IEC 61158-1:2014-05(en-fr)

IEC IEC 61158-1

®
®

INTERNATIONAL
STANDARD

NORME

INTERNATIONALE
A@\§

Edition 1.0 2014-05

N

ecifications —
IEC 61784 series

s\dés séries CEI 61158 et CEl 61784



THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2014 IEC, Geneva, Switzerland

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 IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans l'accord écrit de I''EC ou du Comité national de I'lEC du pays du demandeur. Si vous avez des
questions sur le copyright de I'lEC ou si vous désirez obtenir des droits supplémentaires sur cette publication, utilisez
les coordonnées ci-aprés ou contactez le Comité national de I'lEC de votre pays de résidence.

IEC Central Office Tel.: +41 22 919 02 11
3, rue de Varembé Fax: +41 22 919 03 00
CH-1211 Geneva 20 info@iec.ch

Switzerland www.iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global or
International Standards for all electrical, electronic and related technologies

About IEC publications

The technical content of IEC publications is kept under constant revj

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting
bibliographical information on IEC International ‘§
Technical Specifications, Technical Reports and
documents. Available for PC, Mac OS, Android Tabl
iPad.

IEC publications search - www.iec h/searchpub

committee,...).
and W|thdrawn publications.

IEC Just Published - #ebstore)i
Stay up to date on al )
details all new publication

an 55 000 electrotechnical terminology entries in
and French extracted from the Terms and Definitions

ave been collected from earlier publications of IEC TC 37,
77, 86 and CISPR.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: csc@iec.ch.

Le contenu techniq
plus récente, un corrige

Catalogue IEC - webstore.iec.ch/catalogue

Application autonome pour consulter tous les renseignements
bibliographiques sur les Normes internationales,
Spécifications techniques, Rapports techniques et autres
documents de I'lEC. Disponible pour PC, Mac OS, tablettes
Android et iPad.

Recherche de publications IEC - www.iec.ch/searchpub

La recherche avancée permet de trouver des publications IEC
en utilisant différents criteres (numéro de référence, texte,
comité d’études,...). Elle donne aussi des informations sur les
projets et les publications remplacées ou retirées.

IEC Just Published - webstore.iec.ch/justpublished

Restez informé sur les nouvelles publications IEC. Just
Published détaille les nouvelles publications parues.
Disponible en ligne et aussi une fois par mois par email.

des pyblications IEC est constamment revu. Veuillez vous assurer que vous possédez I'édition la
ou amendement peut avoir été publié.

Electropedia - www.electropedia.org

Le premier dictionnaire en ligne de termes électroniques et
électriques. Il contient plus de 30 000 termes et définitions en
anglais et en francais, ainsi que les termes équivalents dans
14 langues additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.

Glossaire IEC - std.iec.ch/glossary

Plus de 55 000 entrées terminologiques électrotechniques, en
anglais et en frangais, extraites des articles Termes et
Définitions des publications IEC parues depuis 2002. Plus
certaines entrées antérieures extraites des publications des
CE 37,77, 86 et CISPR de I'EC.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur cette
publication ou si vous avez des questions contactez-nous:
csc@iec.ch.


mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
http://webstore.iec.ch/catalogue
http://webstore.iec.ch/justpublished
http://std.iec.ch/glossary

