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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FUNCTION BLOCKS (FB) FOR PROCESS CONTROL

Part 1: Overview of system aspects

FOREWORD

1) THe IEC (International Electrotechnical Commission) is a worldwide organization for stahdardization Cemfrising
alll national electrotechnical committees (IEC National Committees). The object 0 is\ to” prpmote
infernational co-operation on all questions concerning standardization in the electgicaNand-electrqnic fielfls. To
this end and in addition to other activities, the IEC publishes International gir,_preparafion is
entrusted to technical committees; any IEC National Committee interested{in the, sub ith may
pdrticipate in this preparatory work. International, governmental and non-gov iofs lfaising
with the IEC also participate in this preparation. The IEC collabq Ate International
Otlganization for Standardization (ISO) in accordance with conditions d betwegn the
twp organizations.

2) THe formal decisions or agreements of the IEC on technical mafters expess, as nearly as possible, an
infernational consensus of opinion on the relevant subjects sj | committee has represertation
frgm all interested National Committees.

3) THe documents produced have the form of recommendati iona nd are published in thg¢ form
of| standards, technical specifications, i are accepted by the National
Cgmmittees in that sense.

4) In|order to promote international unificatio ' i ndertake to apply IEC International
Stpndards transparently to the maximum eXxtent i } ational and regional standardsg. Any
diyergence between the IEC Standard and the corre i national or regional standard shall be ¢learly
indiicated in the latter.

5) THe IEC provides no markipg procedguare qval and cannot be rendered responsible for any
equipment declared to be in\¢onfo |ty withgne

6) Attention is drawn to the s ibili ents of this PAS may be the subject of patent fights.
THe IEC shall not be held respoqsi i

This |PAS Pre-S ~ using a rapid procedure as a result of technical

consensus at the e vorking on the subject within the IEC. The normal IEC

procédure for the p i etnational Standard is pursued in parallel and this|Pre-

Stangard will be wi ponNublication of the corresponding International Standard

IEC/PAS 618Q4-1 has prepared by subcommittee 65C: Digital communications, of IEC

technicat committee.65: Industrial-process measurement and control

The tekt of this PAS is based on the This PAS was approved for
ollowing document: publication by the P-members of the
committee concerned as indicated in
the following document:
Draft PAS Report on voting
65C/283/PAS 65C/286/RVD

Full information on the voting for the approval of this PAS Pre-Standard can be found in the

report on voting indicated in the above table.

IEC 61804 consists of the following parts, under general title Function Blocks (FB) for

Process Control

— Part 1: Overview of system aspects

— Part 2: Specification of FB concept and electronic device description language (EDDL)
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INTRODUCTION

This PAS pre-standard is an end-user driven specification of the requirements of distributed
process control systems based on Function Blocks (FB). This general requirement pre-
standard and its associated FB standard (IEC/PAS 61804-2) originate from the power-plant
industrial sector. It is validated by applications in oil and gas, petrochemicals,
pharmaceuticals and fine chemicals, pulp and paper, food and beverage, waste water
treatment plants, steel milling and others. There will be other general requirement standards
and associated specifications for other industrial sectors.

Present and future digital process control systems need to fulfil the following requirements:

increase security and safety;

relduce time to market;

be supportable with available tools;

relduce costs of development and support;

minimize training costs;

sypport integration of distributed control applications

sypport integrated methodology for implementation;

have increased maintainability, modifiability, agility, 2 flexibility, abilify to
validate, accessibility, availability, compatibiljty multi-vgndor
device/application compatibility, re-usability of , re-usabilify of
sqftware components;

e be made up of digital devices t

interoperable and interchangeable

orkable, interconnecgable

Procgess control systems are required to-Hulfil i nts in terms of their architegture
and their operation during all the phases of the life eycle\ The accepted basic concept fgr the
design process control sysfem is to d scr|l ecesgdry implementation-specific fundtions
with FB. A FB is an encagsulati data and<algorithms to provide a specific function, which

can be self-standing. Proc ystems canMnvolve many instances of many different
FBs |operating in an e p

and interfaces to ihe
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FUNCTION BLOCKS (FB) FOR PROCESS CONTROL -

Part 1: Overview of system aspects

1 Scope

This part of IEC 61804 provides a specification for suppliers to meet evolving requirements for
digital process control systems by having a common standard through which users can be
assuped-of compatibitity;interworkabitity—nterconmectabitity;—interoperabitityand-interctrange-
ability of the devices they choose. This part gives the overall requirements. For |Retter
undefrstanding, this part gives background information and examples in grinexes»

This ilitate

main and

meas

e C iour;

e maintenance covers functions to acquire infofmatio [ cess
s icas\ine ir adjustments for example
G

o {4

A prerequisite for designing stem

is that the tools, the deviges a on a

cominon specification. JThe i i ﬂems,

for exkample FB, device ti hese

components. The AEC € SEH i pre-
standgard is rela @% akle to provideithesebasic components for FBs for process control| One

add-pn to the IE is the specification of parameters and functions of FBg that
are implementabl

The i i o of FBs that have to be specified are described in clause 6.
Subd X 3 8 Aimum set of FBs that will be required for the process indusfries.
These are present different clauses. One deals with “rich” FBs covering complek but
common Tunctios such_ag’ control loop (for example proportional, integral, differential -(PID)
required by joxity ‘of the process industries. Another covers a set of elementary| FBs

(EFB) such-.as Boslean functions required to compose very specific and unique functionaljty.

FBs |are’ used during the complete life cycle of process control systems but viewed [from
diffelUllt GOVUU{O Thla IQ \J\JVGIUd ;II dUtal: ;II ATITITCA I"\\ ThU PIUUUDO dco;yll otalto vv;t] the
Piping & Instrumentation Diagram (P&ID), which gives the requirements of the process and
instrumentation from a purely functional point of view. From the P&ID, the desired behaviour
of the process control system is extracted into a functional requirements diagram (FRD)
without considering the detailed behaviour of the underlying devices. The bricks making up
the FRD are application blocks (AB), the representation of the data and algorithms in the
design phase. After discussion between the process and automation engineers (end-user and
system integrator), the FRDs are turned into detailed designs for the application via several
design using devices available on the market together with interconnections and
configurations of these devices. In this way a PID loop shown in via bubbles on a P&ID will be
transformed into implementable FBs in specific field and/or control-room devices. It should be
noted that many parts of the process industries, in particular those with many similar and
relatively simple processes (for example the water industry), do not use the concept or term
FRD. They go directly from P&IDs to the implementable FBs and will use a variety of names
to describe the process and the resulting design documents. The FRD approach is used here
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since it represents the most formal view of the design cycle and illustrates the use of FBs at
the earliest of phases in the life cycle. Clause 4 summarizes the requirements from this life
cycle point of view.

This document specifies a system (an industrial process measurement and control system
based on distributed FB application). A system is described step-vice in terms of architecture,
models and the life cycle. The architecture is the "road map" which names the components
and presents the structure of the system. The models describe the details of the components,
i.e. their functions in the system. The life cycle makes visible how the components work
together during their use in different phases of the lifetime, i.e. it makes the operation visible.

Figure 2 shows the different influences, basic specifications and technology suppoft on
IEC 61804 from the top-down and bottom-up point of view.

HODOLOGY

ISO TC184, SC4

ACORN
the technology supported

ISA SP50 User Layer

(implicit)
Specify the application with FB
Tap-down

Battom-up

IEC 61158 and
61784

Fieldbus specification

IEC 61131 series

Application description

Basic models

Figure 2 — Influences on IEC 61804

The influences are international standards and projects, which relate to the same area as
IEC 61804. These standards are either technology-independent ones supporting the top-down
approach or dedicated to a certain technology, for example programmable controller or
fieldbus. Both together will build the basis of the standard specified by IEC 61804.

The main purpose of this document is the harmonization of different views, models and
starting points of end-users, system providers and device manufacturers. It will be the
reference document leading the discussions during the specification and the guideline for the
readers of IEC 61804-2.
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2 Normative references

2002

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

IEC 60050-351:1998, International Electrotechnical Vocabulary (IEV) — Part 351: Automation
control. Terms and definition

IEC 61131-3:1992, Programmable controllers — Part 3: Programming languages

IEC/
Part

IEC {

IEC
in inq

1ISO/
Refe

ISO/
Inter]

EN §

3.1.2

A se
envir

PAS 61499-1:2000, FBs for industrial-process measurement and
1: Architecture

srol systef

51512-1:1997, Batch control — Part 1:Model and terminology

EC 7498-1:1994, Information technology -
rence — Basic Model

EC/TR 10000-1:1998,

erms and definjtiol
Definitio@
he purpose of'thvi

Interface

of interrelated elements considered in a defined context as a whole and separated frg
bnient.

I use

Basic

of
work

m its

[IEC
NOTE

OUUOU-501. 1990, T1-UT]

1 Such element may be material objects and concepts as well as the results thereof (for example forms of
organization, mathematical methods, and programming languages).

NOTE 2 The system is considered to be separated from the environment and other external systems by an
imaginary surface, which can cut the links between them and the considered system.
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3.1.3 Data type

A set of values together with a set of permitted operations.

[ISO 2382 series]

3.1.4 Data connection

An association established between functional units for the conveyance of data.
[IEC/PAS 61499-1:2000, 1.3.2.22]

3.1.5 Data

A representation of facts, concepts or instructions in a formalized manner suitable for communication,
interpretation or processing by human beings or by automatic means[ISO modified .

3.1.4 Functional unit
An entity of hardware or software, or both, capable of accomplishing a speg
[I1SO R382 series]

3.1.71 Hardware

Phys|cal equipment, as opposed to programs, procedures, €ules\and_\associa ation.
[ISO/AFNOR Dictionary of Computer Science]

3.1.8§ Mapping
A sef|of values having defined correspondence with
[ISO R382 series]

3.1.9 Parameter

A variable that is given a constant value e the

appli¢ation.
[ISO R382 series]

3.1.10 Algorithm
A fini
[IEC/

e set of wel he

3.1.1

A so
mea
[IEC

NOTH An application~yqay’be distributed among resources, and may communicate with other applications.

3.1.12 Attribute
a propertyorcharacteristic ofan entity; forimstancetheversiomidentifrerof a5 type bpcbifibatiun.
[[EC/PAS 61499-1:2000, 1.3.2.7]

NOTE The formal description of Attributes is to specify to get interoperability. IEC 61499-1 do not specify certain
Attributes like FB Type-Info. IEC 61499-1 gives the general rules to define the attributes and IEC 61804-2 specifies
the attributes for process control like other groups may specify their own. Rules are required able to prevent non-
unique attribute names.

3.1.13 Configuration (of a system or device)

A step in system design: selecting functional units, assigning their locations and defining their
interconnections.

[IEC/PAS 61499-1:2000, 1.3.2.17]
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3.1.14 Device

An independent physical entity capable of performing one or more specified functions in a particular
context and delimited by its interfaces.

