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1. SCOPE
This SAE Recommended Practice defines a recommended practice for implementing a bidirectional, serial

communication link among modules containing microcomputers. This document defines those parameters of the serial
link that relate primarily to hardware and basic software compatibility such as interface requirements, system protocol,
and message format. The actual data to be transmitted by particular modules, which is an important aspect of
communications compatibility, is not specified in this document. These and other details of communication link

implementation and
1.1 Purpose

The purpose of this
duty vehicle applica

compatibility among
expected to be th
Communication links

may deviate from thi
2. REFERENCES
2.1 Applicable Pu

The following public
latest revision of SA

Se should be specitied In the separate application documents referenced In Sec

Hocument is to define a general-purpose serial data communication linkithat may
fions. It is intended to serve as a guide toward standard practiceto promote s
microcomputer-based modules. The primary use of the general-purpose cor
e sharing of data among stand-alone modules to cost. effectively enhar
used to implement functions that require a dedicated communication link betwe
5 document.

plications

tions form a part of the specification to.the extent specified herein. Unless oth
E publications shall apply.

It is recommended that a separate applications document be published by the manufacturer for e3

serial link. These d
correction), maximu
the line for the partic
2.1.1  SAE Publics

Available from SAE
USA and Canada) o

bcuments should define the data format, message 1.D.s, message priorities,
m message length, percent bus utilization, and methods of physically adding/re
ular application.

tions

International;.400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 8§
[ 724-776-4970 (outside USA), www.sae.org.

pmmended Environmental Practices for Electronic Equipment Design in
ications

ion 2.

be utilized in heavy-
erial communication
nmunications link is
ce their operation.
en specific modules

erwise indicated the

ch device using the
error detection (and
moving units to/from

77-606-7323 (inside

Heavy-Duty Vehicle

icle Applications

Power Line Carrier Communications for Commercial Vehicles

Electronic Data Interchange Between Microcomputer Systems in Heavy-Duty Vehicle Applications

Powertrain Control Interface for Electronic Controls Used in Medium- and Heavy-Duty Diesel On-Highway

Available from Electronic Industries Alliance, 2500 Wilson Boulevard, Arlington, VA 22201-3834, Tel: 703-907-7500,

SAE J1455 Rec
App
SAE J1587
SAE J1922
Veh
SAE J2497
2.1.2 EIA Publication
www.eia.org.
EIA RS-485

Systems, April 1983

Standard for Electrical Characteristics of Generators and Receivers for Use in Balanced Digital Multipoint
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3. DEFINITIONS
3.1 Bus Access Time

A time duration equal to the minimum time of an Idle Line plus the product of 2 bit times and the message priority (which
ranges from 1 to 8). An example is shown in 5.2.2.3.

3.2 Baud

The maximum number of analog signal transitions per second that can occur on a channel. In this coding system, this is
the reciprocal of the bit time.

3.3 BitTime
Duration or period of one unit of information.
3.4 Character

A character shall copsist of 10 bit times. The character must start with a low-logic bit, then 8 bits of data (least significant
bit first) followed by & high-logic level stop bit.

3.5 Character Time
The duration of one pharacter which is equal to 10 bit times.
3.6 Contention
A state of the bus in|which two or more transmitters are turned on simultaneously to conflicting logic sfates.
3.7 Differential Signal

A two-wire process jn which both lines are switched as opposed to a single-ended signal wherein ¢ne line is grounded
and the signal line if switched between logic states.

3.8 Idle State

The state that produces a high-logi¢\level on the input of the bus receiver when all transmitters on th¢ network are turned
off.

3.9 Idle Line

The condition that exists ‘when the bus has remained in a continuous high-logic state for at least 10 bjt times after the end
of the last stop bit. The minimum time duration of an idle Tine1s 10 bit times. An example is shown In 5.2.1.

