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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’2.

the technical committees are circulated to the member bodies for voting. “Publication as
| Standard requires approval by at least 75 % of the member bodies casting'a vote.
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consists of the following parts, under the general title Road vehicles — Controller area network
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In the classic CAN network, communication is event-triggered; peak loads can occur when the transmission of
several messages is requested at the same time. The non-destructive arbitration mechanism of CAN
guarantees the sequential transmission of all messages according to their identifier priority. For hard real-time
systems, a scheduling analysis of the entire system is done to ensure that all transmission deadlines are met
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Scope

part of ISO 11898 specifies time-triggered communication in the controller area network (CA
munication protocol that supports distributed real-time control and multiplexing for use

cles. It is applicable to setting up a time-triggered interchange of digital information betwee
rol units (ECU) of road vehicles equipped with CAN, and specifies, the-frame synchronisatio
rdinates the operation of both logical link and media access controls.in accordance with ISO
ide the time-triggered communication schedule.

E Time-triggered CAN is a higher level protocol layer additional to the CAN protocol itself, wi

sage at a specified value independent of the CAN bus load.” Time-triggered CAN is implemented o
I 1 is restricted to the cyclic message transfer, while Level 2, in addition, supports a global systemn

d starting with a reference message is called a basic cycle and is subdivided into several time w
ence messages are used to synchronise and calibfate the time bases of all nodes to the time master

iding a global time for the network. A mechanism is provided for alternative time masters to substitute for
ter.

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition*-cited applies. For undated references, the latest edition of the
iment (including any-amendments) applies.

11898-1, Road“\vehicles — Controller area network (CAN) — Part 1: Data link layer a
alling

11898-2, Road vehicles — Controller area network (CAN) — Part 2: High-speed medium acce

14898-3, Road vehicles — Controller area network (CAN) — Part 3: Low-speed fault-tolera
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3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11898-1, 1SO 11898-2 and

ISO

NOTE
wher

11898-3, and the following apply.

e the parameter consists of two or more words.
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31
application watchdog
entity which verifies that the application is operating properly

3.2
arbitrating time window
time window assigned to messages that share the same time window

3.3
basic cycle
row of the system matrix of several consecutive time windows

3.4
Cycle_Timg
difference Hetween the local time of an FSE and its Ref _Mark

3.5
Cycle_Count
number of the current basic cycle of the matrix cycle

3.6
Cycle_Count_Max
value of Cygle_Count of the last basic cycle in the given system matrix of the/snhetwork

3.7
Cycle_Offget
parameter gpecifying, within a matrix cycle, the first basic cycle for,which an Rx_Trigger or Tx_Trigger is valid

3.8

Disc_Bit
part of the feference message signalling a discontinuity in global time caused by an external clock corregtion
by the time master

3.9
error sevelity
levels of digtinguished severity of an error.

3.10
exclusive fime window
time window assigned to a specific message transmitted periodically without competition for the CAN bus

3.1
Expected_[I'x_Trigger
local parameter which)specifies, for each FSE, the number of Tx_Triggers the FSE is expected to actijate
between twp starts of a matrix cycle

3.12
Frame_Synchronisation

pulse, generated in each FSE and for each data frame and remote frame in the CAN network at the sample
point of start of frame (SOF) bit, synchronous in the whole network, disregarding signal propagation times,
and with an optionally added time offset referencing to the sync_segment of the SOF-Bit, to compensate for
variations of bit timing configuration in the system

3.13

frame synchronisation entity

FSE

part coordinating the operation of logical link control and media access control

NOTE Each CAN controller in a time-triggered CAN network has its own FSE.

2 © ISO 2004 - All rights reserved
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3.14
free time window
time window free of messages scheduled in the system matrix

3.15
global time
node view of the global time of the current time master

3.16
Global_Ref_Mark
parameter saved on successful reception of a reference message

31
Glopal_Sync_Mark
current value of the node view of global time, saved at the pulse of Frame_Synchronisation

31
Init| Watch_Trigger
valye of the maximum of cycle time

3.1¢
Initial_Ref_Offset
initiglisation value that loads the Ref_Trigger Offset

3.2(
level
levgl of implementation of time-triggered CAN in accordance with this part of ISO 11898

NOTE There are two levels, Level 1 and Level 2, withslievel 2 an extension of Level 1.

3.21
local time
timg generated by a cyclic incrementing counter

3.23
Logal_Offset
diffgrence between Global_Ref Mark and Ref Mark, saved at each successful completion of the reference
megsage

3.23
master state
veclor which combines the FSE states referring to error, synchronisation and master-slave relgtion, i.e. a
triplet (error level.sync_mode, master-slave_mode)

3.24
MasteriRef_Mark

MR

parameter transmitted by the time master in the reference message

3.25
matrix cycle
cycle of all basic cycles in the system matrix, consecutive from the first to the last basic cycle

NOTE The matrix cycle is the same as the basic cycle if the system matrix consists of one basic cycle only.
3.26

merged arbitrating time window
single window into which consecutive arbitrating time windows are merged

© 1SO 2004 - All rights reserved 3


https://standardsiso.com/api/?name=88cf324f51f972f4a97937d431bade44

ISO 11898

3.27

-4:2004(E)

message object
buffer providing storage of an LLC frame together with control and status information

3.28

message status count

MSC

error counter providing means for detecting scheduling errors for messages sent in exclusive time windows

3.29

network time unit

NTU 'I
unit measu

3.30

ing all times and providing a constant of the whole network

network view
system asppct of network parameter

3.31
node view
local aspec

3.32
node view
integer part

3.33
potential ti
frame sync

3.34
Ref_Mark
parameter

3.35
Ref_Trigg
parameter

3.36

of network parameter

of global time

of the sum of local time of the node and its Local_Offset

e master
ronisation entity that is allowed to send a reference message by system configuration

aved on each successful completion of the reference message

r_Offset
sed to modify the time mark within a Tx_Ref_Trigger such that it sends a reference message

reference message

message (d

3.37
Repeat_Fa

parameter gpecifying the repetition rate of a message within a transmission column, being a part of Tx_Tri

ata frame) that starts a basic cycle

tor

or Rx_Trigder parameters

jger

NOTE

3.38
Rx_Trigger

The unit of the repetition rate is “rows in the system matrix”.

parameter that specifies when the successful reception of a message will be verified

3.39
Sync_Mark

current value of the local time saved at the pulse of Frame_Synchronisation

© ISO 2004 - All rights reserved
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3.40

system matrix

form containing all messages of all nodes in the network, organised as components and consisting of time
windows organised in basic cycles (rows of the matrix) and transmission columns (columns of the matrix)

NOTE The system matrix specifies the correlation between messages and time windows (type and time mark). The
first basic cycle in the system matrix starts with Cycle_Count 0.

3.41

time gap
time between the end of a basic cycle and the beginning of the next basic cycle, when the beginning of the
nexfbasic cycle Is synchronised 10 an event

34

time mark
mark within a frame synchronisation entity specifying an instant of Cycle_Time (in NTUs) at which a certain
actipn is expected or planned

3.4
tim¢ master
franmpe synchronisation entity sending the reference message

3.44
time¢ window
amaount of time allocated for a specific transmission column in the system matrix

3.45
trarjsmission column
colymn of the system matrix whose elements correlate to a particular time window repeated in|each basic
cycle

NOTE Transmission rows are the basic cycles'of the system matrix.
3.4

time unit ratio

TU

ratip between the length of a NTU and the length of the FSE specific basic time unit (e.g. logal oscillator
peripd) used for clock synchronisation

NOTE TUR is, in prinCiple, a non-integer number. The node view of a NTU is implemented by the value ¢f TUR.

