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lot Protocol Background—The need exists for data links/to be used in real-time ¢
ms. These systems require message delivery capabilities beyond those of th
col that is now known as the SAE J1850 protocol. After examining the

t those needs. Therefore, a new protocol was-developed with the basic features
bmes, but which included a time slot schemg(for performing the token pass.

bwing sections will first discuss the application needs that drove the protocol de
Cribe the protocol itself, and finally present methods for time analyses of system
pcol.
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ule, that each have relatively autonomous functions that need to be coordinate
cle behavior, 5 Alternatively, there may be a hierarchical control structure whg
ement a ocal low-level control algorithm, but are subservient to a higher level ¢
her node,-1n either case, rapid and predictable communication is needed.
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—System specified and limited transmit privilege hold time

Data transfer efficiency requirements:

—Low me

ssage overhead

—No physical limits to higher data rates

Fault tolerance requirements:

—Rapid fault detection and data error rejection
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n passing scheme was chosen because it offers determinable and bounded latg
be implemented efficiently with low data overhead:

r finishes sending its messages-or approaches its token hold (transmit privile

bnt token owner has.a “next” node in a logical sequence order. When the token

pcially if the,“next” node has dropped off the bus. In this case, the current nods
bption precedure for determining to which node it is to pass the token. This usually
btermine which nodes are still active, building an “active node” list, and broadcas
ps_~This total procedure is often complicated and is always time-consuming.

initialization and recovery from bus errors

rless—unaffected by node drop-off

ot Network Design Philosophy—The need for bounded latency chatacteristics in ppplications with

bursty and periodic traffic require us to reject all protocols thatrusé a contentiopf mechanism for

de statistical “guarantees” that message latency will not exceed required limits,
ases where traffic loading will cause latencies to grow beyond any predefing

reason, it was decided to pursue protocols withynore deterministic media accq

passing protocols, the single node inpossession of the token is a temporary bus
dcast messages or initiate message transmission to other nodes as it chooses.

es the token to another node;which then becomes the master and the proceg
ork can be configured so as,to guarantee orderly access to the data link by all ng

blem area in such _schémes has to do with the token passing mechanism itse

xplicitly passed.to-the “next” node. If that node has no network traffic to send, it
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Similarly, following system power-up initialization or if noise causes the corruption of the token message,

the

token may become lost.

This also requires a time-consuming reinitialization process for

reorganization of the virtual node sequence ring formed by each node’s idea of the logical “next” node

in th

€ sequence.

To solve this problem, it was decided to use a different token passing method based on rotating time slots.
This allows transparent skipping of nodes which have no pending traffic or which are inactive. This
protocol also provides for quick system initialization and for error recovery. The details of this method
will be described in the following sections.
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1. Scope—Thg¢ Token Slot Data Link is intended to provide periodic, broadcast communications|(communication
that must occuromaregutar, predetermimetd-basis)withimavehictesysten:
The Token Slot protocol achieves this by implementing a masterless, deterministic, non-contention Token Slot
sequence which is designed to offer a transmit token to all devices (or nodes) without requiring that they
respond. After acquiring the token, messages may be sent and verified using a variety of built-in techniques.
The token passing slot sequence is then reinitiated by the current token holder.
1.1 Purpose—This SAE Information Report describes the Token Slot Data Link Communication Protocol. It is

intended to cover the attributes of the network structure, network management, bus access procedures,
message framing, bit encoding, and message delimiting required to communicate on the Token Slot Data Link.
These aspects relate to those items that must be standardized excluding the physical implementation. The
physical details of the network such as media, line driver/receivers, and semiconductor implementation are
discussed generally but are not specified by this document.
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1.2

13

2.1

2.1.1

2.1.2

3.1

Background—In recent years it has become apparent that future electronic applications within vehicles will
need to communicate critical control information among distributed controllers. This control information to be
transmitted is typically periodic in nature and must arrive on a regular, predetermined basis. |
is changing at rapid rates and only sampled information is provided at appropriate intervals (rather than
updating the information only when it changes). This must be done at speeds that are sufficiently fast to meet

the requirements of the interactive control applications.

provide this capability.

Design Objectives—The Token Slot Network was defined with the following goals in mind:

n many cases, it

The Token Slot Network Data Link is designed to

It must meet the needs for on- vehlcle rap|d pel’IOdIC communlcatlon between computer assemblies.
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e must be an open data rate growth path to accommodate future“media te
ands for increased data traffic.

architecture must be an open system to allow for the addition and.deletion of nodg
w designs and during dynamic operation. Note that open architecture does not m
be added to the data link without regard to their affect on message latency times.

| that this link will be used primarily in vehicle applications requiring feedback an
ong various distributed devices. For example, the fink could be used between di
anti-lock braking, and power steering controllers.> Flexibility has been built int
event driven and block memory transfer data types. This allows vehicles to be
nk to cover all communications to avoid gateWays and reduce costs, when systg
Brmit.

Publications—The following publications form a part of this specification to the
latest issue of SAE publicatiens shall apply.
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Technical Requirements

Bus Access Procedure—This section describes the token slot bus access method of providing transmit
devices communicating on the Token Slot Data Link. It is the primary difference between Token
Slot and contention protocols (e.g., SAE J1850, CAN, etc.).

privileges to
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3.1.1

The intent of this bus access protocol is to guarantee periodic opportunities for message transmission by each
node on the bus. It is to ensure that the bus remains operational when devices are dynamically added or
deleted and it must provide for quick recovery from error conditions.

The token passing bus protocol is open, peer oriented, and multimaster. It is non-contention and uses a time
slot token passing technique. The bus access procedure is performed on a distributed, masterless basis, with
all devices behaving identically to maintain an orderly rotation of transmit privileges.

The token slot method described here has several features which help achieve the goals of a deterministic data
link. The principal advantage of this method of bus access is that the worst-case delay of information

exchange due to the data link can be determmed and bounded Reqwrements for line driver/receiver circuitry

are less strin
on at a time
provisions fq
changes du
intermittent

approach.

TOKEN SLd
orderly ma
time interv
(see Figun
pass mes

time progressing through successively higher Slot Numbers,* Each node is assigned one

time slots
operationa
transmitte
mode. Se|
with conte

time

and since the protocol is not data rate limited by S|gnal propagatlon delay.\ I
r rapid initialization of the link and for handling cases in which the number(of de
ing operation (due to power moding sequences, failure or power loss @ indivi

software operation of devices on the bus). Fast error recovery is 'a primary

T OPERATION—The token slot method offers transmit privileges to all devices ¢
nner. After a node has completed sending its message traffic,’a sequenced sca
als (slots) offer bus transmit privileges to the node slot awners as follows: A toke)
e 1) instructs all nodes to begin the token slot timing’mode. Each slot interval f
bage has a sequential Slot Number (SLN). Contral is offered to the slot owning

(Slot Numbers) and will activate its transmitter to send a message during its
| and has message traffic to send. Otherwise the token slot interval is allowed to
is activated, all other nodes recognize that the token has been taken and they ¢
e Appendix B for a summary of tokenpass messages. See Appendices C and D
htion based protocols.

r———— Token Slots with relative slot numl

itter is normally
he protocol has
vices on the bus
dual devices, or
feature of this

n the bus in an
h of short, equal
h pass message
pllowing a token
node devices by
or more specific
slot only if it is
pass. When the
bnter the receive
or a comparison

bers shown

p elo?
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+
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FIGURE 1—TOKEN PASS MESSAGE FORMAT

The token

entire message, to each device on the bus.

transmit, the bus must remain inactive during that entire time slot.

ide enough for an
If the device is not present on the bus or has no message to

The Token Slot protocol does not send a directly addressed token pass message to hand off control of the
bus to a specific device which may or may not be active. This avoids the requirement that all devices must
maintain a prioritized list of all currently active nodes to which the token must be passed.