[I[EC/PAS 61499-1:2000, 1.3.2.26]

3.1.15 Device management application
An application whose primary function is the management of a multiple resources within a device.
[IEC/PAS 61499-1:2000, 1.3.2.27]

3.1.16_Entity

r4

A pavlticular thing, such as a person, place, process, object, concept, association,oreyent.
[IEC/PAS 61499-1:2000, 1.3.2.28]

3.1.17 Event

An instantaneous occurrence that is significant to scheduling the exe

[IEC{PAS 61499-1:2000, 1.3.2.29]

NOTH The execution of an algorithm may make use of variables as

3.1.18 Exception
An eyent that causes suspension of norma
[IEC/PAS 61499-1:2000, 1.3.2.35]

3.1.19 Function
A specific purpose of an entity.or its charac
[IEC/PAS 61499-1:2000, 1.3

3.1.20 FB (FB instan
A software functi '
operations specified by

NOTH Typical opera}i

iated

re.

[IEC{PAS 61499

3.1.21 FB

A networkin whieq the

NOTH This is notd¢he samge as the FB diagram defined in IEC 61131-3.

3.1.22 Implementation

The development phase in which the hardware and software of a system become operational.
[ISO modified']

3.1.23 Input variable

A variable whose value is supplied by a data input, and which may be used in one or more operations
of a FB.

NOTE An input parameter of a FB, as defined in IEC 61131-3, is an input variable.

[IEC/PAS 61499-1:2000, 1.3.2.48]
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3.1.24 Instance
A functional unit comprising an individual, named entity with the attributes of a defined type.
[IEC/PAS 61499-1:2000, 1.3.2.49]

3.1.25 Instance name
An identifier associated with and designating an instance.
[IEC/PAS 61499-1:2000, 1.3.2.50]

3.1.26 Instantiation

The ¢reation of an instance of a specitied type.
[IEC/PAS 61499-1:2000, 1.3.2.51]

3.1.27 Internal operations (of a FB)

Opergptions associated with an algorithm of a FB, with its execution ¢
capabilities of the associated resource.

[IEC/PAS 61499-1:2000, 1.3.2.52]

3.1.28 Internal variable

A vatiiable whose value is used or modified by one or mdre gpe
data nput or to a data output.

[IEC/PAS 61499-1:2000, 1.3.2.53]

3.1.29 Invocation
The process of initiating the execution of the s neceofQp
[IEC B1131-3 modified] %

3.1.30 Management H
A FB|whose prim@n
[IEC/PAS 61499-1 N

3.1.31 Managemeén

A resource whase phi ox is the management of other resources.
[IEC/PAS 6

3.1.32 Model
A regresentationofa re
[IEC/PAS61499-1:2000, 1.3.2.58]

3.1.33 Output variable

| world process, device, or concept.

ut is not supplieg

ations specified in an algorithm.

tional

by a

A variable whose value is established by one or more operations of a FB, and is supplied to a data

output.
NOTE An output parameter of a FB, as defined in IEC 61131-3, is an output variable.

[IEC/PAS 61499-1:2000, 1.3.2.60]

3.1.34 Resource

A functional unit which has independent control of its operation, and which provides various services

to applications, including the scheduling and execution of algorithms.

NOTE 1 The RESOURCE defined in IEC 61131-3 is a programming language element corresponding to the

resource defined above.

NOTE 2 A device contains one or more resources.

[IEC/PAS 61499-1:2000, modified]
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3.1.35 Resource management application
An application whose primary function is the management of a single resource.
[IEC/PAS 61499-1:2000, 1.3.2.66]

3.1.36 Scheduling function

A function which selects algorithms or operations for execution, and initiates and terminates such
execution.

[IEC/PAS 61499-1:2000, 1.3.2.70]

3.1.37ZService
A functional capability of a resource which can be modeled by a sequence of se
[ISOfIEC 7498-1 modified]

ice~primitives.

3.1.38 Software

An |ntellectual creation comprising the programs, procedur assogiated
documentation pertaining to the operation of a system.

[1ISO modified ']

3.1.39 Transaction

nder,

An unit of service in which a request and possibly d
& o the

and ih which a response and possibly da
requegster.

[IEC/PAS 61499-1:2000, 1.3.2.79]

3.1.40 Type
A soffware element which sp
[IEC/PAS 61499-1:2000

3.1.41 Type na@
An identifier associated

[[EC/PAS 61499-1220

A soffware enti
NOTH 1

NOTH?2 Variablés
[ISO rhodified-}

3.2 Definitions based on IA/IM-channel

3.2.1 Actuation (measurement) channel

Sum of all the items necessary to perform each actuation (measurement) as users need it.
The physical composition extends from the attachment-to-the-process, to the valve, motor,
actuator (sensor, transmitter), the network, the complementary processing in the computers.

NOTE The expression IA/IM-channel means intelligent actuation/measurement solution of all the requirements for
each needed actuation/measurement. Intelligent here means provided with all the functionalities as users need it.

1 The notation [ISO modified] following a definition indicates that the definition is taken from “ISO/AFNOR
Dictionary of Computer Science” and has been modified.
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3.2.2 System (or channel or device) status

Actual health (or condition) of the related item (system or channel or device). In other words it
is defined at the several levels of system distribution: the system as a whole, each IA/IM-

channel of the system, each device composing the channel
NOTE Detailed explanation is given in 6.2.

3.2.3 Validity index (VI)

A qualifier of the information to which it is added. It can be seen as a quality index.
NOTE Detailed explanation is given in 6.3.

3.2.j—Measumm-u-nttrhiuty
A pgrameter associated with the actual result of a measurement, whi haractetize

dispersion of the values that could reasonably be attributed to the mea

NOTH 1 The word "uncertainty" means "doubt", and thus in its broadest sense
mean$ the extent of doubt about the exactness or accuracy of the result of a meas{re

NOTH 2 The uncertainty may be, for example, a standard deviation or the wigth

NOTH 3 The uncertainty can be expressed with a data which can be
uncerfainty of an indirect measurement can be calculated if the ungertainty
measifirements in known.

3.2.5 Profile

A set of one or more base standards and/or ISPs
chosen classes, conforming subsets, (€
ISPs|necessary to accomplish a parti

[ISOJIEC TR 10000-1]

NOTH ISPs may contain normative references(to specificatigns\otheihthan International Standards.

5 the

ment"

At the
direct

bn of
S, or

3.3

AB

AME

CHD

DCS

DFBAP

EFB

FB

FRD

HMI

IA/IM{channel Intefligent Actuation/Intelligent Measurement-channel
ISP International Standard Profile

MIB Management Information Base

MGT Management

PFD Process Flow Diagram

PID Proportional, Integral, Derivative

PRIAM Prenormative Requirements for Intelligent Actuation and Measurement
P&ID Piping & Instrumentation Diagram

SCADA Supervision Configuration And Data Acquisition
SM System Management

ST Structured Text

VI Validity Index
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4 Engineering requirements

4.1

General

2002

This clause expects from the reader certain knowledge engineering of a distributed FB
system. See annex A for a background information. It is designed to give the reader an
overview of the life of a FB oriented control system from conception through design and
engineering and onto operation support and maintenance. Each of these phases has different

environments for the actual FB entities and their own specific requirements.

4.2 Requirements for design phase

a) Tlo identify a FB as part of a particular functional requirement diagram (FRD) or aregrtain
dpplication blocks (AB) in a distributed field device system, a FB is r le to
carry an identification of a particular FRD block.

NOTH This is required to be a parameter and may be called STRATEGY. Based g inpering

systeln may be able to identify the distributed FBs, which are combined in @ F verse

engingering purposes.

b) To identify a FB type a type name is required. This type o be unique
within a project. An engineering tool may navigate b help
file.

c) Tlo identify a device that hosts one or more FBg a that

llows a link of a device description type to this|devic s\device type identiffer is
;}quired to be based on a profile and specific type to support
interchangeability during design piiase

d) Graphical representation of a device type be referenced within device
description as an option. That icon sable
within a topological view of field o requirement of this representation
within this standard.

e) Tlo identify the elements o with
IEC 61512-1 BAT rding
to this batch standard

Example
FBs carry the -FBs

f) HB invocation Tstgquired to be supported by scheduling FBs in cyclic time slots.

g) Tlhere.is no requirement to field devices and their FBs based on ABs.

h) EBs are rnqnirnd to be defined and gnfhnrnd within a Iihrnry An EFB is g rnpnfifi\/n ] giC_

mathematics treatment, which is embedded into a FB or a function as defined in IEC
61131 series. An EFB is a processing module restricted to the process control domain. An
EFB cannot be split. All FBs (not functions) are required to carry a Library Name. The
combination of a FB Name and a Library Name is a unique identifier of a FB. That means
to identify this FB type when instantiated in a Device mixed with FBs of branch or
application specific libraries it can be identified as an IEC EFB. This is necessary for
version control, link to an online help and so on. A formal internal description of the
behaviour the EFB is required to be specified in IEC 61131-3 Structured Text (ST)
language. Missing elements within ST has to be programmed in several statements and
may lead in additional parameter for instance exception handling results.
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i)

Therg are certain levels of compatibility and according levels of
based devices. The levels are depended on well-defined comn{un
features. See Figure 3 and Table 1.

The following main features are used for the definition of compatibility levels:

For Human Machine Interface it is necessary to select the dynamic parameter of an EFB,
which build the information base to visualize the process, to allow operation by changing
parameter and to store data. For this selection there is no syntax defined in IEC 61131
series. As an addition to IEC 61131 for process control attributes within the comment field
of definitions within ST are defined.

For Maintenance and technical Management tools it is necessary to specify or predefine
attributes to the parameter and FBs of EFB. For this selection there is no syntax defined
in IEC 61131 series. As an addition to IEC 61131 for process control attributes within the
comment field of definitions within ST are defined.

General

h FB
sjic@tion

Levels of
compatibility

‘Thterchangeablel

“Interdperable} </"

Interworkgble' ,.’(t
“Interconnectablel

“Coexistent™

“Incompatible”

>

Application funcﬁonal\ ) v v Application

O\
~ = profile
Pur‘amem}gemké/\ \

g\/\ \ v v v
DU*C‘@}CZ‘SSQ A Communication
Commumw\»{\‘er > v profile

Conyq\m\wke \ot%:olx ~—7 v v v

Dynamic performancz/\ /\
’\\

gure 3 — Levels of functional device compatibility
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Table 1 — Functionality features

2002

Feature Description

Communication profile

Communication protocol

from the physical medium access to the application layer protocol.

This feature is defined by all protocols of layer 1 to 7 of the OSI reference model, i.e.

Communication interface

be necessary. The dynamic performance of the communication system is pa
feature.

This feature is defined by the communication service definition of application layer in-
cluding the services and the service parameters. Additional mapping mechanisms can

rt of this

Appliqatiomprofite

Data types This feature is defined by the data type of the block data /hput;"data output’¢r para-
meter).

Data semantics This feature is defined by the characteristic featur the data‘this‘can be gata name,
data descriptions, the data range, Substitute valu¢ of\the dat lue|,
persistence of the data after power loss and c}%)lo ment.

Application functionality This feature is defined by specifying the de ende\nség c@cy rulep between
the variables inside the blocks. This is e In the_dataxdescripties part or i a sepa-
rate behaviour section. \

Dynjamic performance This feature is defined by time c i(%infl M data or the general de-
vice behaviour. For example, t process value can influen¢e block al-
gorithms.

Reggrding these functional features evel names are used the
clasgification of devices. This standard™ ock applications provides for,
but does not require, coexistance, intg interworkability, interoperability] and
interchangeability between devices u from different manufacturers.| This
allows the user to choose a device as p ystem, or as a replacement, anpd to
understand the consequedces\of/thatshuj

5.2 Incompatibilit

Inability of two or,mor her in the same distributed application.