IEC 61158-1

Edition 1.0 2014-05

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

ecifications —
8 and IEC 61784 series

Industrial communication netwo
Part 1: Overview and guidance fo

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE

INTERNATIONALE PRICE CODE XC
CODE PRIX

ICS 25.040.40; 33.040; 35.100.05 ISBN 978-2-8322-1630-9

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale



-2- IEC 61158-1:2014 © IEC 2014

CONTENTS
O T @ I S 4
LS Yo oY o 1= PPN 6
2 NOIrMaAtiVe FefEIENCES ..o e 6
3 Terms, definitions and abbreviated terms ..o, 6
3.1 Terms and definitionNs .. ..o 6
3.2 ADDreVIiatioNS ..o 7
4  Guidelines for implementers and USEIS ........oouiiuiiiiiiiii e e
4.1 Background and pUIrPOSE .....c.iuiiii i
4.2  Supported optionNs ......cviiiii
4.3 Benefits from using a common and formal style
5 Concept of the IEC 61158 SEries .....ccvvvviinieiiiiiiiiieeeee e OGN\ e
6 Mapping onto the OSI Basic Reference Model.............. oot a -\ ee e
6.1  OVEIVIEW .ot N N AU G e e ) et e r e eenens
6.2 Physical layer service and protocol
6.3 Data-link layer service ......cocoovviiiviiine b o e N e G e
6.4 Data-link layer protocol ........o.ccoueeenees
6.5 Application layer service....<.....\..:
6.6 Application layer protocol ......\.... NN
7  Structure of IEC 61158 and IEC 61784 series..
7.1
7.2
7.3
7.4
7.5
7.6
7.7
8 Brief summaryof
8.1
8.2
8.3
8.4
8.5
9 Application layer service description concepts
9.1
9.2 Architectural relationShips ..o e 34
9.3 Fieldbus application layer struCture ............coiiniiiii e 36
9.4 Fieldbus application layer naming and addresSing.......ccccoeeeiiiiiiiiiiiii e, 48
9.5 ArchiteCture SUMMAIY . ... e 49
9.6 Notional FAL ServiCe proCeaUIES .......iuiuiiiieii e e 50
9.7  Common FAL attributes ... 51
9.8 Common FAL ServiCe parametersS. .. .....ciuuiiniiiiiee et 52
9.9 AP DU SIZE ettt 53
1O Data tY P ASE .. 53
O B O V7= T TS 53

10.2 Formal definition of data type objects .........cooviiiiiiiii 55



IEC 61158-1:2014 © IEC 2014 -3-

11 Fieldbus system requUIremMeENnts ... ... 57
TP T €= o= = | S 57
11.2 Industrial control NEIWOIK ... e 57
11.3 Communication between industrial control networks and other networks ............... 58
11.4 Quality of service features of an industrial control network ................ccoo, 58
11.5 Special requirements for wireless NetWOrks ..........cccoeiiiiiiiiiiiiiii e, 59

Annex A (informative) Trade name declarations............cccooeiiiiiiiiiiii e 60

Annex B (informative) Media selection for fieldbus systems ...........coooiiiiiiiii i, 62
Bl GBNEIAl e e 62
B.2  Cabled Media ..o s 62

B.3 Wireless Media......c.ouiuieiiii e N TR N 62

B.4 Media needing special consideration.............c.coooviiiiiinni. < [ N 62
B.5 Performance characteristics of open and public networks o Ny 63
Bibliography. ... S NUURU. N 64

Figure 5 — Relationship of the Data-lin
the fieldbus data-link service ................

Figure 6 — Relationship of the fieldbus
users of the fieldbus applicatjon servj

Figure 9 — Docu
Figure 10 — Relatio

Figure 11 — Archi

Figure 18 — FAL management of 0bjectS ... ..o 45
Figure 19 — ASE SEIVICE CONVEYANCE ....uiiiiii ittt 46
Figure 20 — Defined and established AREPS ...........oouiiiiiii e, 48
Figure 21 — FAL architectural COMpPONENtS ... ..o 50
Figure 22 — Data-type class hierarchy example..........ooiiiiiiii e 53
Table 1 — OS1 and [EC 61158 laYerS ...cuuiuiiii et e e 11
Table 2 — CPF, CP, and type relations ..o 19
Table 3 — Types of timeliness defined for publisher/subscriber interactions........................... 40

Table A.1 — Trade names of CPFs and CPs ... e 60



-4 - IEC 61158-1:2014 © IEC 2014

INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 1: Overview and guidance for the IEC 61158 and IEC 61784 series

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardi t|on comprising
all national electrotechnical committees (IEC National Committees). The objéciN of S to promote
international co-operation on all questions concerning standardization in the eleetri
this end and in addition to other activities, IEC publishes International Stan@ard
Technical Reports, Publicly Available Specifications (PAS) and Guides (herea as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; i { interested
in the subject dealt with may participate in this preparatory work. 3

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mat
consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

Publications is accurate, IEC cannot be held respo
misinterpretation by any end user.

4) In order to promote international uniformit
transparently to the maximun
between any IEC Publicatiog
the latter.

sittees undertake to apply IEC Publications
&l and regional publications. Any divergence
regional publication shall be clearly indicated in

members of its te
other damage of 8

9) Attention is dre e possibility that some of the elements of this IEC Publication may be the subject of
not be held responsible for identifying any or all such patent rights.

Attention is drawn to the fact that the use of some of the associated protocol types is
restricted by their intellectual-property-right holders. In all cases, the commitment to limited
release of intellectual-property-rights made by the holders of those rights permits a layer
protocol type to be used with other layer protocols of the same type, or in other type
combinations explicitly authorized by their respective intellectual property right holders.

NOTE Combinations of protocol types are specified in IEC 61784-1 and IEC 61784-2.