Figure 2 depicts the bus waveform of a token message sent by the device which owns SLN 5, followed by the
owner of time slot 1 (SLN1) taking the token, sending two messages, and then initiating its own token pass

message.
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3.1.2

3.1.3

3.14

3.1.5

token
pass
SLN 5

|
I

|
—
SLN [SLN SLN |SLN |SLN msg 1 msg 2 token
idle 6 7 31 [o] 1 idle idle pass |......
SLN 1

node takes token here ——J

FIGURE 2—TYPICAL TOKEN PASS SEQUENCE

In this example, the devices holding slot numbers 6, 7, ... through 31 and 0 were either not present or did not

have a ddfa message ready for transmission. Thus, the bus remained in the idle state.d

slots.

As shown| when the maximum slot number is reached, the sequence wraps aroundto slot
until the sjot is picked up or until the original token passer sees its slot, at which time a
message is generated and the token slot cycle begins again.

Once a dgvice takes the token, it proceeds to send its message traffic:\"Token hold timesg

assigned
latency li
restricted

ToTAL NUN
available.
particular

NUMBER O]
more Slot
devices o
for the tim
time slots
responsibl

INSTRUMEN
provide ar

placed in & special instrumentation interactive mode before SLN 0 be allowed to take the toK

TIME SLOT]
message

ring those time

0 and continues
new token pass

are individually

each node by the system designer and are strictly limited t®assure a system maximum message

it. Individual message transmit priorities are determined, by each node’s applic3
Dy the communications data link.

BER OF SLOTS AVAILABLE—AII applications of ‘the Token Slot bus have thirty
Thus, there can be a maximum of thirty-two tfansmitting type devices present o
hpplication.

F SLOTS PER NODE—A particular device 'may have zero (for a “receive only” devi
Numbers, depending on how often‘that device needs to transmit messages comp
the bus. A device which owns.multiple Slot Numbers must take care to include
b slot it actually took during that'token possession in any token messages it sends|
that a particular device may occupy is to be defined by the system application
e for message latencyassurance.

external access: by standard test equipment. It may be prudent to require tha

0 detefmine how long they must wait until they should take control of the bus

tion and are not

-two time slots
h the bus in any

Ce), one, two, or
Ared to the other
the Slot Number

The number of
designer who is

ITATION SLOT NUMBER—SLN 0 is ideally reserved for use by instrumentation in all applications to

t the vehicle be
en.

SEQUENCE DELAY CALCULATION—AII devices use the Slot Number contained in @& received token

f no other node

intervened.

When a token message is received, each device, including the one that

sent the token,

calculates

where:

its delay using Equation 1:

Transmit Delay Time (TDT) = {[(A-B)-1]} modulo32*T

A = Slot Number of calculating device

B = Slot Number in last received token message

T = Time Slot Width, expressed as an integral number of bit times (bt)
Modulo32 means that:

If [(A-B)-1]< 0O
then TDT { = [A-B)-1] + 32} * T

(Eq. 1)
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Else TDT = [(A-B)-1] * T
Therefore: 0 < TDT < 32*T

Any device holding multiple Slot Numbers will need to calculate a transmit delay time for each of its Slot

Numbers,

then take the token on the earliest TDT.

If another device begins a transmission in an earlier slot before this transmit delay time has elapsed, the bus
access calculation must be restarted by waiting for a new token message to be received. However, if the bus

remains in
token slot

active for this calculated transmit delay time following a token message, it means that this device’s
interval has arrived. If the node has messages to send, it may begin a transmission at this point

and thus take control of the token and the bus.

The trans
message.
bit time fol

Mit delay time begins immediately following the 8 bit time (bt) idle line delirhiting the token
This means that the transmit delay time counter should begin counting at the begdinning of the 9th
owing a token message. Figure 3 illustrates this situation.

3.1.6

3.1.7

3.1.7.1

3.1.7.2

even parity bit SN+20 Node takes token here

TIME SLOT]
delay and
device to

account th
occur. A
characteri
medium.

TOKEN PO
Decision

messag
have the

<———— Transmit Delay Time ——F———>
] |
T T L S L L 1 1 T T T T 11 T T I 11 1T rrrr
plsJ.ot# sny|O0|1 idle I sn + 1| sn + 2| sn + 3| 8n ¥ 4] sn + 20 m? ......
1 4 L1 | 11 1 L1 1 L1 1 HI 11 L1 111 1]

begin counting bt’s —I

FIGURE 3—TOKEN PASS MESSAGE FORMAT

WIDTH—The time slot width is determined by a timing analysis of the system pus propagation
is shown as an integral numbersof)bit times (bt). The time slot must be long epough to allow a
tart a transmission and for all ®ther devices to recognize that event. Its width myst also take into
e accumulated time base driftsthat occur as each device is counting and waiting for its time slot to
typical slot width might be’ 1 to 5 bit times when operating at 1 Mb/s for propagation delay
5tics on the order of 5.ns/m for either a properly terminated electrical or a pjastic fiber optic

SESSION GUIRELINES

to Transmit—When the bus remains inactive for a device’s transmit delay time following a token
b, all devices except the one that sent the last token message have two choices| These devices
option of taking possession of the token and beginning transmission of a messagg or of remaining

silent. A

device may send one or more messages once it takes token possession, and it then relinquishes

control of the bus by sending a token pass as its last message.