3.4

Tx_[Count
coupter that4dsyreset at each start of a matrix cycle, i.e. after identification of the corresponding reference
megsage with- Cycle_Count equal to zero

3.4
TX_ nabte
time period within which the transmission of a message may be started

3.49
Tx_Overflow
status flag set when more Tx_Triggers occur than specified by Expected_Tx_Trigger

3.50

Tx_Ref_Trigger
special Tx_Trigger parameter referring only to the triggering of reference messages

© 1SO 2004 - All rights reserved 5
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3.51

Tx_Trigger

parameter specifying when a certain message will be transmitted and which consists of a time mark, the
position within the transmission column in respect of the first sending (Cycle_Offset) and the repetition rate
(Repeat_Factor) within that transmission column, and a reference to a message object for which the
Tx_Trigger is valid

NOTE The Tx_Trigger also contains information about the window type (exclusive, arbitrating, merged).
3.52
Tx_Underflow

status flag §et when Tess Tx_Triggers occur than specified by Expected_Tx_Trigger
3.53

Watch_Trigger
time mark ysed to check whether the time since the last valid reference message has been toglong

4 Abbreviated terms

CAN controller area network

FSE frame synchronisation entity
LLC logical link control

LSB least significant bit

MAC medium access control
MSB most significant bit

SOF start of frame

5 Basid concepts of time-triggered CAN

5.1 Geng¢ral conventions

For the purposes of this part:ofISO 11898, the following conventions apply.
Application watchdogiregularly served by the Host_Alive_Sign parameter.
Arbitrating| timetwindow conflicts are resolved by the identifier arbitration of CAN and a CAN node may not
start transnjission'if the bus is not idle. Several CAN nodes in the network may start a transmission withir| the

Tx_Enable |window of an arbitrating time window. The immediate automatic retransmission is disabled.
Exception: merging of time windows.

Basic cycle elements are several consecutive time windows. The number and length of the different time
windows is specified off-line and is the same for the whole network. Each basic cycle of the system matrix
consists of the same sequence of time windows, starting with the time window for the reference message.

Cycle_Time is truncated to the most significant 16 bits of the difference between the local time of a FSE and
its Ref_Mark, Cycle_Time = most significant 16 bits of (Local_Time — Ref_Mark).

Cycle_Count starts counting at zero.

Cycle_Offset is part of a Tx_Trigger or Rx_Trigger parameter.

6 © ISO 2004 - All rights reserved
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Error severity: no error (S0), warning (S1), error (S2), and severe error (S3).

Expected_Tx_Trigger: when Tx_Count reaches Expected Tx_Trigger, all further Tx_Triggers of this FSE in
the current matrix cycle are disabled.

FSE handles the transmission or reception of the time reference messages and provides a status and control
interface to the application layer.

Free time windows are reserved for future extensions of the network.

Global Sync Mark (Level 2 only) is saved at the pulse of Frame Synchronisation. This value contains the

16-it integer part as well as the fractional part of the sum (local time + local offset).

| time shall

ement being

pbn or were

Init| Watch_Trigger has the value of 216—1, the maximum of cycle time.

Logal time is generated with a width of 16 bit in Level 1 and at least 19 bit in Leyel'2. All but the 16 most
signfificant bits in Level 2 give fractional parts of a NTU. The incrementation procedure of loca

guarantee that the non-fractional part is incremented once each local equivalent,of NTU.

EXAMPLE If the fractional part uses 3 bits, local time is incremented eight times in Level 2, each inc

the Ipcal equivalent of NTU/8.

Insile a merged arbitrating time window, the retransmission’for frames that lost arbitrati

distrbed by an error is enabled.

NTU

Nogd
frac
of t
con

Ref
Ref

Rx |
recq
coly
tran
SeV
exc

) is a constant of the whole network:
in Level 1, NTU is the nominal CAN bit time;
in Level 2, NTU is a fraction of the physical se¢ond.

e view of global time is the integer part-of the sum of local time of the node and its Local |
tional part is used for clock synchronisation only. Hence the node view of the global time is the
he global time in (local) NTUs. It shall be possible to provide the node view of the global
inuous monotonic value to the application.

| Mark: at each successful_completion of the reference message, the current Sync_Mar
| Mark.

Trigger: the necessary information for an Rx_Trigger consists of a time mark (point of time aft
ption of the corresponding message is expected to be completed), the position within the t
mn in respeci-to the first reception (Cycle Offset) and the repetition rate (Repeat_Factor
smission column, and, of course, a reference to a message object for which the Rx_Trig
eral Rx_Triggers may be specified for the same message. Rx_Triggers are intended for mess
usivestime windows only.

Offset. The
local image
| time as a

k becomes

er which the
ansmission
within that
er is valid.
ges sent in

Ti indow: the it i ind usi pjtrati 5

TUR (Level 2 only) is used for clock synchronisation.

Tx_Count: each time a Tx_Trigger becomes active, Tx_Count is incremented. Tx_Count is not incremented
beyond Expected_Tx_Trigger.

Tx_Enable is opened with Tx_Trigger and closed after a predefined number of nominal CAN bit times
specified by the system configuration.

Watch_Trigger parameter value depends on the mode of operation (event synchronised or time-triggered) of
Time-triggered CAN.

© 1SO 2004 - All rights reserved
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5.2 General principle of protocol

5.21

System matrix — Matrix cycle

In a time-triggered system, all messages of all nodes in the network may be organised as components of a
system matrix. The system matrix specifies the correlation between the messages and the time windows in
which they shall be sent. In time-triggered CAN, the system matrix shall be organised in basic cycles (rows of
the matrix) and transmission columns (columns of the matrix). The number of basic cycles in the system
matrix shall be a power of two (2), its minimum value is 1. Each basic cycle starts with a specially
characterised message: the reference message (see Figure 1).

Reference Exclusive Exclusive Arbitrating Free Exclusive Exclusive Reference Exclus|ve
message window window window window window window message windo
Time windows
for messages
Time
Figure 1 — Basic cycle of time-triggered CAN
Within a baic cycle, a message may be assigned to more than-one time window, i.e. a specific message may

belong to n

matrix cyclg. Within a matrix cycle, Cycle_Count shall_count the number of the basic cycles. The cour

shall start 3
by the timg
basic cycle
transmitted
(Cycle_Co\

A column
message

ore than one transmission column. The cycle of-all basic cycles in the system matrix shall be

t zero and shall end at Cycle_Count_Max¢cThe current value of Cycle_Count shall be transm
master as part of the reference message. In particular, it shall be cyclically incremented ¢
by the time master. Any FSE receijving a valid reference message shall use the cycle ¢

in that reference message.( The number of basic cycles within a matrix G
nt_Max+1) shall be an integer power of two (2).

pf the matrix cycle is called’ a transmission column. Within a transmission column, a spe
ay be transmitted periodically with a period that is a power of two (2) that is not greater than

number of
value of
Cycle_Offs
transmissio

5.2.2 Tim

message

ows in the system matrix. The unit of the period is “rows in the system matrix”. The number (
cle_Count) of the\basic cycle in which this specific message is transmitted first is ca
t; the period 4sy-called Repeat Factor. A specific message may belong to more than
column and.may be transmitted in more than one time window of a transmission column.

windows

the
ting
tted
ach
bunt
ycle

cific
the
AS a
lled
one

be within the Tx_Enable window.
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In time-triggered CAN, three different types of time windows shall be provided:

— exclusive time windows;

— free time windows;

— arbitrating time windows.

A basic cycle may consist of time windows of different type and length. All time windows of a transmission

column shall have the same length but may have different types (see Figure 2, which shows a system matrix
with Cycle_Count_Max = 3).