NOTE: The idle line serves as the delimiter between messages on the bus.
3.10 Message Priority

A measure of message criticality assigned on a scale of 1 to 8 by the appropriate applications document. The most critical
message has a priority of one.

3.11 Node

A receiver or transceiver circuit connected to the bus.
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3.12 Start Bit

Initial element of a character defined as a low-logic level of 1 bit time duration as viewed at the output of the bus receiver.

3.13 Stop Bit

Final element of a character defined as a high-logic level of 1 bit time duration as viewed at the output of the bus receiver.

4. ELECTRICAL PARAMETERS

The electrical parameters of this serial data I|nk are a modification of the EIA RS- 485 standard In some areas this

document conflicts y

details a serial data
detailed in this sectig
4.1 Logic State

Positive true logic
Appendix A, the inpy
1 state when driven

4.2 Bus State

The bus is in a logid
(low) state wheneve
state is indeterminat

4.21 Logic High S

The bus will be in @ logic 1 (high) state when all egnnected transmitters are idle or sending logi

produced when all t
(high) when all trans|

422 LogicLow S

The bus will be in a
(low) dominates whg
4.3 Network Capa

The bus will support
Deviations from this|

bus standard node WhICh deﬂnes the mterface cwcwt parameters Operatlon of
n.

vill be used when referring to the states of transmitted inputs,'and received g
t of the transmitter (marked as point Tx) and the output of the receiver (marked 3
br passively pulled to +V, and will be at a logic 0 state when ‘driven to ground.

1 (high) state whenever Point A is at least 0.2 \lxtmore positive than Point B. Th
r Point A is at least 0.2 V more negative than Point B (Points A and B, refer to
e when the differential voltage is less than 0.2%.

tate

ransmitters on the network areturned off. All nodes shall include means to pull
mitters are off (see Appendix-A).

tate

logic 0 (low) state when one or more transmitters are sending logic 0, which gu
n the bus is in sontention.

City

a minimum of 20 standard nodes where each node is comprised of the circuit de
¢ireuit must be carefully analyzed to determine impact on bus loading and noi

cases. Appendix A
his standard node is

utputs. Referring to
s Rx) will be in logic

e bus is in a logic 0
Figure A1). The bus

C 1. An idle state is
the bus to a logic 1

rantees that logic 0

fined in Appendix A.
5e margins over the

common mode rang

C.

4.4 Bus Termination

Bus-termination resistors as referenced in EIA RS-485 are not required and shall not be used.

45 Ground

All assemblies using the link must have common ground reference.
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46 Wire

A minimum of 18-gauge twisted-pair wire, with a minimum of one twist per inch (360 degrees/2.54 cm) is required. The
twists shall be distributed evenly over the length of the wire.

4.7 Length

This document is intended for, but not limited to, applications with a maximum length of 131 feet (40 m).

5. NETWORK PARAMETERS

5.1

The network intercopnect shall use a common or global bus. There is no restriction on the length-betv

Control Unit, but the

Network Topojeg

AL
~IJ

total length of the network datalink (total length = A+B+C+D+E+F) shall nebexce

ECU3

ECU 2

een each Electronic
bd 131 feet (40 m).

ECU 4

5.2 Network Acce
The method of acce

5.2.1 Idle Line-B
A receiver that cann
bus by noting the re
consecutive high-log
message).

ECUn

FIGURE 1 - NETWORK TOPOLOGY

5S

S to the network is random:

s Synchronization(by a Receiver

ot distinguishsbetween a stop bit and any other high-logic state may become s

ceipt of 12.cOnsecutive high-logic bits. In the absence of errors, the first low-logi
ic bits (1)-is the start bit of a message identification character (MID) (that is, th

nchronized with the
c bit (0) following 12
b first character of a
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EXAMPLE:

