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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DIGITAL DATA COMMUNICATIONS FOR MEASUREMENT AND CONTROL -

FIELDBUS FOR USE IN INDUSTRIAL CONTROL SYSTEMS -

Part 1: Overview and guidance for the IEC 61158 series

T\NLVYV \

1) Thdg IEC (International Electrotechnical Commission) is a worldwide organization for prising
all [national electrotechnical committees (IEC National Committees). The obje romote
intgrnational co-operation on all questions concerning standardization in the el igdlds. To
thig end and in addition to other activities, the IEC publishes International <Stand gration is
entfusted to technical committees; any IEC National Committee intere ith may
parficipate in this preparatory work. International, governmental and naf-gov liaising
with the IEC also participate in this preparation. The IEC collabo ational
Ordanization for Standardization (ISO) in accordance with conditigris™e en the
two| organizations

2) Thg formal decisions or agreements of the IEC on technigél matters™expr iple, an
intdrnational consensus of opinion on the relevant subjects al comymittee has represgntation
from all interested National Committees.

3) Thgq documents produced have the form of res tiony i onal tse and are published in the form
of btandards, technical specifications, te¢hni : i and are accepted by the National
Comnmittees in that sense.

4) In ¢rder to promote international unification i S i undertake to apply IEC International
Stapdards transparently to the maximum/ extent po i in\their national and regional standards. Any
divérgence between the |IEC Standard and the Y ional or regional standard shall be|clearly
indfcated in the latter

5) Thg IEC provides no marking pro appyoval and cannot be rendered responsible for any
eqdipment declared to b

6) Attention is drawn to th Rillty tha SOWE o he elements of this technical report may be the sulbject of
patgnt rights. IE@ € identifying any or all such patent rights.

The main task of €es is to prepare International Standards. Howejver, a

techn|cal committ S ¢ publication of a technical report when it has collected

data ¢f a different ki at which is normally published as an International Standard, for
example "state of

Technica ecessarily have to be reviewed until the data they provide are

consiglered to ngeér valid or useful by the maintenance team

IEC 6[1158-1, which is a Technical Report, has been prepared by subcommittee 65C: Digital

communications, of IEC technical committee 65: Industrial-process measurement and control.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
65C/267/DTR 65C/277/RVC

Full information on the voting for the approval of this Technical Report can be found in the
report on voting indicated in the above table.

This publication has been drafted in accordance with ISO/IEC Directives, Part 2.
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IEC 61158 consists of the following parts, under the general title Digital data communications

for measurement and control — Fieldbus for use in industrial control systems:

Part 1: Overview and guidance for the IEC 61158 series
Part 2: Physical Layer specification and service definition
Part 3: Data Link Service definition

Part 4: Data Link protocol specification

Part 5: Application Layer Service definition

Part 6: Application Layer protocol specification

The gommittee has decided that the contents of this publication will re
2007.|At this date the publication will be

* refonfirmed,;

* withdrawn;

+ replaced by a revised edition, or
+ amended.

D

NOTE | When revised, this report will be synchronized with the 58 series.

Y hangecL until
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DIGITAL DATA COMMUNICATIONS FOR MEASUREMENT AND CONTROL -
FIELDBUS FOR USE IN INDUSTRIAL CONTROL SYSTEMS -

Part 1: Overview and guidance for the IEC 61158 series

1 Scope

This [Fechnical Report presenis an OVerview and guidance for the series. It
explains the structure and content of IEC 61158, shows how to use it ombination with

IEC 6[1784, and relates the structure to the ISO/IEC 7498 OSI Basic Reféx adel.

2 Normative references

The fi ~ ment.
For dated references, only the edition cited applies. For undated \ dition
of the

IEC 6 use in
indus

IEC 6 use in
indus

IEC 6[1158-4, Digital datalco icatiQr > use in
industrial control systefs - : 0

IEC 6/1158-5, Digs se in
industrial contro

IEC 6 use in
indus

IEC 6 se in
industri

1ISO/IE formation technology — Open Systems Interconnection — Basic Refdrence
Mode|: The Basic Mddel

3 Definitions and abbreviations

This part of IEC 61158 is based partially on the concepts developed in ISO/IEC 7498-1 and
makes use of the following definitions and abbreviations derived from that standard:
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Term or abbreviation Definition or meaning
3.1 OSI Open Systems Interconnection

3.2 N-layer Layer N of the OSI Basic Reference Model
3.3 AL Application layer (N = 7)

3.4 DL- Data link layer (as a prefix)

3.5 DLL Data link layer (N = 2)

3.6 Ph- Physical layer (as a prefix)

3.7 PhL Physical layer layer (N = 1)

4 uidelines for implementers and users

4.1 |Background and purpose
Communication in global markets requires a global understand

or not). ISO/OSI related specifications provide a com
accefdtance between international experts (manufacturers €

The IEC 61158 series specifies a numbex of diffe ' /pes in each of the parts

of the

serieqd (Parts 2 to 6). As a result of the Rization work done by IEC, each PhL,
DLL gnd AL specification within IEC 6 ! a>homogeneous way. The description
of eac¢h layer offers, as fa concepts, definitions, and descfiptive
methqd.