International Standard IEC 61158-1 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This first edition cancels and replaces the third edition of IEC/TR 61158-1 published in 2010.
This edition constitutes a technical revision.
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This first edition includes the following significant changes with respect to the previous
Technical Report:

e updates of the references to and information about the IEC 61158 series, IEC 61784-1,
IEC 61784-3, IEC 61784-5 series and IEC 61918 throughout the document;

o new Type 23 for profile family 8;

e new Type 24 and the related profile family CPF 19;

e new Subclause 7.7 Communication profiles for wireless communication networks;

e new Clause 11 Fieldbus system requirements;

e new Annex B Media selection for fieldbus systems.

The text of this standard is based on the following documents:

A\
FDIS Report on voting <

65C/757/FDIS 650/767/RV<D/\

voting indicated in the above table.

This publication has been drafted in accordance

The committee has decided, that the cnte%{
[ e

w
e reconfirmed,
e withdrawn, Q

e replacedbyar

e, under "http://webstore.iec.ch" in the data

e amended.

IMPORTA
that it contai
understanding o
colour printer.

lours which are considered to be useful for the correct
its contents. Users should therefore print this document using a
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 1: Overview and guidance for the IEC 61158 and IEC 61784 series

1 Scope

This document specifies the generic concept of fieldbuses.

This document also presents an overview and guidance for the IEC 61

e explaining the structure and content of the IEC 61158 series;

e relating the structure of the IEC 61158 series to the ISO/I
Model;

e showing the logical structure of the IEC 61784 series:

e showing how to use parts of the IEC 61158 s¢
series;

e

e providing explanations of some as
type specific parts of the IEC 61
concepts and the generic fieldbus d

2 Normative references

None.

from one application to another
3.1.2

fieldbus

communication system based on serial data transfer as typically used in industrial automation
and process control applications

3.1.3
fieldbus system
system using a fieldbus with connected devices

3.1.4
message
ordered series of octets intended to convey information

[SOURCE: ISO/IEC 2382-16:1996, 16.02.01, modified]
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3.1.5

network

all of the media, connectors, repeaters, routers, gateways and associated node
communication elements by which a given set of communicating devices are interconnected

3.2 Abbreviations

For the purposes of this document, the following abbreviations, based partially on the
concepts developed in ISO/IEC 7498-1, apply:

AE application entity

AL application layer (N = 7)

APDU application layer protocol data unit
APO application process object

AR application relationship

AREP application relationship endpoint
ASE application service element

CP communication profile

CPF communication profile family

DL- data-link layer (as a prefix)

DLL data-link layer (N = 2)

FAL fieldbus application layer

FSCP functional safety communig¢ation profile
IETF Internet Engineering Task orc%
10 input output

IP

kbit/s

Mbit/s

LME

(n)-layer

OSl|

Ph-

PhL

SIL

4 Guidelines for implementers and users

4.1 Background and purpose

Communication in global markets requires a global understanding of a specification (standard
or not). ISO/OSI related specifications provide a common basis for understanding and
acceptance between international experts (manufacturers and end-users).

Examples are

e ISO/IEC 7498-1 for general layering and structuring;
e |ISO/IEC 9545 for general application layer modeling;
e |ISO/IEC 8886 for data-link layer modeling.
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The IEC 61158 series specifies a number of different fieldbus types in each of its parts
(IEC 61158-2 and the type specific parts of IEC 61158-3-tt, IEC 61158-4-tt, IEC 61158-5-tt
and IEC 61158-6-tt). As a result of the editorial harmonization work done by IEC, each PhL,
DLL and AL specification within [EC 61158 is shown in a homogeneous way. The description
of each layer offers, as far as possible, common views, concepts, definitions, and descriptive
methods.

NOTE The list of IEC 61158 parts is abbreviated as IEC 61158-3-tt, IEC 61158-4-tt, IEC 61158-5-tt, or
IEC 61158-6-tt, where tt represents one or more type numbers.

This common approach has been adopted to assist users and implementers in understanding
the several specifications. It is also intended to assist in comparing available products and
their communications-related features.

4.2 Supported options

configurable options within their detailed specifications.
combinations of options will interwork or interoperate correctly

As a result, the route

e Clause 5to
e |EC 61784-1, A

e |EC61784-2,

4.3 Bene

The benefits gained”from using a common and formal style to specify the communication
system are:

o the common look and feel of a specification saves effort during evaluation;

e acommon structure helps to identify and to specify common parts and contents;

o the common approach represents a first step to ensure long-term quality and stability;

e the missing parts and items of any specification are more readily identified by comparison
with the other specifications, leading to a simplified review and evaluation procedure;

e acommon basis facilitates the development of test and certification procedures;

e the modular concepts support future enhancements, extensions and adaptation of new
technologies.
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5 Concept of the IEC 61158 series

Conceptually, a fieldbus is an industrial digital communication network for integration of
industrial control and instrumentation devices into a system. Examples of such devices are
transducers, sensors, actuators and controllers.

