IEC 61158-6-19:2019-06(en-fr)

IEC IEC 61158-6-19

®

INTERNATIONAL
STANDARD

N S
INTERNATIONALE K

b\
Q/Q
«\
O\
Industrial communication networks — Fieldbuépecifications -
Part|6-19: Application layer protocol speci\f'kgtlon — Type 19 elements
O

Edition 4.0 2019-06

Rése¢aux de communication industri Spécifications des bus de terrain —
Part|e 6-19: Spécification du protoc&fé de la couche application — Elémen:rs
de type 19 A‘\Q)
xO
O
o

>

p 1l 7
/// / / /7//////// i
1 / /ig’ﬂ/ 7/, //////
i/ / //{,/

@)
\\ o :
//
/ Y/
/ Vs /
f’/ / ///// /
/ ’ & \/ /

(i



https://iecnorm.com/api/?name=1c9b17c099948d21a76b64a125534583

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2019 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 I'accord écrit de I''lEC ou du Comité national de I''EC du pays du demandeur. Si vous avez des
questions sur le copyrlght de I'lEC ou si vous deswez obtenir des droits supplementalres sur cette publication, utilisez
les cq A A v ;

Switzerland

IEC Qentral Office Tel.: +41 22 919 02 11
3, ruelde Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that)prepares and pyiblishes

Internatjonal Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IECTRlease make sure that you Have the

latest eglition, a corrigendum or an amendment might have been published.

IEC puljlications search - webstore.iec.ch/advsearchform
The adyanced search enables to find IEC publications by a
variety | of criteria (reference number, text, technical
committee,...). It also gives information on projects, replaced
and withldrawn publications.

IEC Jusdt Published - webstore.iec.ch/justpublished

Stay up| to date on all new IEC publications. Just Published
details pll new publications released. Available online and
once a fnhonth by email.

IEC Cugtomer Service Centre - webstore.iec.ch/cs¢

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

Electropedia --www.electropedia.org
The world's leading online dictionary on electrotechnology,
containing\more than 22 000 terminological entries in English
and French, with equivalent terms in 16 additional larjguages.
Alsg khown as the International Electrotechnical Vogabulary
(IE\W'online.

IEC Glossary - std.iec.ch/glossary
67 000 electrotechnical terminology entries in English and
French extracted from the Terms and Definitions clause of
IEC publications issued since 2002. Some entries have been
collected from earlier publications of IEC TC 37, 77 86 and
CISPR.

La Conpmission Electrotechniquénlnternationale (IEC) est la premiére organisation mondiale qui élabore et publie des

projets et Ies publlcatlons 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 une fois par mois par email.

Service Clients - webstore.iec.ch/csc

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

nu technique des_publications IEC est constamment revu. Veuillez vous assurer que vous possédez I'éflition la
2dente, un corrigendum ou amendement peut avoir été publié.

Electropedia - www.electropedia.org
Le premier dictionnaire d'électrotechnologie en ligne au
monde, avec plus de 22 000 articles terminologiques en
anglals et en francais, ainsi que les termes équivalefts dans
Egak H—appele—redabulaire

dditi Hos-

Electrotechnique International (IEV) en ligne.

Glossaire IEC - std.iec.ch/glossary

67 000 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'lEC.


mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://iecnorm.com/api/?name=1c9b17c099948d21a76b64a125534583

IEC 61158-6-19

Edition 4.0 2019-06

INTERNATIONAL
STANDARD

N
INTERNATIONALE

Industrial communication networks — Fieldbu$ specifications —
Part{6-19: Application layer protocol specification — Type 19 elements

Réseaux de communication industriels’= Spécifications des bus de terrain —
Partje 6-19: Spécification du protocole de la couche application — Eléments
de type 19

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE

ICS 25.040.40; 35.100.70; 35.110 ISBN 978-2-8322-9119-1

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


https://iecnorm.com/api/?name=1c9b17c099948d21a76b64a125534583

-2- IEC 61158-6-19:2019 © |IEC 2019

CONTENTS
FOREWW O R DD ...t ettt 4
INTRODU C T ION L.ttt et e e et e et e et e e e e e e et e et e et e et e e e e e e e eneannas 6
1 ST e o] o 1Y OO PRPRN 7
1.1 LCT =Y o T=Y = | PSPPSR 7
1.2 SPE I ICAtIONS . 8
1.3 10701 0] 0] 0 4= o ot 2P 8
2 NOIMAtIVE FEIEIENCES .. e e 8
3 Termrs,defimitions,symbots;,abbreviationsamdconventionrs o ] 9
3.1 Referenced terms and definitions..........c.oooiiiii N T 9
311.1 ISO/IEC 7498-1 termMS....cveiiieeee e T 9
311.2 ISO/IEC 8822 teIrMS...uiviiiiiiiiie e B e 9
311.3 ISO/IEC 9545 terms...cccoiviiiiiiieiieieieieeieeeee e N e 9
311.4 ISO/IEC 8824-1 termsS....ceuieieeieeeeeeeeeeeeeeeeeeeeeeeee e 9
3{1.5 Fieldbus Data Link Layer terms ........cccooiiiiiiiiiiii i B e 10
3.2 Additional terms and definitions ... e e 10
3.3 Additional abbreviations and symbols ... QT 11
3.4 CONVENTIONS ...t e e 12
Abstract syntax.......cooooiiiiiiiiin A e 12
5 Transfer syntaxX......coocoviniiinii DN 12
5.1 [} oo [¥Tox {10 o S U R 12
5.2 RTC PDU merged abstract and transfer'syntax.........cc.ccoooiiiiniiniininincn e, 12
jtructure of FAL protocol state machines .. .........coooiiiii i 12
P-context state machine ... e e 14
7.1 OV BIVIBW ...t T e e 14
7.2 ] =] (T PSPPSRI RPN 14
712.1 AL e N e 14
712.2 RUNNING e e e e e e e 14
7.3 States, events.and transitions ..........coooiiiiiiiii e e 15
8  HAL service protocol machine (FSPM) ..o o, 15
8.1 L0 1YY AV ATy PP PRPUPSUPNTPSRN SRS 15
8.2 MG T S VICES ..ttt 15
812.1 Get NetWOork Status.......oovieii e 15
8{2.2 Getdevice status......cooiiiiii e e 15
8l 2.3 Network status change report ... e 15
8.2.4 Device status change report ... 15
8.2.5 Set deVviCe StatUS ..o 15
8.2.6 ENable RT C o e 15
8.2.7 ENable hot-plug .. ..o 16
8.2.8 NOTI Y R C .. e e e e s 16
8.2.9 Disable RTC ... 16
8.2.10 N[0 X 3 VA =Y o o] SO 16
8.3 IDIN SBIVICES vttt e 16
8.3.1 Y= Yo [ 16
8.3.2 LA 1 PP 16
8.4 CYCIDN SBIVICES ouitiiiiiiie et 16

8.4.1 REAA_CYCIC . it 16


https://iecnorm.com/api/?name=1c9b17c099948d21a76b64a125534583

IEC 61158-6-19:2019 © |IEC 2019 -3-

8.4.2 WIIEE _CYCHIC e e 16
8.4.3 NOtITY  CYCIIC e e 16

9  Application relationship protocol machine (ARPM) ... ... 16
9.1 OV BV W . e e e e e e 16
9.2 Master AR P I ... 17
9.2.1 (0 1YY QYA T= 1 PP PSPPI 17
9.2.2 State desCriplioNS .. . 17
9.2.3 States, events and transitioNS ... ... 18

9.3 SIaVE ARPM oo e 18
93 Overview————————— 18
913.2 State desCriptions ... N 18
93.3 States, events and transitions.........c.coooviiiiiii e O 19

9.4 Primitives received from the FSPM ..o D 19
914.1 FSP-get network status.........cooooiiiiiiiin Gl 19
914.2 FSP-get device status.........cccoeeiiiiiiiiiiic st e 19
914.3 FSP-set device status........ccoooiiiiiii e N e 19
9l4.4 FSP-enable RTC .....cooiiiiiiiiiieeeeeeen S 20
914.5 FSP-enable HOt-plug .....c.oovniiieee el 20
914.6 FSP-disable RTC .......oiiiiiieie e S e e 20
914.7 FSP-read.....cooooiiiiiiiieee e e 20
914.8 L] e T . S PRSPPI SR 20
914.9 FSP-read _CYCHC ..o e e 20
914.10 FSP-Write_CYCIIC ..ceviiiii e O e 20