A Receiver that has just connected to the data link will not know the current message strings being

broadcast. The goal of the Receiver is to find an Idle Line, so the MID character of the next string can be
determined. The Receiver could see the reception of all high-logic levels as shown in “Worst Case
Character Time bit map” in Figure 2 in 5.2.2.3. In this case, there would be 8 high-logic level data bit times,
1 high-logic level for the stop bit, and up to 2 high-logic level inter-character bit times. This means that 11
bit times at high-logic level define the start of a new character, but not necessarily a MID character. If the
next logic level seen by the Receiver is a low logic level, then another Character Time will follow and the
Bus Synchronization must start over. If the next logic level seen by the Receiver is a high-logic level, then
an Idle Line may have been identified. If, as shown in Figure 2, there was a Start Bit at the beginning of the
12 bit times, then a true Idle Line time has not occurred. The receiver will not see a start bit until a total of
19 high-logic levels plus the product of 2 bit times and the message priority (which ranges from 1 to 8) of

the ne

t message to be transmitted are seen. However, if the receiver did not see the fi

st bit in the Figure 2

“Wors
assun
level
has aq
5.2.2 Bus Access
A transmitter shall b
bus access time.
5.2.2.1 Bus Acceq
The transmitter mus
between the bus be
less than one-half bi
5.2.2.2 Bus Accej

Bus access time is
message priority. Th

where:

T, = Bus access|
Ty, = Bit time, or
P = Message pr

Case Character Time bit map” row, that is the Start bit shown at the far left;\t
e that the string of 12 high-logic levels could be a valid Idle Line and therefor
vould be the start bit of a MID. When the next low-logic level is seen the(receive
hieved Bus Synchronization.

bgin transmitting a message only after an idle state has continuously existed on

s Verification

t verify that the idle state continues to exist immediately prior to initiating a tra
ng verified while in the idle state (bus accessWerification) and the initiation of a {
time.

s Time

a time duration equal to the minimum time of an idle line plus the product of
is relationship can be expressed as follows:

Ta=Ti+[2#Ty]+P

time
period of one unit of information
ority

T; = Minimum tirTe duration of an idle line

hen it would have to
e, the next low-logic
r can assume that it

he bus for at least a

nsmission. The time
ransmission shall be

2 bit times and the

(Ea. 1)
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TABLE 1 - BUS ACCESS TIME
Ta T To P
12 Bit times 10 Bit times 1 Bit time 1
14 Bit times 10 Bit times 1 Bit time 2
16 Bit times 10 Bit times 1 Bit time 3
18 Bit times 10 Bit times 1 Bit time 4
20 Bit times 10 Bit times 1 Bit time 5
22 Bit times 10 Bit times 1 Bit time 6
—24Bittmmes— 0 Bittmes—+Bittime T
26 Bit times 10 Bit times 1 Bit time 8
5.2.2.3 Bus Accegs Time Synchronization by a Transmitter

The minimum time d
bit and any other hig

EXAMPLE:

A Tra
broad
Trans
map”
bit, an
define
Trans
Synch
then T
bit tim

. Start Bit l Stop Bit. /1 [ 1
11

uration of an idle line is defined in 3.9. However, a transmitter that'cannot disting
h-logic state may not assume that T, has elapsed until it has reeeived 19 consecy

hsmitter that has just connected to the data link will not'know the current meg
cast. The goal of the Transmitter is to find an Idle Line,sso. message transmission

uish between a stop
tive high-logic bits.

ssage strings being
can be initiated. The

mitter could see the occurrence of all high-logic levelsvas shown in “Worst Cas

i must have elapsed, and now the transmitter still must wait a time duration equ
s and the message priority (which-ranges from 1 to 8) before beginning its mess

g Idle State

Length of time
between characters

Eight Bits of Data
255 Decimal

111 17111

11 . Worst Case Character Time bit map
1

11111111 ]1]1
S|/s|s|s|(s|s|s|s|S|S

19 bits >

Y\

Character Time bit

n Figure 2. In this case, there would be 8 high logic. level data bit times, 1 high-Idgic level for the stop
d up to 2 high-logic level inter-character bit times. This means that 11 bit timgs at high-logic level
the start of a new character, but not necessatily a MID character. If the next logic level seen by the
mitter is a low-logic level, then another“Character Time will follow and thg Bus Access Time
ronization must start over. If the next eight logic levels seen by the Transmitter are high-logic levels,

| to the product of 2
hge transmission.

