INTERNATIONAL 1SO
STANDARD 17458-1

First edition
2013-02-01

Road vehicles— FlexRay
communications system.—

Part 1:
General informationsand use case
definition

Véhicules routiers —Systéme de communications FlexRay +—

Partie 1: Informatiet-générale et définition de cas d'utilisation

e Reference number
= — ISO 17458-1:2013(E)

© SO 2013


https://standardsiso.com/api/?name=1b5400c713cc6a770f9794fdb24b60bf

ISO 17458-1:2013(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0O 2013

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either 1SO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢« CH-1211 Geneva 20

Tel. +41227490111

Fax +4122 74909 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO 2013 — All rights reserved


https://standardsiso.com/api/?name=1b5400c713cc6a770f9794fdb24b60bf

ISO 17458-1:2013(E)

Contents Page
1 ST odo] o= 1
2 Terms, definitions, symbols and abbreviated terms ... 1
2.1 =T ESRE= T Lo I 1= a0 o N 1
2.2 Y AY o] O SN - =10 BT L RS ISR 4
3 (000 0 1VZ=T 01 410 o 1= =S S N 4
4 (B Lo Yol T g T=T a0 VA= AV L T S A 4
4.1 LT =T 1= = | P S Y RN 4
4.2 Document OVerview and STIUCTUTE .......oeevvvveiiieeeeieeeeee e e e s eeevm e e ve e e e e e e e e deie e 5
4.3 Open Systems Interconnection (OSI) model .........ccccoeeeiiiiiiiinnnen A e 5
4.4 Document reference according to OSI model ... e 6
5 Use case overview and principles ......ccccccceeeiviiiiiieeeeeeiiniiiieee e Gm e e 7
5.1 Basic principles for use case definitioN.........ooocveiicf N e e 7
5.2 Y oF= Tl o L] (=T P S LTSRN R 7
6 FlexRay communications system use case definition. .0 e 8
6.1 UC 1 FIEXRAY PrOCESSES .ciiiuuiiiiiiieeeeiiiiteiieereeeesssnsnseesagesSasssssneeeeesesssnsssssnesseessssnssssseessesssnssssforrnsessnnnnnns 8
6.2 UC 2 TT MOAES IN CIUSTEIS ..o S e e et e e e e e s e eebab e e e s e s e eerbnne s e e s de e 11
6.3 UC 3 Communication ProtOCOl.....ccciiciiiiiiiic i e sereee e e e e s e e e e e e s s e e e e e e e e s snnee deeee e e s e s 17
6.4 UC 4 Electrical phySiCal [QYEr .....ccooiieeiiieee o et e e s s e e e e e s e e e e e e s s e e e e 20
© ISO 2013 — All rights reserved il


https://standardsiso.com/api/?name=1b5400c713cc6a770f9794fdb24b60bf

ISO 17458-1:2013(E)

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 1SO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmentat, n_faison with 150, also 1ake palt I e Work. 1S0U collaborates closely with] the
Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
The main thsk of technical committees is to prepare International Standards. Draft Interfational Standards
adopted byl the technical committees are circulated to the member bodies for voting. "Publication ag an
Internationgl Standard requires approval by at least 75 % of the member bodies casting'a.vote.

Attention is|drawn to the possibility that some of the elements of this document miay be the subject of pgtent
rights. 1SO shall not be held responsible for identifying any or all such patent rights.

ISO 17458-L was prepared by Technical Committee ISO/TC 22, Road vehicles, Subcommittee SC 3,
Electrical apd electronic equipment.

ISO 17458 onsists of the following parts, under the general title-Road vehicles — FlexRay communicatlons
system:

— Part 1:[General information and use case definition
— Part 2:|Data link layer specification

— Part 3:[Data link layer conformance test spegification
— Part 4:[Electrical physical layer specification

— Part 5: [Electrical physical layer conformance test specification

iv © ISO 2013 — All rights reserved
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Introduction

The FlexRay communications system is an automotive focused high speed network and was developed with
several main objectives which were defined beyond the capabilities of established standardized bus systems
like CAN and some other proprietary bus systems. Some of the basic characteristics of the FlexRay protocol
are synchronous and asynchronous frame transfer, guaranteed frame latency and jitter during synchronous

tran
time

The
conj

Sing
Flex

The|
an i

This

To @chieve this, it is based on‘\the Open Systems Interconnection (OSI) Basic Reference Model

ISO
may

1er, prioritzaton or frames auring asyncnronous transter, single or mult-master CloCK Syrd

A message exchange service that provides deterministic cycle based message'transport;
Synchronization service that provides a common time base to all nodes;

Start-up service that provides an autonomous start-up procedure;

Error management service that provides error handling and.efror signalling;

Wakeup service that addresses the power managemenitneeds;

e start of development the automotive industry world-wide supported the specification develo
Ray communications system has been successfllly implemented in production vehicles today.