Maintaining Synchronization—The device that sent the last token has the duty to maintain a minimum level
of activity on the bus. In the event that no other device initiates a transmission during the thirty-one slots
following a token, the device that sent the last token must take the token and send either a data message if
one is ready or only a token message if no data message is ready. The purpose of this is to maintain
synchronization of the time slots during periods of low bus utilization. Accumulated time base differences
among all the devices causes blurring of the time slot boundaries as the time since the last token message
increases. This explains the need for periodic synchronization. Figure 4 illustrates the case where no
device takes the token and the original token passer must re-take it.
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Original token passer’s
Transmit Delay Time —mM8M >

| Bl

)FM " Tidle | | e:m +

LTl o] Tt

L

begin counting bt’s —_—

even parity bit

\ |
IT T

1| sn + 2| sn + 3| sn + 4| ?? ?1! |p|s
I

Original token passer l
retakes token here

FIGURE 4—TOKEN PASS MESSAGE FORMAT

3.1.7.3

Maximum Token Possession Time—Each device on the bus is assigned a maximum tim¢g that it may hold
the tokeh on any individual possession. This maximum token possession time helps to pound the token
rotation ftime for the system and is used to avoid continuous transmission caused by a device failure. A

device

accomp
sent du
transmig
calculate
messag
time. 9
Append

The syd
particuls
3.1.8 TOKEN SLQ
bus and h

ust not begin transmission of a particular data message unless completion of the message can be

ished without exceeding its maximum token possession time.
ring the present token possession, the device must sendy'a token mess
sion. The time that the token has been held and time required\.to send the next
bd by the message lengths + bit insertions + message(acknowledges + idl
bs. There are various methods of calculating and/or estimating the maximum t
ee the section on Maximum Token Possession Time Rationale for further d
X A for Methods of calculating and predicting message latencies.

tem designer may assign different maximumZtoken possession times to differs
r application.

T Bus EXCEPTION CONDITIONS—This_Section describes exception conditions that 1
bw these conditions should be handied.

Ifcthat ‘message (s too long to be

e, then cease
essage may be
lines between
ken possession
iscussion. See

pnt devices in a

nay occur on the

3.18.1

3.1.8.2

3.1.8.3

Initialization—When a device requites’ initialization following a power up or internal rgset condition, it
monitorg the bus for a token message or for a Bus Time Out to occur. The Bus Time Qut (BTO) occurs
when the bus is idle for thirtystwo time slots (see 3.1.8.5). If a token message is recdived, the device
calculatgs its transmit delay-titne and begins normal operation.

Bus Jam Signal—The_Bus Jam is defined as the receipt of six or more consecutive lpgic zeros by a
receiving device. Adransmitter communicates error situations to all devices on the bus wjth the Bus Jam.
It is int¢nded tolcause all devices on the bus to cancel any current message and| begin recovery
procedufes.

The bug jam must be a dominant signal level and must last at least 6 bit times which is[longer than any
normal data signal condition. This will prevent a legal bit stuffing signal from causing a bus jam. The bus
jam signal must be started before a post-message 8 bit time idle line is allowed to occur on the bus. This
ensures that the jam signal causes all devices to discard the corrupted message. If a complete idle line
were allowed to occur, then devices receiving the subsequent bus jam would not necessarily reject the
corrupted message.

Response to Bus Jam—When a device recognizes a bus jam condition, it rejects the message in progress
(if any) as invalid and calculated a transmit delay time as if a token message containing a Slot Number of
thirty-one was just received. This results in slots for devices beginning with SLN 0, 1, 2, ... etc., to take the
token following a bus jam. Once the jam condition ends and an 8 bit time (bt) idle line is detected, all
devices begin waiting for their time slot to occur. If a device finds that the bus remains idle for its transmit
delay time following any jam, it is to transmit either a data message or a token message if it has no data
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messages to send. This ensures that normal bus activity resumes properly under light bus load conditions.
Figure 5 shows the bus activity following a bus jam.

[——— begin counting bt‘s for Transmit Delay Time

msg L SLN O |SLN 1 |SLN 2 [SLN msg token
with idle 3 idle [pass |idle
error SLN 3
I O B
bus jam J
'— efror detected here T
FIGURE 5—BUS ACTIVITY FOLLOWING BUS JAM
In this ekample, no device on the bus holds SLNs 0, 1, or 2. The device holding SLN 3 tfansmits either a
data mepsage or a token message if it has no data messages ready for transmission.
3.1.8.4 Collisiorjs—A collision is the result of two or more devices attempting to transmit at|the same time.
Collisior}s may occur during operation of the bus due to corrupted token messages, nois¢ during the time
slots follpwing a token message, or due to other noise-induced conditions. Each transmitting device must
monitor the data it receives during message transmission.and compare it to the data it tfansmitted. This
comparison may be done on a bit or byte level. If a discrepancy is detected between|transmitted and
received data, the transmit device is to jam the bus for.8 bit times (bt) and relinquish contrgl of the bus (see
3.1.8.3).
3.1.8.,5 Bus Time Out—The Bus Time Out (BTO) occurs when the bus is idle for thirty-two gme slots. This

conditio
messag
occurs,
and calg
transmit
transmit

N may occur due to failure of a transmitting device to send a token message or

bll devices assume that a tekén message containing a Slot Number of thirty-one \
ulate the appropriate transmit delay time.

Figure 6 depicts_this situation.

0ss of the token

b due to noise. The reaction to'a-BTO is similar to the response to a message errpr. When a BTO

as just received

If any device finds that the bus remjins idle for this
delay time, it transmitS either a data message or a token message if it has no data messages to

J idle

!
T T T LT T

SLN O |SLN 1 [SLN 2 [SLN msg token
Bus Time Out (BTO) = 32 slots > 3 id].r pass |idle
SLN 3

Node takes token here —J

FIGURE 6—BUS ACTIVITY FOLLOWING A BUS TIME OUT

In this example, no device on the bus holds SLNs 0, 1, or 2. The device holding SLN 3 begins either a data
message if it has one to send, or a token message if it does not, in the appropriate time slot.

-10-
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3.1.8.6

3.1.8.7

BTO During Token Possession—It may be possible for a Bus Time Out to occur while a particular device is
holding the token. For example, a device may transmit one message properly and then experience a long
delay in preparing the next message for transmission during that token possession. Once the device
senses a BTO, it must immediately relinquish possession of the bus, and begin waiting for its time slot to
occur just as if it had not had token possession prior to the BTO.

BTO at Initialization—When a device requires initialization following a power up or internal reset condition,

3.1

3.2

3.2.

it monitors the bus for a token message or for a BTO to occur.

If a BTO is detected,

it calculates its

transmission delay time as if a token message with a Slot Number of thirty-one had been received and
continues as if the BTO had occurred during normal operation.

8.8  Transmit
that occ
increme

boundar

Bit Encodin
on the Toks
delineation ¢
1 NRZ5BIT
with oppo
This techn

NRZ5 is s
transmit a
synchroniz

state into {he bit stream whenever five consecutive’bits of the same state are to be sent. Fo

the transni
continues
inserted b
(the one in
receiver tr
situation o
line, not a

Bit sequgnce to’ send: 101110010100010100000000110110101111000001111000

NRZ5 sequ

ur while that deV|ce is transmlttmg The transmlt error counter should be initial
hted by some system assigned algorithm consistent with maintaining_bus
es in the face of a number of bus failures.

g and Message Delimiting—This section describes the mechanism for transm
n Slot Data Link. It includes the bit encoding and the rules.governing syng
f message frames.