Idle Line bit map

FIGURE 2 - EXAMPLE BUS ACCESS TIME SYNCHRONIZATION
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All messages will be

Message Priority Assignment

assigned a priority from 1 to 8 as indicated in Table 2:

TABLE 2 - MESSAGE PRIORITY ASSIGNMENT

Priority Message Assignment
1and 2 Reserved for messages that require immediate access to the bus
3and 4 Reserved for messages that require prompt access to the bus in order to prevent severe mechanical damage
5and 6 Reserved for messages that directly affect the economical or efficient operation of the vehicle
7 and 8 All gther messages nat fitting into the previous priority categaries should be assigned a priority 7 or 8

The applications dod
could be assigned t

which the priority is assigned.

5.2.3 Bus Content
All transmitters shal
attempted to gain a
control of the bus &

control, it is recommended that the transmitter become a receiver, using the received MID as t

incoming message.
example bus reacce

6. PROTOCOL
6.1 Bit Time
A bit time shall be 1(
6.2 Character For

A character shall co
(tenth) bit shall alwa

This conversion is
transmitted least sig

6.3 Message Forn

ument shall define the priority associated with each message. In the event that n
b a particular message, the application document shall define each priority)and

ion
ccess to the bus at the same time. If a transmitter detegts ‘a collision, the transn

fter completing the transmission of the current character or sooner if possible

The transmitter may attempt to regain access tarthe bus after a bus access ti
5s procedure is shown in Appendix B.

4.17 us + 0.5% (+ 500 ns). This.is equivalent to a baud rate of 9600 bits per secg

mat

s be a high-logi¢level and is called the stop bit.

consistent with standard UART operation. The remaining eight center bits ar|
nificant hit (LSB) first.

hat

ore than one priority
he circumstances in

monitor the message identification portion of their message to determine if angther transmitter has

nitter shall relinquish
. After relinquishing
he beginning of the
me has elapsed. An

nd.

hsist of 10 bit times~Fhe first bit shall always be a low-logic level and is called the start bit. The last

b data bits that are

6.3.1 Message C

ntent

A message appearing on the communication bus shall consist of the following:

a. Message ldentifi

cation Character (MID)

b. Data Characters

c. Checksum
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Example messages:

Shortest Message: MID Checksum
Single data string: MID Data1 Checksum

Multiple data string:

MID Data1 Data2 Data3 Data(n) Checksum

As indicated in 5.2, a message shall always be preceded by an idle state of duration equal to or greater than the
appropriate bus access time.

6.3.2

Inter-Character Bit Time

The length of time
between characters

6.3.3
The first character o
6.3.3.1  MID Assig
The MIDs 0 to 68 s
made to accommod

which otherwise mig

MIDs 10 and 11 sh
Carrier Communicat

MIDs 69 to 86 have
MID 87 is defined in

MIDs 88 to 110 shal
These MIDs shall b

eiwaaen charactars within 2 massaae -shall not excead -2 hit timas  Thg mini
g -

within a message can be zero bit times.

Message Identification Character (MID)

every message shall be a MID. The permitted range of MIDs shallinclude the nu
nments

hall be assigned to transmitter categories as identified in-Table 3. These assi
ate existing systems, or systems that may presently<berunder development, ar

ht arise if indiscriminate use of MIDs were permitted:

bll be used for trailer ABS Power Line Carrier (PLC) communications. See SA
ons for Commercial Vehicles.

been set aside for use by the SAE J1922:
SAE J2497 Power Line Carrier Communications for Commercial Vehicles.