ISO 17458 series specifies the use cases,the communication protocol and physical layer reqy
n-vehicle communication network called "FlexRay communications system”.

IEC 7498-1 and ISO/IEE-10731, which structures communication systems into seven lay
ped on this model, the.protocol and physical layer requirements specified by ISO 17458 are br

Diagnostic seryices (layer 7), specified in ISO 14229-1 [3], ISO 14229-4 [5];
Presentation layer (layer 6), vehicle manufacturer specific;

Session layer services (layer 5), specified in ISO 14229-2 [4];

ronization,

synchronization across multiple networks, error detection and signalling, and scalable fault.tolerance.

FlexRay communications system is defined for advanced automotive control applications. It serves as a
munication infrastructure for future generation high-speed control applications in vehicles by providing:

pment. The

irements of

part of ISO 17458 has been established in order to define the use cases for vehicle comimunication
systems implemented on a FlexRay data link.

specified in
ers. When
bken into:

Tianco. b lavior oo o llavior A\ cunaocifiad o~ 1CM 1Nc01 29 11
Tl IJPUIL Iu_yCl SCTVILU O \lu_ycl -r}, QPU\JIIIUU mriTov 1LUVUUL o L.LJ,
Network layer services (layer 3), specified in ISO 10681-2 [1];

Data link layer (layer 2), specified in ISO 17458-2, ISO 17458-3;

Physical layer (layer 1), specified in ISO 17458-4, ISO 17458-5;

in accordance with Table 1.

© I1SO 2013 - All rights reserved
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Table 1 — FlexRay communications system specifications applicable to the OSl layers

S ISO 17458 FlexRay communications Vehicle manufacturer enhanced
Applicability OSI 7 layers . ;
system diagnostics
Application (layer 7) vehicle manufacturer specific ISO 14229-1, ISO 14229-4
Presentation (layer 6) vehicle manufacturer specific vehicle manufacturer specific
Seven layer . . -
accordingto Session (layer 5) vehicle manufacturer specific 1ISO 14229-2
1ISO 7498-1 . -
and Transport (layer 4) vehicle manufacturer specific
ISO 10681-2
ISO/IEC Network (laver 3) vahicla maniifacturar cnacific
10731 A\ 7 MR AL LA LL AL Al o o
Data link (layer 2) ISO 17458-2, ISO 17458-3
Physical (layer 1) ISO 17458-4, 1SO 17458-5

Table 1 shgws ISO 17458 Parts 2 — 5 being the common standards for the OSI layers 1 and 2 for the FlexRay

communications system and the vehicle manufacturer enhanced diagnostics.

The FlexRgy communications system column shows vehicle manufacturer specific’definitions for OSI layers

3

-7.

The vehicl¢ manufacturer enhanced diagnostics column shows application layer services covered by
ISO 14229-¢4 which have been defined in compliance with diagnostic services established in 1ISO 14229-1] but

are not IimiLed to use only with them. ISO 14229-4 is also compatible with most diagnostic services defingdd in
national st

ndards or vehicle manufacturer's specifications. Fhe presentation layer is defined vehicle

manufacturgr specific. The session layer services are covered.by 1SO 14229-2. The transport protocol [and

network laygr services are specified in ISO 10681.

Vi
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Road vehicles — FlexRay communications system — Part 1.
General information and use case definition

1

This
rela
will

Scope

part of ISO 17458 gives an overview of the structure and the partitioning of ISO 17458 and
ion between the different parts. In addition, it outlines the use case scenarios where/the 1ISO 1

systems and is used throughout all parts of ISO 17458.

2.1
For
2.1.
acti
AS

acti
usu
NOT
NOT
NOT
2.1.
bral
con

NOT

2.1.
bus|

Terms, definitions, symbols and abbreviated terms

[Terms and definitions
the purposes of this document, the following terms and definitions apply.

L
Ve star

e element which passes bus signals automatically from one input port to several output p
blly a passive net is plugged to each port

El An AS refreshes the bus signal slopés and levels; an AS does not refresh the bit-timing.

E2 An AS may be implemented in a monolithic way or a non-monolithic way.

E3 Optionally an AS may have a CC interface included.

P

ich

ponent within active star topologies

E A branch can be built from a point-to-point connection, a linear bus or a passive star.
§

driver

shows the
7458 series

be used. The terminology defined in this part of ISO 17458 is common for all-FlexRay communication

orts, where

BD

physical interface between the CC and the wiring harness

NOTE

the node with a power mode controlling optionally.

214

cab

le

FlexRay transmission line.