9.5 Indications received from the DMPM&. ..o e, 21
915.1 ARP-network status changereport..........coooiiiiiie 21
95.2 ARP-device status changé&ireport..........ccoviiiiiiiiiiie e 21
915.3 ARP-notify RTC enabled.........ccccooeiiniiiiii e e 21
915.4 ARP-notify RTC disabled ........cccoiiiiiiiiiee e e, 21
915.5 ARP-NOtIfy CY Bl i 21
915.6 ARP-NOtIfY EITOT oo e e 21

10 OLL mapping protocol machine (DMPM) ..o e 21
L0 R O 1YY YT O PP PSPUPSPRRPSRS SN 21
10)2 Primitives feceived fromthe ARPM ... e 22
103 Indieations received from the DL .........ccoooiiiiiiiiiii e e 22

B D O A Y e e 23
Figure ™= Refationships among protocot machines and adjacent iayers ..o eeenes 13
Figure 2 — APCSM state diagram ... .....couiiiiiiiie e 14
Figure 3 — ARPM master AR state diagram ...... ..o 17
Figure 4 — ARPM slave AR state diagram ... 18
Table 1 — RTC PDU attribute format..........ooiii e 12
Table 2 — APCSM state-event table ... 15
Table 3 — Master ARPM state-eventtable ... 18
Table 4 — Slave ARPM state-event table ... 19
Table 5 — ARPM t0 DL MapPing . oo e e e e e e e es 22

Table 6 — DL t0 ARPM Mapping .. ..cuieiiiee e e e 22


https://iecnorm.com/api/?name=1c9b17c099948d21a76b64a125534583

-4 - IEC 61158-6-19:2019 © |IEC 2019

INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 6-19: Application layer protocol specification —
Type 19 elements

FOREWORD

1) ThelInternational Electrotechnical Commission (IEC) is a worldwide organization for standardization conpprising
all |national electrotechnical committees (IEC National Committees). The object of IEC’ is to pgromote
intefnational co-operation on all questions concerning standardization in the electrical and.electronic figlds. To
this| end and in addition to other activities, IEC publishes International Standards, Technical Specifi¢ations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to gs “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this prepdration. IEC collaborates|closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agregement between the two organizations.

2) Thelformal decisions or agreements of IEC on technical matters express, as nearly as possible, an interfational
congensus of opinion on the relevant subjects since each technical committee has representation from all
intefested IEC National Committees.

3) IEC]| Publications have the form of recommendations for intérnational use and are accepted by IEC National
Compmittees in that sense. While all reasonable efforts aré,made to ensure that the technical content|of IEC
Publications is accurate, IEC cannot be held responsible' for the way in which they are used or for any
mis|nterpretation by any end user.

4) In grder to promote international uniformity, IECxNational Committees undertake to apply IEC Publ{cations
transparently to the maximum extent possible in their national and regional publications. Any divgrgence
betyeen any IEC Publication and the corresponding national or regional publication shall be clearly indigated in
the |atter.

5) IEC]|itself does not provide any attestation of conformity. Independent certification bodies provide conformity
asspssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible [for any
seryices carried out by independent €ertification bodies.

6) Al

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual expdrts and
merhbers of its technical.committees and IEC National Committees for any personal injury, property damage or
oth¢r damage of any.nature whatsoever, whether direct or indirect, or for costs (including legal fe¢s) and
expenses arising ouf\of the publication, use of, or reliance upon, this IEC Publication or any otler IEC
Publlications.

sers should ensure that they have the latest edition of this publication.

8) Attgntion is drawn~to the Normative references cited in this publication. Use of the referenced publicafions is
indispensable for the correct application of this publication.

9) Attgntion”is drawn to the possibility that some of the elements of this IEC Publication may be the supject of
patentrights. IEC shall not be held responsible for identifying any or all such patent rights.

Attention is drawn to the fact that the use of the associated protocol type is restricted by its
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 its intellectual-property-right holders.

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

International Standard IEC 61158-6-19 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This fourth edition cancels and replaces the third edition published in 2014. This edition
constitutes a technical revision.
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This edition includes the following significant technical changes with respect to the previous
edition:

e improving the hotplug and redundancy features;
e improving the phase switching and the error handling;

e editorial improvements.

The text of this International Standard is based on the following documents:

FDIS Report on voting

65C/948/FDIS 65C/956/RVD

Full information on the voting for the approval of this International Standard cambe found in
the report on voting indicated in the above table.

This publication has been drafted in accordance with ISO/IEC Directives, Part 2.

A list] of all parts of the IEC 61158 series, published under the. general title Industrial
commjunication networks — Fieldbus specifications, can be found on‘the IEC web site.

The cpmmittee has decided that the contents of this publication will remain unchanged until
the sfability date indicated on the IEC web site under, "hitp://webstore.iec.ch" in thg data
relatedl to the specific publication. At this date, the publieation will be
* regonfirmed,

e withdrawn,

* replaced by a revised edition, or

« anpended.
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INTRODUCTION

This document is one of a series produced to facilitate the interconnection of automation
system components. It is related to other standards in the set as defined by the “three-layer”
fieldbus reference model described in IEC 61158-1.

The application protocol provides the application service by making use of the services
available from the data-link or other immediately lower layer. The primary aim of this
document is to provide a set of rules for communication expressed in terms of the procedures
to be carried out by peer application entities (AEs) at the time of communication. These rules
for communication are intended to provide a sound basis for development in order to serve a
variety of purposes:

e as|a guide for implementors and designers;
e forl use in the testing and procurement of equipment;
e as|part of an agreement for the admittance of systems into the open systems environment;

e as|a refinement to the understanding of time-critical communications within OSI.

This focument is concerned, in particular, with the communication and interworking of
sensofs, effectors and other automation devices. By using this document together with| other
standards positioned within the OSI or fieldbus reference models, otherwise incompatible
systems may work together in any combination.
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 6-19: Application layer protocol specification —
Type 19 elements

1 Scope

1.1 General

The Hieldbus Application Layer (FAL) provides user programs with a means to acCegs the
fieldbts communication environment. In this respect, the FAL can be viewed asca “wlindow
betwegn corresponding application programs.”

This gart of IEC 61158 provides common elements for basic time-critical afnd’non-time-¢ritical
messaging communications between application programs in an automatioeh environment and
mater|al specific to Type 19 fieldbus. The term “time-critical” is jused to represent the
presence of a time-window, within which one or more specified actions are required|to be
completed with some defined level of certainty. Failure to complete specified actions |within
the time window risks failure of the applications requesting the actions, with attendant fisk to
equipfnent, plant and possibly human life.

This Ipternational Standard defines in an abstract way-the externally visible service provided
by the different Types of fieldbus Application Layer in_terms of:

a) an| abstract model for defining applicatien’ resources (objects) capable of |being
manipulated by users via the use of the FAl&service;

b) the primitive actions and events of the service;

c) th¢ parameters associated with eachi<primitive action and event, and the form which they
take; and

d) the¢ interrelationship between these actions and events, and their valid sequences.

The plrpose of this document is'to define the services provided to:

a) the FAL user at the boundary between the user and the Application Layer of the Fig¢ldbus
Reference Model,.and

b) Systems Management at the boundary between the Application Layer and Syjstems
Management)of the Fieldbus Reference Model.

This qocument specifies the structure and services of the IEC fieldbus Application Layer, in
confofmance with the OSI Basic Reference Model (ISO/IEC 7498) and the OSI Application
Layer[Structure (ISO/IEC 9545).

FAL services and protocols are provided by FAL application-entities (AE) contained within the
application processes. The FAL AE is composed of a set of object-oriented Application
Service Elements (ASEs) and a Layer Management Entity (LME) that manages the AE. The
ASEs provide communication services that operate on a set of related application process
object (APO) classes. One of the FAL ASEs is a management ASE that provides a common
set of services for the management of the instances of FAL classes.

Although these services specify, from the perspective of applications, how request and
responses are issued and delivered, they do not include a specification of what the requesting
and responding applications are to do with them. That is, the behavioral aspects of the
applications are not specified; only a definition of what requests and responses they can
send/receive is specified. This permits greater flexibility to the FAL users in standardizing
such object behavior. In addition to these services, some supporting services are also defined
in this document to provide access to the FAL to control certain aspects of its operation.
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1.2 Specifications

The principal objective of this document is to specify the characteristics of conceptual
application layer services suitable for time-critical communications, and thus supplement the
OSI Basic Reference Model in guiding the development of application layer protocols for time-
critical communications.