NOTH Incompatibi i 5" in application functionality, data semantic, data [ypes,
commjunications interfacCey z ibations protocols used by the affected devices. Incompatible dgvices
may gven interfere wit e proper communication or functioning (possibly even destructively),
if plaged in the sameddisi\i {

5.3

Ability a ices, regardless of manufacturer, to operate independently of one
another in AME CO nications network, or to operate together using some or all df the
same¢ communigations protocols, without interfering with the functioning of other devicgs on
the network.

NOTH Therevhave not to be an agreement regarding the communication services. Application- and system-
specific grogfamming in one or both devices is generally required in order for coexistant devices to work together
in the[same distributed application

5.4 Interconnectability

Ability of two or more devices, regardless of manufacturer, to operate with one another using

the s

ame communications protocols, communication interface.

NOTE The devices allow data exchange without agreements about the data types. A data type conversion may be

neces

sary. Unique application-specific programming in one or both devices is generally require

interconnectable devices to function together in the same distributed application

5.5

Interworkability

d for

Ability of two or more devices, regardless of manufacturer, to support transfer of device
parameters between devices having the and data types of the data inputs, data outputs and
parameters.
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NOTE |If a device is replaced with a similar one of a different manufacture, it can be necessary to reprogram the
application. The distributed application must be designed to accommodate the unique functionality and dynamic
responses of the interworkable devices used in the implementation.

5.6 Interoperability

Ability of two or more devices, regardless of manufacturer, to work together in one or more
distributed applications. The data input, data output, parameters, their semantic and
application related functionality of each device is so defined that, should any device be
replaced with a similar one of different manufacture, all distributed applications involving the
replaced device will continue to operate as before the replacement, but with possible different
dynamic responses.

NOTH Interoperability is achieved when both a field device and a system support the same combipatjon of
mandatory and optional parts of the same standard. Manufacturer-specific extensions in d~devices ot sylstems
from different manufacturers may prevent interoperability.

5.7 Interchangeability

Abilify of two or more devices, regardless of manufacturer, to ¢ f e more
distributed applications using the same communications protosol and i data
and functionality of each device so defined that, if any déwice\ is\tepl , istriputed

applications involving the replaced device will continue to Operate\as pe nent,
including identical dynamic responses of the distribut

6 Hunctional requirements

6.1 General

The functional requirements, which are ed at

an abstraction level suitable to be well\und

e following subclauses, are defin

This Jabstraction level diffe 5 level, which is directly used by vendors
and system integrator

a) The correspo
concgpt defined i
to-many or many-

ghal requirements” defined in this part and the FB
b necessarily one-to-one. It may be one-to-one,|one-

b) It |s require ki ytion of each FB a clear relation to which part of the functional

Anngx B i ked\ to~Nheread for a more complete understanding and use of the follqwing
requirements-

The description of the device functional requirements explicitly addresses the case of the|field
party ofia measurement channel (for example sensor, transmitter, etc.). It is required thaf they
are Seen as Implicitly representing the case of the fleld parts of an actuation channel (valve,
actuator, etc.) as well.

6.2 System (or channel or device) status

In principle, there are three main values of the status (as shown in Figure 4), whatever the
qualified item:

a) validated capability;
b) acceptable degradation(s);
c) out of service (unacceptable degradation).
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FA ILURE
D ETEC TED

NO FA
D ETEC

ILURE
TED

NOTACCEPTABLE ACCEPTABLE
FA ILURE FA ILURE
(CRITIC AL FAILURE) (M AJOR FAILURE)
INACCEPTABLE ACCEPTABLE o WE
PERFORMANCE PERFORMANCE RAR A N
DEG RADATION DEGRADATION D ER&CT
D ETEC TED D ETEC TED R
|
| \ >
STA TUS= STA TUS= STA YU S=
OUTOF SERVICE ACCEPTABLE A JID A TED
PERFORMANCE C APABILITY
DEGRAD AW /<
Figure 4 — Device {or channelof sys ) status
The fegradation(s) are [defio f) performance degradations which are consiglered
acceptable by th (ordevjcep according to his specific needs and the suppprting
diagrjostics.
For practical purpose\ inds-0f information on this status: only one "Synthesized sjatus”
and geveral "Detai ach~ane ag required for each task of the several operators.
a) Yynthesized
Tlhe presses the actual degree of capability of the item (devige or
syste perform the required functions. This information is intendgd to
slupport Ctions specified by the users for the control, maintenance| and
technicalmanagement of the systems.
b) Detajled status
Tlhe<detailed status information makes explicit the detailed diagnostic information needed for the
nrai i i least

three needs are required to be covered, as follows:
1)

needed to guide the intervention on the component;
2)

detailed information to document the behaviour of each replaceable component as

information which helps diagnose the faulty part and provides all the details which are

useful to properly repair that part (this diagnosis usually requires more details to be

documented);

3)
of each component for technical management purpose.

as b) 1) and 2), but here the details are those needed to properly judge the behaviour
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6.3  Validity index (VI)

The quality is a relative quality, judged on the basis of achievement of the predefined
requirements for the properties of the channel generating the information. A basic set of
quality criteria to be considered is

a) accuracy criteria,

b) timeliness criteria,

c) good/bad criteria,

d) uncertainty criteria.

In practical implementations, the criteria used to generate the VI have to be explicitly stated.

VI is |ntended to allow immediate and correct use of the qualified information.

VI is penerated in real-time taking into account the results of the actual diagnost pf the
whol¢ channel that has produced the information. Therefore VI explicj f the
information aware of the actual situation (deterministic VI) resulting at itions,
normgal and abnormal, after an error detection and correction.

6.4 Signal processing

Fungtions producing raw measurements and data as-i ation

procgéssing and device management.
a) Yensor limit thresholds (diagnostics dedicated to

b)
c)
d)

(N0

ensor ranging.
/D converter control.
erter

QJ

e)
f) H
g) S

6.5
6.5.1

It prd

b|s of
s VI.
the
art in

The
the 1
The S
measurement-deyice s required to be known. (All the functional units that have taken p
its elaboration”are required to be known.)

Validation is an essential part of the measurement processing and determines the degrge of
credibility of the measurement delivered by each step in the measurement processing. The
validation of the information achieved incrementally at each step of elaboration is a
fundamental part of the measurement itself in order to allow a correct use of the measurement
information to which it refers.

Another important aspect is that, through the convenient use of the VI and of the device
status, the device can work under degraded conditions, leaving to higher levels of
management the decision on the use of the data. In this sense the fault tolerant behaviour of
the transmitter consists of the diagnosis of the fault and in the indication on how much this
impairs the measurement (VI) and the device capabilities (device status).

The functions that have to be covered by the measurement information processing are given
hereafter.
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2 Fault tolerant behaviour processing

It identification and confining. Information contribution to the processing of the

corresponding measurement VI.

6.5.3 VI processing
a) Measurement validation
This processing has to be accomplished along with each phase of the measurement
processing and not separately, in such a way to guarantee mutual consistency between
data and VI.
I{ may include treatment of time redundancy based on comparison among a numbler of
successive samplings of the same quantity successively taken within ampling, period
efined for the application.
b) Uncertainty Processing
Tlhe parameter (uncertainty) may be, for example, a standaxd iati jiven
multiple of it), or the half-width of an interval having ) onfidence.
Uncertainty of measurement comprises, in general, < ‘ . Sofme of these
components may be evaluated from the statistical distribution ofthe results of serips of
easurements and can be characterized by experinre g fations. The pther
mponents, which also can be characterized by’standanrd deviations, are evaluated|from
ssumed probability distributions based on (expger information. |It is
nderstood that the result of the i st estimate of the value of the
easurand, and that all incdding those arising [from
slystematic effects, such as co corrections and refefence
standards, (that) contribute to the dispersio
6.5.4 Measurement channel processin
a) Ycaling
b) LUinearization
c) Ipfluencing quantit
d) Hiltering @
e) DQumping
f) Hngineering
g) Limit thre process alarm application) and all relevant data treatment
h) Tran
i) Meas
i) Measuremen values (generally by replicating the last valid value for an assigned
umber-of‘sampli
k) Medsurement trend processing
NOTE—Fhere-may-existadditionat-functions-
6.6 Device diagnostics and test support
6.6.1 General

The following subclauses concern functions producing information related to device status.

6.6.
a)
b)

2 Device diagnostics
Power-on self-tests
Run-time self-tests
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6.6.3

Maintenance related processing signals and counts all events useful to perform
device degradation analysis

The target is to allow the implementation in the maintenance systems of algorithms able to
foresee the degradation of a device or of a part of it. It is necessary that the manufacturer
defines which parameters are significant and that he includes in the device the necessary FBs
that recognize these situations and report their occurrence to the maintenance system and to
the technical management system.

Examples of these parameters that have been found useful include

a)

b)

6.6.4

ne number of abnormal events (such as pressure spikes for a P, DP er,
ne number of electrical shocks of defined characteristics.

FH £ FH % taidl H ] [P PN H Lolaf: Atk f
< uarmre Ul UpTITativrl OMTITL UULOTUT LRASARRLIRE=]] VV\JI[\IIIH CUTITUTUIVTTO \UUIIIIUU lllluuy Or

t
egxample temperature limits, pressure limits, etc.),
t
t

There may exist additional parameters.

Support for tests on demand (remotely or locally isst

This |support, as needed for actuation and measurement sts (for example

calibfation), is divided in the two following categories;

According to the
devige/channel have to be

The required functionalitie

2

f the

intrusive tests: the execution of these te
j 5S IS

device/channel (for example
switched off);

non-intrusive tests: the execution of S S 3 i i rmal

authorization is needed, and| the

a) imntrusive device t
1) support f@ i ion ¥ s (Both for primary and transformed measurements)
The aim ofAfR i S rator
responS|b e ali . brent

ct™availability of calibration reports and results in electronic foqm in
er to be transferred to the maintenance system through the netwqgrk or

eléctronic support.

measurement processing tests against reference inputs;

3

process attachment intrusive diagnostics tests;

b) non-intrusive device tests execution:

1)
2)

process attachment non-intrusive diagnostics tests;

measurement processing tests against reference inputs (if executable at run time
during time periods agreed upon by the control operator; for example test of a
redundant part at a time);

c) tests results retrieval:

1)

2)

retrieval of device tests results (information about: self-diagnostics, tests results and
maintenance interventions);

direct availability of actual information about self-diagnostics, test results and
maintenance interventions in electronic form in order to be transferred to the
maintenance system through the network or electronic support.
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Local interfaces attachment
ilability of a local access, through a suitable terminal, to

access rights management function (see 6.8.10);

pre-defined list of information;

pre-defined command inputs;

the local access is required to support field operator interventions.

Device (and system and channel) management

1 General

ollowing functions are described as the expected results of the cogpgrative agtions af the

manﬁzgement functions of the device and those of the system paanagey; “af\ course| the
i \

cont

In this perspective, a channel is a subsystem.

bution of the device agent manager belongs to the device fund

6.8.2 Device identification function
a) Mendor related device information retrieval. Infoymati S by the several degvice-
users interacting with the device along its life dévice componentg part
number, materials, software and hardware y
b) User related device information i ) " / “information usually written
uring commissioning. For example devi i
The above information are written in t i c gvant phases of the life cycle bl the

vendpr operator and the com

c)
d)

6.8.