© I1SO 2013 - All rights reserved
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2.15
cluster

-1:2013(E)

communication system of multiple nodes connected via at least one communication channel directly (bus
topology), by active stars (star topology) or by a combination of bus and star connections (hybrid topologies)

NOTE

2.1.6

Clusters can be coupled by gateways.

communication channel

node conne

ction through which signals are conveyed for the purpose of communication

NOTE A
paths or top
channels arg)

217
communic
CC
electronic ¢
communicaj

2.1.8
communic
symbol and

NOTE A
channel: syni

2.1.9

communic
one complg
access met

NOTE T
window, and

Figure 1 illus

r -

lexRay allows a single CC to distribute data-frames independent from each other on two different hard
pblogies. From an abstract view each path is named “communication channel” (short: "channel"). \The
distinguished by using the extensions "A" and "B".

ation controller

omponent in a node that is responsible for implementing the protocol aspects of the Flex
fions system

htion element
frame
lexRay distinguishes two types of communication elements which can be transmitted on the communic

bols and frames.

htion cycle
te instance of the communication structure_that is periodically repeated to comprise the m
nod of the FlexRay system

he communication cycle consists of a.static segment, an optional dynamic segment, an optional sy
a network idle time.

frates the segmentation of a comimunication cycle during FlexRay’s normal operation.

communication cycle

network
idle time

static
segment

dynamic
segment

symbol
window

are
two

Ray

htion

pdia

mbol

Figure 1 — Segmentation of a communication cycle during normal operation

The static segment is configured into a selectable number of static slots. The segmentation in the time domain is based on
FlexRay's distributed clock. FlexRay frames are transmitted synchronously during these static slots.

The dynamic segment is configured into mini slots. They support prioritised event driven transmission of FlexRay frames.

The symbol window is used to transmit FlexRay symbols which support e.g. wake-up of a FlexRay communication system.

The network

idle time is used for clock correction.

© I1SO 2013 - All rights reserved
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2.1.10

gateway

node that is connected to two or more independent communication networks that allows information to flow
between the networks

2.1.11

host

part of an ECU where the application software is executed, separated by the CHI from the FlexRay protocol
engine

NOTE The host offers interfaces which enable the application software to control the CC and the BD.

2.1.12
hybjrid topology
des|gn of a communication cycle using various topology components

EXAMPLE An AS with one branch as point-to-point connection, one branch as linear bus’and one brangh as passive

NOTE A passive summarizes all point-to-point connections, linear béisses and passive stars.
2.1.14
physical layer

, ASs, CC 1/O stages, cables, connectors, common~mode filters, ESD protection circuits, [termination

NOTE All timing relevant hard-ware components-are included which are needed to transfer communication elements

poimt-to-point
two fterminated FlexRay nodes whigch are linked by a single FlexRay cable without any stub

2.1.16
splice
implementation of a connection-point where 3 or more transmission lines are plugged together.

NOTE A splice fmay contain passive components to damp radiation, e.g.a splice in a linear bus allows [connecting a
stubfto a FlexRay nade.

2.1.07
stu
sindle-FlexRay cable connected to the centre of a passive star or to a linear bus (short: plugged to p splice)

NOTE1 A stub represents a component within passive nets. A stub consists of a single FlexRay cable connected to
the centre of a passive star or to a linear bus (short: plugged to a splice).

NOTE2 The stub ends at the BD pins within an FlexRay node.

2.1.18

topology

distributed FlexRay system which consists of several components like nodes, busses, active and passive
stars etc.

NOTE The topology represents the non-hierarchical flat geometric structure of a FlexRay communication channel.

© I1SO 2013 - All rights reserved 3
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2.1.19

wiring harness
summary of all components inside the component “vehicle wiring harness” to transmit FlexRay communication

elements

NOTE The FlexRay wiring harness consists of

— connectors to plug ECUSs,

— inl

ine connectors,

— Cca
— sp
2.2 Abby
AM
AS
BD
BD/AS
CC
Cw
ECU
EMC
EPL
ESD

SAP

3 Conv

ISO 17458,
Convention
diagnostic g

les,

ces etc.

eviated terms
amplitude modulation
active star
bus driver
bus driver or active star
communication controller
continuous wave
electronic control unit
electromagnetic compatibility
electrical physical layer
electro static discharge

service access point

bntions

erviees.

ISO 10682 [1] and ISO 14229-4 [5] are based on the conventions specified in the OSI Ser
5 (ISQ/IEC 10731) [2] as they apply for physical layer, protocol, network & transport protocol

vice
and

4 Document overview

4.1 General

ISO 17458 has been established in order to define common requirements for vehicle communication systems

implemented on a FlexRay communication data link.