A secondary objective is to provide migration paths from previously-existing industrial
communications protocols. It is this latter objective which gives rise to the diversity of services
standardized as the various Types of |IEC 61158, and the corresponding protocols
standardized in subparts of IEC 61158-6.

1.3 Conformance

This document does not specify individual implementations or products, nor do they corjstrain
the implementations of application layer entities within industrial automation systems.

There|is no conformance of equipment to this application layer service>definition stapdard.
Instead, conformance is achieved through implementation of conforming application| layer
protodols that fulfill any given Type of application layer services as déefined in this document.

2 Nprmative references

The following documents are referred to in the text in~such a way that some or all of their
content constitutes requirements of this documentsFor dated references, only the edition
cited @pplies. For undated references, the latest edition of the referenced document (including
any afnendments) applies.

NOTE |All parts of the IEC 61158 series, as well as |[EC'61784-1 and IEC 61784-2 are maintained simultarjeously.
Cross-references to these documents within the textitherefore refer to the editions as dated in this list of noymative
referenges.

IEC 6]1158-3-19:2019, Industrial ¢ommunication networks - Fieldbus specificatigns -
Part 3-19: Data-link layer service definition — Type 19 elements

IEC 6[1158-4-19:2019, Industrial communication networks — Fieldbus specificatigns -
Part 4-19: Data-link layer protocol specification — Type 19 elements

IEC 61158-5-19:2019+“ Industrial communication networks - Fieldbus specificatigns -
Part 5-19: Application layer service definition — Type 19 elements

ISO/IEC 7498+1, Information technology — Open Systems Interconnection — Basic Refgrence
Model: The_Basic Model

ISO/IEC 8822, Information technology — Open Systems Interconnection — Presentation
service definition

ISO/IEC 8824-1, Information technology - Abstract Syntax Notation One (ASN.1):
Specification of basic notation

ISO/IEC 9545, Information technology — Open Systems Interconnection — Application Layer
structure

ISO/IEC 10731, Information technology — Open Systems Interconnection — Basic Reference
Model — Conventions for the definition of OSI services
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3 Terms, definitions, symbols, abbreviations and conventions

For the purposes of this document, the following terms, definitions, symbols, abbreviations
and conventions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/
e |SO Online browsing platform: available at http://www.iso.org/obp

3.1 Referenced terms and definitions
3.11 ISO/IEC 7498-1 terms
For the purposes of this document, the following terms as defined in ISO/IEC 7498-1 apply:

a) application entity

b) apjplication process

c) application protocol data unit
d) application service element
e) application entity invocation
f) application process invocation
g) application transaction

h) real open system

i) trgnsfer syntax

3.1.2 ISO/IEC 8822 terms
For the purposes of this document, the following terms as defined in ISO/IEC 8822 apply:

a) abstract syntax

b) pre¢sentation context

3.1.3 ISO/IEC 9545 terms

For the purposes of this document, the following terms as defined in ISO/IEC 9545 apply:

a) application-association
b) applicatien-context

c) application context name

d) apptication-entity=imvocation

e) application-entity-type

f) application-process-invocation

g) application-process-type

h) application-service-element

i) application control service element

3.14 ISO/IEC 8824-1 terms
For the purposes of this document, the following terms as defined in ISO/IEC 8824-1 apply:

a) object identifier
b) type


http://www.electropedia.org/
http://www.iso.org/obp
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3.1.5 Fieldbus Data Link Layer terms

For the purposes of this document, the following terms as defined in IEC 61158-3-19 and
IEC 61158-4-19 apply:

a) DL-Time

b) DL-Scheduling-policy

c) DLCEP

d) DLC

e) DL-connection-oriented mode
fy DUPDU

g) DUSDU

h) DUSAP

i) fixpd tag

j) geperic tag

k) lin

[) MAC ID

m) nefwork address

n) node address
0) node

q) scheduled
r) unscheduled

3.2 |Additional terms and definitions

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

3.2.1
communication cycle
fixed fime period between.two master synchronization telegrams in which real-time telegrams
are transmitted in the-RF channel and non real-time telegrams are transmitted in the IP
channel

3.2.2
contrpl unit
contrdl deyice*(e.g., a PLC as specified in the IEC 61131)

3.2.3
control word

two adjacent octets inside the master data telegram containing commands for the addressed
device

3.24
cycle time
duration of a communication cycle

3.25

device

slave in the communication network, (e.g., a power drive system as defined in the IEC 61800,
I/O stations as defined in the IEC 61131).
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3.2.6

device status
four adjacent octets inside the acknowledge telegram containing status information for each
device

3.2.7

identification number

IDN

designation of operating data under which a data block is preserved with its attribute, name,
unit, minimum and maximum input values, and the data

3.2.8

little lndian

model of memory organisation which stores the least significant octet at the lowest, ad
or for fransfer, which transfers the lowest order octet first

3.2.9

mastgr data telegram

MDT

telegram, in which the master inserts its data

3.2.10

prototol

convention about the data formats, time sequences, andcerror correction in the data exc
of compmunication systems

3.2.11

slave

node,|which is assigned the right to transmit.by-the master

3.2.12

statug word

two aq

3.2.13
S-0-n

jacent octets inside the acknowledge telegram containing status information of a ¢

nnn

designation of IDNs

dress,

hange

evice

3.3 |Additional_abbreviations and symbols

AT acknowledge telegram

CcC cross communication between participants
IDLE inter packet gap (see IPG)

IDN rdemntificatiommomber

IPG inter packet gap

IPOSYNC synchronization for PDS interpolator

MDT master data telegram

PDS power drive system

RTC real-time channel

SERCOS serial real-time communication system interface
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3.4 Conventions

The FAL is defined as a set of object-oriented ASEs. Each ASE is specified in a separate
subclause. Each ASE specification is composed of three parts: its class definitions, its
services, and its protocol specification. The first two are contained in IEC 61158-5-19. The
protocol specification for each of the ASEs is defined in this document.

The class definitions define the attributes of the classes supported by each ASE. The
attributes are accessible from instances of the class using the Management ASE services
specified in IEC 61158-5-19. The service specification defines the services that are provided
by the ASE.

This document uses the descriptive conventions given in ISO/IEC 10731.

4 Apstract syntax

The apstract syntax and the transfer syntax are merged into a fixed formdat that is defiped in
Clausg 5.

5 Transfer syntax

5.1 Introduction

Type [19 transfer syntax shall be bit-coded, and therefore does not comply with usudl data
type slpecifications such as integer32 and alike.

The oftet encoding shall use little endian.

5.2 |RTC PDU merged abstract and transfer syntax

The merged abstract and transfer syntax for attributes belonging to this class is described in
Table|1.

Table 1 — RTC PDU attribute format

Attribute Format Size (bits)
Cdnnection contro] werd 2 Octets, bit mapped 16
Reserved for DLL 16 Bit 16

Cdnfigurable.part of data record with connection data |List of 2, 4 or 8 Octets

Qperation data IDN 1 2, 4 or 8 Octets
Operation data IDN 2 2, 4 or 8 Octets
Configured data IDN n 2, 4 or 8 Octets

Number and length of operation data k shall be configured in S-0-1050.x.06 (Configuration List) or by the
selected standard telegram S-0-0015 (Telegram type).

6 Structure of FAL protocol state machines
Clause 6 specifies the interface to FAL services and the protocol machines.

The behavior of the FAL is described by three integrated protocol machines. Specific sets of
these protocol machines are defined for different AREP types. The three protocol machines
are: FAL Service Protocol Machine (FSPM), the Application Relationship Protocol Machine


https://iecnorm.com/api/?name=1c9b17c099948d21a76b64a125534583

IEC 61158-6-19:2019 © |IEC 2019 -13 -

(ARPM), and the Data Link Layer Mapping Protocol Machine (DMPM). The relationships
among these protocol machines as well as primitives exchanged among them are depicted in
Figure 1.

