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SERIAL DATA COMMUNICATIONS BETWEEN MICROCOMPUTER SYSTEMS

IN HEAVY-DUTY VEHICLE APPLICATIONS

Foreword—This [

This SAE/TMC
Subcommittee d

The objectives ¢f the subcommittee are to develop information reports, recommended practiceg

concerned with
signals and info

Objectives: Som

ocument has also changed to comply with the new SAE Technical Standards Bo

Joint Recommended Practice has been developed by the Truck and“Bus Ele
f the Truck and Bus Electrical Committee and by the S.1 Study Group)of'the Maint

the interface requirements and connecting devices required in the transmissi
mation among truck and bus components.

e of the goals of the subcommittee in developing this-document were to:

hrd format.

Ctronic Interface
enance Council.
, and standards
on of electronic

a. Min|mize hardware cost and overhead.

b. Proyide flexibility for expansion and technology advancements with minimum hardwgre and software
impgct on in-place assemblies.

c. Utilige widely accepted electronics industrys standard hardware and protocol to| give designers
flexipility in parts selection.

d. Proyide a high degree of electromagnetic compatibility.

e. Proyide original equipment manufacturers, suppliers, and aftermarket suppliers fthe flexibility to
customize for product individuality(and for proprietary considerations.

1. Scope—This SAE Recommended, Practice defines a recommended practice for implementing a bidirectional,
serial comrpunication link amohg ‘'modules containing microcomputers. This document defines those
parameters pf the serial link that-relate primarily to hardware and basic software compatibility guch as interface
requirements, system protocof;’and message format. The actual data to be transmitted by pafticular modules,
which is an|important aspect of communications compatibility, is not specified in this document. These and
other detail§ of communication link implementation and use should be specified in the separate application
documents f[efereneed in Section 2.

1.1 Purpose—The-purpose of this document is to define a general-purpose serial data commupication link that

may be utilizedmeavy-duty vehicte apptications—itis ntendedto Serve as a guide toward Standard practice
to promote serial communication compatibility among microcomputer-based modules. The primary use of the
general-purpose communications link is expected to be the sharing of data among stand-alone modules to

cost effectively enhance their operation.

Communication links used to implement function

dedicated communication link between specific modules may deviate from this document.

s that require a
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References

Applicable Publications—The following publications form a part of the specification to the extent specified
herein. Unless otherwise indicated the latest revision of SAE publications shall apply.

It is recommended that a separate applications document be published by the manufacturer for each device
using the serial link. These documents should define the data format, message I.D.s, message priorities, error
detection (and correction), maximum message length, percent bus utilization, and methods of physically
adding/removing units to/from the line for the particular application.
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185—Standard for Electrical Characteristics of Generators and Receivers for |
al Multipoint Systems, April 1983

e—Two bit times multiplied by the message priority (which ranges from 1 to 8) &

maximum number of analog signal transitions per second that can occur on a
m, this is the reciprocal of(the bit time.

uration or period of one*unit of information.

gnificant bitAirst) followed by a high-logic level stop bit.

—A state~of the bus in which two or more transmitters are turned on simultaneou

uipment Design

Interclhange Between

avy-Duty Diesel

A Avenue, NW,
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idded to the idle

channel. In this

ime—The duration’ of one character. The character must start with a low-logic bit, then 8 bits of

sly to conflicting

Differential
wherein one

Siglla:—A tVVU'VViIC MIULESoS ill VV;I;L;I IlJUtil “IICD alc vaitbilcb asS uppuacu' tU [z} Dill
line is grounded and the signal line is switched between logic states.

gle-ended signal

Idle State—The state that produces a high-logic level on the input of the bus receiver when all transmitters on

the network

are turned off.

Idle Line—The condition that exists when the bus has remained in a continuous high-logic state for at least 10
bit times after the end of the last stop bit.
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3.9

NOTE—The idle line serves as the delimiter between messages on the bus. A receiver that cannot distinguish
between a stop bit and any other high-logic state may become synchronized with the bus by noting the
receipt of 12 consecutive high-logic bits. In the absence of errors, the first low-logic bit (0) following 12
consecutive high-logic bits (1), is the start bit of a message identification character (MID) (that is, the

first

character of a message).