© I1SO 2013 - All rights reserved


https://standardsiso.com/api/?name=1b5400c713cc6a770f9794fdb24b60bf

4.2

ISO 17458-

Document overview and structure

1:2013(E)

The 1SO 17458 series provides an implementer with all documents and references required to support the
implementation of the requirements related to.

Part 1: General information and use case definitions

This part provides an overview of the document set and structure along with the use case definitions and

a common set of resources (definitions, references) for use by all subsequent parts.

Part 2: Data link layer specification
This part specifies the requirements for implementations of the FlexRay protocol on the log

ical level of

4.3

ISO
ISO

All g
that
use

The|
guig
ISO
The|
Pre
A s\
ISO

The

abstraction. Hardware related properties are hidden in the defined constrains.

Part 3: Data link layer conformance test specification
This part specifies tests to check the compliance of a given protocol implementation (log
abstraction) to the Data link layer specification.

Part 4: Electrical physical layer specification

This part specifies the requirements for implementations of active hardware components
necessary to interconnect several distributed protocol implementations. Requirements for
passive components are specified partly.

Part 5: Electrical physical layer conformance test specification
This part specifies tests to check the compliance of a givefiactive hardware component imp
to the electrical physical layer specification.

Open Systems Interconnection (OSI) model

17458 is based on the Open Systems Interconnection (OSI) Basic Reference Model as
IEC 7498 which structures communication systems into seven layers.

arts of ISO 17458 are guided by the OSI service conventions as specified in ISO/IEC 10731 t
they are applicable to diagnostic sétvices. These conventions define the interaction between
and the service provider through setrvice primitives.

aim of this subclause is to“give an overview of the OSI model and show how it has been
eline for this part of 1ISQ 1,7458. It also shows how the OSI service conventions have beer
17458.
OSI model structures data communication into seven layers called (top down) Application layj
bentation layer,'Session layer, Transport layer, Network layer, Data Link layer and Physical lay
bset of thesedayers is used in ISO 17458.

17458specifies data link layer and physical layer for the FlexRay communications system.

purpose of each layer is to provide services to the layer above. The active parts of

cal level of

which are
necessary

ementation

specified in

b the extent
the service

used as a
applied to

er (layer 7),
er (layer 1).

pach layer,

imp

emented In sortware, hardware or any combination Of software and hardware, are called en

ities. In the

OSI model, communication takes place between entities of the same layer in different nodes. Such
communicating entities of the same layer are called peer entities.

The services provided by one layer are available at the Service Access Point (SAP) of that layer. The layer
above can use them by exchanging data parameters

ISO 17458 distinguishes between the services provided by a layer to the layer above it and the protocol used
by the layer to send a message between the peer entities of that layer. The reason for this distinction is to
make the services, especially the application layer services and the transport layer services, reusable also for
other types of networks than FlexRay. In this way the protocol is hidden from the service user and it is
possible to change the protocol if special system requirements demand it.

© I1SO 2013 - All rights reserved
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4.4 Document reference according to OSI model

Figure 2 illustrates the document references.

1SO 17458-1
FlexRay communications
system - General
information and

use case definition

\/ehicle Manufacturer

Enhanced Diragnostics

|
| | |
|
! | !
| | |
|
| | !
: ' !
|
| | !
| | .
| | specific :
' |
|
| ( \ 1ISO 14229-1 UDS 1SO 14229-4 | Vehicle }
: OSl Layer 7 Specification and subset‘ UDSoNFR manufacturer |
| Application requirements > | specific }
|
| | !
1 | |
|
| — | |
: Vehicle [ Vehicle |
| OSl Layer 6 manufacturer | mangfagturer :
| Presentation specific | Specific |
|
| I — > | L
: ! !
|
|
| [ \ 1SO 14229-2 UDS I1SO 14229-2 UDS ! Vehicle |
| OSl Layer 5 Session layer Session layer manufacturer !
| Session services services | specific :
' |
| |
| |
! |

1
FlexRay communications system

1
! Vehicle
OSl Layer 4 manufa(':ft'urer
Transport 1SO 10681-2 | specific
\ / Communication on ! \_/_\
FlexRay — |
Communication |
/ﬁ layer services | Vehicl
ehicle
OSl Layer 3 | manufaf:tlurer
Network | specific
N " > 1 7
______________ d e,
ISO 17458-2 '5361)3328'3
FlexRay y

communications system
= Data link layer
conformance test
specification

SO

1ISO '17458-5
FlexRay
communijcations system
- Electrical physical
layer conformance test
specification

communications system
- Data link-layer
specification

~_

1ISO 17458-4
FlexRay
communications system
- Electrical physical
layer specification

@Sl\Layer 2
Data Link

—
)

OSl Layer 1
Physical

i R,

Figure 2 — FlexRay document reference according to OSI model

6 © 1SO 2013 — All rights reserved


https://standardsiso.com/api/?name=1b5400c713cc6a770f9794fdb24b60bf

ISO 17458-1:2013(E)

