg 6 Chassis GND
3 K-line 7 Vehicle
4 Signal generator
Figure 4 — Vehicle capacitance set-up

Verify that: T < Rest X Cogmax.-

c) Voltage and rise time test

Connect the equipment according to figure A.2. Configure the NAD to send the specific test request message given
in table B.1 with the settings given in the table 7. Cause the NAD to initialize the vehicle. Cause the NAD to send the
specific test request message continuously. Verify the values indicated by an * in table 7 are within the tolerances
given in annex C and that the vehicle response message received by the NAD is correct.

Note that for each test the NAD shall be reset and forced to reinitialize the vehicle.

11
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Table 7 — Vehicle voltage and rise time test, settings
Test NAD Settings Vehicle measurements
No. TT A Vi BRre ViV | TT.e | BRos | Comms
OK
1 |max. +ANAD | max. + ANAD | min. + ANAD BRrgmax) < BR . . . .
< (1 + agr) BRygmax)
2 max. + ANAD | max. + ANAD | min. + ANAD (1 - agr) BRygmin .
BR—BRT—

* Indicatgs values to be verified, see 7.3.2 c).
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Annex A
(normative)

Test set-ups

Figures A.1 and A.2 show the test set-ups referenced in the procedures.

Key

1 Conned
2 Unswitd
3 K-line
4 L-line

1) Thisis

NAD

15

hed VB

tor according to SAE"J1962

bnlyseguired for the physical layer test of the OBD Il scan tool (see table 6).

Signal GND
Chassis GND
Scan tool
Oscilloscope

oo ~No O

Figure A.1 — Set-up for scan tool verification tests
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Key

1 Connector|according to SAE J1962 5 Signal GND
2 Unswitchef Vg 6 Chassis GND
3 K-line 7 Vehicle

4 L-line 8 Oscilloscope

Figure A.2 «— Set-up for vehicle verification tests
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Messages for use in verification test

Table B.1 describes proper test messages which are to be used in verification test.

Table B.1 — Messages for verification test

Message
Title Value in hex.
General test message request 68 6A Fx 01 00, xx
Specific test message request 68 6A F1:01 00 C4
General test message response 48)6A xx 41 00
Specific test message response 48.6A'D1 41 00 01 02 03 04 CE
x = User defined value.
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