Wheh the trans

Configur
e, the software for the specific functions in the

procgssing and <ac < f the transmitter has to be downloaded from| the
configuration gystem. ance, if a DP transmitter is used as a level or flow transmitter a
download of<the if1% is needed. Of course, this logical action may have seyveral
pracfiical ] example EPROM replacement, selection of pre-installed

functionsy etcy

Confjguration
taskg assigned to

spe

inchude all the software components needed for supporting the different
e transmitter such as measurement, diagnostics, test routines, efc. A
cific. user requirement is the availability of reports on demand, which allow the operator to

check:the actual configuration (consistency check versus a specified configuration). Along the

dev

a)
b)

c)
d)
e)
)
9)

iceTife CycCle the dirterent users will take advantage or the Tollowing tunctionality:

Vendor configuration modification;

User configuration modification (Selection of needed functions between the available
ones);

Configuration retrieval;

Read available functions;

Read vendor configuration revision;
Read user configuration revision;
Read selected (active) functions.
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6.8.4 Parametrization function

These functions consist in setting parameters to completely define generic functions in order
to satisfy the plant application constraints.

The processing functions parametrization depends on the functions selected/downloaded
during configuration; parameters are required to be loaded in non-volatile parameter support
and their integrity are required to be continuously checked.

Parameters to be set are for example the range, the offset and the engineering units of the
measured variable, warning and alarm levels, sampling frequency, filters time constants, etc.
A specific user requirement is the availability of reports on demand, which allow the operator

to chetktheactuatparametrizationm (consistency thetk versus a specified parametrization).

Devige parameters are divided in the two following categories:
— Intrusive parameters: the modification of these parameters i rmal
operation of the device;
— Non-intrusive parameters: the modification of these param ith the
nprmal operation of the device.
Accaording to the requested parameter modification » c 2 ion is
needed, and the device/channel have to be put in the¢ ap
The fequired functionality is
a) imtrusive device parametrization s of
arameters);
b) fined
roups of parameters
c) device parametrization
6.8.5 Measurement
This [function is p:Z ment

is clarifi

This functlon produces propex execution events as needed for each kind of measurement

exec
prod

It prg ing Services according to the needs.

a)

b)

synchronization among the several device managefs is
, by means of suitable network mechanisms.

Bxecution event’for cyclic asynchronous measurements (i.e. not synchronized wjth a
siystem’time reference)

| otk kv3 FEE TP ot daed—faor—th a-e-aa-raraent—;= N walieallhe—aaoalt 11 d
TS e CACTCTUOTUTT \A AR LT R AvAviv v ) TOT L3R Av] MTCaSUTCTITCTIC 13 oo oyonroarry acy ire

asynchronously with respect to its use and to be cyclically made available to all its users
within the times necessary to guarantee data consistency for the specific application

Execution event for cyclic synchronous measurements (i.e. synchronized with a system
time reference)

It is the execution event needed for the measurement to be cyclically acquired
synchronously with respect to its use following the reception of sync. Command and to be
made available to all its users within the times needed for the specific application

Cyclic measurements with asynchronous start and stop

It is the execution event needed for the measurement to be cyclically acquired
asynchronously with respect to its use and to be cyclically made available to all its users
within the times necessary to guarantee data consistency for the specific application
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Acquisition and distribution of measurement are not continuous but are started
stopped following a specific command or an asynchronous event

Execution event for measurements on demand
The measurement is acquired following a specific command issued by the user o

2002

and

f the

measurement. The measurement will be made available after a command of data request

issued by the user of the measurement

d) Execution events for detection of logic values variations

e) Event notification of value modification of binary data

6.8.6___System time management function

The pystem time management function is aimed to coordinate the severz
each|device.

In sgme applications it is, for example, required to time-stamp m
with Te
required to have an internal clock which is required to be mai taln
master clock. The accuracy required by the specific appligati
throygh a well-defined combination of clocks accurac

throygh the network.

It coprdinates the managers of the several devicg

a) Absolute time, with the requestedtime a
b) Relative time, with the requested time\a

c)

6.8.7 Timeliness verificati
This |function che ‘
always within th

This i f
6.8.8

The

a) O

Tlime synchronization command, s
guarantee the requested\{i

I{ takes into preper account all the detailed diagnostic information made available b

rs of

ents
5 are

ith the

teed
ating

ed to

P are

y the

evice diagnostics and test support. It uses this information to carry out activities of failure

pvice

/ the

measurement channel status management function. This latter function will process all
this information to provide the different users with the information required for the specific

application (it is an end-user adaptation).

b) Device decisions (fault tolerant procedures)

It carries out internal procedures aimed to confine detected faults (to prevent local failures
from causing system failures) following requests received from a higher level of management
or to be automatically activated inside the device.

It includes procedures to treat possible redundancy of sensors and attachment to the process.
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6.8.9 Mode of operation management function (extended for access rights
management)

It is a system management function aimed to manage the transitions among the several
operating modes. In particular, it manages the qualification transfer procedures between the
different human or automatic operators. This is to support procedures of intervention in the
field devices in order to realize intervention plans that are agreed among the human
organizations. Of course, the device management is required to cooperate with the system
management to achieve the result.

All the paper procedures that are used in a plant in order to achieve this function may now be

simpym-mmmmmmmerence
embgdded in the devices themselves.

It is|required that for each needed interaction between the opera istriputed
systgm the device management enables the needed device funcfionsh\and\disables, all the

others. erent
opergators the qualifications to access functions or devices as defined\on\th i reed
needs. This is intended to prevent unauthorized action and~possible ewrcors ation
acceps).

Typi¢al operating modes, defined according to tp be

supported by the system management are

a) control remote auto (associated ogera

b) control remote manual (associated operater:
c) dontrol local (manual) (associated

d) npaintenance remote (

e) nmaintenance local (assqciate

f)

G
g) commissioni
h) p

S

arametrizatiow’(a
i)

NOTH There ma

6.8.10 Acces

The hcce ighd. Mg p rmal
devige function

In each (operating mode the devices themselves qualify which operators are allowgd to
perfgrinfon them certain pre-defined actions.

It is obvious, for example, that it is extremely important to disable the write access to the
device for configuration, parametrization and tests on demand purposes when the
measurement processing functions is required to be active (such as in control operating
modes).

This device requirement is the complement of a corresponding requirement at the system
level.
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7 FB application requirements

7.1 System overview

The preceded clauses describe what are the requirements to a system from the end-user
point of view. This clause focuses on the architectural point of view to a system.

Process control systems are combinations of applications controlling the process (the FB
based applications), applications carrying out maintenance, monitoring, HMI, commissioning
functions and applications for the configuration functions of the application software and
hardware in a device, also known as system management functions see Figure 5. A-dgvice
perfgrming the process control in terms of FB application has to providg a i ty to
interact with the FB devices each other and the external applications in s way.
Thergfore the components of the system and the devices, including have
to bg¢ defined. This subclause covers only the FB based deviceg. stem
architecture is based on the definitions in IEC 61499-1.

Device

Resource

FB

appli
catio FB enviro

§ i ? \1‘:
SRS
SN |
Cantroﬁﬁé‘lance’ Configuration

monitoring, HMI, ... functionality

AME Application
management
entity

MIB  Management
informatjon
base

MGT Management

HMI  human
maching
interface

FB Functior]
block

Figure 5 — Components of a FB device

In a real device or resource, there are only data and function (program) codes as well as
interfaces to the communication, process and HMI. Only via the communication system, by a
configuration or design tool, these data and program code are seen as FBs, management
agents or data connections. The specification of the device model is an external view to the
device implementation. The device model describes details of the overall system architecture.
The device model is an abstraction of the real device.

— The basic components of a device performing FB applications are (see Figure 6) the FBs.

— FBs are composed of data and event input and outputs, internal data, contained data and
algorithms. They have the following general requirements.
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NOTE This standard FB is used as a synonym for blocks in general (function, device and technology block) as

well as for FB in particular .
More description is done in 7.3.

a) FB environment

FBs are embedded in an operating environment shown as FB environment. The FB
environment performs special process control functions, which are a priori available
application portions without any programming design activities, for example alarms. This
FB environment functions are used by external applications independent, i.e. parallel, of

the FB application (see 7.5).

OTE Common functions and data of the FB environment can be encapsulated i
tnending.

b) Application management entity (AME)

mpensation. This causes to add or delete FBs. Thes
sjo-called AME, i.e. addition functions in a device madi
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Bs too, for'example

n the
o be
ment
y the
| This
1158.

between FBs/FB environment| and
aintenance, HMI monitoring and the~intera etween FB environment/AME| and
the communication services| and

rotocols. In the IEC e ; ication system is within the scope of IEC
1158 series and 3 : specification of the FBs and the FB environmgnt is

independent of the/ comm A“mapping sub-layer between FB environment
nd commun@io pt\the application and the communication

Rarameters, bloc Bj AN tions in the FB application process and the system

and network pfanagemeqt s pllcaon process (i.e. AME) are required to map efficiently to

Threg different type

1) Nime critical communications

of communication requirements are required to be considered.

the underlying, comix s-protocols and services. Communications services| and
protocol N pplication process and the system and network management
pplication proces quired to be specifically designed for use with distri%ted
appl'catl and are required to provide the services required by fhose
pplications

communications services and protocols used with the FB application process are
required to support the unique requirements of time critical communications, including

i) deterministic transfers

ii) spatial consistency of transfers

iii) temporal consistency of transfers
2) Demand communications

Communications services and protocols used with the FB application process are
required to support the unique requirements of time-available communications,
including segmented transfers of large data blocks. Communications services and
protocols used with the FB application process are required to also support the unique

requirements of “report by exception” communications.
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3) Event communication

Communications services and protocols used with the FB application process are
required to support the unique requirements for communicating events, and in
particular be designed to

i) minimize loading during quiescent periods
ii) prevent overloading during high-activity periods
d) Resources
A resource is considered to be a logical subdivision within the software (and possibly
hardware) structure of a device. Resources have independent control of their operation.
he definition of a resource may be modified without affecting other resources within a

evice. A resource accepts and processes data and/or events from/the™process)ahd/or
mmunication interfaces and returns data and/or events tg~the proegess apd/or

mmunication interfaces, as specified by the applications ufi . An
interoperable network view of applications is provided throudl . Each
resource specifies the network visible aspects of one or m parts
f distributed applications).
7.2 Basic FB types overview
7.2.1 General
The basic FB types that may be acce§sed\thr§ elow

see Figure 6. They are

e resource block;

e technology block;
e HB;

. iew block;

. end block
e Qglert block.

o <
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Process 1/10 Resource hardware
| Resource
Technology Resource

block block

Function -
block
T .| Function
block
| ATert

View block N
block
Trend block]—] (

4 N\

Communications interface \
A

v 4D

Figure 6 — Device structure for a FB

plication for the process industry

7.2.2 Resource block

The [characteristics o 8 i onent associated with a resource maly be
descfibed by a set of resou ained variables. The resource block may|also
contain variable@ ¢ s_and technology blocks for example set fail4safe.
These variables i i ice Block (see 7.4.4). The terms Device BlocK and

Resqurce Block arg ¢

7.2.3 Technology block

Technologg S ' from the specifics of I/O devices, such as sensors, actuators,
and gwitshes: ogy blocks control access to 1/0O devices through a device independent
interface defiped by FBs. Technology blocks also perform functions, such as
calibfation andti ization, on I/O data to convert it to a device independent representation.
Their interface to FBg is defined as one or more implementation independent I/O channel

o

7.2.4 “FB

The FB is the primary means of defining monitoring and control in a FB application. FBs
represent the basic automation functions performed by an application, which is as
independent as possible of the specifics of I/0O devices and the network. Each FB processes
input variable and technology block input according to a specified algorithm and an internal
set of contained variables. They produce output variable and output to technology blocks.