5 Use case overview and principles

5.1 Basic principles for use case definition

Basic principles have been established as a guideline to define the use cases:

pointing out features which support usual operating modes of networked systems in OEMs products;

pointing out features which support future expected properties of networked systems in OEMs products;

comparing the conirast between normal operating functionaltes in the abSence o1 errors ano
operation functionalities in the presence of errors;

distributed applications inside vehicles expect completely different properties of jtheir inte

limp-home

rconnecting

networks. FlexRay systems are allowed being implemented and parameterized by-taking us¢ of various
features. These stress fields are reflected by several use cases.
5.2[Use case clusters
Thig chapter defines use case clusters of the FlexRay communications system.
Table 2 provides an overview of the main FlexRay use case clusters. A main FlexRay use case fluster may
have one or more use case definition.
Table 2 — FlexRay communications system main use case clusters

# || Main title of use case cluster Brief description

1 || FlexRay processes The purpose\6f these use cases requires basic functionalities of a FlexRay
system when' being built in vehicles and when being used for the djstribution of
application’data during the various operating modes of vehicles.

2 || TT-D, TT-L and TT-E clusters Thel\purpose of these use cases is the description of various |methods to
provide a common time base to all FlexRay nodes communicating among each
other.

3 || Communication protocol The purpose of these use cases is the description of the profocol driven
property range of systems and applications when using FlexRjay for their
internal communication.

4 || Electrical physical layer The purpose of these use cases is the description of the electrical physical
layer properties when interconnecting the logical links of thg distributed
FlexRay ECUs by electrical hardware components inside a vehicle.

© 1SO 2013 — All rights reserved 7
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6 FlexRay communications system use case definition

6.1 UC 1 FlexRay processes

6.1.1 UC 1.1 Execute normal communication cycle

Table 3 specifies the use case to execute hormal communication cycle.

Table 3— UC 1.1 Execute normal communication cycle

Actor Communication module

Goal Run the communication and the observation procedures during the communication cycle (static
segment, the dynamic segment, the symbol window and the network idle time).

Use case input Start-up complete

Use case dutput Data stream to and from the logical link (physical layer),

data stream to and from the host,
control stream to and from the host.

Brief desciliption The use case includes the detailed functionality, behaviour and,data’structures of FlexRay in its
main operating mode when running the communication cycle. Examples are:

— receive communication elements;

— transmit communication elements.

The complete functionality is implemented insidé.the communication controller.

6.1.2 UC [L.2 Check for wakeup condition

Table 4 specifies the use case to check for wakeup:condition.

Table 4 — UC.1.2 Check for wakeup condition

Actor Bus driver module

Goal Monitoring fof presence of wake-up events and signal them.

Use case input Low power.mode active.

Use case dutput Signal.available which announces a detected wake-up event.

Brief desciliption The-bus-driver module monitors optionally the availability of wake-up conditions at its interfages.

Several types are distinguished:
— remote wake-up from the bus due to wakeup symbols;

remote wake-un from-the bus due to pavicad:
™ e T

— local wakeup.

8 © 1SO 2013 — All rights reserved
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6.1.3 UC 1.3 Configure communication module

Table 5 specifies the use case to configure communication module.

Table 5 — UC 1.3 Configure communication module

Act

or

Host

Goal

Configure the communication module to ensure the participation in the FlexRay communication.

Use case input

Set of communication parameters

UsE case output

Communication module Is parameterized taultless.

Brief description

The communication module (hardware implementation of the FlexRay protocel) offers a broad
range of features to be adjusted or selected by the system designer. The“dedpced set of
parameters initializes the module to take part in the FlexRay communicatien. Examples of what

to parameterize are:
communication schedule;

transmit message buffer configuration;

receive message buffer configuration.

6.1.4 UC 1.4 Clock synchronization
Table 6 specifies the use case to clock synchronization:
Table 6 — UC 1:4"Clock synchronization
Acfor Communication module
Gojal Distributed clocks based on marginally differing local cycles shall be synchronized during start-up

and re-synchronized during normal communication.

Usp case input

Sampled local\time-stamps based on faultless communication elements on the bus.

U

n

P case output

Net wide synchronized local clock.

Brief description

The [FlexRay protocol uses two different procedures to synchronize protocol internal Ipcal clocks:

system by observing the timing of transmitted sync frames from other co
modules;

Each communication module individually synchronizes itself to the FlexRay communication
nmunication

Each communication module individually synchronizes itself to the FlexRay communication

system by observing timing information transmitted from a synchronization mastgr.