ENCODING RULES—AII messages on the Token Slot data link are encoded as No
bite level bit insertion after the fifth consecutive bit remains at a constant one or
ique will be called NRZ5 encoding. NRZ5 is applied fegardless of transmission nj

milar to standard NRZ in that the logic level gn the bus is a logic one for the er
binary one and is a logic zero for the entire bit period to transmit a binary zg
ation information is added to the bit stream at the transmitter by inserting a bi

itter detects that a string of five zeros'is to be transmitted it inserts a one into the
the data transmission, again watching for a string of five consecutive zeros or on
ts. Upon reception of this string of five zeros, the receiver checks that the next bit
serted by the transmitter) (and deletes this one from the bit stream. If a sixth zerq
pats these six zeros as a bus jam signal and takes the proper recovery steps.
ccurs for five ones infa-row, except that six received logic ones in a row indicate th
bus jam. An example of this procedure is shown in Figure 7.

i i i

ence: 101110010100010100000100011011010111100000111110000

aquency of errors
zed to zero and
essage latency

tting information
hronization and

N-Return-to-Zero
zero logic level.
edia used.

tire bit period to
ro. In addition,
of the opposite
I example, when
bit stream, then
es including any
to arrive is a one
is received, the
A corresponding
e start of an idle

Resultant Bus Waveform:

U LU

10111

0010100010100000 00011011010111100000

S
i

start of message sync bit
inserted NRZ5 bit

FIGURE 7—NRZ5 EXAMPLE

1 m

1111

If a message should happen to end in five zeros or five ones, the transmitter must still perform the one or
zero insertion. The receiver will check for the presence of the inserted bit and delete it as required.

-11-
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3.2.2 AsSYNCHRONOUS OPERATION—Serial data transfers are done asynchronously, meaning that a single data
stream with imbedded pre-message synchronization is the only signal among the devices on the bus. This
avoids sending a separate clock and data signal which would increase the cost of the transmission medium

ransceivers. Receivers decode the incoming data by synchronizing on the logic one-to-zero

transitions in the data stream. During normal data transmission these transitions will never be more than 10

bit times apart due to zero and one insertion in NRZ5 encoding. When used with closely matched clock

sources in all devices, this synchronization information is sufficient for proper data decoding.

and bus t

3.3 Message Framing—All information transmitted on the link must be consistently framed for correct
interpretation. For the Token Slot Data Link, four message types are identified, distinguished by two control
bits in the first byte of each message. The four message types are broadcast data messages, requiring an

PSTZvN | SHAEH

acknowledg

abvta asclknaoawladaa mmaccanac ~nd le_hvdetaolkan-meccacaoa
P omgre oy tC Ko IiCOg e Soaygt S ana STyt o ytCtORCT e SSayt S

Data bytes are transmitted least significant bit first to conform to traditional series data-link

standards. See

Figure 8.
time— >
T
idle line L[ message 1 J idle I I message 2 idle') ACK ACK idle I I msg 4
wait

The two mo
These bits a

Note that C

l— sync bit |— < 16 bt f

FIGURE 8—GENERAL MESSAGE FRAMING

5t significant bits in the first byte of evefyymessage identify the type of message b
re labelled Control Bits 0 and 1 (CBOand CB1) and are defined in Table 1:

Table 1—DEFINITIONS—CONTROL BITS 0 AND 1 (CBO AND CB1)

CBO" CB1 Message Type
0 0 Broadcast data message
1 0 Data message with acknowledge request
0 1 Token message
1 1 Acknowledge message

B1 distinguishes data message frames from the two single byte message fral

indicates tha

rom idle

ping transmitted.

mes, while CBO

t this message is either requesting or supplying an acknowledge. See Figure 9.

-12-
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(CBO)
lsb (CB1)
" time——m—>
bit order
0123456701234567...... 1)
LR L DL L L A DL I L AL L L O O O L T

‘I I 0 id2 H data ........ field Jl crc ﬂ 'crc I t
1 1 1 | I T | == 1111 ) I S I T | | I I N I I | idle

L—————4 0 = Broadcast, 1 = ACK requested

'

FIGURE 9—DATA MESSAGE FORMAT

3.3.1 DATA MESBAGE FRAMES—The data message is used for the actual transfer of information pn the data link.
There are two types of data messages, one which requires no acknowledgment, and another which requires
that an acknowledge message be returned by a single receiving device.

The data message frame consists of a two byte message control (2 bits)-and identification {14 bits) field, an
optional data field, and a two byte CRC frame check sequence (FCS) field,” These fields are|described in the
following gections. The shortest possible data message frame is foupbytes long, consisting of only the ID
and FCS fields. Message frames shorter than this minimum Jerigth are to be rejected py the receiving
device.

3.3.1.1 Data Mgssage Identification Field—The identification Field'identifies the message using 8 14 bit message
ID numiger which is contained in the first two bytes of-aldata message. The format of the ID field for a data
message is in Figure 10.

transmitted bit order: >

(in-byte bit assignments) msb msb
0 1 -2 3 4 5 6 7 0 1 2 3 4 5 6 7

IDp8 ID9 ID10 ID11 ID12 ID13 CBO CBl1 ID0 Ipl1 ID2 D3 ID4 IDS ID6 D7

id byte 1 id byte 2

FIGURE 10—DATA MESSAGE ID FIELD

In the dgita message, CBL1 is set to zero to indicate a data message. CBO is set to zerd for a broadcast
data mejssage and set to one for a data message which requires an acknowledgment. P13 through IDO
form therestof themessage1B:

3.3.1.2 Data Field—The optional data field contains any information beyond the message ID that needs to be
transferred by the message. The information transmitted in the data field is sent in byte format, meaning
that the data field is always an integral number of bytes. The data field may be from 0 to 256 bytes in
length. The contents, scaling, order of appearance, and processing of any data in the data field is user
defined and is a function of the message ID number.

3.3.1.3 Frame Check Sequence (CRC) Field—The 16 bit CRC conforms to the CCITT standard and detects all
single bit errors, all parity errors, and all burst errors less than 17 bits long. For burst errors longer than 16
bits, the CRC misses 0.0015% of all errors.

-13-



https://saenorm.com/api/?name=577abc7a1e2bfea84b11e3c4e8856a5b

SAE J2106 Reaffirmed OCT96

3.3.2

3.3.3

The Frame Check Sequence (FCS) field consists of two bytes of CRC code. The FCS field is used by
receiving devices to detect errors in incoming data messages. Generation and decoding of this field is as

follows:

The CRC is calculated by performing a binary division of the entire contents of a message (before NRZ5
bit insertion) by a generating polynomial G(X) (see Equation 2). The following CCITT-CRC (see Section 2,
“Data Transmission Over the Telephone Network: Series V Recommendations”) generating polynomial is
used where X = 2 (for modulo 2 operations):

G(X) = X**16 + X**12 + X**5 + 1

(Eq. 2)

obtained by the
hs the FCS, with

beginning of a

the transmitter
to be rotated by

te that NRZ5 bit

All bits jp—the—tb—anrd—data—fields—are—ireluded—inthe—-CRC—<aletlatien—Hhe—+emainder
division pf the data by the generating polynomial is appended to the end of the message
the folloying additions:

a. Firs{, the dividend initially contains all ones, and the CRC is calculated on each data [nessage bit as it
is transmitted. This allows the CRC to detect any missed or inserie€dyaries at thg
message.

b. Secpnd, the remainder from the binary division is inverted (one’s-complement) by
befdgre transmission of the FCS. This detects errors which make-the data field appea
a nymber of bits.

c. Thirfl, the FCS contains the CRC remainder, transmitted-most significant bit first. Ng
insertion is performed on the FCS after the calculation-and prior to transmission.