AP _Cortext

A

FA LSe rvice Reg/RspP rimif ves FAL Se nice hd/CrfP rimiives

Y
FP M

FSP M Req /RspP rimifives FSP Mihd/CrfP rimifives
#n ARPM J
#1 ARPM

A RPM Reg/RspP rinitives ARPMh d/CrfP. riritives

DMPM

A

DL Reg/Rsp Primitive s BUInd CnfP rimitive s

Da a'kirk La yer

Figure 1 — Relationships among protocol machines and adjacent layers

The HSPM describes the service interface between the AP-Context and a particular AREP.
The FSPM is common to all(the AREP classes and does not have any state changes. The
FSPMis responsible for the following activities:

a) tolaccept serviceprimitives from the FAL service user and convert them into FAL irternal
primitives;

b) to|select anfappropriate ARPM state machine based on the AREP Identifier pargmeter
supplied by the AP-Context and send FAL internal primitives to the selected ARPM;
c) tolaccephFAL internal primitives from the ARPM and convert them into service primitives
forl the AP-Context;

d) to deliver the FAL service primitives to the AP-Context based on the AREP Identifier
parameter associated with the primitives.

The ARPM describes the establishment and release of an AR and exchange of FAL-PDUs
with a remote ARPM(s). The ARPM is responsible for the following activities:

a) to accept FAL internal primitives from the FSPM and create and send other FAL internal
primitives to either the FSPM or the DMPM, based on the AREP and primitive types;

b) to accept FAL internal primitives from the DMPM and send them to the FSPM as a form of
FAL internal primitives;

c) if the primitives are for the Establish or Abort service, it shall try to establish or release the
specified AR.
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The DMPM describes the mapping between the FAL and the DLL. It is common to all the
AREP types and does not have any state changes. The DMPM is responsible for the following
activities:

a) to accept FAL internal primitives from the ARPM, prepare DLL service primitives, and
send them to the DLL;

b) to receive DLL indication or confirmation primitives from the DLL and send them to the
ARPM in a form of FAL internal primitives.

7 AP-context state machine

71 Overview

The AP-Context State Machine (APCSM) manages the behavioral states, transitions and
interagtions of all the objects contained in an implementation of the Type 19 FALY As s$hown
in Figure 2, there are three states. Event notifications are delivered to the ARCSM frgm the
FAL Services Protocol Machine (FSPM) or the AR Protocol Machine (ARPM) as spegified.
Thesg event notifications, identified in Figure 2, result in state transitions:

The APCSM is initiated in the Idle state.

Establish

\/

Idle Running

A

Relgase

Figure 2 =‘APCSM state diagram

7.2 |States
7.21 Idle
7.21.0 Behavior

The FAL is not connected to the network. The only behavior associated with the Idle sjate is
a determination «fherrors or other fault conditions that are specified as preventing the
transifion to thé/Running state. If there are no such preventative conditions, an aut¢matic
invocgtion of\the Establish primitive is self generated by the APCSM.

7.2.1.2 Events

Establish — Connects the FAL to the network. Upon successful completion, the APCSM
transitions to the Running state.

7.2.2 Running
7.2.21 Behavior

The FAL is connected to the network. The Master type device is able to perform the behavior
associated with communicating to the Slaves to which it is connected. Slave type devices are
able to perform the behavior associated responding to the Master to which it is connected.

7.2.2.2 Events

Release — Disconnects the FAL from the network. Upon successful completion, the APCSM
transitions to the Idle state.
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7.3

States, events and transitions

The combination of all states events and possible transitions is shown in Table 2.

Table 2 — APCSM state-event table

8 Fi

8.1
The R

conve
conve

The F

8.2
8.2.1

Upon
and d

8.2.2

Upon
and d

8.2.3

Upon
and d

Current Event Action Next
State State
Idle Establish Initiate the methods specified | Running
for the Running state
Idle Release Return an error Running
Running Estahlish Return an error Running
Running Release Initiate the methods specified | Idle

for the Idle state

AL service protocol machine (FSPM)

Overview

SPM provides the interface to the FAL user in the form/of service handlers
It service parameters into APDUs and process service\reéquests from the FAL u
rt APDUs into service parameters and deliver servicedndications to the FAL user.

SPM operates in a single state with events defined'by the receipt of service primiti

MGT services
Get network status

receipt of a Get Network Status service request from the FAL user, the FSPM pre
blivers an appropriately encoded FSP-get network status primitive to the ARPM.

Get device status

receipt of a Get Device Status service request from the FAL user, the FSPM prg
blivers an appropriately encoded FSP-get device status primitive to the ARPM.

Network status change report

receipt of\an FSP-network status change indication from the ARPM, the FSPM pre
blivers-an appropriately encoded network status change indication to the FAL user

which
ser or

VesS.

pares

pares

pares

8.24

| “Device status change report

Upon receipt of an FSP-device status change indication from the ARPM, the FSPM prepares
and delivers an appropriately encoded device status change indication to the FAL user.

8.2.5

Set device status

Upon receipt of a Set Device Status service request from the FAL user, the FSPM prepares
and delivers an appropriately encoded FSP-set device status primitive to the ARPM.

8.2.6

Enable RTC

Upon receipt of an Enable RTC service request from the FAL user, the FSPM prepares and

delive

rs an appropriately encoded FSP-enable RTC primitive to the ARPM.
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8.2.7 Enable hot-plug

Upon receipt of an Enable Hot-plug service request from the FAL user, the FSPM prepares
and delivers an appropriately encoded FSP-enable hot-plug primitive to the ARPM.

8.2.8 Notify RTC

Upon receipt of an FSP-notify RTC indication from the ARPM, the FSPM prepares and
delivers an appropriately encoded notify RTC change indication to the FAL user.

8.2.9 Disable RTC

Upon [receipt of a Disable RTC service request from the FAL user, the FSPM prepargs and
delivefs an appropriately encoded FSP-disable RTC primitive to the ARPM.

8.2.10 Notify error

Upon |receipt of an FSP-notify error indication from the ARPM, the FSPM prepareg and
delivefs an appropriately encoded notify error indication to the FAL usef«

8.3 IDN services
8.3.1 Read

Upon [receipt of a Read service request from the FAL user, if the ARPM is not in the Rynning
state,|an error is returned to the FAL user, otherwjse jthe FSPM prepares and delivgrs an
appropriately encoded FSP-read primitive to the ARPM.

8.3.2 Write

Upon [receipt of a Write service request fram the FAL user, if the ARPM is not in the Running
state,|an error is returned to the FAL:User, otherwise the FSPM prepares and delivgrs an
appropriately encoded FSP-write primitive to the ARPM.

8.4 CYCIDN services
8.4.1 Read_cyclic

Upon |receipt of a Redd)cyclic service request from the FAL user, the FSPM prepargs and
delivefs an appropriately encoded FSP-read cyclic primitive to the ARPM.

8.4.2 Write~cyclic

Upon [receipt of a Write_cyclic service request from the FAL user, if the ARPM is not |in the
Runnipg/state, an error is returned to the FAL user, otherwise the FSPM prepareg and

d I aka nn AannranpeiatAly AneanAANA EQD aridn ~Avnlin et~ 4 thn ADDR
eliveks-an-appropriately-encoded-FSP-writeeyeheprimitive-to-the-ARPM-

8.4.3 Notify_cyclic
Upon receipt of an FSP-notify cyclic indication from the ARPM, the FSPM prepares and
delivers an appropriately encoded notify_cyclic indication to the FAL user.

9 Application relationship protocol machine (ARPM)

9.1 Overview
The ARPM manages the functions and behaviors of the ARs by

a) receiving, decoding and processing service requests from the FSPM,
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b) preparing, encoding and delivering service requests to the DMPM,

c) receiving, decoding and processing service indications from the DMPM,

d) preparing, encoding and delivering service indications to the FSPM,

e) monitoring critical functions of the ARs including timeout times and other fault conditions,

f) de

livering event notifications to the APCSM.

The behavior of the ARPM is managed by the APCSM.

There

are two types of AR: Master and Slave.

9.2
9.2.1

The M
As sh

Sub-s
set of

The A

9.2.2
9.2.2.
9.2.2.

Master ARPM
Overview

aster ARPM manages the behavioral states, transitions and interactions“of a Masf
bwn in Figure 3, there are two states.

ates are not represented as definitive states, but exist as abstractions used to ide
behaviors with a state.

RPM is initiated in the Idle state.

Establish Release

Figure 3 — ARPM master AR state diagram

State descriptions
[ Idle

1.1 Behavior

The F

er AR.

ntify a

le is a

determination of errors or other fault conditions that are specified as preventing the transition

to the

Running state.

9.2.2.1.2 Events

Establish — Connects the FAL to the network. Upon successful completion, the Master ARPM
transitions to the Running state.

9.2.2.2 Running state

9.2.2.2.1 Behavior

In this

state the FAL is connected to the network.
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9.2.2.2.2 Events

Release — Disconnects the FAL from the network. Upon successful completion, the Master
ARPM transitions to the ldle state.