Based on the processing algorithm, a desired monitoring, calculation or control function may
be provided. The results from FB execution may be reflected in contained variable for
operation or diagnostic information. In addition, processing results may be reflected in the
output to a technology block or to one or more output variables that may be linked to other
FBs (see 7.3).
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View block

2002

The FB environment includes data structure definitions to allow access to related block
parameters as a group, called view blocks. View blocks facilitate fast operator display
response when viewing FB data.

For each FB type and view blocks are defined for each of the following block parameter
groupings:

a) o
b) o

perations dynamic parameters;

perations static parameters;

d)
7.2.6

FBs

samj
the ¢
fast 1

Tren

C) jll dynamic parameters;

ther static parameters.

Trend block
Bre required to include data structure definitions to allow a¢ce \ i rlnped
les of a single block parameter as a group, called Trend inate

ate for trending.

H object definitions are required to include th adard sample typeg

at a

and

their|associated sampling functions (for_ exampl egrated average, minimum,
maximum, etc.).

7.2.7 Alert block

An alarm is the detection of a block Ie that
statel. The time at which t alert
mesgage. Also, the prigrityNs ins uded toundicate arm.
The FB environ ti urce
and FB functio in the
systam, called Alert E ents
to a selected destj

Alert| block d he definition of standard exchange protocols for initiating,
sending, and\confirmipng\ale and
custom fea alert
autojacknowledsg

Alertp are used by resource, technology and FBs to communicate notification messages when
alarms ate)detected.

7.3 FB requirements

7.3.1 FB type specifications

The process FBs are required to include

a) s
d) s
e) ¢
f) s

tandardized data structures;

tandardized semantic meaning;

ommon behaviours associated with standardized data;

tandardized definitions for basic input, output, and control functions.
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7.3.2 FB normal and abnormal operation requirements

A FB performs normal and abnormal operation, see C.2.6. The normal operation of a FB is
carried out under positive conditions of the process and automation devices during stable
operation (operating point). The initialization, the warm or cold start as well as more advanced
operations like going in a safe position are additional functions of the process control FBs.
These operations are fixed parts of the FBs that are default linked to the associated events.
These operations are known as abnormal operation or exception handling.

7.3
FB

a)

b)

c)

d)

7.4

7.4.

.3 FB functional requirements

f FH ] H % Lial £ batlh-_ol 4+ <l ' % ]
LIILILI\JIICII TOCUUITTITTICTITO vAadllu TUT VULTT UToUTT1LT daimtu LUTIUTTUUU o LUTIUNUT arcv

the instances name of FBs will be defined as the block tag. Tags are(unamkiguous within
the scope of a system at one plant site. Tag names may have synta b not
compatible with control language rules (for example length, specia

4 status is hard combined with the main process signal flow t Ition,
ife. the FB inputs and outputs, not the contained parametery/are S;

i ation
P utput
Iimitation and input or output value status informa ioT
H ntrol
m lues,
9 ers;
H s on
de urce
j}' send
de a
reason code that identifie
AB functional specifications i de defined standard setpoint and output
tracking behaviours: i ecifications are required to include defined standard
Bias and Ratio Setpoi Pi
ABs are requ i 3 s J6 simulate inputs and/or outputs and their status
(fsimulate paramsg i ewing the actual inputs and/or outputs and their status,

inputs-to outputs’and the variations of the algorithms of a FB;
HBs-are required to mclude standardlzed functional def|n|t|ons for |n|t|aI|zat|on and re

e FB
ulate
dard
isable

Cess

from

start

fe
circumstances:
1) new device;

2) cold restart (extended power failure);
3) warm restart (short power failure);
4) return from device fail-safe.

Initial sets of FBs derived from I&C

1 Minimum set of FBs derived from ABs (Rich FBs)

ating

In the following examples are given of the minimum set of standard process FBs, see Table 2,
required to ensure integrity of these lower level controls and to ensure that a large section of
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the experience embodied in the last 10 years of Fieldbus standardization effort is not wasted.
Of course, the minimum set allows extensions.

Table 2 — Initial FB set

FB name Description Why included in the minimum list
Loop control PID with configuration for proportional on To ensure all PIDs operate in the same way given the
(Proportional error, proportional on measurement change, | same configuration and tuning parameters. This will help

Integral Derivative
- PID)

velocity and position outputs

interactive and non-interactive algorithms
include simple setpoint ramp option include
ratio bias on the setpoint input

understanding of need for different tuning sets. Will
promote standard tuning tools and methods

to ensure maximum loops are well tuned. Will promote

el : . n -
ITTCTUUT CITUT sYUdrcU aria Tiorr=hricar Upuurt

Selectpr for

Multi-input high/low selector, with

To allow common override and traint control

contro| outputs initialization and status passing implementation with secure inifialization.andrest'\windup
prevention
Selectpr for Highest, lowest, average and middle of 3 For 2 out of 3 voting an ra securitinon unxeliablg
measyrements measurement selector measurements (for exgmp alytisal)
Splitte! For split range controls Support of back calculation fQr ihifializ 'on\aquﬁac ing for
bump-less transfer, windUp prevention
Analogue input Scaling linearization quality checking i Wn rsio}rs\yﬁ'k are kept to a
d.in the\same way. To allpw all
be done in flogting-
entations
Analogue output With interlocks, check-back read-back Tg ensure thakcommon nomenclature, fail safe opefation,
linearization for non-linear valves cpnstrainy controls“and output checks are performed in the
/s tandard wanin all implementations
Outpuf fan out Fan out of controller outputs wjth auto ensyre tﬁit}omm nomenclature, fail safe opefation,
manual switch onstraint contfol d output checks are performed in the
same'standard way in all implementations
Discrefe Single and multiple status inputs To'exsure common nomenclature, fail safe operatiop,
variable/pulse ecksy.counts are performed in the same way in al
input (N4 Nimplementations
Discrefe variable Single and myltiple digit tr outﬁmtﬁ) ensure common nomenclature, fail safe operatiop,
output chetks, counts are performed in the same way in al
A ithplementations
Lead Uag First order lag a ad functi To allow common feed-forward and constraint contrpl
implementation with secure initialization
Dead {ime ablendriven dead tifme \/ To allow common predictor, feed-forward and constfaint
control implementation with secure initialization
Contrd/Increment | To sugfi outputé From inste eWgorithms To allow common feed-forward and constraint contrpl
al summer or orbine contraller outp implementation with secure initialization
Contrdl ratio Ratio oytputs of ntrw initialization To allow common feed-forward and constraint contrpl
implementation with secure initialization
Input gwitch TW putht To allow common predictor, feed-forward and constfaint
R control implementation with secure initialization
Charagteri J W point ikterpolated two way To allow simple characterizations such as tank strapping
aracterize block and linearization
Timer Generaltimer to time functions, count time To allow simple batch/sequence functions to be
omproduce delays timed pulses, etc. implemented with secure initialization
Integrator Integ%’tor for flow mass power, etc., with To allow simple batch functions to be implemented yvith
reset and trip functions secure initialization
Continuous General alarm block "hi", "hi hi", "lo", "lo 10" To ensure common alarm functions are implementefd
variab . . toTTS: — ’ T mittatzatior .
alert/alarm count, dynamic deviation, filter time stamps

Discrete variable
alerts and alarms

General alarm block for discrete variables
with fail safe actions, invert, group, ignore,
count, dynamic deviation, filter time stamps

securely with initialization, and audit trails

To ensure common alarm functions are implemented

Device control
block

General block for controlling motor driven
devices, valves pumps, etc. with start stop
open close stopped, started opened closed,
travelling, faults statuses.

control functions are implemented securely with fail

use of standard tested functional code

To ensure common motor control and other discrete output

safe,

initialization, and audit trails and to ensure maximum re-

Continuous
variable manual
entry

General block for operator entry of analogue
variable with checking and initialization

initialization, and audit trail

To ensure entry functions are implemented securely with

Discrete variable
manual entry

General block for operator entry of discrete
variable with checking and initialization

initialization, and audit trail

To ensure entry functions are implemented securely with

Setpoint ramp

General 16 point ramp soak block for batch

To ensure maximum re-use of common code and to

type cycles

enforce initialization, and audit trails
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Annex D shows an example of modelling an Analogue Input FB.

7.4.2 FBs derived from EFBs

The EFBs cover logic-mathematical algorithms for the information processing of the variables.
In the area of process control the implementation of these algorithms need add-ons for safety
reasons. The additional algorithms provide default values after cold or warm-start of a device,
values after initialization or a status of the success of the algorithm (for example bad at
division by zero). The additions are necessary to start application parts that bring the process
in a safe state. Generally speaking, every algorithm and process related variable in the FB
application _have to be combined with a state providing the confidence of the algorithm
execption and variable value. The main algorithm is the equation that determineg the
calcylation of the output. The additions determine the state, default as and \others.
Tabl¢ 3 gives an overview about common used EFBs.

@%

a
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Table 3 — Common list of EFB

<-similar FBs -->
Suggested IEC VDI/VDE
Category Description Name 61131-3 3696
arithm., 1 input absolute value ABS ABS ABS
arc cosine ACOS ACOS ACOS_
arc sine ASIN ASIN ASIN_
arc tangent ATAN ATAN ATAN_
Cosine COS CcOos COS_
exponential function EXP EXP EXP_
Ild‘luld; ;Uydli‘lillll L;‘l‘ L;‘l‘ LI“{I_
logarithm base 10 LOG LOG HOG_
Sine SIN SIN ([sIN_
square root SQRT SQRT ( N SART_.
Tangent TAN TAN N\ O\ [TAN_
dead zone (= dead band) DEADZ - NDE )
Limiter LIMIT MR\ \JEeiT_
linear scaling SCAL \ N fscAy,
nonlinearity (support points) NL_SUP [ \\ \ N NQNLIN_
nonlinearity (polynomial) NL_POL - \ \ - )
splitter for split range control SPLIT/ - N \ in OUT_A)
arithm|, >=2 inp. Add ADD( () /]ADD / |ADD_
Divide P\ \ 2 /  AJDIW DIV_
Exponentiation (in1**in2) EXPR ~ [ o YEXPD EXPT_
modulo function N NJmon, <A MOD MOD_
Multiply 'MUL IMUL MUL_
Subtract T [SUB_ SUB SUB_
average of n signals \ [N AVQRN > - -
flow rate gafrection by P T\ \ ~JFCOR - Y_FCOR
boolegn + edge boolean &qnd ( IANR AND AND_
not (megation) NOT NOT NOT_
boolgan s A\ \ [OR OR OR_
koolean exclusiye s > [xOR XOR XOR _
\|fafling ‘edge detection F_TRIG F_TRIG FTRIG
risihg edge detectisn .\ > R_TRIG R_TRIG RTRIG
countdr, flip-flops ’L)Q\NQrsal\&Qun\ta( \ CT CTUD CT
bistable, (resetdominanty’ RS RS RSFF
[histakle'(et dominant) SR SR SRFF
[greatenthan s egtal GE GE GE_
/ \ \g\rea\er thgn GT GT GT_
3\ \[hotequal ) NE NE NE_

- |lesx thatf or equal LE LE LE_
lessthan LT LT LT_
switch (+ alarm or message) SAM - SAM

dynanic ahd-eontrol running average of 1 signal AVER_1 - AVER
(filtered) differentiation DIF - DIF
high/low/band filter - - (FIO/SEO)
pulse width modulator PWM - PWM
rate limitation RLIMIT - -
second order dynamic SEO - SEO
selection convert 1-of-n-bit to number BIT_N - BIT_N
demultiplexer DEMUX - DEMUX_x
timer boolean off delay TOF TOF TOF1
boolean on delay TON TON TON1
boolean pulse TP TP TP1
dead time DEADT - -
trend storage registration (trend storage) R or TREND - R
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7.4.3 Technology Block

a) Technology Blocks are special FBs performing all functions necessary to transform
physical signals into digital ones and vice versa. That includes analogue-digital/digital-
analogue transformation linearization and others more. The definition of the Technology
Block functions is accompanied by parameters. The Technology Blocks represent the
actuation and measurement type. The result of the Technology Block is the process
variable. All measurement and actuation principle specific functions and parameters are

encapsulated in this

block.