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.

3.10 Node—A receiver or transceiver circuit connected to the bus.

3.10.1

3.10.2

4.1

4.2
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4.2.2

4.3

4.4

4.5

4.6

4.7
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START BIT
output of t

STOP BIT—
output of t
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standard. Inj
document in
parameters.

Logic State
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state when ¢

Bus State—

o anmant-o ac o lowva lacis
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he bus receiver.

-Final element of a character defined as a high-logic level of 1 bit time duration
ne bus receiver.

hrameters—The electrical parameters of this serial data link are‘amodification of
some areas this document conflicts with EIA RS-485. This doeument shall sery
such cases. Appendix A details a serial data bus standard node which defines th
Operation of this standard node is detailed in this sectian.

hs viewed at the

the EIA RS-485
e as the guiding
b interface circuit

—Positive true logic will be used when referring to the states of transmitted inpyits and received

ferring to Appendix A, the input of the transmitter (marked as point Tx) and t
rked as Rx) will be in logic 1 state when driven or passively pulled to +V, and wi
riven to ground.

The busiis i

ne output of the
Il be at a logic 0

The bus is in a logic 1 (high) state whenever Point A is at least 0.2 V more positijve than Point B.

a logic 0 (low) state whenever Paint’A is at least 0.2 V more negative than Point

B, refer to Figure Al). The bus state is indeterminate when the differential voltage is less thar

Loaic HIGH STATE—The bus will bein~a logic 1 (high) state when all connected transm
sending logic 1. An idle state is produced when all transmitters on the network are turned off

include m

LoGICc Low

ans to pull the bus towatogic 1 (high) when all transmitters are off (see Appendix

STATE—The buswill be in a logic 0 (low) state when one or more transmitters arg

which guafantees thatdogic 0 (low) dominates when the bus is in contention.

Network C
the circuit d
on bus loadi

pacity=—The bus will support a minimum of 20 standard nodes where each nodsg
finedd Appendix A. Deviations from this circuit must be carefully analyzed to d
ng-and noise margins over the common mode range.

B (Points A and
0.2 V.

tters are idle or
. All nodes shall
A).

sending logic 0,

is comprised of
etermine impact

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

used.

Ground—Al

| assemblies using the link must have common ground reference.

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

Length—This document is intended for, but not limited to, applications with a maximum length of 40 m (130 ft).
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Network Topology—The network interconnect shall use a common or global bus.

cess—The method of access to the network is random.

Bus Access—A transmitter shall begin transmitting a message only after an idle state has continuously
existed on the bus for at least a bus access time. The transmitter must verify that the idle state continues to
exist immediately prior to initiating a transmission (that is, within one-half bit time).

td Htiaac on apmacaaca-Reakiibv—TEoiaralationchin oaon bha aviraccn d-ac fal

Bus Access Time—Bus access time is a time duration equal to the minimum time of an idle line plus the

hit t ditha meocacana nriorit:  Thic valatinnchin Ao Iha PN
T OTC e S arTa tHC T TIC SSTy T PTToOTI Y TS ToTatoT ST CTiT DT CAPTC SSTU TS TOT

T, =T, +[2*T,]*P

access time

5. Network Parameters
5.1
5.2 Network Ac
52.1
5211
product
where:
T, = Bug
Tb = Blt

P = Mes
Ti = Min

NOTE—

5.2.1.2 Messag

time, or period of one unit of information
sage priority
mum time duration of an idle line

The minimum time duration of an idle line is defined in 3.8. However, a transn
gdistinguish between a stop bit and any other high=logic state may not assume th3
Lintil it has received 19 consecutive high-logic bits.

b Priority Assignment—All messages willtbe assigned a priority from 1 to 8 as ind

TABLE 1—MESSAGE PRIORITY ASSIGNMENT

WS:

(Eq. 1)

itter that cannot
t T; has elapsed

cated in Table 1:

5.2.2

6.