9.2.3 States, events and transitions

The combination of all states events and possible transitions is shown in Table 3.

Table 3 — Master ARPM state-event table

C. + E + Aceti N 4
StfrentT—1——TVvent 20 "2~  E— E— A7 3

State State
Idle Establish Initiate the methods specified | Running
for the Running state
Idle Release Return an error Running
Running Establish Return an error Running
Running Release Initiate the methods specified N ldle

for the Idle state

9.3 |Slave ARPM
9.3.1 Overview

The Slave ARPM manages the behavioral states, transitions and interactions of a Slaye AR.
As shpwn in Figure 4, there are two states.

Sub-sfates are not represented as definitive states, but exist as abstractions used to ideptify a
set of|behaviors with a state.

The ARPM is initiated in the Idle state)

Establish Release

Running

Figure 4 — ARPM slave AR state diagram

9.3.2 State descriptions
9.3.2.1 Idle
9.3.2.11 Behavior

The FAL is not connected to the network. The only behavior associated with the Idle state is a
determination of errors or other fault conditions that are specified as preventing the transition
to the Running state.
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9.3.2.1.2 Events

- 19—

Establish — Connects the FAL to the network. Upon successful completion, the Slave ARPM
transitions to the Running state.

9.3.2.2

9.3.2.2.1 Behavior

Running state

In this state the FAL is connected to the network.

9.3.2.

2 Events

Release — Disconnects the FAL from the network. Upon successful completion,. the
transitions to the Idle state.

ARPM

9.3.3
The c

9.4
9.4.1
Upon

prepa
DMPN

States, events and transitions

Table 4 — Slave ARPM state-event table

bmbination of all states events and possible transitions is shown in~JFable 4.

Current Event Action Next
State State
Idle Establish Initiate the methods specified | Running
for the Running state
Idle Release Returnan error Running
Running Establish Return an error Running
Running Release Initiate the methods specified | Idle
for the Idle state

uses 1o attributess

9.4.2

Upon

prepal

Primitives received from the'FSPM

FSP-get network status

FSP-get device status

receipt of an FSR-get network status service request from the FAL user, the
res and delivers_an appropriately encoded ARP-get network status primitive
| if the ARPM lis’/in the running state. Otherwise, it discards the request. This primitive

receipt of an FSP-get device status service request from the FAL user, the

Slave

\RPM
o the

ARPM
MPM

if the ARPM is in the running state. Otherwise, it discards the request. This primitive uses the
network address of the selected device as attribute.

9.4.3

The FSP-set device status primitive is only valid for M type FAL users.

FSP-set device status

Upon receipt of an FSP-set device status from the FAL user, the APCSM prepares and
delivers an appropriately encoded ARP-set device status primitive to the DMPM if the ARPM
is in the running state. Otherwise, it discards the request. This primitive uses the network
address of the selected device and the status to be set as attributes.


https://iecnorm.com/api/?name=1c9b17c099948d21a76b64a125534583

- 20 - IEC 61158-6-19:2019 © |IEC 2019

9.4.4 FSP-enable RTC

The FSP-enable RTC primitive is only valid for M type FAL users.

Upon receipt of an enable RTC service request from the FAL user, if the ARPM is in the
Running state, an error is returned to the FAL user, otherwise the APCSM prepares and
delivers an appropriately encoded ARP-enable RTC primitive to the DMPM. This primitive
uses the network addresses of the selected devices as attributes.

9.4.5 FSP-enable Hot-plug

SP hla Hat-nl miti H | lid f M-t EA
The FSR-enableHot ugprimitive-isonlyvalid for Mtype F/

n | _users
P+eHg—pHHRHH v —4 +S-

Upon [receipt of an enable Hot-plug service request from the FAL user, if the ARRM is|in the
Idle sfate, an error is returned to the FAL user, otherwise the APCSM prepares and d¢livers
an appropriately encoded ARP-enable Hot-plug primitive to the DMPM. This primitive usgs the
netwofrk addresses of the selected devices as attributes.

9.4.6 FSP-disable RTC

The FBP-disable RTC primitive is only valid for M type FAL users:

Upon [receipt of a disable RTC service request from the FAL user, if the ARPM is in the Idle
state,|an error is returned to the FAL user, otherwise the APCSM prepares and delivgrs an
appropriately encoded ARP-disable RTC primitive tog the DMPM. This primitive usgs the
network addresses of the selected devices as attributes.

9.4.7 FSP-read

The FBP-read primitive is only valid for M type FAL users.

Upon [receipt of a read service requestfrom the FAL user, the APCSM prepares and de¢livers
an aplpropriately encoded ARP-read-acyclic primitive to the DMPM if the ARPM s |n the
running state. Otherwise, it discards the request. This primitive uses the network addresges of
the sdlected device and the IDNas attributes.

9.4.8 FSP-write

The FBP-write primitivé is only valid for M type FAL users.

Upon [receipt of\a write service request from the FAL user, the APCSM prepares and de¢livers
an aplpropriately encoded ARP-write acyclic primitive to the DMPM if the ARPM is jn the
running state. Otherwise, it discards the request. This primitive uses the network addresges of
the sellected device, the IDN and the value to be written as attributes.

9.4.9 FSP-read_cyclic

Upon receipt of a read_cyclic service request from the FSPM, if the APCSM is not in the
Running state, an error is returned, otherwise the ARPM prepares and delivers an
appropriately encoded ARP-read_cyclic primitive to the DMPM. This primitive uses the
network addresses of the selected device and the IDN as attributes.

9.4.10 FSP-write_cyclic

Upon receipt of a write_cyclic service request from the FSPM, if the APCSM is not in the
Running state, an error is returned; otherwise the ARPM prepares and delivers an
appropriately encoded ARP-write_cyclic primitive to the DMPM. This primitive uses the
network addresses of the selected device, the IDN and the value to be written as attributes.
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9.5 Indications received from the DMPM
9.5.1 ARP-network status change report

The ARP-network status change report indication is only valid for M type FAL users.

Upon receipt of an ARP-network status change report indication from the DMPM, the ARPM
prepares and delivers an appropriately encoded FSP-network status change indication to the
FSPM.

If the network status does not indicate an error, an Establish event notification is delivered to
the ARCSM-

If the Inetwork status does indicate an error, a Release event notification is delivered o the
APCSM.

9.5.2 ARP-device status change report

Upon |receipt of an ARP-device status change report indication fromnthe DMPM, the ARPM
prepafes and delivers an appropriately encoded FSP-device status_change indication [to the
FSPM.

9.5.3 ARP-notify RTC enabled

The ARP-notify RTC enabled indication is only valid forS\type FAL users.

Upon freceipt of an ARP-notify RTC enabled from thee DMPM, the ARPM prepares and dglivers
an appropriately encoded FSP-notify RTC enabled to the FSPM.

An Establish event notification is delivered«to the APCSM.

9.5.4 | ARP-notify RTC disabled

The ARP-notify RTC disabled indication is only valid for S type FAL users.

Upon |receipt of an ARR-notify RTC disabled from the DMPM, the ARPM preparep and
delivefs an appropriatelyencoded FSP-notify RTC disabled to the FSPM.

A Rel¢ase event natification is delivered to the APCSM.

9.5.5 ARP:notify_cyclic

Upon |receipt of an ARP-notify cyclic from the DMPM, the ARPM prepares and deIivTrs an
appropriately encoded FSP-notify cyclic to the FSPM

9.5.6 ARP-notify Error
Upon receipt of an ARP-notify Error from the DMPM, the ARPM prepares and delivers an
appropriately encoded FSP-notify Error to the FSPM.

10 DLL mapping protocol machine (DMPM)

10.1 Overview

The DMPM maps the ARPM service requests to DL service requests (converting APDUs to
DLSDUs) and DL service indications to ARPM service indications (converting DLSDUs to
APDUs).
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Primitives received from the ARPM

The mapping of ARPM primitives to DL service requests is specified in Table 5.

Table 5 — ARPM to DL mapping

ARPM primitive DL service
ARP-read acyclic Read (RD)
ARP-write acyclic Write (WR)

ARP-enable Hot-plug

Enable_Hotplug (EHP)

10.3
The m

ARP-enable RTC

Initiate_Cyclic_Communication (ICC)

ARP-read cyclic

Read_Cyclic (RDC)

ARP-write cyclic

Write_Cyclic (WRC)

ARP-disable RTC

Disable_Cyclic_Communication (DCC)

ARP-get network status

Get_Network_Status (GNS)

ARP-get device status

Get_Device_Status (GDS)

ARP-set device status

Set_Device_Status (SDS))

Indications received from the DL

apping of DL service indications to ARPM indications is specified in Table 6.