Receivefs perform a similar computation on incoming data after the NRZ5 bit has been del

the Frame Check Sequence (CRC) field within the<hinary division.

remaind
receiver
discarde

ACKNOWLH

This should resu
er of $FOB8 after the ID, data, and FCS_fields have been processed for a valid
does not find this remainder, then the ECS check has failed and the received me
d.

DGE FRAME—The acknowledge frame has the fixed format as in Figure 11.

l—msb(csl)
1 T 10U 1T T 1
_110101011 ||

idle
FIGURE 11—ACK MESSAGE FORMAT (FIXED)

eted, but include
It in a constant
message. If the
5sage should be

The contr

I'DIS CEL ald CBU dare Dot set 10 ones 10 Indicate aln aCkriowliedge messdge.

acknowledge frame is always $D5.

Thus, the valid

The system designer must assign only one node the responsibility for returning the acknowledge response to
a given message.

TOKEN PASS MESSAGE FRAME—The token frame is used to pass control of the link from one device to the
next. This frame indicates the Slot Number of the device that currently has transmitting privileges on the bus.
This frame is transmitted by the device currently in control of the link after it has completed sending its
current messages. The token message is always a single byte in length, and the format of this field is as in

Figure 12.

-14-
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control bits (01 = Token Msg)

lsb
f_— | i Token Slots with relative slot numbers shown
"l [p|slotefemyofa] * " T T T T T Tantela] anieT2] sni+ 3] ani+Ta] en'+'s] en+'s
il Bl idle T T S U T S e T T s e s R ol O o Y
even parity
FIGURE 12—TOKEN PASS MESSAGE FORMAT
3.3.3.1 TOken P OO I"V‘ICOOGUU CUI ItIU: Blto ThU CBC Al Id \/Bl blto arc QCt tU LCTTU (J.Ill‘:lI JTic, ICOHC\.; IVely, tO |nd|Cate
that this|frame is a token message.
3.3.3.2 Token Ppss Slot Number Bits—The five slot number bits contain the slot numbenthat the device used to
gain acdess to the bus during this token possession. All devices use the slot' humber tq determine their
transmit|delay time following the idle line at the end of the token message.
3.3.3.3 Token Ppss Parity Bit—The parity bit is set to the proper logic state‘toprovide even pdrity in the token
message. A token frame which has odd parity will be ignored if received.
3.4 Message Dg¢lineation—Message delineation is defined as the preper recognition of message frames within
the serial dgta stream. The NRZ5 bit insertion and deletion is_Used to provide the basis forf message frame
recognition. | Bit insertion prevents the bus from remaining in.one logic state for more than 5 |bit times. Thus,

the occurrern

Therefore, tihe minimum message delimitation time is specified as 8 bits of logic one (or idle |

reasonable

the end-of-npessage (EOM) idle line message delimiter, the start-of-message (SOM) synchr

acknowledg

34.1

3411

IDLE LINE (NORMAL MESSAGE DELIMITATION)—The idle line is the primary method of mes

Only mess
as the rec
a messagt
8 hit idle li

An idle lin
past the b

ce of six or more consecutive logic ones or zeros is the shortest method of boun
5ignal propagation delay margin. Longersperiods of bus inactivity may occur in s¢
e time out (ATO), the bus time out (BTO), and the bus jam.
ages that are delimited by(idle lines are to be accepted as valid messages. An id
bipt of eight consecutive logic ones by a receiver following the end of a received d
he.

P s to be reeognized only after the bus has remained at a logic one state for eigh

fing a message.
ne) to provide a
bveral situations:
bnization bit, the

sage delimiting.
le line is defined
hta byte. Even if

e data field ends in one‘or more logic ones (after bit insertion), these are not counted as part of the

t entire bit times

bundary of the last data byte in a message. This is important when passing the tq

were to d

clare an-idle line when it actually samples an eighth one, it could start transmit

ken. If a device
ing immediately,

possibly before ‘all devices had actually sampled that 8th bit. Delaying idle line recognition| beyond six until
itdimes have elapsed eliminates that possibility, since all devices would have had time to properly

eight full

sample the8tirit:

Idle Line (Inter-Message Gap)—Messages from the same device during a token possession time should
be transmitted with a minimum of idle time between them. The shortest idle time is the 8 bits necessary to
properly delimit the messages, and this should be achieved whenever practical. However, exception cases
may exist which cause this inter-message gap to exceed the 8 bit time minimum. As a goal, consecutive
messages should not have more than 16 bit times of idle between them to preserve the data throughput on

the bus.

This figure is subject to change if the constraints it places on transmitting devic

es is too severe.

The maximum message gap must always be less than a Bus Time Out in any case. The occurrence of a
BTO will force a device to relinquish token possession and respond to the BTO error.
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SYNCHRONIZATION BIT—The synchronization bit is a single binary zero which is transmitted for one bit time

immediately preceding any message on the bus. This bit is similar to a start bit used in standard UARTS.
Before the start of any message, the bus will be at the logic one (idle) state for at least an idle line time (8 bt)
and the logic zero sync bit both informs all receivers that a message is starting and provides the first

3.4.2
synchroniz
Figures 13
time———>

ing edge for NRZ5 bit decoding purposes.

and 14 depict the idle line, sync bit, and start of message.

idle line

Logic

Logic

3.4.3 ACKNOWLH
Time Out

response

The Ackn
expected

delimiting
by the des

be as sholit as practical for minimal impact on bus throughput. The ATO time is therefore d

times in d

[ ] [ T I 1 [ T
l I message 1 1dle I [47 message 2 I idle ACK ACK idle
WAIT
sync bit }::]——J
< 16 bt from idle

FIGURE 13—SYNCHRONIZATION AND GENERAL MESSAGE FRAMING

idle line

<— Message st

arts

T I I |

o

time———> Sync bit ———>| |<——

FIGURE 14—SYNCHRONIZATION BIT STARTING A MESSAGE

ATO) period of 20 bit times-beyond the request message’s idle line delimiter befor
hnd beginning to transmit the next message.

pwledge Time Out)(ATO) is the maximum number of bit times that a device

DGE TIME OuT—Messages-Which have requested an acknowledge must allow an Acknowledge

b declaring a no-

s to wait for an

hcknowledge ¢message to begin.
tination device. The required ATO time must be less than a Bus Time Out (see

Liration. Th|s aIIows adequate time for the deV|ce transm|tt|ng the acknowledg

incoming

the message 'which requires an acknowledge to the start of the acknowledge fram
1.4.4) and should

The ATO is defined as the time from the end of the idle line

being returned

ined to be 20 bit
to decide if the

dd a timing margin

for the ATO, a dewce should not begin theacknowledge if |t is unable to do so within 16 bit times from the idle

line at the

end of the previous message. See Figure 15.