6.1

Priority Message Assignment
land?2 Reserved for messages that require immediate access to the bus
3and 4 Reserved for messages thatyrequire prompt access to the bus in order to prevent severe mechanical dapnage
5and 6 Reserved for messages that directly affect the economical or efficient operation of the vehicle
7 and 8 All other messages:not fitting into the previous priority categories should be assigned a priority 7 or 8
The applicationssdocument shall define the priority associated with each message. In thg event that more

priority gnd the’circumstances in which the priority is assigned.

than on* priority.could be assigned to a particular message, the application document s

hall define each

Bus CoNTENTION—AII transmitters shall monitor the message identification portion of their message to
determine if another transmitter has attempted to gain access to the bus at the same time. If a transmitter
detects a collision, the transmitter shall relinquish control of the bus after completing the transmission of the
current character or sooner if possible. After relinquishing control, it is recommended that the transmitter
become a receiver, using the received MID as the beginning of the incoming message. The transmitter may
attempt to regain access to the bus after a bus access time has elapsed. An example bus reaccess

procedure

Protocol

is shown in Appendix B.

Bit Time—A bit time shall be 104.17 ms £ 0.5% (£500 ns). This is equivalent to a baud rate of 9600 bits per

second.
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6.2

6.3

6.3.1

6.3.2

Character Format—A character shall consist of 10 bit times. The first bit shall always be a low-logic level and
is called the start bit. The last (tenth) bit shall always be a high-logic level and is called the stop bit.

This conversion is consistent with standard UART operation. The remaining eight center bits are data bits that
are transmitted least significant bit (LSB) first.

Message Format

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

a.

c. Che

As indicat
than the
exceed 2

MESSAGE
permitted
transmitte
existing s
otherwise

MIDs 69 t¢ 86 have been set aside for use by the SAE J1922.

MIDs 87
identified
Subcomm
new trans
category.

the transnpitter. Content of format of‘the data within these messages is not defined in th

should be

MID 111 9
factory tes
precautior

Entr
safe]
b. This

a.

Message ldentification Character (MID)

cksum

bd in 5.2.1, a message shall always be preceded by an idle state of duration eq
ppropriate bus access time. The length of time between characters within a m
it times.

DENTIFICATION CHARACTER (MID)—The first character of every message shall
range of MIDs shall include the numbers 0 to 255. ThekMIDs 0 to 68 shall
categories as identified in Table 2. These assignments’ have been made t
stems, or systems that may presently be under development, and to avoid
might arise if indiscriminate use of MIDs were permitted.

0 110 shall be allocated as reserved MIDs for transmitter categories beyong
in Table 2. These MIDs shall be_dgndividually assigned by the SAE Elec
ttee of the SAE Truck and Bus Electrical Committee on petition by a manufactu
mitter category is identified, or when additional MIDs are required within a pre
The content and format of the messages using the assigned MIDs (0 to 110) is the

identified in an appropriate-applications document as described in Section 2.

bhall be used exclusiyely for factory test of electronic modules. Since it is pos|
t the normal control software is bypassed, giving the tester direct control of md
s should be observed:

y into factery test should be granted by the module control software only after €
to daso.
MID’should not be transmitted by any on-board module.

ual to or greater
pssage shall not

pbe a MID. The
be assigned to
D accommodate
conflicts, which

those that are
ronics Interface
Fer at the time a
iously identified
responsibility of
s document but

sible that during
dule /o, several

nsuring that it is
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TABLE 2—MESSAGE IDENTIFICATION CHARACTER ALLOCATION

Message Range

Transmitter Category

00-07 ENGINE

08-09 BRAKES, TRACTOR

10-11 BRAKES, TRAILER

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

87-110 RESERVED—TO BE ASSIGNED BY ELECTRONIC INTERFACE SUBCOMMITTEE (,) (see 6.3.2, Section 4)