Tha loecal claocke—are—aoira—to-ba—dacalaratad—and L or-acecalaratadto—aHarainiaa
Tt oot TOCIKS—tt oMYy cereratco—arto—r—0" rerotet Troritee

o—pt—tt

maximal deviation.

a net wide

© I1SO 2013 - All rights reserved
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6.1.5 UC 1.5 Start communication module

Table 7 specifies the use case to start communication module.

Table 7 — UC 1.5 Start communication module

Actor Networked system

Goal A non-communicating FlexRay system (usually in a low-power mode) shall establish a regular
communication on demand.

Use case input Wake-up event at any FlexRay node

Use case dutput Established communication among the connected and powered FlexRay nodes.

Brief desciliption The FlexRay protocol supports strategies to wake-up each powered FlexRay node” and to

synchronize their local communication modules. The strategies are based on transmitted wakpup
and start-up communication elements.

6.1.6 UC [L..6 Shutdown communication module

Table 8 specifies the use case to shutdown communication module.

Table 8 — UC 1.6 Shutdown communication'module

Actor Host

Goal The communication module of a node exetutes on demand the termination of node's
participation in the regular communication

Use case input The host commands to stop node's participation in the regular communication.

Use case dutput The mentioned node finished the participation in the regular communication.

Brief desciliption The FlexRay communication madule supports strategies to finish the participation in a regplar

communication. After the suceessful shut-down the mentioned node does not participate pny
longer in the optionally on-geing regular communication.

10 © 1SO 2013 — All rights reserved
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6.1.7 UC 1.7 Repeating function & branch error handling

Table 9 specifies the use case to repeating function & branch error handling.

Table 9 — UC 1.7 Repeating function & branch error handling

Actor

Repeater module (active star)

Goal

Passing of FlexRay communication elements from one branch to all other branches (repeating
function) in the absence of any error,
suppressing the influence of a branch, if there is any error in the branch present.

Usp case input

Communicating FlexRay nodes which are connected via an active star.

Usk case output

Faultless communication among the FlexRay nodes which are connected to faultless|branches.

B

=

ilef description

An active star supervises each of its branches independently for the presence of errofs:
— Noise;

— short circuit to ground or the battery;
—  broken bus-line;

— short circuit among the bus-lines.

In case of "no error" an active star passes FlexRay communication elements from ahy receiving
branch to the other (transmitting) branches (tepeater function).

In case of "error detected" the correspending branch will be deactivated and excluded from the
repeating function.

6.2|UC 2 TT modes in clusters

6.2.l Basic principles for TT mode-definition

FleXRay supports a common time_base for all nodes which are connected to a single cluster and o all nodes

whi¢h are connected to several(clusters coupled by gateways.
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Figure 3iillu

strates an example of two coupled FlexRay clusters.

Figure 3
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— Example of a FlexRay communication cluster consisting of 2 channels, two active sta
and a gateway te\a 2" cluster

methods are supported to synchronize.the distributed clocks:

y communication modules operating in time-triggered distributed (TT-D) method use a
distributed clock synchronjzation mechanism;

y communication medules operating in time-triggered local-controlled (TT-L) method use a ¢
bnization mechanisnt based on the local clock of a single node;

y communication modules operating in time-triggered external-controlled (TT-E) method de
pck synchronization directly from the clock synchronization of another FlexRay cluster via a

Y.

[S

ault

ock

rive
me

Three clust

ers with various I I-methods are pointed out as use case examples. Additonal combination

use cases are possible.

12

S or

© I1SO 2013 - All rights reserved


https://standardsiso.com/api/?name=1b5400c713cc6a770f9794fdb24b60bf

ISO 17458-1:2013(E)

6.2.2 UC 2.1 TT-D cluster

Table 10 specifies the use case for a TT-D cluster.

Table 10 — UC 2.1 TT-D cluster

Actor System designer

Goal FlexRay communication on one channel where slot-timing is based on distributed fault tolerant
clock synchronizations mechanisms

Use case input FlexRay message scheduling according to applications” requirements, robiist against faulty local

clocks
Usp case output Clocks are cluster-wide synchronized to enable a regular communication.
Brief description Message scheduling is based on time. To achieve a common understanding of tirne the local

clocks are synchronized cluster-wide.

Two kinds of nodes are distinguished:

— Sync nodes:
These nodes participate in the clock synchronization.mechanism and they prpvide timing
information to all other nodes;

— Non-sync nodes:
These nodes receive the timing information\provided by the sync nodes. Their|local clocks
do not influence any other clock.

Figdre 4 illustrates an example of a TT-D cluster.

TT-D cluster
non-sync
sync node y
node
non-sync
sync node y
node
non-s
yne svnc node
noade 7
channel A
channel B
Key

TT-D  time triggered distributed

Figure 4 — Example of a FlexRay TT-D cluster
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6.2.3 UC 2.2 TT-L cluster

Table 11 specifies the use case for a TT-L cluster.