— 37 -

The functional classification of measurement related FBs is shown in Figure 7.

Measuring
equipment

.

Measuring equipment Mea
with analogue or Li detec n
digital output
D (Density) F (Flow) L (Level) Q (Quglity \/R)( di ny T(Tempe- W(Welght
ature) mass)
\ ~
- S (Speed,
E (Electrical R ess}aq rotation,
variables) Q frequency)
N Resistance
|fferent|a . thermo-
(_jreressure ost: couple
Q | Fleating | iM— | 1" Pyvrometer
N\ bod mgnt J
| | Pressure
.?{
r
s | netic /— Float — Expansion
Differential
\ ™| pressure
! - .
S Ultfasonics| | | Ultrasonics — SBtlrrir:)etthc
Vortex _ Hot/cold
] counter — Microwave |_ conductor
1
I Displacement | |Laser/optical
counter
Turbine wheel
—counter — Radiometric
| { Coriolis F—Capacitance
1
1
F— Thermal

Figure 7— Functional hierarchy of sensors: example
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b) For each path and level of the tree, the characteristics and required properties,
parameters and function are required to be pointed out.

NOTE The borderlines between the functional classified FB types are sometime soft. A support is required that
allows the users to identify the main purpose of the FBs.

c) The technology block is required to include a CHANNEL parameter, which is required to
be used for data connections to other blocks within the resource. The CHANNEL
parameter is required to serve as the technology block “tag”, and other parameters within
the technology block is required to be addressed as “CHANNEL.Parameter”.

7.4.4 Device block

a) O r the

identifi e for
i bvice
ardware and software in general

b) T i e FB
q iption
re

c) T ication
re and
updating of non-volatile memory

d) T , 2 cess
features supported by the device G fing i i Il or
U

e) O urce
fail-safe command whic i G ithip the
resource to execute théirdefined-fai i

f) Device block para urce

fail-safe disable fuhctiop S ivated, i i i il- tions
br all techno a i a fail-
afe disable@ (see 3.2.4), and repeat said alert at a pser-
onfigured rate; ¢ disable function is activated.

g) angd funcfional specifications are required to include a resqurce

griction, if activated, is required to sum the time FBs in the
gir “stale count limit”. When this sum exceeds a configured
ications resume, all technology and FBs within the resqurce
1 d to execute their defined fail-safe actions. This function allgws a
S Wy IBNa ‘cassade to wait a relatively long time before executing its configured fail-

Pry

_.‘

7.5 FB environment requirements

7.5.1 —Qbject dictionary

The FB environment is required to include an object dictionary, which contains descriptions
for all blocks and objects within the device. Applications utilize the object dictionary to obtain
descriptions of blocks and objects within the device, and to determine internal storage indices
for parameters.

7.5.2 Link object

The FB environment is required to include data structure definitions and associated functions
to map resource and FB parameters to communications relationships, called link objects.
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7.5.3 FB services

The FB environment requires certain services be performed with regard to all communications
to and from other FB environments in other resources or devices, in order to provide
consistent operation of all devices in the system regardless of manufacturer. They also
provide necessary coordination between the FB and system management application
processes.

7.5.4 FB schedule
a) The FB environment is reqwred to specify a standard method or methods to control the

b) ution
ay be carried out for the system by an application FB
gnvironment (i.e. “off-line”). Once a schedule is est nt is
eters

c) and

dutputs are required to accommodate network transfer/times:

other blocks is requirgd to

The identification method is requirged to
execution control methods (i.e. to allow for

ision

The FB environment is required to include data structure definitions and associated resource
functions to allow retention in the device and controlled transfer within the system of
maintenance information, called maintenance blocks.

Main parameters of maintenance blocks contain the following information concerning device
characteristics and maintenance events:
a) wetted parts and materials codes;

f) manufacturer-entered text strings;

g) user shop-entered text strings;

h) user field-entered strings;

i) user-defined maintenance activity codes;

j) results of manufacturer-defined interactive calibration procedures.
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7.6 Communications requirements

a)

b)

d)

e)

7.7 AME requirements

Parameters, blocks, objects, and functions in the FB environment and the system and
network management application process are required to map efficiently to the underlying
communications protocols and services.

Communications services and protocols used with the FB environment and the system
and network management application process are required to be specifically designed for
use with distributed application processes, and are required to provide the services
required by those applications.

Communications services and protocols used with the FB environment are required to
support the unique requirements of time critical communications, including:

1) deterministic transfers,

2)) spatial consistency of transfers,

3) temporal consistency of transfers

Gommunications services and protocols used with the FB enV\iroR S ired to
sjupport the unique requirements of time-available commupicat i s&égmented
transfers of large data blocks.

CGommunications services and protocols used with th uent are also required
to support the unique requirements of “report by exe ications.
Gommunications services and protocols used ent are required to
sjupport the unique requirements for communt d in“particular be designed
to

1) minimize loading during quiesce

2)

NOTH The specification off\gystem is outside scope of the standard. The requirements

are

given in Annex F.

Additional@l

8 .
8.1

An oyerall aytoma ? includes a couple of non time critical control operation$ (for
exanpple, i i yrice and configuration) which may not be specified in terms of
FBs.| T \ay also be applied in cooperation with non-FB process cqntrol
systems applications needs an on-line data access to the variables| and

parameters of

This |subelause provides an overview of the key requirements.

he FBS.as well as to other device specific information see Figure 8 2).

2)

The cooperation with non-FB applications can be viewed from two standpoints. For the purpose of this footnote
a FB application is assumed that is located in a server. First, from a FB application's point of view it may be an
advantage to model the client also as a FB application. This is the view of IEC 61499 series. This would require
the client being modelled using FBs. Most PC (at this time at least) are programmed using non-FB languages.
Second, from a client's point of view the control, maintenance and monitoring are required to be independent of
the FB model/language. This is because of the generic nature of these applications. Standardized control,
maintenance, and monitoring applications (the protocol required to run these) provide functions to be used in
many other control environments, i.e., device applications programmed in C, C++, or any other non-FB
language. IEC standards like IEC 60870-6-503 and IEC 60870-6-702 (TASE.2) provide services and protocols
for monitoring, control, and any information modelling and access. On the other side, the configuration
application is by definition specific for a FB model/language.
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8.1.1 Cooperation with control, maintenance and moni

8.1.1.1 General

NOTE There are some requirements overlapping with
specification has to consider both point of view

Monitoring, control
maintenance,
applications

Configuration

applications

Object-oriented
Data access on-time critical

Off-line operation

Time critica
Control operation

Management
applications

FB application

. Howevef, the
see footnaf

The pooperation with control, maintenance i j et of
application functions (data access, data i > that
are fpund in most real time automationt devices s use

of a $tandardized set of application service

a) isolation of the modelling effg

b) high degree of applicatiomi i h the
semantics of > \

c) reduced inte I i re is a consistent access and representation
mechanism acros

8.1.1.2

The cooperation withycantro 3 bort

a) end device essors, situated anywhere within the plant territory, including in
cprporatefacitities ontrol centres, within cells, and at customer premises;

b) cpmmunications with systems external to the process control system, including over gublic
cpbmmunhications systems and the public Internet;

c) ahnoverall system environment, which may include high-speed communication channels,
Io%_h_l_m_h_lﬁ_hl—h_tjw—spee channels, shared channels, media with unique transmission characteristics
such as radio, mobile radio, satellite, power line carrier, etc.;

d) the current and future network configurations, which may include hierarchical sub-

networks, peer-to-peer communications within a sub-network, and full peer-to-peer
communications across the enterprise.

8.1.1.3 Device/Processor capabilities

The cooperation with control, maintenance and monitoring applications is required to

a)

b)

take into account that the processing, computational, and storage capabilities of specific
devices may range from very powerful to severely compute and memory constrained
devices;

be able to support from one to hundreds of devices on the same network or sub-network.
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1.4 Dialogue characteristics
cooperation with control, maintenance and monitoring applications is required to

support different communications dialog and data flow requirements, which will include
1) One-way only;
2) Two-way alternating (such as a hierarchical polled architecture);

3) Two-way managed by the network protocol or media (such as Fieldbus, token passing,
CSMA/CD, and radio-based “intelligent” media, for handling unsolicited reporting);

4) Two-way simultaneous (such as a full duplex WAN);

S|

upport messaging across a variety of intermediate devices, local sub-nefworks and JWAN
ks;

aximize network throughput by supporting efficient 5sion

1.5 Addressing of device
ooperation with control, maintenance and itor i bort

ddressing of devices which range i § same

ddressing schemes for handling (short.addresses walid only within local sub-netwprks,
while permitting access {o these addre crs yide networks;

nance and monitoring applications is required to support

of bits per second or even less) to ultra high speeds
ihg information and potentially images and graphics

smitting data ranging from low frequency transmissions (once
egquency transmissions (milliseconds) to ultra high frequengy (in

cooperation with control, maintenance and monitoring applications is required to

support clock synchronization of devices;
support time stamping with at least 1 ms of accuracy;

minimize time measurement skew, with at least 1 ms of accuracy.
1.8 Application service requirements
cooperation with control, maintenance and monitoring applications is required to support

concurrent access of a system by multiple users;
scheduled and unscheduled data exchange;
remote data retrieval on demand by the client;
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d)
e)
f)
g9)

h)
i)
i)
k)
1)
m)
n)

8.1.
The

a) opject oriented data structures and f
b) data types common to FB applicatiogs,

c) splf-defining naming conventions fo

8.1.
The

unsolicited reporting of data, driven by events at the server;
publisher-subscriber data exchange;
report by exception transmission of data, in which only changed data is transmitted;

remote device control commands (constrains to be supported before control is executed:
immediate control, control on specific conditions like setpoint value between limits or
setpoint value limited to a specific configured value, etc.);

remote device control commands are required to be allowed by multiple clients, clients
may be allowed to connect to a server any time;

concurrent control commands have to be prevented by restriction to one operator at a time
by a sermaphore TecarnisnT,

remote event recording and logging of events;
roadcast and multicast data to devices;

remote program control;
ownload and upload of device configuration files;

rror management and reporting.