111 RESERVED—FACTORY ELECTRONIC MODULEJESTER (OFF VEHICLE)

112-127 UNASSIGNED—AVAILABLE FOR USE

128-255 TO BE ASSIGNED BY DATA FORMAT SUBCOMMITTEE (see 6.3.2)
MIDs 112 to 127 are not assigned to any category and are not reserved for future assignmgnt. These MIDs
are available to any manufacturer or userfor any message identification purpose outside the scope of this
document
MIDs in the 0 to 68 and 87 to 127 ranges shall be defined in the manufacturer's applications document. It
shall be the responsibility of the:Systems integrator or user to ensure that a particular MID is not used by
more than|one device on the same vehicle.
MIDs in the range of<228 to 255 shall be reserved for applications using formatted data ps set forth in a
document|issued by.the SAE Truck and Bus Electrical Committee Data Format Subcommittee. These MIDs
shall only pe uséd'when the data format set forth within that document is strictly followed. See SAE J1587.

6.3.3 DATA CHARACTERS—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.
6.3.4 CHeEcksuM—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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6.3.5 MESSAGE LENGTH—Total message length, including MID and checksum, shall not exceed 21 characters.
Exceptions to this length limitation may be made when the engine is not running and the vehicle is not
moving. Messages longer than 21 characters may also be broken up into several separate messages of 21
or fewer characters and may then be transmitted while the engine is running and/or the vehicle is moving by
conforming to the 21 character message length limitation of SAE J1708.

7. Notes

7.1 Marginal Indicia—The change bar (l) located in the left margin is for the convenience of the user in locating
areas where technical revisions have been made to the previous issue of the report. An (R) symbol to the left
of the document title indicates a complete revision of the report.

PREPARED BY THE SAE TRUCK AND BUS DATA FORMAT DIAGNOSTIC SUBCOMMITTEE
OF THE SAE TRUCK AND BUS ELECTRICAL AND ELECTRONICS COMMITTEE
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APPENDIX A

SERIAL DATA BUS STANDARD NODE (UNIPOLAR DRIVE WITH PASSIVE
TERMINATION IN EACH MODULE)

This circuit

drive the diff
485 receive
(that is, rece

The logic 1 4

The transce)
(approximat

R3, C1, R4,

a
RS-485
Transceiver Rl $ 4.7K
R3
a . ¥ AY‘YAY
_gp- cl = L X4
Tx -D;E_ __:-—1 j022
R R + " c2x2.0022
X = _ B A
E ey
— R4 47
T R2 < 4.7K

-
-

ive only).

bly 6 MHz low pass).

also form a pseudo line termination at high frequencies.

The active (high-to-low) transition delay is approximately 0.6 ms at the receiver with two node

2.3 ms with

The passive
(up to 20).

PO nodes pndhe bus.

Figure AlL—SERIAL DATA BUS STANDARDNODE DIAGRAM

Itilizes standard RS-485 transceivers (less than erequal to one RS-485 unit 103
brential data bus to the logic zero state only (unipelar drive). In the previous circuit
may be used in place of a transceiver in applications where data need not be p

tate (also idle state) is controlled by pull-up resistor R1 and pull-down resistor R2

ver output impedance, C1 and-C2, form the transmit filter for transient and E

and C2 form the receive filter for EMI suppression (approximately 1.6 MHz low pa

(low-te-high) transition delay at the receiver remains at 10 ms with any number of

d) connected to

, a standard RS-

aced on the bus

EMI suppression

5S). These parts

5 on the bus and

oads on the bus

The values shown were chosen for use with commercially available RS-485 drivers to provide maximum fan-

out, EMI suppression, and bus termination.

state.

This method of unipolar drive prevents unresolved contention (logic O always wins).

Remaining nodes may be in either the powered or unpowered

The resistors shown should be 5% parts to assure sufficient noise margin under worst-case conditions. R3,
R4, C1, and C2 should be balanced within 10% on each side of the data bus to minimize common mode

electromagn

etic radiation.
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