Table 11 — UC 2.2 TT-L cluster

Actor

System designer

Goal

FlexRay communication on one channel where slot-timing is based on the clock of a single

defined node

Use case input

FlexRay message scheduling according to applications” requirements synchronized(te a
defined node's clock

pre-

Use case dutput

clocks are cluster-wide synchronized to enable a regular communication

Brief desciliption

Message scheduling is based on time. To achieve a common understanding”of time the |

clocks are synchronized cluster-wide. In a TT-L-cluster a single node‘\provides the tin

information to all other nodes.
Two kinds of nodes are distinguished:

— TT-L coldstart node:
This node is the only node in the cluster which provides timing information. The clock of
node dictates the clocks of the other nodes in the cluster;

— Non-sync nodes:

cal
ing

this

These nodes receive the timing information pfovided by the TT-L coldstart node. Their Igcal

clocks do not influence any other clock.

Figure 5 illustrates an example of a FlexRay TT-L cluster.

TT-L cluster
L non-sync
coldstart —T node
node
nhon-sync non-sync

node __T node

nnn-qynr‘ nnn-qynr‘

14

node node

channel A
channel B

Key

TT-L time triggered local-controlled

Figure 5 — Example of a FlexRay TT-L cluster
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6.2.4 UC 2.3 TT-D cluster linked with a TT-E cluster

Table 12 specifies the use case for TT-D cluster linked with a TT-E cluster.

Table 12 — UC 2.3 TT-D cluster linked with a TT-E cluster

Actor System designer

Goal Synchronized operation of two FlexRay clusters coupled via a gateway.

Usg case input FlexRay message scheduling according to applications” requirements synchronized’@gmong each
other to a distributed clock.

Usp case output Clocks are net-wide synchronized to enable a regular communication.

Brief description Message scheduling is based on time. To achieve a common unde€rstanding of tine the local
clocks are synchronized cluster-wide. The nodes in the TT-D cluster (time source [cluster) use
the time synchronization mechanism as described in Table 10nThe nodes in the TT-E cluster
(time sink cluster) are connected to the TT-D cluster via a~time gateway. The nodes in the
gateway pass the timing information from the time source cluster to the time sink clugter.

Three kinds of nodes are distinguished:

— Sync nodes:
These nodes participate in the clock synchrenization mechanism and they prpvide timing
information to all other nodes;

— TT-E coldstart nodes:
These nodes provide the timing jnformation in the TT-E cluster. The clocks of these nodes
dictate the clocks of the non-syncrnodes in the TT-E cluster. A TT-E coldstart ndde is part of
a time gateway and is locatedion the time sink side. It gets its time information ffom the time
source side which is a node-in a separate TT-D, TT-L or a TT-E cluster;

— Non-sync nodes:
These nodes .receive the timing information provided by the sync nodes ¢r the TT-E
coldstart nodes; “Their local clocks do not influence any other clock.
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Figure 6 illustrates an example of a FlexRay TT-D cluster linked with two TT-E clusters via TT-E gateways.

TT-D cluster TT-E cluster
r—-"-"—-=--- b |
I time gateway I
TT-E
sync node * NON-SYNC - coldstart L non-sync
node node
node
sync node non-sync ¢ NRTsYNE
y * node node
TT-E
non-syne ¢ sync node | coldstart JF fion-sync
node node
node
| i ¢ I !
L _ _Umegateway = ] non-sync
'\ node
channel A
channel B TT-E cluster
Key

TT-E time triggered external controlled

TT-D  time triggered distributed

Figure|6 — Example of a FlexRay TT-D cluster linked with two TT-E clusters via time gateways
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6.3 UC 3 Communication protocol

6.3.1 UC 3.1 Flexibility in communication schemes

Table 13 specifies the use case to flexibility in communication schemes

Table 13 — UC 3.1 Flexibility in communication schemes

1:2013(E)

Actor System designer

Goal The system designer adjusts the FlexRay communication cycle best to his requirements.

Usg case input Communication requirements driven by automotive networked applications.

Usp case output Communication cycle design

Brief description The FlexRay protocol offers the system designer a broad range of parameters t¢ adjust the

communication cycle to the system requirements best.

Examples are:

selectable range of communication cycle times;

selectable multiplexed slots to support a~broad range of message cycles
communication cycle time;

selectable protocol parameters to be*adapted to the EPL topology timing proper

selectable fragmentation of the communication cycle in dynamic part and static part;

at a fixed

ies.

6.3.

Tab

P UC 3.2 Scalable expansion stages

e 14 specifies the use case to scalablgsexpansion stages.