Transmission columns
I I I I I I I
I I I I I I I
Blasic cycle 0
Reference N Free N
message Message A Message C | Arbitration windew Message D Message ¢
Basic cycle 1 R
eference I
message Message A | Message R [ MessageM | Message R | Message M | Message €
Basic cycle 2 R
eference o o I
message Message A | Arbitration Arbitration Message T Message D | Message ¢
Basic cycle 3
Reference Free X
message Message A Message U Message M window Message M | Message ¢
I I I I I I |
I I I I I I I

Figure 2 — System matrix

Exclusive time windows are assigned to a specific message transmitted periodically without competition for
the CAN bus. Only one FSE in the network may start a transmission in an exclusive time window. Arbitrating
time windows are assigned to messages that share the same time window. Within arbitrating time windows,
bus conflicts are resolved by CAN identifier arbitration. Several FSEs in the network may start a transmission
in the arbitrating time window. In case of a lost arbitration, the automatic retransmission shall be disabled
(exception: merged arbitrating windows). Consecutive arbitrating time windows may be merged to one single
window. Frames that lost arbitration or were disturbed by an error may be retransmitted inside the merged
arbitrating time window. Free time windows are reserved for future extensions of the network.

NOTE For details concerning the Tx_Enable windows, see 7.2.2.

© 1SO 2004 - All rights reserved 9
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5.2.3 Event synchronised start of basic cycle

In a time-triggered system that is not event-synchronised, the reference messages shall be transmitted
periodically in equidistant time slots. Time-triggered CAN shall have the option to synchronise the basic cycles
to a specific event in the time masters’ nodes. When the communication is to be synchronised, the cyclic
message transfer shall be discontinued after the end of a basic cycle and a time gap may appear between the
end of the last periodic basic cycle and the beginning of the next, event-synchronised basic cycle. The time
gap shall be announced by the current time master in the last basic cycle’s reference message. The time gap
ends as soon as the current time master or one of the potential time masters sends a reference message to
start the following basic cycle of the matrix cycle. This is shown in Figure 3.

NOTE The event-synchronised start of a basic cycle can be used to synchronise the transmission cycles of,two or
more time-triggered CAN busses.
External start Exterhal start
L Basic cycle Basic cycle
Reference Reference Reference
message Message A |Message C|Message D |Message C message Message A [Message C|Message D |Message C message MessagelA
External |— Next_is_Gap set Time gap
gap request
Global tifne

Figure 3 — Event-synchronised basic cycle

5.3 Reference message

5.3.1 Desgcription

D

e, A

All time-trig
reference 1
accepted b
code shall
shall not b
the messag
masters.

Both in Ley

gered, periodic communication on the CAN bus shall be based on the reference messag
hessage shall be a data frame characterised by a specific CAN identifier and received
all FSEs except thetime master (sender of the reference message). For Level 1 the data le
pe at least one (1)) for Level 2 the data length shall be at least four (4); otherwise, the mess
accepted as-eference message. All bits of the identifier except the three (3) LSBs characte
e as a reference message. The last 3 bits shall specify the priorities of up to 8 potential

el £ and in Level 2, the reference message shall contain the number of the current basic G

and
ngth
age
rise
ime

ycle
the

(Cycle_Co\

ntyand the status bit, Next_is_Gap, that announces whether the next cycle will begin with

event-synchronised transmission of _the reference message. In Level Z, the reterence message shall
additionally contain the Master Ref Mark (measured in global time) and the status bit, Disc Bit, that
announces whether there is a discontinuity in the global time. The time master shall transmit the reference
message, usually in equidistant time slots or optionally synchronised to a specific event. If the reference
message is disturbed by an error, it shall be possible for it to be retransmitted immediately. Note that, if
retransmission is disabled, there might no longer be any communication on the bus. In case of a
retransmission, the transmitted Master Ref Mark shall be updated. The reference message usually shall be
sent periodically, but it is permitted to stop the periodic transmission (Next_is_Gap bit) and to initiate event
synchronised at the start of the next basic cycle by the current time master or by one of the other potential
time masters.

The time master shall be the FSE transmitting the reference messages. The time master shall be allowed to
transmit other messages. If the current time master fails, its function shall be replicated by another FSE
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belonging to the potential time masters. Each potential time master shall use a different specific CAN identifier
when it transmits a reference message, specified by its time master priority. Each of the specific CAN
identifiers shall be recognised by all FSEs in the network as a reference message identifier. FSEs that are
neither time master nor potential time master are time-receiving FSEs.

The reference message shall have different formats for Level 1 and Level 2 (see Figures 4 and 5). In both
cases, the reference message may be extended by other data up to the sum of eight CAN data bytes.

Res

erved Bits shall be transmitted as logical 0 and shall be ignored by the receivers.

5.3.2 Level1

Th

reference message for Level 1 shall consist of at least one data byte. The first byte contains\N

bit gnd the Cycle_Count. The MSB (bit number seven) is transmitted first. A time-triggered CAN R

abl

to deal with Cycle_Count values up to 63 (six bits). It is not necessary for a time-triggered (

support this.

NOTE

FSEs with different value of supported Cycle_Count_Max may be used consistently in a time-tr

network. However it shall be guaranteed that all potential time masters of this network support the maximum

use

Nex

5.3.

The
con

The
resg
NTU
are

The)
the

within the network by any of the FSEs.

7 6 5 4 3 2 1

_is_GapReserved  Optional: Optional: Optional: Optional: Optional:

Cycle_Count (5)Cycle_Count (4)Cycle_Count (3)Cyecle_Count (2) Cycle_Count (1)Cy

Figure 4 — Format of reference message — Level 1

3 Level 2

reference message for Level 2 shall consist of at least four data bytes (see Figure 5). The fir
ain Next_is_Gap bit and the Cycle_Count. The MSB (bit 7) of each byte shall be transmitted fir

second byte shall contain the discontinuity bit (Disc_Bit — see 6.6) and the bits for the netwg
lution (NTU_Res). These are_ the fractional parts of Master_Ref Mark. In Level 2 at least tf
I Res shall be supported, aptionally a FSE may support additional bits up to a resolution of 7 b
hot supported shall be sent)as logical 0.

third byte shall contain the low byte of the Master Ref Mark (MRM), and the fourth byte the
Master Ref Mark{MRM).

ext_is Gap
SE may be
LAN FSE to

ggered CAN
value that is

0

Optional:
le_Count (0)

5t byte shall
St.

rk time unit

ree bits for
its. Bits that

high byte of
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First byte
7 6 5 4 3 2 1 0
Next_is_Gap Reserved Optional: Optional: Optional: Optional: Optional: Optional:

Cycle_Count Cycle_Count Cycle_Count Cycle_Count Cycle Count Cycle_Count
®) 4) ©) 2) (1 (0)

Second byte

7 6 5 4 3 2 1 0
NTU_Res NTU Res NTU Res Optional: QOptional: QOptional: Optional: Disc Bi
(6) (5) 4) NTU_Res NTU_Res NTU_Res NTU_Res
3) 2) (1) (0)
Third byte
7 6 5 4 3 2 1 0
MRM MRM MRM MRM MRM MRM MRM MRM
@) (6) (5) 4) @) (2) (1) (0)
Fourth byte
7 6 5 4 3 2 1 0
MRM MRM MRM MRM MRM MRM MRM MRM
(15) (14) (13) (12) (11) (10) 9) (8)
Figure 5 — Format of reference message — Level 2
6 Timing and synchronisation features

6.1 Levels 1 and 2

There are tyvo possible levels in time<triggered CAN: Level 1 and Level 2. Level 1 only provides time-triggered
me
and external clock synchronisation: In both levels, all timing features shall be based on a local time basg —
the local time. In principle, all. FSEs in the network shall measure their local times using the NTU. The rjode
view of thg NTU usually differs marginally from the network view, owing to slight differences in the lpcal
oscillators (system clocks)=-In Level 2, the synchronisation procedure shall ensure that these local views |of a
NTU in diffgrent FSEs-are very close (see 6.4). In Level 1, the NTU is the nominal CAN bit time; in Level 2| the
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to. mix Level 1 and 2 FSE

AN_Db

network.