Another important, though less critical, time associated with the acknowledge function is the time for the
device holding the token to resume transmission. This could be either a retransmission of that message if an
ATO occurred or another data message or a token message if a valid acknowledge was received. The
transmission start time should be as short as practical, but in general should not exceed 20 bit times
following either an ATO or a valid acknowledge message. This requirement is important to keep the bus
throughput burden of the acknowledge function to a definable minimum.
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[, o] EC N L

3.4.4

L[{———— 10 = ACK request

control bits
1sb r—[:{_
r—_ | L
1 11
L,141,=|
FIGURE 15—ACKNOWLEDGE MESSAGE TIMING

Bus TIME DuT—A Bus Time Out (BTO) is declared when the bus has remained at the_logic|one state for 32

time slots{ The BTO does not include the idle line at the end of a message. Duringnormpl operation, the
requiremet that one device continue to send tokens in the absence of other bus traffic previents idle periods
of more thpn 31 time slots. See Figure 16.

J idle

3.5

3.5.1

11
11

SLN O [SLN 1 |SDN.2 |SLN msg token
<~1—Bus Time Out (BTO) = 32 slots > 3 idle |[lpass |idle |....
SLN 3

Node takes)token here —!

FIGURE 16—+—BUS TIME OUT

In genera
Following

slots which define a BTO. When a valid.token message is received, the device should inste

wait for its
Operation

Network St
the connecti
objectives W
subtraction
guidelines g
to meet.

, a device should start counting(time slots whenever it finds that an idle lin
any bus activity except for a valid token message, the device should begin waitin

transmit delay time and ‘decide whether to begin transmission as described in
section.

ucture—This section describes the physical structure of the Token Slot Data Lin|
on of devices.to-the bus, transmission media, and bit rate. Each application m4
hich affect the-final configuration of the system. For instance, a requirement for ¢
pf devices_on the bus will affect the method of coupling to the transmissior]
ven here represent the basic characteristics which all applications of the Token §

b has occurred.
g for the 32 time
ad calculate and
the “Token Slot

k. This includes
y have different
asy addition and

medium. The
lot bus are likely

Bus TopoLOoGY—The Token Slot Data Link is functionally configured as a bus, such that all devices transmit
and receive over a single common path, and all devices receive information transmitted on the link
simultaneously (within the bounds imposed by finite propagation delays in the wiring, receive circuitry, etc.).

A discussion of key considerations associated with the physical bus configuration is given in the following
paragraph. Consideration of these factors during the physical bus design will produce a proper
determination of the time width of the token slot. This is necessary to assure that all nodes can detect that
the token has been taken. The Token Slot Protocol is specially adept at accommodating the bus propagation
delay in that the token slot periods can be adjusted to varying time widths to accommodate a given vehicle
platform design without affecting either the ability of the protocol to operate at the highest practical media
data rate or the ability to determine the maximum message latency time.
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Figure 17

describes the propagation delay considerations for the Token Slot Network. It is most important
that the slot width time is long enough to include two worst-case maximum propagation delays (2*Tpd max =
a round trip), an adequate receive node sample window time, and a transmitter turn-on delay. The two nodes
in question are presumed to be the furthest time distance apart (Tpd max). Note that
considerations also apply to the contention based protocols—and on each bit in the contention field.

many of these

[ SLN + 1 |
Token Passing N Token| idle I _]
Node Pass line |
Msg
Node SLN Hrop
—— tpd max ——>{<— Sample + —>1<— tpd max =—>{<—[Helay-
Xmt On Delays Margin
Token Taking Token| idle I SLN+1
Node Pass line
Msg
Xmtr ON Distant
Node Seges
Token ils Taken
FIGURE 17—PROPAGATION DELAY CONSIDERATION
The physical layer configuration is not specifieds here, since transmission medium, phygical location of
devices on the bus, and failure mode concerns dictate these requirements at the system level. However, the
method of|coupling devices to the bus mustiensure that individual device loss of power, trahsmitter turn-off,
or other device failures do not render the-bus inoperative.

3.5.1.1 BuslLen

bus mediia components. Consideration of such factors as transmitter output energy, re

and dyn
etc., det
two dev
budget.

3.5.2 PHYSICAL
transmissi

gth—The maximum length of the bus will be application determined by the char|

pamic range, bus losses, terminations, propagation delays, environmental effects
brmines the greatest acceptable length of wire or optical fiber between the bus trg
ces on the bus:* The connection to any off-vehicle instrumentation must be includ

hcteristics of the
Ceiver sensitivity
on components,
nsceivers of any
ed in this length

modate various

MEDIUN~—The Token Slot Data Link offers implementation flexibility to accom
pn media at a variety of bit rates Each medrum supports a maxrmum bit ra

achieved

e which can be
ormance in on-

vehicle applrcatrons Thus the maximum bit rate is limited by the range aIIowed by the transmission media.

3.5.2.1 Transmission Media—The following media are candidates for use in systems using the Token Slot bus:

single random lay wire, twisted pairs, twisted and shielded pairs, and fiber optics.

depends on the required bit rate and economic trade-off studies for each application.

The actual choice

3.5.2.2 Data Bit Rates—Data bit rate is only limited by the available technology of bus media, receivers,
transmitters, etc. Future improvements in components and media will allow a virtually unlimited future data
rate growth path beyond the 1 or 2 Mbits/s capalbility.
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3.5.2.3

3.5.2.4

Bit Rate Tolerance—Each device must maintain the selected bit rate within a tolerance maximum
consistent with reliable bit sampling and token acceptance detection. The Bus Time Out condition is the
most vulnerable to this parameter with 32 token slot times to run without a clock synchronization signal.
Factors which influence the bit rate tolerance include variations due to part tolerances, operating
temperature range, and component aging.

Logic Zero Dominance—The transmission medium and the bus transceivers must be designed such that a
logic zero being transmitted by one device will override logic ones being transmitted by one or more other
devices. Use of a dominant logic state allows both better collision detection and the ability to force a jam

signal onto the bus.

3.6 Node Devic

aceribaoc Hiac oL

Caoncidaratiaona Thic caoecticondl H tha o af-d 7=
TS SCCTOTT Ot SCTToT Sttt Ottt C S~ O OTVvVICT)

s which transmit

and receive

microcompu

here, althou
3.6.1 MESSAGE
acquisition
validation,
sections.
3.6.1.1 Require
valid slg
can acq
time slo
are not {
3.6.1.2 Transfer
transmit
at the Iq
received
device n
transmit
andisc
by a dey
3.6.1.3 Messag
ontheb
3.6.1.4 Messag
every to

information on the Token Slot Data Link. The actual partitioning of these,dut
ter software, protocol support hardware, and the line driver/receiver hardware
hh the indicated timing constraints will affect that partitioning.