Table 6 — DL to

ARPM mapping

DL service indication

ARPM indication

Notify_Cyclic_Communication (NCC)

ARP-notify RTC enabled

Notify_Cyclic_Data (NCD)

ARP-notify cyclic

Notify_Error (NER)

ARP-notify Error

Notify_Cyclic_CommunicationsBisabled (NCCD)

ARP-notify RTC disabled

Notify_Network_Status_Change (NNSC)

ARP-network status change

Notify_Device_StatussChange (NDSC)

ARP-device status change
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INTRODUCTION

Le présent document fait partie d’une série produite pour faciliter I'interconnexion des
composants d’un systéme d’automation. Elle est liée aux autres normes de la série telle que
définie par le modéle de référence de bus de terrain "a trois couches" décrits dans
'EC 61158-1.

Le protocole application fournit le service application en utilisant les services disponibles de
la liaison de données ou autre couche immédiatement inférieure. Le principal objectif du
présent document est de définir un ensemble de régles de communication, exprimées en
termes de procédures que sont tenues de suivre les entités d’application (Application Entity,
AE) hpmologues au moment de Ta communication. Ces régles pour Ta communication vi
fournif une base solide pour le développement et de servir une diversité de besoins:

e comme un guide pour les réalisateurs et les concepteurs;

e pour une utilisation dans les essais et achats d’équipements;

e comme partie intégrante d’'un accord pour 'admission de systémes, dans I’environn
de| systémes ouverts;

Eent a

ement

e comme affinement pour la compréhension de communications prioritaires au sein dg 'OSI
(Open Systems Interconnexion, c’est-a-dire Interconnexion des)systémes ouverts).

Le pr
des ¢
prése
bus d

sent document traite, en particulier, de la communication et de l'interfonctionn

nt document avec d’autres normes entrant dans les modeéles de référence OSI

dans foute combinaison.

bment

apteurs, effecteurs et autres appareils d’automatisation. L’utilisation conjointe du

ou de

e terrain permet a des systémes qui ne pourraient’pas, sans cela, fonctionner ensemble
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RESEAUX DE COMMUNICATION INDUSTRIELS -
SPECIFICATIONS DES BUS DE TERRAIN -

Partie 6-19: Spécification du protocole de la couche application -
Eléments de type 19

1 Domaine d’application

1.1 Généralités

La Couche application de bus de terrain (FAL, Fieldbus Application Layer) fournjt aux
programmes d’utilisateur un moyen d’accéder a I'’environnement de communication du Qus de
terrain. A cet égard, la FAL peut étre vue comme une "fenétre entrécdes programmes
d’appliication correspondants”.

La prgsente partie de I'lEC 61158 fournit des éléments communs pour les communicatigns de
messagerie prioritaires et non prioritaires élémentaires entre |és programmes d’application
des epvironnements d’automatisation et le matériel spécifiquésau bus de terrain de type 19.
On utilise le terme "prioritaire" pour traduire la présence d’une fenétre temporelle, a I'inf{érieur
de laquelle il est exigé qu’une ou plusieurs actions spéeifiées soient terminées avec un
niveay de certitude défini. Si les actions spécifiées 41e sont pas réalisées dans la fgnétre
tempdrelle, les applications demandant les actionsirisquent de connaitre une défaillance,
avec lles risques que cela comporte pour les équipements, les installations et éventuellement
la vie humaine.

La présente norme définit de maniére abstraite le service, visible par un observateur externe,
assuré par les différents Types de la couche Application de bus de terrain, en termes

a) del modéle abstrait visant a la définition des ressources d’application (objets) qui pguvent
étle manipulées par des utilisateurs utilisant un service FAL;
b) d’e¢vénements et d’actions-lies aux primitives du service;

c) de|l paramétres associés a chaque événement et action de primitive, ainsi que de [forme
prise par ces parame&tres; et

d) d’ipteraction entre ces événements et ces actions, ainsi que de séquences valides desdits
évgnements et actions.

Le bu{ du présent document est de définir les services fournis a:

a) I'utilisateur de FAL a la frontiére entre I'utilisateur et la Couche application du Modgle de
référence de bus de terrain; et

b) la Gestion des systémes au niveau de la frontiere entre la Couche application et la
Gestion des systémes selon le Modeéle de référence de bus de terrain.

Le présent document spécifie la structure et les services de la couche application des bus de
terrain de I'lEC, en conformité avec le Modéle de référence de base de I'OSI (ISO/IEC 7498)
et la Structure de la couche application de 'OSI (ISO/IEC 9545).

Les services et protocoles de la FAL sont fournis par des entités d’application (AE,
"Application Entity") de la FAL contenues dans les processus application. L’AE de la FAL se
compose d’'un jeu d’éléments de service application (ASE, "Application Service Element")
orientés objet et d’'une entité de gestion de couche (LME, "Layer Management Entity") qui
gére I'AE. Les ASE fournissent des services de communication qui fonctionnent sur un jeu de
classes d’objets de processus application (APO, "Application process object") connexes. L’'un
des ASE de la FAL est un ASE de gestion qui fournit un ensemble commun de services pour
la gestion des instances des classes FAL.
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Bien que ces services spécifient, du point de vue des applications, la maniére dont la
demande et les réponses sont émises et délivrées, ils n’incluent pas une spécification de ce
que les applications qui demandent et qui répondent sont supposées en faire. Autrement dit,
les aspects comportementaux des applications ne sont pas spécifiés; seules sont définies les
demandes et les réponses que ces applications peuvent envoyer/recevoir. Cela offre aux
utilisateurs de la FAL une plus grande flexibilit¢é pour normaliser le comportement de ces
objets. En plus de ces services, certains services d’appui sont également définis dans le
présent document pour fournir I'accés a la FAL afin de maitriser certains aspects de son
fonctionnement.

1.2 Spécifications

L’objettif principal du présent document est de spécifier les caractéristiques des sefvices
conceptuels d’'une couche application qui sont adaptées a des communications priaritajres et
donc complétent le Modéle de référence de base de I'OSI en guidant le développemept des
protoqoles de couche application pour les communications prioritaires.

Un objectif secondaire est de fournir des trajets de migration a partirr de protocoles de
commpunication industriels préexistants. C’est ce dernier objectif qui a donné lieu a la dijersité
des sprvices normalisés reflétée par les différents types de I'IECN61158 et les protpcoles
corregpondants normalisés des sous-parties de I'lEC 61158-6.

1.3 Conformité

Le prgsent document ne spécifie pas de mises enlceuvre individuelles ou de prpduits
indiviquels et ne contraint pas les mises en ceuvre d’entités de couche application au sejn des
systémes d’automation industriels.

Il n’y & pas de conformité des équipements a laprésente norme de définition des serviges de
couchge application. Au contraire, la conformité est obtenue par une mise en ceuVre de
protodoles conformes de couche application qui satisfont & tout type donné de serviges de
couchg application définis dans le présent' document.

2 Rgférences normatives

Les dpcuments suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou|partie
de ledir contenu, des ,exigences du présent document. Pour les références datées,|seule
I’édition citée s’appligue/ Pour les références non datées, la derniére édition du document de
référence s’applique (y compris les éventuels amendements).

NOTE |[Toutes |és'\parties de la série IEC 61158, ainsi que I'lEC 61784-1 et I'lEC 61784-2 font I'objet d’une
mainteance simultanée. Les références croisées a ces documents dans le texte se rapportent par conséquent aux
éditiong datées 'dans la présente liste de références normatives.

IEC 61458-3-19:2019 __Réseaux de communication industriels — Spécifications des blus de

terrain — Partie 3-19: Définition des services de la couche liaison de données — Eléments de
type 19

IEC 61158-4-19:2019, Réseaux de communication industriels — Spécifications des bus de
terrain — Partie 4-19: Spécification du protocole de la couche liaison de données — Eléments
de type 19

IEC 61158-5-19:2019, Réseaux de communication industriels — Spécifications des bus de
terrain — Partie 5-19: Définition des services de la couche application — Eléments de type 19

ISO/IEC 7498-1, Technologies de I'information — Interconnexion de systéemes ouverts (OSl) —
Modele de référence de base: Le modele de base
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ISO/IEC 8822, Technologies de [l'information — Interconnexion de systémes ouverts -
Définition du service de présentation

ISO/IEC 8824-1, Information technology — Abstract Syntax Notation One (ASN.1):
Specification of basic notation (disponible en anglais seulement)

ISO/IEC 9545, Technologies de l'information — Interconnexion de systemes ouverts (OSl) —
Structure de la couche Application

ISO/IEC 10731, Technologies de I'information — Interconnexion de systémes ouverts — Modéle
de référence de base — Conventions pour la définition des services OSI

3 T

Pour

conventions suivants s’appliquent.