6.2 Generation of local time

In each FSE, local time shall be implemented by a cyclically incrementing counter. In Level 1, the counter
shall contain 16 bits, counting in units of a NTU (in Level 1 the nominal CAN bit time). In Level 2, the counter
shall contain at least 19 bits where all but the 16 most significant bits give fractional parts of a NTU, i.e. the
counter counts in units of NTU/2" if NTU_Res covers n bits. Hence, in Level 1 the counter shall increment
once each (local equivalent of an) NTU, while in Level 2 the counter shall increment 2" times each (local
equivalent of an) NTU. Apart from incrementing, local time shall be influenced only by hardware reset. In
hardware, each FSE shall have access to an oscillator which provides local clock ticks. The implementation of
a NTU in Level 2 shall be based on TUR.
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NOTE TUR influences the length of a NTU, hence the velocity of the incrementing of local time.

TUR is a FSE-specific (usually non integer) number which gives the ratio between the length of a NTU and the
FSE-specific basic time unit. This FSE-specific basic time unit may be for instance the length of the oscillator
period. The local generation of an NTU shall be based on the local value of TUR that is currently valid:
TUR_Actual. The accuracy of TUR_Actual in the FSEs influences the maximum difference between any two
local views of a NTU. The value of TUR shall determine the length of a (local) NTU and thus the velocity of the

local time counter. Implementation of TUR as well as data format of TUR is FSE-specific.

NOT

E1

A Level 2 hardware implementation for the generation of a NTU can increment for instance the local time

counter 8 times every TUR_Actual clock ticks in (approximately) equidistant intervals. Since TUR is usually not an integer

numpper, tne 1engtn ol (,()nbe(,utive NEtwork I.i”le Uflilb could Uillef DYy Olie 10Cdl Ubbilldlor periou.

NOTE 2 In principle, it is possible to distinguish between different interpretations of the NTU, as follows:

a) |Nominal NTU is the exact theoretical length of time of the NTU, which can be obtained.or“measured only by the
specified second. In practice, this is not achievable. However, the nominal NTU is ofigreat importance as any
time-related specification will be recalculated into nominal NTUs in any application-that takes advantage of the
common time in the system. The nominal NTU is thus a specification value that cannot be exactly met|in reality. To
specify the global time, we give the number of nominal NTUs that make up a secend.

b) |Global NTU: the current time master will generate an internal time tick good exiough for the complete sygtem (i.e. the
network) to be used for its clock. The clock generates the global time (for the system based on the|global NTU.
Depending on the existence of an external clock synchronisation, the.internal time “tick” of the currenf time master
will be replaced or influenced by an external clock source. The.global NTU is represented by the|current time
master’s node view of the NTU which is the network view of the NTU.

c) |Local NTU: each node in a time-triggered CAN system has a local clock as a source for generating Igcal time and
hence a local replica of the global time. As it receives the global time by the reference message from the|time master,
this replica will deviate from the global time. How, accurately it mirrors the global time is system-dependent;
essentially, the precision is given by the precision of FUR. The local NTU is the node view of a NTU.

Figyre 6 shows a possible principle for the generation of the node view of a NTU.

The| data format of TUR shall be impleméntation-specific for the FSE. The initialisation value of TUR within a

FSH (TUR_Config) is known a priori.(FSEs that are not time master and that are synchronised fo the time-

triggered CAN network shall continuously update their TUR value according to the observed ratio between

theif local time (system clock) and:the master’s global time (see 6.4).

—— | Oscillator | FSE-specific,
[ circuit provides system clock
R
Local
clock
TUR continuously divider provides TUR
influenced by drift
correction NTU NTU essentially
not FSE-specific
Counter

+

Global and local time

Figure 6 — Generation of node view of NTU in Level 2
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6.3 Cycle_Time parameter

A Frame_Synchronisation pulse shall be generated in each FSE for each data frame and remote frame in the
CAN network, at the sample point of the start of frame (SOF) bit. This pulse shall be synchronous in the whole
network, disregarding of signal propagation times. At the pulse of Frame_Synchronisation, the current value of
the local time shall be saved as the Sync_Mark. At each successful completion of the reference message, the
current Sync_Mark shall be saved as Ref _Mark.

The Cycle_Time shall be the difference between a FSE's local time and its Ref_Mark, conceptually restarting
with zero at each start of a basic cycle (Sync_Mark of the reference message). In fact, the starting point of
Cycle_Time may only be identified after completion of the reference message. In Level 2 only the 16 most

significant Bits of this difference shall contribute to Cycle_Time, i.e. Cycle_Time has no fractional parts

shall be alv
parameter.

6.4 Synd

In Level 2,
achieved b

are not tim¢ master, TUR shall be adapted to the master’s view of the global timg-after each reception of

reference nj

At the puls¢ of Frame_Synchronisation, the current value of the node view\of the sum of local time and |

offset shall
This is a vg
the referen
successful

At each suq
(in local ti
(Local_Offs

current timg¢ master view of Local Offset shall remain constant; each node of the network shall start wi

Local_Offseg
time maste|
master sha
TUR_Actug

EXAMPLE

system cloch
value of TUR
be known w|
master time
Master_Ref |

6.5 Glob

ays a 16-bit value both in Level 1 and Level 2. All time marks shall be given in the Cycle,” T

hronisation in Level 2

an improved synchronisation of the different time counters between reference*messages sha
the adjustment of the TUR value, and TUR shall not usually be an integer number. In FSEs

essage, compensating for clock drift.

be saved as the Global_Sync_Mark (node view of the global*time including the fractional p
lue of at least nineteen (19) bits. The time master shall transmit its current Global_Sync_Ma
ce message as Master Ref Mark. The current Master Ref Mark shall be saved, at ¢
completion of the reference message, as Global_Ref-.Mark.

me) and the Master Ref Mark of the reference message shall be saved as Local O
et = Global_Ref Mark — Ref Mark). The~Local_Offset may change due to oscillator drift.

t of zero. When the current time master fails and another FSE (potential time master) beco
I, the new time master's Local_Qffset shall be retained. A FSE that becomes the current
| keep its updated TUR value. It.may optionally support the feature to gradually return from
| value to its TUR_Config valtie\afterwards.

Each time a reference message is completed, the current length of the last basic cycle is measurg
periods (p_sys) and jn\global time (q_gt = difference between two Master_Ref Marks in NTU). The
(as in Figure 6) is given’by: TUR_Actual = p_sys/q_gt. In order to provide sufficient quality of TUR, q_gt

th a higher resolution than 1 NTU. This means that in the Master_Ref_Marks, time information abou
will be given withvhigher resolution than 1 NTU. This is the reason for the fractional part of a NTU in
Mark.

al time.in Level 2 (local time + local offset)
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ime

| be
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art).
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cessful completion of the reference message, the' difference between the node view of Ref Nark
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The global

ime’ of a time-triggered CAN network shall be the sixteen (16) MSBs of (local time + local offs

t) in

the time master. In each FSE, the sixteen (16) MSBs of local time + local offset shall give an approximation of
the global time. As this approximation shall not produce continuous values (i.e. two successive values differ by
at most one), it shall be possible to provide the sixteen (16) MSBs of monotonic value (local time + local
offset) as a continuous monotonic value to the application: the global time. The unit of the global time shall be
the NTU. A smoothing procedure may be necessary to maintain monotony and continuity of the global time in
case of frequency adjustment by external clock synchronisation (see 6.6), long gaps, or changes in time. If a
discontinuity occurs (Disc_Bit is set in the reference message) due to an external clock synchronisation, it
shall be signalled (Disc_Flag) to the application.
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External clock synchronisation

Time master of time-triggered CAN may use an external time base to provide the global time of a network.
Synchronisation with the external time base shall be maintained using the following means.