[RANSMISSION—The required capabilities and duties of a device transmitting a 1
of transmitting privileges, message selection, actual transmissien of the me
and proper recovery from error conditions. These requirements are detailed

] Resources for Transmission—A device must have bath transmit and receive ¢
L number to transmit messages on the Token Slot bus. Receive capabilities are
Liire the token and monitor its own transmissions,‘The slot number is needed s
can be used to take the token before beginning transmission. Devices without
o be allowed to acquire token possession.

of Transmitting Privileges—A device«0btains transmitting privileges by determ
delay time following activity on the.bus and then beginning a transmission if the b
gic one state for that time. The-transmit delay time is calculated using the S
token message or using a Slot*Number of 31 after a bus jam or bus time out ha
nust begin its transmission((that is, drive the bus to the dominant state) within a s
delay time elapses. This. time includes the delays in the serial hardware and the
pmpensated by adjusting the system token slot width. In normal operation, the lal
ice will be a tokep-message containing that device’s Slot Number.

b Selection—When a device obtains transmitting privileges, it may transmit one or|
us. Each¢device is responsible for deciding which message(s) to transmit.

b Update Rate—In general, it is undesirable for a device to send every possible
ken, possession. Such an approach would use excessive bus bandwidth and

es between the
is not specified

nessage include
bsage, message
in the following

hpabilities and a
eeded so that it
that the proper

these resources

ning the proper
IS has remained
lot Number in a
5 occurred. The
nort time after its

bus transceiver
5t message sent

more messages

message during
tend to limit the

growth

- O Y - ! = 1 1 bald " el 1 ) [
ULCTIUar UT i TITWUTR. - LallT Thiesoaytt STUUIU DT Uharisimieu Uiy at uic upudailc

rate required by

3.6.1.5

other devices in the system or when an event causes a change in status. Background status summary
messages may be scheduled and sent periodically to update receiving nodes which may have missed the
initial event driven message. Decisions to send or withhold messages based on current bus “business”
and maximum hold time limits may be implemented by a node if authorized by the system designer.

Maximum Token Possession Time—Each device on the bus should be assigned a maximum time that it
may hold the token on any individual possession. This maximum token possession time helps to bound
the token rotation time for the system. A device must look ahead and may not begin transmission of a data
message which would cause the maximum token possession time to be exceeded. The token message
must be sent as the final message even if this maximum time has been reached or exceeded. While this
function is defined as a time period, the actual implementation may count the number of bit times or
number of bytes that the device has token possession.
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3.6.1.6

3.6.1.7

3.6.1.8

3.6.1.9

The actual time required to send a message is not known before beginning the message. This is due to bit
insertions which may occur in the message and the limited but unknown length of time which may be
required for an acknowledge to the message. These factors force the token possession time to be
somewhat hard to exactly control. The minimum implementation of the maximum token possession time
monitor is for the device to add the number of bytes already transmitted to the length of the next message,
and compare this sum to a fixed maximum. If the sum is less than the maximum, the message is
transmitted. This method does not account for bit insertions, inter-message gaps, and acknowledges
which may have occurred during the current token possession. A better method is for the device to use a
timer to accurately assess the current token possession time and then estimate whether the next message
will fit into the maximum token possession time by its message length. In this way, the token possession
time will be affected only by bit insertions in the next message and time required for an acknowledge.

See Appendix A for methods of calculating and predicting message latencies.

Transmigsion Monitoring—Each device must monitor its transmitted data streamcf@r’evideince of corrupted
data on|the bus. This monitoring by the transmitting device is done to detect bus [collisions, noise
corrupted transmissions, and transmitter underruns. Since a transmittéryknows what data is being
transmitfed, it can compare the data it receives to the data it transmitted with’ a high probability of detecting
these erfors. This comparison can be done at either a bit level or a byte|level.

Transmif Message Validation—A message is not to be consideréd to have been succesgfully transmitted
until the[following conditions are met:

a. All tfansmitted bytes have been received correctly by the device’s receiver. This gives|a high degree of
confidence that no interruptions in the data stream ‘occurred, that a collision situatjon did not exist
during transmission, and to a lesser degree that'noise did not corrupt the transmission.

b. An idle line condition was sensed by the receiver both preceding and following the|message. This
enslires that the message was properly delimited.

c. If tHe message was a data message (CT1 bit = zero in ID field) and contained a request for
ackmowledgment (CBO bit set in the 1D field), a valid acknowledge frame must have been received
following the idle line at the end of,that message. This acknowledge frame must have been started
befgre an Acknowledge Time Out(ATO) condition is reached.

Error Hg
operatio

Transmi
data is
signal is]

ndling and Recovery==Proper response to error conditions is essential for co
h of the Token Slot bus. The following error recovery procedures must be observed

ted and Regeived Data Differences—When a discrepancy between transmitted d
letected, the: current message must be terminated and a jam signal sent on th
intended:to communicate the error condition to all devices by forcing bit encodin

in their

that all receivers sense at least six consecutive zeros.

ceivedrdata. This jam signal must be started before an idle line occurs which v

nsistent, reliable
d by all devices.

hta and received
b bus. The jam
) errors to occur
ould delimit this
es to reject the

te‘the receiving devices. Otherwise, the jam would not cause other devic

ration to ensure

The jam signal is also sent if a transmitter detects that the idle line following the current message is
corrupted. Once the message has been delimited by eight consecutive logic ones, a continuation of logic
ones may extend the idle line. The transmitting device is to continue to monitor the bus for an idle condition
(logic ones received) during this inter-message gap and issue a bus jam if a logic zero is received during
this time.
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3.6.1.10

3.6.1.11

3.6.1.12

3.6.2

3.6.2.1

3.6.2.2

3.6.2.3

3.6.2.4

3.6.2.5

Transmitter Underrun—A transmit underrun typically occurs when the transmitter hardware runs out of
data to transmit before a message is completed, causing a gap in the bit stream. If a transmitter should
detect a transmit underrun condition, it must immediately issue the bus jam signal and cease transmission.
As discussed in the previous section, this jam must begin before a valid idle line is completed following the
message data.