be allocated as reserved MIDs for transmitter categories beyond those that are
b individually assigned by‘\the SAE Low Speed Communications Network Subcg

Truck and Bus Electrical and Electronic Committee on petition by a manufacturer at the time a new tr.

identified, or when a

MID 111 shall be us
normal control soft
observed:

a. Entry into factory

dditional MIDs are required within a previously identified category.

vare is bypassed, giving the tester direct control of module l/o, several pre

test should be granted by the module control software only after ensuring that it

um length of time

mbers 0 to 255.

gnments have been
d to avoid conflicts,

F J2497 Power Line

identified in Table 3.
mmittee of the SAE
hnsmitter category is

ed exclusively‘for factory test of electronic modules. Since it is possible that ddiring factory test the

cautions should be

s safe to do so.

b. This MID shoul

not pe transimitted Dy dfy On-podra moaduie.

MIDs 112 to 127 are not assigned to any category and are not reserved for future assignment. These MIDs are available
to any manufacturer or user for any message identification purpose outside the scope of this document.

MIDs in the range of 128 to 255 shall be reserved for applications using formatted data as set forth in the SAE J1587
document issued by the SAE Low Speed Communications Network Subcommittee. These MIDs shall only be used when
the data format set forth within that document is strictly followed (see SAE J1587).
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TABLE 3 - MESSAGE IDENTIFICATION CHARACTER ALLOCATION

Message Range

Transmitter Category

00-07 ENGINE

08-09 BRAKES, TRACTOR

10-11 BRAKES, TRAILER (USED BY SAE J2497)

12-13 TIRES, TRACTOR

14-15 TIRES, TRAILER

16-17 SUSPENSION, TRACTOR

18-19 SUSPENSION, TRAILER

20-27 TRANSMISSION

28-29 ELECTRICAL CHARGING SYSTEM

30-32 ELECTRICAL

33-35 CARGO REFRIGERATION/HEATING

36-40 INSTRUMENT CLUSTER

41-45 DRIVER INFORMATION CENTER

46-47 CAB CLIMATE CONTROL

48-55 DIAGNOSTIC SYSTEMS

56-61 TRIP RECORDER

62-63 TURBOCHARGER

64-68 OFF-BOARD DIAGNOSTICS

69-86 SET ASIDE FOR SAE J1922

87 SET ASIDE FOR SAE J2497
88-110 DEFINED BY SAE LOW SPEED COMMUNICATIONS NETWORK SUBCOMMITTEE
111 RESERVED--FACTORY ELECTRONIC MODULE TESTER (OFF VEHICLE)
112-127 UNASSIGNED—AVAILABLE: FOR USE
128-255 DEFINED BY SAE LOW SPEED COMMUNICATIONS NETWORK SUBCOMMITTEE (see SAE J1587)
6.3.3.2 MID Definjtions

MIDs in the 0 to 9, 1

and format of the dgta within these*messages is not defined in this document but should be identifieq

applications docume
J2497 should be cq
integrator or user to

2 to 68 and 88:to 127 ranges shall be defined in the manufacturer's applications

nt as deschibed in Section 2. If the application will interface with a PLC base
nsulted-before using any MIDs in the above range. It shall be the responsi
ensurethat a particular MID is not used by more than one device on the same ve

document. Content

in a manufacturer's
d system, then SAE
ility of the systems
hicle.

6.3.4 Data Chara

ers

Data characters shall be characters that convey the intelligence of the message and shall conform to the character format
as defined in 6.2. The 8 bit data character may be given any value from 0 to 255. The data characters shall be defined in
an appropriate applications document at the option of the supplier. The application document shall define parameters,
parameter order, scaling, and error detection/ correction coding if applicable.

6.3.5 Checksum

The last character of each message shall be the two's complement of the sum of the MID and the data characters. Simple
message error detection may be implemented by adding the checksum to the sum of all previous message characters
(including the MID). The 8 bit sum will be zero, neglecting the CARRY, for a correctly received message.
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