This gommon approac e. o\assist users and implementers in understgnding
the s¢veral spetio 3 d to assist in comparing available products and
their gommunicatiens re

4.2

Most ¢ s fied in the IEC 61158 series include a range of selectab
config it . In general, only certain res
comb

Ther

IEC 6[1784 provides users and implementers with details of supported fieldbus specific

e and
ricted

ations

based—omn setected options that are Intended to work together consistentty and Correc
most cases, available product demonstrations and working plant experience support
profiles.

ly. In
these

Annex A of IEC 61784 helps select the needed fieldbus by showing the key concepts of each

of the profiled fieldbus protocol families.

As a result, the route map recommended to select a fieldbus is:

— |IEC 61784, Annex A: Common concepts
— |EC 61784, communication profile family
— IEC 61158, Parts 2 to 6, for the particular fieldbus type of interest.
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Benefits from using a common and formal style

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

5

Conceptually, a fieldbus is a digital, serial, multidrop,

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

a common structure helps to identify and to specify common parts and contents;

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

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;

a
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]

[ Gateway ] [ Gateway ]

Process plant

Factory shop floor

Fieldbus
segment

I I . I

Sensors Programmable Programmable\( Wable
Fieldbus controller controller controller
segment

Actuators Z \ —

onKoring, sys n\
Fieldbus §
—[ Bridge ]— segment w

145 serle using the following concepts

Controllers

Figure 1 — Generic fi

A number of fieldbus types are specified in\h
for deicomposition.

a) First concept: The co
an adpptation of ISO/IEC
structured functions and in

ivided into different layers basled on
oference Model, thereby facilitatind well-
is has the following benefits:

— dgcomposition.of comp

— mpdular stru@
b

) Seicond concep is composed of one or more layer specifications
Most [types i 2 a\nun be of Sérvices and protocol options that require an apprdpriate
selec{ion to Suppo® system. Compatible selections of options and services within
one of the ypes are specified as standardized communication prof|les in
IEC 6{1 grofiles are supported by consortia or trade associations whi¢h are

identified in e sp&cification.

c) Thiird (¢oncept: “The Physical, Data Link and Application Layers are describpd 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 view and the Service
parts show the Layer user’s view.
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Layer user Layer implementer
Oriented view Oriented view
AL Services AL Protocol
Part 5 of IEC 61158 Part 6 of IEC 61158

- Model and concepts

- Data type definitions

- Application objects

- Service description

- Communication endpoint
management.

- Syntax definition and coding
- Application relationships procedures
- Protocol machines (state machines)
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ISO/IEC 7498. 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 — 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 layers in the IEC 61158
Basic fieldbus reference model (see Figure 3).
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Table 1 — OSl and IEC 61158 layers

OSl layer Function IEC 61158 layer
7 Applicati Translates demands placed on the communications stack into a form Application
ppiication understood by the lower layers and vice versa (IEC 61158-5, -6)
6 Presentation Converts data to/from standardized network formats 1
5 Session Synchronizes and manages data 1
4  Transport Provides transparent reliable data transfer L ort
3 Network Performs message routing Lort
2 i ld IillK COIIrols dCCess L0 Uie bU”l”lUllibdliUll IIIBUiUIII. Felrtorms error ueleuiun Udld | nk
(IEC 6115B-3, -4)
Encodes/decodes signals for transmission/reception in a form hysital
1 Physical appropriate to the communications medium. Specifies comm ation (IE g1 1%8-2)
media characteristics. \
NOTE | | and 1t indicate that the functionality of this layer, when present, ma inghe fi IdMa er that
is nearpst in the direction of the arrow. Thus network and transport function included in either the Data
Link orl Application Layers, while session and presentation functionality I lication| Layer,
but not|in the Data Link Layer. \
Appllcatlo L k)ﬁ :
\Mug\ \ i
c |
© '
Physical L a r g
dium
\@\f@dbus reference model
7 S
71
The | ayer receives data units from the Data Link Layer, encapsplates
them adding communications framing information, encodes the bits and
framing and transmits the resulting physical signals tp the
transmission-mediy onnected to the transmitting node.
Signa|share then received at one or more other node(s) and decoded, and any communi-

cations framing information is checked and removed, before the data units are passed to the
Data Link Layer of the receiving device.

IEC 61158-2 comprises Physical Layer specifications to support the DL-protocol types
specified in the IEC 61158 Data Link Layer. It defines the services provided

a)

b)

to the various types of fieldbus Data Link Layer at the boundary between the Data Link
and Physical Layers of the fieldbus Reference Model, and

to Systems Management at the boundary between the Physical Layer and Systems
Management of the fieldbus Reference Model.

NOTE This combination of Physical Service definition and Physical protocol specification into a single document
is a historic anomaly; it is not common standards practice.
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