The IEC 61158 series specifies a number of fieldbus protocol types. Each protocol type is
designed to permit multiple measurement and control devices to communicate. Devices
communicate directly only with other devices of the same protocol type. The basic
requirements of industrial communication networks for measurement and control are given in
Clause 11.

Devices which use the same lower-layer protocols in a compatible fashi differ in their
higher-layer protocols may be able to share a lower-layer medium.

coupled with physical layer and application layer protocols a c with other
combinations as specified in IEC 61784-1 and IEC 61784-2 2 anous\protocol types
. . . N

monitoring and control systems for any mdustrl > domains. An example
application for high-integrity low-level \OP gsors, actuators and local
controllers in a process plant, togeth€r with f"'programmable controllers

< AN
N) Cont Programmable
: Controllers
Fiel \Qg}ators Monitoring

S| ent|

Info matioﬁ@s{ems
g
Gatgway Gateway )
Fieldbus

ss\plant shop floor segment
C<Qol |

Programmahle ‘

Con Progrgmmabhle

system
H
Bridge
Fieldbus
segment

Figure 1 — Example of a fieldbus system

A number of fieldbus types are specified in the IEC 61158 series using the following concepts
for decomposition.

a) First concept: The complex communication task is divided into different layers based on
an adaptation of ISO/IEC 7498-1, the ISO/OSI Basic Reference Model, thereby facilitating
well-structured functions and interfaces (see Clause 6). This has the following benefits:

— decomposition of complex tasks;
— modular structure to adapt different technologies.
b) Second concept: Each fieldbus type is composed of one or more layer specifications.
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Most types include a number of services and protocol options that require an appropriate
selection to support a working system. Compatible selections of options and services
within one of the IEC 61158 fieldbus types are specified as standardized communication
profiles in IEC 61784-1 and IEC 61784-2. Most of these profiles are supported by
consortia or trade associations which are identified in the profile specification.

Third concept: The physical, data-link and application layers are described in
complementary ways, in terms of the offered services and the protocol which provides
those services.

Figure 2 illustrates the differences between service and protocol viewpoints of the data-link
and application layers. The protocol parts show the layer implementer’s oriented view and the
service parts show the layer user’s oriented view.

Layer user Layer imple ter
Oriented view Oriented<vie

AL services AL protocol
Part 5 of IEC 61158 Part 6 of IEC 61
- Model and concepts - Syntax definitidr_an

- Data type definitions - Applicatioprretationships
- Application objects procedurgs
- Service description - Protocol m ch nes (state machi
- Communication end-point
management. Q QQ )\>

DL services
Part 3 of IEC 61158

parts of IEC 6 T458-5; and

the "how" is described by application layer relationships (AR) in the type specific parts of
IEC 61158-6.

The data-link layer structure is as follows:

the "what” is described by data-link layer services and models in the type specific parts of
IEC 61158-3; and

the "how" is described by data-link layer protocol machines and medium access principles
in the type specific parts of IEC 61158-4.

The physical layer is structured similarly, but, because its services are readily described, they
are described in IEC 61158-2 together with the definitions of the physical protocols:

the "what“ is described by physical layer services and models, and

the "how" is described by physical layer electrical and mechanical specifications.
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6 Mapping onto the OSI Basic Reference Model

6.1 Overview

IEC 61158 protocol types are described using the principles, methodology and model of
ISO/IEC 7498-1. The OSI model provides a layered approach to communications standards,
whereby the layers can be developed and modified independently. IEC 61158 specifies
functionality from top to bottom of a full OSI stack and, potentially, some functions for the
users of the stack. Functions of the intermediate OSI layers, layers 3 through 6, may be
consolidated into either the IEC 61158 data-link layer or the IEC 61158 application layer, or
may be realized by a separate layer. Likewise, some features common to users of the fieldbus
application layer may be provided by the IEC 61158 application layer to simplify user
operation.

Table 1 shows the OSI layers, their functions, and the equivalent Aa in C 61158
basic fieldbus reference model (see Figure 3).