Table'14 — UC 3.2 Scalable expansion stages

Acfor System designer

Gojal The system designer adjusts the FlexRay communication options best to his requirenpents.
Usk case input Communication requirements driven by the automotive networked application.

Usp case output Selected communication options

Bri

ef description

The FlexRay protocol offers the system designer a broad range of selectable cor
options to meet the requirements optimally.
Examples are:

one channel at 2,5, 5 or 10 MBIt/ s;

nmunication

two channels each at 2,5, 5 or 10 MBit / s to get finally 5, 10 or 20 MBit / s;

availability;

data throughput is combined.

two channels each at 2,5, 5 or 10 MBIt / s with redundant communication to support best

two channels each at 2,5, 5 or 10 MBit / s in which redundant communication and increased

© I1SO 2013 - All rights reserved
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6.3.3 UC 3.3 Suppressible glitches

Table 15 specifies the use case to Suppressible glitches.

Table 15 — UC 3.3 suppressible glitches

Actor System in operation

Goal The communication shall only be influenced minimal by any electrical disturbance which may
probably lead to glitches and faulty samples inside the communication modules” RxD input path.

Use case input Automaotive electrical stress e g - 1SO 7637-3:1995 test pulses 3a and 3b

Use case dutput Faultless final sampling of the serial data stream.

Brief desciliption A stepped filtering approach is realized in FlexRay. First the BD shall be insensible” agajnst

electromagnetic stress and shall provide the CC with a perfect data stream. Second.the FlexiRay
protocol includes a glitch filter to suppress faulty samples. The filter is able to suppress one faulty
sample or two faulty samples in a row. The glitch filter delays the sampled’data stream by 3
sample periods.

6.3.4 UC B.4 Composability

Table 16 specifies the use case to composability.

Table 16 — UC 3.4 Composability

Actor System designer

Goal Reusability of two distributed independent functions, which were validated and verified
separately from each other.

Use case input Two separately validated and verified distributed functions, independent from each other.

Use case dutput One common validated and (verified distributed system consisting of two independent and

distributed functions.

Brief desciliption The communication sécheme timing in the static part of the FlexRay communication cycle is pre-
defined and deterministic. It is neither influenced by priorities nor influenced by the payload. This
allows running two-independently developed and tested distributed functions together in pne
FlexRay system 'if both functions use separate slots. A re-test of the integrated system is|not
necessary,
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6.3.5 UC 3.5 Synchronisation of application tasks

Table 17 specifies the use case to synchronisation of application tasks.

Table 17 — UC 3.5 Synchronisation of application tasks

Actor

Application designer

Goal

Each task of a distributed application may run synchronously to all the other involved tasks.

Use case input

Absolute timing requirements and tolerance of tasks supporting distributed applications.

UsE case output

Guaranteed timing constrains or real time error signalling.

Brief description

The FlexRay communication system supports to run distributed tasks synchronoysly to each
other. The FlexRay timing based on the synchronized distributed clocks can‘be used|to generate
timing events for the activation of local tasks. The clocks can be synchronized insidg a FlexRay
topology as well as among several FlexRay topologies which are coupled among each other by
gateways.

6.3.p

Tabje 18 specifies the use case to communication controller implementation conformance tests.

UC 3.6 Communication controller implementation conformancetests

Table 18 — UC 3.6 Communication controller implementation conformance tests

Acfor

System responsible

Golal

Any system responsible (at the OEMy'ECU or silicon manufacturer) shall have the possibility to
order one test house at least. It shall offer the operation of a standardized conformange test.

Usk case input

Model or sample of a protocolimplementation.

Usp case output Report "conformance, between the specification and the digital model of the protocol
implementation CC_name ?

Brief description The conformance ‘test checks of the data link layer specification against the model or|]sample of a
protocol impleémentation. Some dedicated HW parameters documented in the data gheet of the
corresponding® CC implementation are checked against 1SO 17458-4 (e.g. [HW-related
symmetricand asymmetric delays on the CCs” internal communication path).

a type of the communication’controller implementation used in the conformance test

6.3.f UC 3.7 Distributed closed loop control application

TabJe 19 specifies the use case to distributed closed loop control application.

Table 19 — UC 3.7 Distributed closed loop control application

Actor

Application designer

Goal

Enable to run closed loop control systems with distributed control modules.

Use case input

Closed loop control data to be distributed among the networked control modules.

Use case output

The closed loop control data is distributed cyclically within guaranteed real-time limits.

Brief description

The FlexRay protocol guarantees the distribution of cyclic data among networked applications.
The cycles are based on clocks which are implemented inside each protocol implementation.
The achievable accuracy (e.g. a few ps) depends for example on the minimal and maximal
propagation delay of frames. Local tasks can be synchronized to interrupts coupled to the slots.
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