1.9 Application data format

cooperation with Control, Maintenance, Monitori ; i uired to support:

1.10 Operational requ

cooperation with contro A < i bort

and

riate

actauniing management facilities for use of third party network facilities;

/. management of security services and mechanisms to ensure maintenangce of
overall network system security.

b) directory services, including:
1) identification of applications, processors, devices, and data objects;

2) integration with outside directory services, such as public e-mail providers;
3) restriction of information only to authorized users;
4) search and sort capabilities.

c) security mechanisms, including mechanisms to ensure:

1) confidentiality, by preventing the disclosure of transmitted data to unauthorized
parties;
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2) integrity, by detecting the modification, insertion, deletion, or replay of
transmitted data;

3) data-origin authentication, by demonstrating that the origin of transmitted data
is as claimed;

4) non-repudiation, by preventing either the sender or the receiver in a
communication from denying their participation;

5) user authentication, by demonstrating that the identity of a user or system is as
claimed;

6) access control, by guarding against unauthorized access to resources including
the attempted use of resources in an improper manner

8.1.21 Cooperation with configuration applications

In this context, configuration (of a system or device) is required to b
the slystem or device design with the following activities:

ep in

a) sglecting functional units;
b) apsigning their locations and
c) dgfining their interconnections.

Cooperation with configuration applications is reqyired i ith the
following devices:

a) remote creation of data types, FBypes.an ' as data connections afong
FB instances;

b) rémote deletion of data types, FB tj i as well as data connections among
FB instances;

c) remote starting, stoppf

d) remote query of all|data

NOTH 1 Remote mega
Appliqation Layer of
meaning as well as
complete set of definitio
defings any exception

NOTE 2 There is an o o]0} of a
setpoint may be r€a }

to an
d, its
e and
| also

8.2
8.2.1
The process.controluser requirements in this subclause address the following considerat|ons:

a) HB<environment;

b) communications functions;
c) revision management.

Many items listed in this subclause have the appearance of technical implementation details
rather than user requirements. However, because of the multivendor nature of intended
systems, users require a standardized implementation of these technical details in order to
produce operable systems. Furthermore, users require specific implementations of certain
technical details, because the distributed nature of the application process requires a specific
implementation in order to produce operable systems. Finally, underlying the requirements of
specific implementation details are decades of experience with different implementations by
different system suppliers, and a broad understanding of what will perform best in a majority
of process control applications.
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8.2.2 Multivendor systems

A process control user application, called a FB environment, is required to be suitable for the
construction and operation of multivendor systems. The application model is required to
enable users to easily determine the degree of compatibility between devices. Device
compatibility is required to be described in a way that makes it clear that the device is
interconnectable, interworkable, interoperable or interchangeable.

The application model is required to define standard data structures, behaviours, FBs, and
profiles for commonly used process control functions and devices, as important step forward
to enable interchangeable devices. The model is also required to include provisions for
comlbpimationsof StarmdardandTustom datastructures,; betraviours, FBs, andprofitestoenable
interconnectable, interworkable and interoperable devices.

8.2.3 Extensible

The [process control application model is required to be extesi and
manuyifacturer-specific data structures, behaviours, FBs, and d t that
conform to the process control application model are user

requirements for multivendor systems. The process cont ol applicatie moel is requirg¢d to
inclufge a device descriptive language to support the regui

8.2.j Distributed applications
8.2.41 General

The |application model is required to i ss” control applications tha{ are
distriputed in different devices.

8.2.4.2 Communicati

Distrjbuted process cagntrol applicdti 8 nique communications requirements that are

required to be t munications protocols. These include segcure
comrnunications' ips ffibuted applications, functionality for synghro-
nization of applicatio ctions, and provisions for time critical communicafjions,
timeqstamping of data andard processing of alarms and events, executipn of
distributed atomic a S ymenting and re-assembly of large data sets.

8.2.4.3

The |proc G appljcation model is required to function with field communication
standards ; F¥C 61158 series, EN 50170, etc.). The process control application

model is required_to be optimized to maximize the utilization of available bandwidth i low
speed, intrinsically safe, fieldbus-based control systems. The data structures | and
cominunications functions defined in the application model are required to map efficiengly to
the fieldbus communications services and protocols.

8.2.4.4 Compatible with ISO/OSI Model

The process control application model is required to function with various open systems
communications networks, and therefore is required to be compatible with the ISO/OSI Model for
data communications. The process control application model will provide common application
usage semantics in the context of the OSI Model. The process control application model does
have unique communications services requirements. These include - but are not limited to - time
critical communications, system management services, and protocol speed and efficiency. The
unique communications services requirements of the process control application model are
required to be specified, to enable users to easily determine the degree of compatibility of a
particular OSI-compatible protocol with a conformant process control application.
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8.3 Conformance requirements
8.3.1 Organizational support
The process control application model is required to be supported by an active organization of

technology developers, equipment suppliers, and end-users, responsible for implementing
and maintaining the model in real systems.

8.3.2 Ongoing changes and additions

No process control appllcatlon can be complete and unchangmg and still remain useful to

capaple of implementing periodic and timely additions, deletions , to
accommodate the changing needs of the process industries.

8.3.3 Conformance testing and certification

The 5 the
una tandard prdcess

cont ’ 2asurable crjteria
need i izati i ¢ ik QWi nd systems.

8.3.4

Deve , i - ' i ources of interpretation and tralining

i ntrol
appli ctive
spon

has
d by

and
ering
what
ipn of
sical

to know the communication abilities concerning responding time, supported baud rates| etc.
the development of remotely acceSS|bIe dewces most of the deV|ce features arg

electronic deV|ce descrlptlon is used because it is more then a Ianguage it is indeed a
technology how to integrate devices in the all over DCS life cycle.

9.2 Basic requirements

In order to work out, the general user requirements, the meaning of the term user has to be
defined first. Two kinds of users can be distinguished:

— the end-user or operator of a plant or machine;

— the system integrator.

Do their requirements for an electronic device description differ although they are working
with the same distributed system? The following paragraph will analyze this question.
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For the end-user of a distributed control system, the most important thing concerning device
description is its transparency. The end-user wishes to see only the graphical user interface
of a device represented in the SCADA-software or other Human Machine Interfaces (HMI).
Therefore the electronic device description has to be constructed following the plug & play
concept. Furthermore, exchanging a device in an application is required not to lead to a big
engineering task, but is required to be done simple and secure by a technician. The device
description has to support this.

In contrast to the end-user, the system integrator, who does the engineering, installation and
documenting has different targets to meet. His goal is required to be to reduce the
engineering time for solving interoperability problems but to enhance the engineering effort to
design the optimal application with regard to the quality of the product 1o be produced with the

proce¢ss control system. The effectiveness of his work, comprising all pre-producing phases of
the plant/machine life cycle, depends directly on the support of a well>q lized
and ¢omplete machine-readable description of the devices he has to

The ¢onclusions from this analysis are, that the user requirements ha & reg ' from
the gystem integrator's point of view, because he has to deal directl i evice
descfiption. Because computer tools, known as Process Conu® he-art
instryments the system integrator uses, the requirements for 2 - \ ic.devi ipti ill be
developed from what these tools need for the best support 9 ' ~

Procgss Control Systems provide control and . [They
connect people (e.g. the operator) and™qnachip ,|data

proce¢ssing units, human machine intexface

Trad|tionally, PCS are seen from a ru (function, device, and system)| The
engifeering aspect becomes more import& creasing complexity and the ¢osts
involved. The complexity S rs” influencing the engineering prqcess
such| as different device omnents i data processing, HMI, communication),
procéss physics (mechapical elec if¢ cycle phases and device vendors. Tgday,

the iptegration of the iffe is\ysually done by building hardware and soffware
interfaces and g : v issioning processes based on trial-and-error
apprpaches. Thi i ible_uhder a true cost of ownership principle. Integfated

¢ and
bvide

tools| are required to
inconsistencies.

a sufficient solutio G ) ere i i data
model.

The fiel aveloped some approaches to exchange data by electronic means.
This lincludes \ eripti i . FF,
and PROFIBY

The |requirements for the Electronic Device Description (EDD), including the accofding
langliage, can be summarized as follows:

a) An EDD (in terms of a file) is required to be delivered by the device vendor together with
the device;

b) EDD is used in the engineering process of the distributed control system, supporting
planning, commissioning, operation, diagnostics and maintenance;

c) EDD is used within the context of a determined architectural model and supported by a
corresponding chain of software tools (editor, tokenizer, and interpreter) with standardized
interfaces;

d) two different EDD presentations are required:
1) source (human readable and computer interpretable),
2) b- optional: binary (created by tokenizer, interpreted by interpreter)
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e) the EDD is required to be stored on disc and is required to be stored within the device
(transport via fieldbus);
f) the EDD is required to be independent from the underlying fieldbus system;
g) the EDD is used to describe information identifying each item and defining relationships
between them (hierarchical, relational);
h) the EDD is required to describe at least the FB model;
i) the EDD is required to offer language elements for presentation within a HMI and for
communication access;
j) the EDD is required to include object-oriented features;
k) the EDD is required to offer language elements for timing considerations;
I) 4additionally, the following assumptions are made:
1) the integration of the EDD into the device development itself w4 idered,
2) an EDD-file is required to represent a static description, i.e. f the
device, therefore only the external interface/behaviour of th ribed
(no interest in internal code).
9.3 General requirements
If there is a complete FB model of a field devige, H\i squent to derivg the
requirements for the describing language from i owiig\pointg” are the key con¢epts
concerning language properties. é
a) In order to reach a uniform, non-re ecifieation @ hierarchical structure of the
BDD reference model is required, S v jalization-technique (Gen/Spec):
this concept is used above all in oljjec sis and guarantees a clear survey of
d certain application field. For the & of\a shesen hierarchy structure in the fdture,
this concept is fundameén
b) In order to guara juture IFD (Intelligent Field Device){EDD
sjpecifications and fa ity class is required to be defined for [each
slpecification.
Gontainer c iR dern
dbject-oriente
T AN m to
i ieta , there
hterface technique: likewise developed in the object-oriented world, the interface compcept

by Microsoft uses thls technology.

e)

llaws-the logical representation of a group of related methods or functions.
Tfrcat ndard

The PRIAM model defines at a high level of abstraction the required (actuation or
measurement) channel to be implemented by using field devices completed, if necessary,
with additional software. According to the PRIAM recommendations, a lower level of
abstraction could be used to help the mapping on the FB model: at this level the device
data and functions could be grouped in so-called device functional units that should
represent typical hardware or software components. This would require describing the
field device in a functional decomposition model where also the data flows are visible.
Functional decomposing technique: this recommendation may lead to an object modelling
method to describe applications in general. The model, once designed, would require
supporting the complete life cycle of a distributed process control system. This overall
model is out of the scope of this standard.
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The overall concept is required to use some concepts of the object-oriented technologies.
Database concepts are required to be supported. Standardized description tools to avoid the
expense of developing a totally new computer language, existing formal standards and tools
have to be examined.