Table 1 — OSl and IEC 61158 layexs

oSl layer Function \\ \ IEC 61158 layer

7 Application Translates demands placed on the communication into a Application
understood by the lower layers and V|ce ver a (IEC 61158-5-tt,

IEC 61158-6-tt)

6 Presentation Converts data to/from{\rdl{é&n orkf rm ts T

5 Session Creates and manages Mng\a ng | er IM T

4 Transport Provides transparent refiable dat nsfer (end-to-end transfer across a Lort
network which may incl de le li

3 Network Perfor r%s&sap@%u@g\ lor®

2 Data-link cesgto e co |cat|on medlum Performs error Data-link
det c peint-to\po ttra link) (IEC 61158-3-tt,
IEC 61158-4-tt)
f

1 Physical \ codes/decades nal o\?/ansmlssmn/reception in a form
P \ to the communjications medium. Specifies communication
dia sharacteristi

Physical
(IEC 61158-2)

NOTE -ttis a placehgldek forthe

NOTE | and nciionality of this layer, when present, is included in the fieldbus layer that is
nearest in hus it is possible that the network and transport functionality are included in
either theNqata- licatiqgn layers, and it is possible that the session and presentation functionality are
included in th ut not in the data-link layer

Application layer

Data-link layer

Systems

management

Physical layer

Medium

Figure 3 — Basic fieldbus reference model

6.2 Physical layer service and protocol

IEC 61158-2 comprises physical layer specifications corresponding to many of the different
DL-Layer protocol types specified in the type specific parts of IEC 61158-4.
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NOTE 1 The type numbers used are consistent throughout the IEC 61158 series.

NOTE 2 Not all types have a physical layer specification in IEC 61158-2. In that case the communication profile in
IEC 61784-1 or IEC 61784-2 provides appropriate references to other standards.

NOTE 3 For ease of reference, type numbers are given in clause names. This means that the specification given
therein applies to this type but does not exclude its use for other types.

NOTE 4 It is up to the user of IEC 61158 to select interoperating sets of provisions. Refer to the IEC 61784-1 and
IEC 61784-2 for standardized communication profiles based on IEC 61158 .

A general model of the physical layer is shown in Figure 4.

DLL

' DL-Ph Interface

Systems Systems Ph DIS
Management DCE Independent Sublayer
Management _Ph interface p Yy )
| DTE - DCE Interface \\\
Ph MD a_>J,
Medium Depe ent Subl er 5
A 3
, 1> w S
: N @\\ QJlnt rfacg\) . Q _%
ol o= ! i o o
c
28| 25|92+« : Q
cSl S| RS € =
1835|s3| 8| &<
= < =3 o > = ©
< <<|= 5 > ed tach
= s <§\§\§ Y
& T
o SN <F Wmterf%e/ :
I\/ [IanN ] V
Medium

\Qal model of physical layer

— either half-duplex communication (bi-directional but in only one direction at a time) or full-
duplex communication.

6.3 Data-link layer service

The data-link service is provided by the data-link protocol making use of the services
available from the physical layer. This and related parts of the IEC 61158 series defines the
data-link service characteristics that the immediately higher-level protocol may exploit. The
relationship between the international standards for fieldbus data-link service, fieldbus data-
link protocol, fieldbus application protocol and systems management is illustrated in Figure 5.

NOTE Systems management, as used in the IEC 61158 series, is a local mechanism for managing the layer
protocols.
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Application layer w ©
Data-link -~ o .
corvices > § £ | Data-link
Data-link layer — management
& £ services
Physical layer §

Medium

Figure 5 — Relationship of the Data-link layer
to other fieldbus layers and to users of the fieldbus data-link service

Throughout the set of fieldbus standards, the term “service” refers tg ahstract capability

administrative and implementation divisions.

6.4 Data-link layer protocol

data-link service, fieldbus data-link protoco
management is illustrated in Figure 5.

NOTE 1 Systems management, as used in the
protocols.

The primary aim of
communication expre
entities (DLEs)
provide a sound

a) as a guide for
b) for usein
c) as partof\an a
d) as a<efin

These data-link protogol standards are concerned, in particular, with the communication and
interworking of sensers, effectors and other automation devices, using these standards,
together with other standards positioned within the OSI or fieldbus reference models;
otherwise, incompatible systems may work together in any combination.

6.5 Application layer service

The application service is provided by the application protocol making use of the services
available from the data-link or other immediately lower layer. Each part of the IEC 61158-5
series defines the application service characteristics that any immediately higher-level
protocols may exploit. The relationship between the international standards for fieldbus
application service, fieldbus application protocol and systems management is illustrated in
Figure 6.

NOTE Systems management, as used in the IEC 61158 series, is a local mechanism for managing the layer
protocols.