Acknowledge Frame Errors—When a device sends a message requesting an acknowledge, an
acknowledge frame must be started before an Acknowledge Time Out (ATO) is declared. Any activity on
the bus before the idle condition is achieved will cause a transmission error in the transmitting device, since
an early start of the acknowledge frame will cause the acknowledge to be ignored. If, following the idle line,
some bus activity occurs before an ATO elapses, but a valid acknowledge frame is not received
(acknowgeds i i R, aRSHH iee 0y e Re message was
not recdived by the proper device. Finally, if an ATO elapses following the idle line. at the end of the
message, the transmitting device re-assumes transmitting privileges and continGes’ transmission with
either a fepeat of that message, a new data message, or a token message. Thiscsubsequent transmission
must befin before a BTO can be detected by any receiver on the bus. The only‘condition|that will cause a

transmit
frame is

If the trd
not rece
the mes

Transmi
assist in

RECEIVE M
the Token
message

Resourg
receive
acknowl
or send

Receive
actually
certain 1

Token M
interpret

ing device to validate a message containing an acknowledge requést is that a va
started within one ATO of the idle line delimiter.

nsmitting device waiting for the acknowledge detects bus activity before an ATO
ve a valid acknowledge message, it should wait for an idle line to occur then attg
sage or send a token message if a retry has already been made.

ter Error Counter—Each device should maintainhan error counter for transmitt
fault diagnosis and isolation.

ESSAGE VALIDATION—This section definesithe required actions of devices receivi
Slot bus. The duties of a receivingZdevice include message reception, me
alidation, acknowledgment (when applicable), and error handling and recovery.

es for Message Reception—Jo,receive messages from the Token Slot bus, a dd
capability. Transmit capability is not required, but if available, it may be u
pdge message when appropriate. A valid slot number is not required to either re
an acknowledge message.

receivable by“all devices since any device can listen to any transmission on the
pstrictionson message reception exist and are described in this section.

essage’Reception—All devices that require transmitting privileges on the bus 1
all-token messages before assuming the transmit mode.

lid acknowledge

occurs but does
mpt one retry of

bd messages to

g messages on
5sage selection,

vice needs only
sed to send an
ceive messages

Message Selection—Because of the bus configuration of the Token Slot bus, gll messages are

bus. However,

hust accept and

Broadcast Data Messages—Messages identified as broadcast data messages can be received and used
by any device on the bus that knows the format and processing rules of that message. This implies that
changes to this message must be communicated to all users of the bus.

Data Messages with Acknowledge Request—These messages are used when only one device on the bus
has been designated to receive and acknowledge the message. The receiving device is required to
transmit an acknowledge frame in response to that message if it meets the requirements in 3.6.2.11.

All devices except the one requesting an acknowledge to a message should disregard acknowledge
messages which may occur on the bus. This restriction does not apply to diagnostic equipment.
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3.6.2.6

Acknowledge Frame—If a received data message containing a request for acknowledge (CBO bitin ID = 1)

passes the preceding validation tests, an acknowledge frame must be transmitted. This acknowledge
frame is to begin within 16 bit times from the end of the idle line delimiting the message to allow the original
data message sender time to detect the response before it declares an ATO. This 16 bit time limit may
need to be adjusted to accommodate physical bus propagation properties. If the message did not pass all
the validation tests, or if the receiving device does not have transmit capability, no transmission shall take

place in response to the acknowledge request.

A device that has transmit capability

must return the

acknowledge message when required if it is functional and capable of acting on the message.

Any errors encountered during transmission of the acknowledge frame are to be handled as if the device
were transmitting a data message or token message. It is appropriate for the receiver to issue a bus jam

when th

3.6.2.7

3.6.2.8

3.6.2.9

3.6.2.10

at least

that Corl

3.6.2.11

a.

b.
c.
d.

No

e. No

Failure

Messag
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messag

Bit Encad
for bit e
same |0
consecy

Error CH
receivin

Minimun
delimite

Receive
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The
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The
The
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datactad

ap-Qrrora oro
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b Delimiting—All messages are to be delimited with an 8 bit time idle conditien th
vers as an idle line. Receiving devices use idle lines to define thechoundar
bs on the bus.

ding Checks—During reception of a message, each receiving device is to monito
hcoding errors. An NRZ5 bit encoding error is the occurrence of six consecutive
gic state. Six or more consecutive logic zeros is interpreted’as a bus jam, W
tive ones may be seen as either an encoding error or the beginning of an idle line

eck Field—All data messages contain a 16 bit CCITT CRC at the end of th
) devices should use this CRC to check the validity,of the received data.

N Message Length—The minimum length for data messages is 4 bytes not inclu
(2 ID bytes + 2 CRC bytes, if no data bytes). A receiver is to reject any data me
l bytes long. The length of token messages and acknowledge messages is alwa
trol bit CB1 = 0 in the ID field distinguishes data messages from tokens and ackn

Message Validation Summary—A message will not be considered to have bg
until the following conditiansare met:

message was properfly:delimited by idle lines (this is a basic requirement for defir]
sage).

it encoding errars-were detected between the idle lines.

CRC or parity‘check revealed no data errors.

received message contained an integral number of bytes (counted after the bit de
ng decading), and if it was a data message, was at least the minimum 4 bytes in I¢

At will be seen in
es of individual

the data stream
bit times of the
hile six or more

b

message. All

ling the idle line
5sage that is not
ys 1 byte. Note
bwledges.

ben successfully

ing an individual

letion performed
ength.

Eceiver overflow conditions occurred during reception of the message.

and, if assigned Acknowledge responsibility, it will not return the ACK message.

'e) the message

PREPARED BY THE SAE CLASS C TASK FORCE OF THE SAE VEHICLE NETWORK FOR MULTIPLEXING

AND DATA COMMUNICATIONS STANDARDS COMMITTEE
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APPENDIX A
DETERMINATION OF MESSAGE LATENCIES

A.1 Token Slot Message Data Overhead Summary (in bit times = bt):

Synchronization bit 1
ID 16
Data (system determined limit, e.g., 0 to 256 bytes) var
CRC 16
Intermessage delimiter gap 8
Acknowledgerespense{Hreguesteeh—gap 16
Pér message overhead—with ACK: 57 bt
or P¢r message overhead—without ACK: 41 bt
A.2 Token Pasging Slot Overhead:
Slot width (assume xmtr on at mid slot = 1 bt) 1
Token Ppss Message 8
Delimitef gap 8
Tdken pass overhead per node: 17 bt
A.3 Summary of Loop Time Calculations:
For P ngdes using R slots sending an N message:loop
with M total message data bytes:
Total mgssage overhead (no ACK) = 41N
Total token overhead = 17R
Total mgssage data time (m x 8 bits) = 8M
Unused |slots = slot width x (max #Slots—#used) = 1(32-r)
Tdtal Loop Time Formula 41N + 17R + 8M +1(32- R)
A.4 Example Tdken Slot Timing €alculation:
For a 34 node system using 8 slots to send a 16 message loop
with 32 fotal mesage data bytes (2 msgs x 2 bytes) per slot
x 8 slotg;
Total mgssage overhead (no ACK) 41x16 = 6p6
Totattokenmoverhead +7x8—136
792
Total message data time (16 msgs x 2 bytes x 8 bits) +256
Unused slot time (1 bt per slot x 24 unused slots) + 24
Total Loop Time 1072 bt

Data efficiency = Total Data/Total Loop Time = 256/1072 = 24.0%
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