Frequency adjustment may be applied by using the external time period as the base for the NTU. This
may be done by adapting the TUR value to the length of the external time period. The application of the
current master shall write the new TUR value into TUR_Adjust and set the External Clock
Synchronisation Command. At the beginning of the next basic cycle, the FSE shall use the new

TUR_Adjust value as TUR_Actual.

7

71

In 4

Phase adjustment may be applied either by continuous frequency adjustment or by
discontinuity in the global time. For this case, the discontinuity bit (Disc_bit) shall be part.of th

inserting a
e reference

message and indicate that such a discontinuous behaviour of the global time is to"be expected. The

application shall write the difference between the desired global time and the current:global
network into Global_Time_Preset and set the Set_ Time_Command. At the beginning of thg
cycle this value shall be added to the Local_Offset of the time master, and hence to the glob
discontinuity bit (Disc_bit) in the reference message shall be set. There,shall not be two

reference messages in the network with a set discontinuity bit.

Adjustment of Cycle_Time to a specified external global time value shall be applied by
Next_is_Gap bit in the reference message, and starting an event{synchronised basic cycle 4§
the requested correction.

Sending and receiving

General

sys

whi¢h they are to be sent. In time-triggered CAN, the system matrix shall be organised in basic cyg
the Jmatrix) and transmission columns~(eolumns of the matrix). Each basic cycle shall start with
characterised message, the reference~message (see Figure 1). The cycle of all basic cycles in
matfix shall be the matrix cycle. The sequence of the time windows inside the basic cycle shall b,

by

Cyc
timdg
cert

7.2

7.2.

In n

time-triggered system, all messages of all hodes in the network shall be organised as comp
em matrix. The system matrix specifies the correlation between the messages and the time

me marks that are compared*to the Cycle_Time. When a particular time window is opened,
e_Time shall be as spedified by the time mark of that time window. It shall be closed when t
window is opened. The)timing of time-triggered CAN shall be based on the following triggers
nin time mark of the'system matrix: Tx_Trigger, Rx_Trigger, Tx_Ref Trigger and Watch_Triggd

TransmissSion of messages

1 Tx.<Trigger

odes" that are synchronised to the time-triggered CAN network, the transmission of messag

time of the
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al time. The
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window of the matrix cycle at which it is to be transmitted.

A Tx_Trigger shall consist of different parts, in the following sequence:

a)
b)

c)

d)

a reference to a message for which it is valid;

the time mark when it may be activated (column of the system matrix, transmission column);

the position in the transmission column (position given by Cycle_Count, row of the system matrix) at

which it shall be first activated;

the Repeat_Factor position of the same transmission column at which it shall be next activated.
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The Repeat _Factor shall be a power of two (2), greater than Cycle Offset but not greater than
Cycle_Count_Max + 1. In addition, the Tx_Trigger shall contain information as to whether it refers to an
arbitrating or an exclusive window. If it refers to an arbitrating window, the information as to whether it is
merged with the following window shall also be given (see 5.2.2). Several Tx_Triggers may be specified for
the same message.

NOTE A Tx_Trigger becomes active each time its trigger conditions are met, even if the transmission of the
corresponding message is disabled — owing to error conditions, for example.

Figure 7 shows an example of a Tx_Trigger for the exclusive message D, which shall be sent in the fifth time
window (exclusive time window) at the first and third basic cycles of this system matrix. The Cycle_Offset is
configured {0 U and the Repeat_Factor 1s Z for this example.

Tx_Trigger fpr Message D

Time_Mark p
| | | | | |
Window typg: Exclusive Basic cydle 0 [ [ [ [ | |
Reference Message A| Message C| Arbitration Fr_ee Message D | Message C
Cycle Offsdt: 0 message window
Repeat_Fadtor: 2 | | | | | | |
| | | | | | |
| | | | | | |
Basic cycle 1
Reference 1 1 1 1
message Message A| Message R| N ge M| N ge R geM| N ge C
| | | | | | |
| | | | | | 1
. | | | | | | |
Basic cycle 2
Reference Messa@é)A| Arbitration | Arbitration | Message T| Message D | Message C
message

Basic cycle 3

Reference " Free
message e window

| | | | | | I

[ ! [ ! [ ! |
Time_Mark 1 Time_Mark 3 Time_Mark 5 Ref_Mark
Time_Mark 2 Time_Mark 4 Time_Mark 6

Message M| Message C

Figure 7 — Example Tx_Trigger for exclusive message

7.2.2 Tx_Enable

The Tx_Trigger specifies the beginning of the message time window. In order that the timing constraints of the
offline planned schedule (matrix cycle) be obeyed, the event of starting to send a message shall be restricted
to the begin of a message’s time window. The Tx_Enable shall be a window which specifies this time period
when a transmission is to be started. It shall be opened at the beginning of the time window and closed after a
specified number of nominal CAN bit times (1 ... 16). The length of the Tx_Enable window is specified by the
system configuration (see 10.1.3.7) and may vary for the different FSEs in the network.

Although it is allowed, within a time-triggered CAN FSE, to specify a different length of the Tx_Enable window
for each time window, this is not required, i.e. the length of Tx_Enable window may be an FSE constant.
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All MAC transmission requests shall be set by the message Tx_Trigger (if there is an LLC transmission
request) and be reset at the end of the Tx_Enable window.

When a MAC transmission request is reset after the transmission has started, the MAC will not abort the
transmission, the transmission will be completed. When a node, which should transmit a message in a
particular time window, cannot start the transmission of the message inside the Tx_Enable window (e.g.
because the bus is not idle or because the application had transiently disabled the message), the transmission
may not be started at all in that time window and shall either be postponed until the next Tx_Trigger for that
message or omitted completely. In any case, the message transmission request (the LLC transmission
request) is relayed from the LLC to the MAC only at the event of the message's Tx_Trigger, and the MAC
transmission request is disabled at the end of the message's Tx_Enable window.

window and
f the last of
nitted in the

The)
end
the

resy

Tx_Enable window of merged arbitrating windows shall start at the beginning of the first time
at the end of the Tx_Enable window of the last merged time window. Accordingly, the fength ¢
lime windows to be merged specifies the maximum length of the messages that mayrbe*transt
Iting merged arbitrating time window.

The
FSH

first and the last of the Tx_Triggers within the merged arbitrating time window shall be kngwn at each

that can participate in the merged arbitrating time window.

7.23 Transmit message object
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info

essage object shall provide storage for one LLC frame (see 1S@91898-1) together with contro
rmation to be sent when a Tx_Trigger for that message objéct’becomes active. For time-trig
message object shall contain the additional status information MSC (see 9.2). The message ¢
onfigured during initialisation and may be updated during-\time-triggered operation.

Reception of messages

1 Rx_Trigger

SEs synchronised to the time-triggered:-CAN network, the verification of the message recept
rolled by the reception check triggerRx_Trigger, which shall consist of the same parts as the
which specifies when the successful reception of an exclusive message is to be Vg

| and status
jered CAN,
bjects shall

on shall be
Tx_Trigger
prified. The

Trigger's time mark gives a point of time after which the reception of the corresponding message shall be

pleted (and its local acceptance filtering done) and before the beginning of the next basic cy
Triggers may be specified for the same message.