L’1SO
en no

o |E
e |S

3.1
3.1.1

Pour
s’appl

a) en
b) pr

c) unjté de données de protocole’d’application

d) éle
e) in
f) in

g) trdnsaction d’application

h) sy
i) sy

brmes, définitions, symboles, abréviations et conventions

es besoins du présent document, les termes, définitions, symboles, ‘abréviatig

malisation, consultables aux adresses suivantes:

C Electropedia: disponible a I’'adresse http://www.electropedia.org/

D Online browsing platform: disponible a I'adresse httpi//www.iso.org/obp
Termes et définitions référencés
Termes de I'ISO/IEC 7498-1

es besoins du présent document, les(termes suivants définis dans I'ISO/IEC 7
quent:
tité d’application

pcessus application

ment de service d’application
ocation d’entité d’application

ocation de processus application

stéme oluvert réel

ntaxe de transfert

3.1.2

| “Termes de I’ISQ/IEC 8822

ns et

et I'lEC tiennent a jour des bases de données terminologiquesidestinées a étre utflisées

498-1

Pour les besoins du présent document, les termes suivants, définis dans I'I|SO/IEC 7498-1,

s’appl

a) sy
b) co

3.1.3

iquent:

ntaxe abstraite

ntexte de présentation

Termes de 'ISO/IEC 9545

Pour les besoins du présent document, les termes suivants, définis dans I'I|SO/IEC 7498-1,

s’appl

iquent:

a) association d’applications

b) co

ntexte d’application
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c) nom de contexte d’application

d) invocation d’entité d’application

e) type d’entité d’application

f) invocation de processus application

g) type de processus application

h) élément de service d’application

i) élément de service de contrble d’application

3.1.4 Termes de I'ISO/IEC 8824-1

Pour |es besoins du présent document, les termes suivants, définis dans I'I|SO/IEC8824-1,
s’applijquent:

a) identificateur d’objet
b) Type
3.1.5 Termes de la couche liaison de données de bus de terrain

Pour | les besoins du présent document, les termes suivants, définis dans les

normgs IEC 61158-3-19 et IEC 61158-4-19, s’appliquent:

"z

a) Tgmps de liaison de données

b) Pdlitique de programmation de liaison de données
c) DUCEP

d) DUC
e) Made orienté connexion de liaison de données
f) DUPD

g) DUSDU

h) DUSAP (Point d’acces au service(de DL)

i) fixpd tag

j) indicateur générique

k) link (liaison)

[) Id¢ntificateur MAG

m) adresse réseau

n) node address (adresse de nceud)

0) nceud

p) balise

q) programmeé
r) non planifiée

3.2 Termes et définitions supplémentaires

Pour les besoins du présent document, les termes et définitions suivants s’appliquent.

3.21

cycle de communication

période de temps fixe séparant deux télégrammes de synchronisation maftres, si les
télégrammes en temps réel sont transmis sur le canal RT et les télégrammes en temps différé,
sur le canal IP
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3.2.2

unité de commande

appareil de commande (par exemple, automate programmable selon les spécifications de
'EC 61131)

3.2.3

mot de commande

deux octets adjacents, au sein du télégramme de données maitre, contenant des commandes
destinées a l'appareil adressé

3.24
duréedeTyctte

durée|d’un cycle de communication

3.25
apparneil
esclaje situé dans le réseau de communication (par exemple, entrainenient électrique de
puissance comme défini dans I'l[EC 61800, station d’E/S comme défini dans I'l[EC 61131

3.2.6
état dfappareil
quatrg octets adjacents du télégramme d’acquittement qui contiennent des informations|d’état
sur chaque appareil

3.2.7
numéro d’identification
IDN (ifentification number)

désigmation de données d’exploitation sous laguelle un bloc de données est conservg avec
son aftribut, son nom, son unité, ses valeurs.d’entrée minimale et maximale, et les donnges

3.2.8
little ¢ndian (petit-boutiste)
modele d’organisation de mémoire“qui enregistre I'octet de poids faible a I'adresse Ia plus
basse|ou, pour le transfert, qui.transfére I'octet de poids faible en premier

3.2.9
télégramme de données:maitre
MDT :lmaster data telegram)

télégramme dans lequel le maitre intégre ses données

3.2.10
protogtole

conveption-a I’égard des formats de données, des suites chronologiques et de la correction
d’erreErs dans le cadre de I’échange de données des systémes de communication

3.2.11
esclave
nceud auquel le maftre accorde le droit de transmettre des données

3.2.12

mot d’état

deux octets adjacents dans le télégramme d’acquittement contenant les informations d’état
d’un appareil

3.2.13
S-0-nnnn
désignation des IDN
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3.3  Autres abréviations et symboles

AT télégramme d’acquittement (acknowledge telegram)

CcC intercommunication entre les participants

IDLE délai entre les paquets (voir IPG)

IDN numéro d’identification

IPG délai entre les paquets

IPOSYNC synchronisation de I'interpolateur PDS (Product Data System - Systéme de données produit)
MDT télégramme de données maitre

PDS entrainement électrique de puissance

RTC canal en temps réel (real-time channel)

SERC(QS interface série du systéme de communication en temps réel
3.4 |Conventions

La FAL est définie comme étant un ensemble d’ASE orientés objet. Chaque ASE est sp

dans

un paragraphe distinct. Chaque spécification d’ASE est constituée de trois par

savoir ses définitions de classe, ses services et sa spécification’ de protocole. Les

premi
chacu

Les définitions de classe définissent les attributs pris. en charge par chaque ASH.

brs éléments sont contenus dans I'lEC 61158-5-19. La spégcification des protocole
h des éléments ASE est définie dans le présent documenht:

attribyts sont accessibles a partir des instances deda classe qui utilise les services A

gestio
sont f

n spécifiés dans la IEC 61158-5-19. La spécification de service définit les servic
purnis par ’ASE.

Le prdsent document utilise les conventions descriptives données dans I'lSO/IEC 10731

4 S

La sy
défini

5 S

5.1

La sy

yntaxe abstraite

ntaxe abstraite et la syntaxe de transfert sont fusionnées dans un format fixe g
a I’Article 5.

yntaxe de transfert

Introduction

htaxe“de transfert de type 19 doit étre codée par bit; elle ne respecte donc p

spécifjcations de types de données habituels tels que le type integer32, entre autres.

cifiée
ies, a
deux
5 pour

Les
SE de
BS qui

ui est

Bs les

Le codage des octets doit étre de type petit-boutiste.

5.2

Syntaxe abstraite et syntaxe de transfert fusionnées des unités PDU de cana

I RTC

La syntaxe abstraite et la syntaxe de transfert fusionnées des attributs appartenant a cette
classe sont décrites dans le Tableau 1.
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Tableau 1 — Format des attributs d’unité PDU de canal RTC

Attribut Format Taille (bits)
Mot de commande de la connexion 2 octets, mappés par bit 16
Réservé a la couche DLL 16 bits 16
Partie configurable de I'enregistrement de données, Série de 2, 4 ou 8 octets
avec données de la connexion
IDN de données d’exploitation 1 2, 4 ou 8 octets
IDN de données d’exploitation 2 2, 4 ou 8 octets
IDN de données configurées n 2, 4 ou 8 octets

Le
co

nombre et la longueur des données d’exploitation k doivent étre configurés en S-0-1050.x.06 (Liste
hfiguration) ou par le télégramme normalisé sélectionné S-0-0015 (Type de télégramme).

6 S

lructure des diagrammes d’états de protocole de la couche FAL

L’Artigle 6 décrit I'interface avec les services et les machines protocolaires de couche FAL.