2 Receive message object

essage objectshall provide storage for one LLC frame (see ISO 11898-1), together with contro
'mation for the received exclusive message to be validated if the time mark of Rx_Trigger n
ent CycleTime. For time-triggered CAN, the message object shall contain the additi
'mation>MSC, showing the result of the verification. The message objects shall be config

Cle. Several

| and status
natches the
bnal status
lred during

initiTIisation and may be updated during time-triggered operation.

The actual reception of messages shall be independent of the Rx_Triggers. As specified in ISO 11898-1, each
controller checks all messages for CAN protocol errors and acknowledges each received valid message.

7.4

7.41

Transmission of reference messages

Tx_Ref_Trigger

Tx_Ref Trigger shall be a special Tx_Trigger which only refers to the triggering of reference messages.
Tx_Ref _Triggers shall only be present in potential time masters. In a strictly time-triggered system, only one
Tx_Ref _Trigger shall ensure the periodic transmission of reference messages. Whenever a Tx_Ref Trigger is
reached, the FSE shall try to send a reference message.
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Two Tx_Ref Triggers shall be used in a system with event-synchronised basic cycles. One Tx_Ref Trigger
shall be active in the periodic case and shall ensure the periodic transmission of the reference messages until
the next time a basic cycle is synchronised to an event (Next_is_Gap bit was set by the active time master).
The other Tx_Ref Trigger shall restart the periodic transmission of reference messages in case the
synchronising event does not occur or is missed, hence the Tx_Ref Trigger for gap case checks the
application-specific maximum length of the gap. At a given time, only one of the Tx_Ref_Triggers shall be
relevant.

The Tx_Ref Trigger's time marks for the periodic case shall be the same in all potential time masters of the
network. The size of these time marks shall give the length of the basic cycle.

The time mark in the Tx_Ref_Trigger additionally shall be modified by Ref Trigger Offset.

7.4.2 Tx_Ref _Trigger's message object

Message o
data length
mechanism)
master prio

7.4.3 Ref|

Ref_Trigge
the time m
point in tim
shall depen
Ref_Trigge
equal to In
If — for exg
than the cu
shall decre
another re
Ref_Trigge

bjects for Tx_Ref _Triggers shall provide storage for the reference message identifier and for
code. Parts of the reference message’s data shall be provided by the time-triggered CAN prot
s (see 5.3). The last three bits of the identifier of the reference message)shall specify the
ity of this FSE.

| Trigger_Offset

-~ Offset shall modify the time mark of Tx_Ref Trigger to allow"nitialisation and fault-tolerang
bsters. The sum of the Tx_Ref Trigger's time mark and Ref Trigger Offset shall determine
e at which the transmission of the reference message is started. The value of Ref_Trigger O
d on the master state and the initialisation state. During.normal operation for the current ma
" Offset shall be zero (= 0), and for the other potential time masters, Ref Trigger_ Offset sha
tial Ref Offset, where Initial_Ref Offset shall be, a-positive value specified by the configura
mple, during initialisation or after a reset — a-potential master has a higher time master pri
rrent master, it shall reset Ref_Trigger Offset'to zero (0) (if Ref_Trigger Offset was positive)

ent Ref_Trigger_Offset every basic cycle(by one until it sends a reference message or it rece

rence message with a higher priority. There shall be no decrementation in the gap c
_Offset may only take values between.+127 and +127. See Clause 8.
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In case thdre is no reference message for a very long time (e.g. after several retries of all potential
masters to pend a reference message during a strongly disturbed bus), the FSE-specific Watch_Trigger s
be reached|, As for Tx_Ref Triggers, there shall be two Watch_Triggers. One shall be for the periodic ¢
and one fgr the event-synchronised case. This even shall hold for time-receiving FSEs. Then an ¢
handling prpcedure shall be initiated and the application shall be notified (see Clause 8). During initialisa
the Watch_[Triggers shall‘be disabled until successful transmission or reception of a message.

FSE
r) of

NOTE he complete system matrix information does not have to be known in each FSE. It is sufficient that each
knows when| to transmit (Tx_Trigger, Tx_Ref_Trigger) its own messages, when to verify the reception (Rx_Trigge
messages that-are'locally processed, and when to check for the absence (Watch_Trigger) of a reference message.

8 Initialisation and fault tolerance of time masters

8.1 General

All time-triggered, periodic communication on the CAN bus shall be based on the reference message, usually
transmitted by the time master in equidistant time slots. While the function of the time master is required for
the normal bus communication, the cases of system start up and replacement of a failed time master shall be
considered separately.
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For monitoring the time since the last reference message, Tx_ Ref Triggers, Watch_Triggers and the
Init_Watch_Trigger shall be used. Only potential time masters may use Tx_ Ref Triggers. Whenever a
Tx_Ref_Trigger (modified by Ref_Trigger_Offset) is reached, the FSE tries to send a reference message. It
shall continue to do so until it receives a reference message or successfully transmits a reference message. In
particular, if the bus is not idle when the Tx_Ref_Trigger is reached, the FSE shall check whether the last
message on the bus was a reference message before trying to transmit its own reference message. Within a
potential time master there are two Tx_Ref Triggers: one refers to the periodic case, the other to the event-
synchronised case (after a Next_is_Gap bit has been sent in the last reference message).

In case no reference message was transmitted for a very long time, e.g. after several retries of all potential
time masters to send a reference message during a strongly disturbed bus, the FSE-specific Watch_Trigger
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r for the event-synchronised case. This even holds for time-receiving FSEs. Then an et
edure shall be initiated and the application shall be notified (see 9.3.8).

Initialisation procedure

fo 8 FSEs of a time-triggered CAN network may be potential time masters, but only one of
bme the current time master once the normal time-triggered bus commupnication is establisheg

0 send a reference message — according to a specified priority¢and waiting time. The F
est priority shall use the highest CAN identifier priority and shall start its transmission the s
I its hardware reset. The reference message priorities of different potential time masters may
three LSBs (the remaining MSBs of these identifiers are equal). The system designer shall
are known to any FSE in the network.

bl time, global time, and Cycle_Time shall be at zero @fter hardware reset is released. Local i
fed after the configuration of TUR is finished. The FSE (node) shall be initialised and read
sages when Config_Mode is left. Cycle_Time shall be zero when the state “synchronising” (s
red. Global time shall be regarded as invalid, until the synchronisation to the time-triggered C
ompleted. The Tx_Ref Triggers referring-to the event-synchronised communication shall
smission of a reference message in the potential time masters. The FSE with the highest prior
Tx_Ref Trigger with the lowest time-niark. FSEs that are only time receivers shall wait a speci
first reference message before notifying the application.

en  the Config_ Mode (seew\10.1.2.2) is left, the Watch Triggers shall be disableg
Watch_Trigger shall be used to monitor the bus for messages. The value of Init. Watch_Trig
-1, the maximum of cycle time. At the first successful reception or transmission of any messag
mark Init_Watch- Trigger is encountered, the Watch_Triggers shall be enabled
Watch_Trigger shall-be disabled. If the time mark Init_Watch_Trigger is encountered, all trans
frames shall be,-disabled and the application shall be notified using the Init_Watch_Trigg
al. After encountering the time mark Init_Watch_Trigger, the CAN node may still receiv
nowledge -t0)~ CAN messages; however, cycle time and global time shall be regarded
chronising”is restarted by the reception of a reference message or (for potential time masters)
leaving* the Config_Mode, and is completed when two successive reference messages
brved — either received or transmitted (if the last reference message it received did not cq

Dis

| be reached. As for Tx_Ref Triggers, there are two Watch_Triggers: one for the periodic,céase and the

or handling

them shall
. At system

[ up, after the hardware reset, all potential time masters shall perform the,function of time master and shall
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NOTE

This mechanism is introduced to deal with situations where there are strongly different wake-up times in the

network. In this case, it could be a long time before a potential time master finds a partner giving an acknowledge.

Ref_Trigger_Offset modifies the time mark of Tx_Ref_Trigger. The sum of the Tx_Ref_Trigger’s time mark
and Ref Trigger_Offset determines the point in time when the transmission is started. The value of
Ref Trigger Offset depends on the master state and the initialisation state. During normal operation for the
current master, Ref _Trigger Offset = 0, and for other potential time masters
Ref Trigger Offset = Initial_Ref Offset, where Initial Ref Offset is a positive value specified by the
configuration. Directly after reset, all potential time masters start with Ref_Trigger Offset = Initial_Ref_ Offset,
the Tx_Ref _Trigger in use is the Tx_Ref Trigger for the event-synchronised communication and the master
state is backup time master.
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If a potential master has a higher time-master priority than the current master and its Ref_Trigger_Offset is
positive, it shall reset its Ref Trigger_Offset to zero (0). If a potential time master is in Sync_Mode
In_Schedule, does not have a positive Ref_Trigger_Offset, and receives a reference message with a lower
time master priority, it shall decrement the Ref_Trigger_Offset by one until it succeeds in sending a reference
message or receives another reference message with a higher priority. Ref_Trigger_Offset may only take
values between —127 and 127.

Any time a potential time master receives a reference message with a higher priority than its own, it shall use
Ref Trigger Offset = Initial_Ref_Offset and shall change its master state to backup time master. If it becomes
current time master (by successfully transmitting a reference message), it shall use Ref Trigger Offset to

zero (0).
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SEs have started bus activity, the FSE with the highest priority shall remain as the current
e network.

a FSE shall consider itself synchronised to the network after the occurrence)-of the seqg
reference message (if the last reference message it received did not contain asset Disc_Bit).

nchronised to the network, it shall not transmit a message (exception for potential time mas
nessage), it shall not update the MSCs of the message objects, and._ its global time wil
invalid.

re of current time master

ce message shall be requested. The request shall remain.active until any reference messag
transmitted or received).

he current time master transmits its reference messages in the correct schedule, the bus shal
e other potential time masters Tx_Ref Triggers' (+Ref _Trigger_Offset) and no other referg

turrent time master fails to send a reference message, the CAN bus shall remain idle and
ne master with the shortest Initial_Ref)Offset shall transmit a reference message as soon a
jger (including modification by Ref_Trigger Offset) is reached, to become the current time ma
potential time masters attempt ta send a reference message at the same time, the bit arbitrd
shall ensure that the one‘with the highest priority becomes the time master. If, out of
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message d
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reference message (or receives.another reference message with higher priority).

When a reference message’is disturbed by an error, it shall be repeated as soon as possible with upd
Master_Ref Mark. Each’FSE shall provide a Watch_Trigger that becomes active when an expected referg
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triggered cgmmunication, it shall wait until it is synchronised to the network before attempting to become
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potential masters, the one-with the lower priority starts earlier with the transmission of the referg
e to imperfect synchronisation, no arbitration shall take place. As during initialisation, the pote
with the higher priority shall decrement its Ref Trigger Offset until it succeeds in sendin

missing\for too long. At that event, the synchronisation watchdog shall notify the application
rror-handling procedure. When a failed time master reconnects to the system with active t
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NOTE

8.4 Shutdown

The observation of two consecutive reference messages with a set Disc_Bit (see 6.6) is considered an error.

Shutdown of the time-triggered CAN network shall be handled by a higher layer, e.g. application or fault-
tolerance layer, and is not covered by this part of ISO 11898.
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9 Failure handling

9.1 General

CAN failures are considered in ISO 11898-1. When a FSE detects scheduling errors, implicit error notification
shall be prohibited by the CAN protocol specification in accordance with ISO 11898-1. All explicit notifications
(error messages) shall be considered in the system matrix. Active fault confinement shall be left to a higher
layer or to the application, and the FSE shall provide error detection and fail-silent function.

The following error detection mechanisms (severity S1 to S3) shall at least be covered (missing reference

mes

kL ladl <l H H-%L T4 H 41 ol (oA
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Scheduling_Error_1 (S1) is set if within one matrix cycle the difference between the(highe
status count (MSC) and the lowest MSC of all messages (of exclusive time windows) of a F
than two (2), or if one of the MSCs of an exclusive receive message object has reached s
within one matrix cycle none of these conditions is valid, the bit is reset.

Tx_Underflow (S1) is set when Tx_Count is less than Expected_Tx_Triggers at the start of a
cycle. It is reset when Tx_Count is at least Expected_Tx_Triggers at the(start of a new matrix

Scheduling_Error_2 (S2) is set if for one transmit message objectithe MSC has reached se
reset when no transmit object has an MSC of seven (7).

Tx_Overflow (S2) is equal or higher than the value of Expected_Tx_Triggers and a Tx_T
occurs. It is reset when Tx_Count is no more than Expected_Tx_Triggers at the start of a
cycle.

Application_Watchdog (S3): the application failed to serve the application watchdog. Thi
shall be reset by the application by setting the/Host Alive_Sign, which shall be served regula
as Time-triggered CAN is set to operating~modes (time-triggered or event-synchronised tin
operation).

CAN_Bus_Off (S3): the controllepwent bus off due to CAN-specific errors.

Config_Error (S3): a merged arbitrating time window is not properly closed or there is a Tx_|
a time mark beyond the TX_Ref_Trigger.

Watch_Trigger_Reached (S3): The Watch_Trigger was reached because the reference
missing.

st message
SE is larger
even (7). If

new matrix
cycle.

en (7). Itis

igger event
new matrix

5 watchdog
rly as soon
he-triggered

Trigger with

message is

Thel S3 error conditiohs shall remain active until the application updates the configuration.

Fouf levels Of error severity are specified: no error (S0), warning (S1), error (S2) and severe grror (S3). If

several errors are detected at the same time, the highest severity shall prevail. The severity level gives the

errgr state' (with respect to TT-failures) of the FSE. When an error is detected, the application shall be notified

by ypdating the Interrupt Status Vector (see 10.2.2).

a) SO0 — no error.

b) S1 — warning: only notification of application; reaction application-specific.

c) S2 — error: notification of application. All transmissions in exclusive or arbitrating time windows are
disabled (i.e. no data or remote frames may be started). Potential time masters may still transmit
reference messages with the Ref_Trigger_ Offset set to the maximum value of 127.

d) S3 — severe error: notification of application. All CAN bus operations are stopped, i.e. transmission of

dominant bits is not allowed. Application service is requested. Update of the configuration of the time-

triggered CAN FSE is required.
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The error level state machine shall be

— in state S3 while at least one S3 error detection mechanism is active, or else
— in state S2 while at least one S2 error detection mechanism is active, or else
— in state S1 while at least one S1 error detection mechanism is active, or else

— it shall be in state SO.

9.2 Mes

Pt +
tdius COUrit

MSC — rampge from zero (0) to seven (7) — shall be an error counter which provides a means of\déted
scheduling errors for periodic messages in exclusive time windows. There is no MSC for arbitrating mess4
Each messphge object for an exclusive time window has its own MSC. Incrementing and decremeéenting M
is not allowed beyond the limits. When MSC reaches an error level of seven (7) for any of the’'messages
error-handling procedure shall be initiated. A significant difference — i.e. larger than two (2) — between
MSCs of different messages within one matrix cycle indicates a scheduling error, e.g. the mess
transmitted|in the previous time window may be too long or may have started too late) MSC shall be resg
zero during|configuration and is not updated before the local FSE is synchronised.