Le co

spécifjques de ces machines de protocole sont définis pour différents types d’AREP. Le
es de protocole sont: machine protocolaire~de’ service FAL (FAL Service Prptocol

machi
Machi
Relati
de do

mportement de la FAL est décrit par trois machines(de protocole intégrées. De

e, FSPM), machine protocolaire de relations entre applications (Appli

bnship Protocol Machine, ARPM) et machine_protocolaire de mapping de couche Lfiaison
nnées (Data Link Layer Mapping ProtocobMachine, DMPM). La Figure 1 représernte les
relatigns et les primitives échangées entre ces machines protocolaires.
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L 4

Daalirk Layer
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AP_Context

Contexte AP

FAL Service Req/Rsp Primitives

Primitives de demande/de réponse de service FAL

FAL Service Ind/Cnf Primitives

Primitives d’indication/de confirmation de service FAL

FSPM

FSPM

FSPM Reqg/Rsp Primitives

Primitives de demande/de réponse de la FSPM

FSPM Ind/Cnf Primitives

Primitives d’indication/de confirmation de la FSPM

#n ARPM

ARPM n

#1 ARPM

ARPM 1

ARPM Req/Rsp_Rrimitives

Primitives de demande/de réponse de 'ARPM

ARPM Ind/€nf Primitives

Primitives d’indication/de confirmation de 'ARPM

DMPM

DMPM

DLReq/Rsp Primitives

Primitives de demande/de réponse DL

marentPrimmitives

Primitives o imdication/deconfirmmatiomr Dt

Data Link Layer

Couche Liaison de données

Figure 1 — Relations entre les machines de protocole et les couches adjacentes

La FSPM décrit I'interface de service entre ’AP-Context et un AREP particulier. La FSPM est
commune a toutes les classes d’AREP et n’a pas de changements d’état. La FSPM est
chargée des activités suivantes:

a) accepter les primitives de service de I'utilisateur de service FAL et les convertir en
primitives internes FAL;
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un diagramme d’états ARPM approprié en fonction des paramétres

d’identifiant AREP fournis par le contexte AP et envoyer les primitives FAL internes a la
machine ARPM choisie;

c) accepter les primitives internes FAL de 'ARPM et les convertir en primitives de service
pour I’AP-Context;

d) fournir les primitives de service FAL a I'AP-Context d’aprés le parametre ldentificateur
d’AREP associé aux primitives.

L’ARPM décrit I’établissement et la libération d’'une AR et '’échange de FAL-PDU avec une ou
plusieurs ARPM distantes. L’ARPM est chargée des activités suivantes:

a) adg

in

b) actepter les primitives internes FAL de la DMPM et les envoyer a la FSPM sous’for

pr
c) si

d’¢tablir ou de libérer 'AR spécifiée.
La DMPM décrit la mise en correspondance entre la FAL et |la DLL.)Elle est commune
les types d’AREP et n’a pas de changements d’état. La DMPM\@st chargée des ac
suivarntes:

a) agcepter les primitives internes FAL de 'ARPM, préparer. les primitives de service I

le
b) re

I’ARPM sous forme de primitives internes FAL.

7 Djagramme d’états AP-Context (contexte d’AP)

7.1

Le diggramme d’états de contexte, AP (AP-Context State Machine, APCSM) gére les

transi

ceuvrg de la couche FAL de type’19. Il y a trois états, comme représenté a la Figure
notifications d’événement sont remises au diagramme APCSM par la machine FSPM
machine ARPM, selon les spécifications. Ces notifications d’événement, identifiées
Figurg 2, entrainent les-{ransitions d’état.

A la njise en route,\la machine APCSM est a 'état de repos.

fernes FAL a la FSPM ou a la DMPM, en fonction de 'AREP et des types de primit

mitives internes FAL;
les primitives concernent le service Establish ou le service Abarty il doit eg

5 envoyer a la DLL;

cevoir les primitives d’indication ou de confirmation DLL de la DLL et les envq

Vue d’ensemble

{ions et interactions comportementaux de tous les objets contenus dans une m

imitives

ve;

me de

sayer

A tous
tivités

DLL et

yer a

états,
se en
. Les
ou la
a la

/\ Establish /\

Idle K Running
Release

Anglais Frangais
Idle Repos
Running Marche
Establish Etablissement
Release Libération

Figure 2 — Diagramme d’états APCSM
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7.2 Etats
7.2.1 Au Repos
7.21.1 Comportement

La couche FAL n'est pas connectée au réseau. Le seul comportement associé a I'état de
repos consiste dans la détermination des erreurs et autres états de défaut définis comme
empéchant le passage a I'état de marche. En I'absence d’empéchement, la machine APCSM
génere elle-méme un appel automatique de sa primitive d’établissement.

7.2.1.2 Evénements

Etablissement — connecte la couche FAL au réseau. Lorsque [I|'opération réusyit, la
machine APCSM passe a I'état de marche.

7.2.2 Marche
7.2.2.1 Comportement

La coliche FAL est connectée au réseau. L’appareil de type maftrecest en mesure d’assulrer le
compxrtement associé a la communication avec les esclaves auxquels il est connectg. Les
appareils de type esclave sont en mesure d’assurer le comportement associé avec la réponse
au mditre auquel ils sont connectés.

7.2.2.2 Evénements

Libérgtion — déconnecte la couche FAL du réseau. Lorsque [I|opération réussit, la
machine APCSM passe a I'état de repos.

7.3 |Etats, événements et transitions

L’ensg¢mble des combinaisons d’état, d'événement et de transition possibles est résumg dans
le Talleau 2.

Tableau 2 — Table des états et des événements de la machine APCSM

Etat Evénement Action Etat
actuel suivant
Au Repaos Etablissement Déclencher les méthodes Marche
spécifiées pour I'état de
marche
Au Repos Libération Renvoyer une erreur Marche
Marche Etablissement Renvoyer une erreur Marche
Marche Libération Déclencher les méthodes Al
spécifiées pour I'état de Repos
repos

8 Machine de protocole FSPM

8.1 Vue d’ensemble

La machine FSPM fournit I'interface avec I'utilisateur FAL sous la forme de gestionnaires de
service qui convertissent les paramétres de service en unités de données de protocole de
couche Application (AL Data Protocol Unit, APDU) et traitent les demandes de service
provenant de l'utilisateur FAL ou qui convertissent les unités APDU en parameétres de service
et remettent des indications de service a I'utilisateur FAL.
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La machine FSPM fonctionne dans un seul état, avec des événements définis par la réception
de primitives de service.

8.2 Services MGT
8.2.1 Get network status

A la réception d’'une demande de service Get Network Status provenant de I'utilisateur FAL, la
machine FSPM prépare une primitive FSP-get network status codée de la maniére appropriée
et la remet & la machine ARPM.

8.2.2 —Get-device-status

A la r¢ception d’une demande de service Get Device Status provenant de l'utilisateur FAL, la
machine FSPM prépare une primitive FSP-get device status codée de la maniére apprppriée
et la remet & la machine ARPM.

8.2.3 Network status change report

A la reception d’une indication FSP-network status change provenant.de la machine ARPM, la
machine FSPM prépare une indication network status change codée’de la maniére apprppriée
et la remet & l'utilisateur FAL.

8.2.4 Device status change report

A la réception d'une indication FSP-device status change provenant de la machine ARPM, la
machine FSPM prépare une indication device status thange codée de la maniére apprppriée
et la remet a l'utilisateur FAL.

8.2.5 Set device status

A la réception d’'une demande de servigce’Set Device Status provenant de I'utilisateur HAL, la
machine FSPM prépare une primitive, FSP-set device status codée de la maniére apprppriée
et la remet a la machine ARPM.

8.2.6 Enable RTC (Activer la voie temps réel)

A la réception d’'une demande de service Enable RTC provenant de [l'utilisateur FAL, la
machine FSPM prépare_une primitive FSP-enable RTC codée de la maniére appropriég et la
remet|a la machine ARPM.

8.2.7 Enable hot-plug

A la rgception d’une demande de service Enable Hot-plug provenant de I'utilisateur FAL, la
machipe FSPM prépare une primitive FSP-enable hot-plug codée de la maniére appropfiée et
la remeta ta machine ARPV:

8.2.8 Notify RTC (Notifier la voie temps réel)

A la réception d'une indication FSP-notify RTC provenant de la machine ARPM, la
machine FSPM prépare une indication notify RTC change codée de la maniére appropriée et
la remet a l'utilisateur FAL.

8.2.9 Disable RTC (Désactiver la voie temps réel)

A la réception d’'une demande de service Disable RTC provenant de [I'utilisateur FAL, la
machine FSPM prépare une primitive FSP-disable RTC codée de la maniére appropriée et la
remet a la machine ARPM.
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