For messages to be received, the MSC shall be updated at the event of Rx_Trigger of the message. At

ting
ges.
S5Cs
, an
the
age
et to

the

Rx_Trigger] it shall be checked whether the message has been received since the beginning of the current

basic cycle|or since the last Rx_Trigger for this message. MSC shall beincremented (by one) if the chec
not successgful, or else decremented (by one).

For messages to be transmitted, the MSC shall be incremented-(by one) if the transmission attempt is

Kk is

not

successful.|The MSC decrement condition shall be different for the error states SO and S1 or S2. In SO and S1,

the MSC shall be decremented (by one) when the message has been transmitted successfully. In S2
transmissiohs are disabled) the MSC shall be decremented by one when the FSE detects bus idle during
Tx_Enable window of the time window for this message!

If the bus if disturbed, the MSC of all messages.that are to be sent or received during the disturbance sha
incrementegl.

9.3 Interrupt_Status_Vector

9.3.1 General

For error indication, time<triggered CAN shall use the Interrupt Status Vector (see 10.2.2). For ¢
error-detecfion mechanism; there shall be one bit in the Interrupt_Status Vector. A set bit means that
correspond|ng mechanism has detected some error. A given implementation shall provide the error-deteq

(all
the

| be

ach
the
tion
hall

NOTE The severity of each of the error detection mechanisms specified in 9.3.2 to 9.3.9 is given between

parentheses in the title of the subclause.

9.3.2 Scheduling_Error_1 (S1)

Scheduling_Error_1 shall be set if, within one matrix cycle, the difference between the highest MSC and

the

lowest MSC of all messages (of exclusive time windows) of a FSE is larger than two (2), or if one of the MSCs

of an exclusive receive message object has reached the value of seven (7).
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9.3.3 Tx_Underflow (S1)

Tx_Count is less than Expected_Tx_Triggers at the start of a new matrix cycle.

9.3.4 Scheduling_Error_2 (S2)

Scheduling_Error_2 shall be set if for one transmit message object the MSC has reached seven (7).

9.3.5 Tx_Overflow (S2)
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t_Alive_Sign, which in turn shall be served regularly as soon as Time-triggered’CAN is set {
es (time-triggered or event-synchronised time-triggered operation).
7 CAN_Bus_Off (S3)
controller went bus-off due to CAN-specific errors.
B Config_Error (S3)
erged arbitrating time window is not properly closed or there is a Tx_Trigger with a time mark
Ref Trigger.
9.3.0 Watch_Trigger_Reached (S3)
Watch_Trigger was reached because the reference message is missing.
E In a potential time master, a Watech_Trigger can only be reached if the reference message trig

NOT
preg
diffe]
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The
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_Countisequatortigherthamthevatueof Expected—Tx—Triggersand=aTx—Triggereventoceurs.

b Application_Watchdog (S3)

application failed to serve the application watchdog, which shall be reset by the application by

eding Tx_Ref_Trigger is repeatedly ‘disturbed. In systems with event-synchronised basic cycles, thg
rent Watch_Triggers for the two Tx_Ref_Triggers. When one of the Tx_Ref_Triggers is not active, the ¢
Ch_Trigger is not active.

Master state

1  General

ter-slave relation, i.e. a triplet (error level, sync_mode, master-slave_mode). The error level sh
it veetor with the four states S0, S1, S2, S3 according to 9.1. Other components, sync_mode

setting the
0 operating

beyond the

gered by the
ere could be
prresponding

master state~shall be a 6-bit vector which combines the FSE states referring to error, synchrofisation and

all be a two
and master-

for the_master state is the combination of the three state machines.

e_made, are two (2) bit vectors as well, and are specified in 9.4.2 and 9.4.3. The complete stTte machine

9.4.2 Sync_Mode

The

two (2) bits in Sync_Mode shall describe states with the following meanings.

State Sync_Off: No synchronisation activity in progress.

State synchronising: FSE is in process of synchronisation but not yet synchronised.
State In_Gap: FSE is synchronised, gap expected.

State In_Schedule: FSE is synchronised, no gap expected.
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The state machine shall be as shown in Figure 8.
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tion condition always taking prevalence
g_Mode is left, Cycle_Time shall be zero

st two successive reference messages observed (the last reference meéssage did not contain a set Disc |
b message contained a Next_is_Gap bit

st two successive reference messages observed (the last reference message did not contain a set Disc |
b message did not contain a Next_is_Gap bit

lis_Gap = 1 observed in reference message
lis_Gap = 0 observed in reference message
bt or (Mode = Config) or (error state = S3)

ff
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dule

Figure 8 ~—'Schedule synchronisation state machine

9.4.3 Masgdter-Slave_Mode

The

two (2)

bits in Master-Slave_Mode shall describe the following states:

State Master(Off, coding = 0: No master properties relevant;

Bit),

Bit),

State Stave, toding =1 FSE S time receiving FSE;

State Backup_Master, coding = 2: FSE is potential master but not currently the master of the network;

State Current_Master, coding = 3: FSE is currently the master of the network.

The state machine shall be as shown in Figure 9.
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transition condition always taking prevalence
FSE is not potential master and a reference message is observed

FSE is potential master, error state is not S2 or S3, reference message, is' observed where master

FSE is potential master, error state is not S2 or S3, reference message is observed where time mag
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10.

| to own master priority (i.e. reference message was sent by FSE itself)

FSE changes from backup master to current master when)it observes a reference message with

FSE changes from current master to backup master\when it observes a reference message with g
ity higher than its own

error state = S2
error state = S2
HW reset or (Mode = Config) or (error state’= S3)
Master_Off
Backup_Master
Slave

Current_Master

Figure 9 — Master to slave relation

Visible.interfaces

| “Configuration interfaces

priority is not

ter priority is

its own time

time master

10.1.1 General

All configuration interfaces shall be lockable against random changes. Correct initialisation of the configuration
interfaces shall be verified. Reading of configuration data is always possible.
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10.1.2 General configuration interfaces

10.1.2.1

TUR_Config

There are three register sets for TUR.

a) The first register (TUR_Config) shall be written by the application on initialisation.

b) The second register (TUR_Adjust) shall be used for the external clock synchronisation process.

c) The thirdregister {TUR_Actual)} — influenced by the drift correction-and—readonly for the application —
shall be used by the FSE internally, loaded from TUR_Config on start-up and from TUR_Adjusi on
synchrpnisation command.

All values shall be readable by the application. The format of these registers shall be implementation-specific.

10.1.2.2 Qperating_Mode

Possible m¢des are

— Configliration mode,

—  CAN communication,

— time-triggered communication, or

— event-gynchronised time-triggered communication.

Operating modes may only be changed by first changing.io' the configuration mode and then changing td the

new mode.

10.1.2.3 Time-triggered CAN level

One bit sha]l be used to distinguish between‘Level 1 and Level 2.

10.1.2.4 Master/slave

One bit sha]l be used to distinguish between (potential) time masters and time slaves.

10.1.2.5 External_Clock Synchronisation

One bit shall be used. to'configure whether or not external clock synchronisation will be allowed during runtime

(only Level ).

10.1.2.6 Interrupt_Enable register

The Interrupt_Enable register shall contain one enable bit for each interrupt source specified in the application
interface (Interrupt_Status_Vector).

10.1.2.7 Appl_Watchdog_Limit

The Appl_Watchdog_ Limit shall be an 8-bit value specifying the period for the application watchdog in
Appl_Watchdog_Limit times 256 NTUs.
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