@C@
S



https://iecnorm.com/api/?name=5f74907b2b193f24a504e5721462addb

AA1

- 50 - Copyright © IEC,

Annex A
(informative)

Lifecycle of the system

Why and how does FBs come from

A.1.1 The steps to the FRD

A1,

1 Heading

2002

A.1.1.1.1 Control function

Ther

a) measurement control functions delivering direct or indirect pre
b) control functions:

A.1.1

Grap

a process control application. The lo

actin
coor

From
alloc

A.1.1

FRD
the d
beha

A1.11.

EFB
contf

supp
cons

e are different types of control functions:

hical schematic and structured repre afchy of the control functio
nposed of the control functions
g with the transmitters and actuat

linating lower layer coftcol funretio

the CHD, procesg ture of the documentation of the FRL
ating control ffnc

.1.3 Folio
5 are struct : . A folio is a detailed description of the requiremer
ontrol functi Qcate e folio. A graphical FB language is used to describ
viour of<the t(s) as a network of EFBs and application FBs.

1

(EFB): ithis~Na_simple logico mathematical operation usable in different types of prg

ol applications™(chemical, petrochemical, energy etc.). An EFB is independent of
ier \programming language. A library of standardized EFBs is currently
deration the IEC SC 65C.

ns of
nter-
tions

s by

ts of
e the

cess
any
nder

AB: it is a complex logico mathematical application, which is defined and validated by, or for,
a company. An AB is depending of the type of process control application (chemical,
petrochemical, energy etc.). An AB is independent of any supplier programming language.

NOTE
to link

It is necessary to specify the behaviour of AB to fulfil interoperability. The specification should define how

FB, grouping in library, identification when used in resources, version control, etc.

A.1.1.1.5 Functional Requirement Diagram (FRD)

Detailed requirements of the control functions described, by process engineers, with a neutral
FB language composed of standardized EFBs and ABs built with standardized construction

rules
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A.1.1.1.6 Process Flow Diagram (PFD)

It is a schematic and graphical representation of a part of a process. On the PFD are

represented the main mechanical units, the piping between these units,

the remote

transmitters and actuators. Process engineers define a partition of the Process Circuit

Diagram into process elementary operation.

A.1.1.1.7 Extended Piping and Instrumentation Diagram (P&ID)

On the conventional P&ID, only the control loops are represented, on the extended P&ID are

represented all the control functions.

A.1.1.1.8 Process elementary operation

A Prpcess Elementary Operation is a part of a PFD representing a 1
matefrial and energy. The PFD is split into process elementary ope
trangformations of material and energy to be controlled.

A.1.1.2 From the process down to the FRD
A.1.1.2.1 Overview

The

illustr

The FRDs are the specifications of thexcontto
be obtained through different studies, dependin

Thesge studies should be
the grocess to control,
at firpt to identify on the P
Operations and of the |prog

to cgntrol). In th C H the do
folios. On each
achigve the FRDs.VTF ifex

ipn of

main

5 are

$ can

d on
have
ntary

(network of elementary process operations

et of
8s to

Folio 1 : to measure the
fooling up

to measure
fool'}ng up

Folio 2 : to cool
water

to cool
water

Folio 3 : to feed the || Folio 4 : to contro
pumps with water the pumps

to control ", ( to protect to control
the level ‘1‘15 pumps the pumps

AFB H E

N ) )

W@@Q@ﬂjtjjtxthj@ﬁ)@;%@ @

i ov2 Vs

va L]
“FO MAKE WA LR OIROULATING

m TO 0OOL THEWATER
\3/Ccntrgl hlerarchy dla_g_;am

ot

23

sl v

lpump 1

AFB
pump 2

fpump 3|

to control the pumps

‘ to feed the pumps with water

to meaure the fooling up

to cool the water

Q
==
®
I g
@Process Flow Diagram @Functional Requirement Diagrams

Figure A.1 - Life cycle from the Process circuit to the FRDs
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A.1.1.2.2 Use of PFD

The PFD is a schematic representation of the process to be controlled. On this diagram only
appears process information necessary to understand the operation of the process. On the
PFD any process engineer will see the process as a network of equipment supporting the
major process elementary operations.

On the PFD, the graphic symbols should be in accordance with the mechanical symbol
standards. Unfortunately, there is not a unique standard. In the fields of chemical and
petrochemical industries the symbols are mainly standards from the ISA. There are also IEC
graphic symbol standards as well as some major company standards. These standards are
not hoTToOgETTeuUS:.

A.1.1.2.2.1 Identification of the Process Elementary Operations to,control

As c
procs
oper

bntrol functions totally depend on the type of process the el
ess to be controlled have to be identified. Process equipme
btion. An elementary operation will transform material and ¢

f the
ntary
as

—

¢ cool water;
— te@ make water circulating;

—

¢ feed pumps with water.

Figure A.2 shows an example of PFD"s s, to
cool water and to make water circulatin

are gresented with different colours.

I
{

=)\
=/

N
4

>
N\
A

| L><J

:

TO MAKE WATER CIRCULATING

TO COOL THE WATER

Figure A.2 — PFD composed of two process elementary operations

From the PFD, any process engineer can see this process as a connection of two elementary
process operations. The second elementary process operation could have been split into two
sub-operations, for example to load the pumps and to pump water. The definition of the
elementary process operation depends on company know how.

From this PFD, the process engineer will define control functions to control the two process
elementary operations and the process composed of these two process elementary
operations.

A.1.1.2.3 Extended P&ID

To illustrate the relationships between control functions and the process an extension of the
so-called P&ID commonly used in chemical and petrochemical industries is used. On the
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conventional P&ID, remote transmitters, remote actuators and controllers are mainly
represented.

In addition to remote transmitters and actuators, all the control functions on an extended P&ID
is represented. Process engineers distinguish different types of control functions :

— measuring control functions: elaboration of a measurement from one or several trans-
mitters;
— open loop control functions: controlling on/off actuators with respect to one or several

measurements and/or with respect to an order from an
operator or a sequence;

— closed loop control functions: controlling modulated actuators with respect to arle or
several measurements and a setpoint;

— sequence control functions: osed
In addition to controllers, which are closed loop control funcfisns\on\th S3 ntrol
Diagfam the other types of control functions such as measurif \ loop
control functions, sequence control functions are representethalso

On the extended P&ID, a control function should be r&pres v ' hbols
representing inputs, the control processing and outp ts ing i rated
graphic symbol within the tag of the control fune j i ‘ ction
should be measurements and/or data ; \ \ they will be representgd as
links| between the control processing sy tters
and/or of the other control function syrbols, ; i d be
ordefs to actuators under control amd/ they will be

reprgsented as links between the conj bol and the symbols of the remote

actuators and/or of the othg

For jllustration a con tag,
reprgsenting the con ction
proce¢ssing and ) p by a
line.|The FigureA 3 js 8 an extended P&ID for the process described ip the

previous Figure A.2.
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to control
the level
to measure to cool
 fooling up water
@) U %
L .
VY O
B S . to protect | control
W (T4)\ 'T5) the pumps P pumps
L/ o :Xj T /,i\
V2 F1)
() —
\\'Ts/ N\
PN
V3
TO COOL THE WATER WATER CIRCULATING
FigureA 3 — Control functions explici e extended P&ID
On the extended P&ID, for each contcol gal relationships between the
obse p ions) and the commands (to actuptors
and
Toc e i o ool the water", process engineers define
two stion is a closed loop control function "to|cool
wate \ ater from the remote transmitter T5 and actufating
the modulating ond control function is a measuring functign "to
measure the foo the fooling up of the exchangers from the remote
temperature transmé B\ X47and the remote flow transmitter F1. This measpring
function controls/the ati g current exchangers in the nominal range, in cage of
troub i C
To cpntrg : mentary operation "to make water circulating", process engineers
define t N nctigns. The first control function is a closed loop control function "to
control the ‘ ank, controlling the level of the tank from the remote level threshold
L1 and maintaining the level of the tank by controlling the valve V4. The second cantrol
function iscan open~toop control function " to protect the pumps" controlling the level df the
tank [from_the two remote level thresholds L2 and L3 and switching off the pumps P1, P2 and
P3 whet/the level of the tank is too low. The third control function is an open loop cagntrol
function "To control the pumps" allowing the operation of two pumps among the P1, PZ and P3

pumps to make sure the water is circulating.

The extended P&ID is a diagram usable both by process engineers and 1&C engineers and
facilitating the communication between these two trades. Once the control functions have
been identified and tagged, the framework of the documentation describing the control
functions should be organized.

A.1.1.2.4 Control Hierarchy Diagram (CHD)
A.1.1.2.4.1 Overview

The aim of the CHD is to structure the documentation of the control functions. The CHD is
first an extraction of the control functions from the extended P&ID, second the definition of the
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requirements of the control functions and in particular of the ABs, third the structuration of the

docu

mentation of the FRDs.

A.1.1.2.4.2 Extraction of the CHD from the extended P&ID

The CHD is dedicated to control, so data about the process is not needed any longer. If such
data is needed the PFD or the extended P&ID should be used. The CHD is obtained first by
the extraction of the control functions from the extended P&ID. On the following Figure A.4,
There is an extraction of the control functions from the extended P&ID of the FigureA 3

to measnure to cool 1o control to protect 1o con

rol

fooling up water the level the pumps i+

thepumps

il a0 o a6 S 2O )
N A A TVRIVARAVARIVAN )
Vi V2 3
TO COOL THE WATER
Figure A.4 — Extraction of control funct;j
In the example of the above figure the hierarchy o
one level of control functions, it is dug/to
auto:.hation of this control application. F , the
control functions above the first level of
A.1.1.2.4.3 Requirements.of the co tro@S '
The |CHD is a hierarchicaNrep G
relationships between |the i e process interface, the transmittery and
actuators. On thjs C i 5 will specify the requirements of the cgntrol
functions and of .
The [ABs are standacdi S private application library. The aim of the re-uge of
standardized blogks\ bst and to improve the quality of the control application.
For ¢ach con fyNC gngineers select and specify the requirements of thel ABs
suited to the<con i the process to control.
For ¢xadpl tRe_control function "to measure the fooling up”, process engineers select
from|a libra s the ABs suited to the different types of transmitters T1, T2, T3, T4 and
F1 and set the requ| ements of each AB with respect to the type of transm|tter and tp the
procéss constrain e requirements of the ABs are filled in for the other control functign "to
cool water",»"to control the level", "to protect the pumps" and "to control the pumps".
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Figure A.5 is improved from the previous Figure A.4. On the CHD, in progress, the selection
of the Application FBs can be seen for each control functions.

/l operatorilnterfaoe ! | “\L"t ; !
;o e il ! | Y ! N
;o Lo : | n.ems 1~ j‘ : \\
/| requirements - | . require [ ‘ .
| | | | Ofthe 9 | \
i | Oftm I 1 | 00ntl'0| | t S t l
[ : : "to coo I ! 0 contro
/. _Application > | ' function | the pumps
/| Function Block :Water ‘ 8 ‘e pump
’ - R N O
AFB| |AFB||AFB| |AFB| |AFB| |AFB| |AFB| |AFB| |AFB AFB| |AFB| |AFB AFBN/|AFB| |AFB
A\
‘ L L /”L\ //L\ /l'\ l
Ny o ey O O € Vi)
W@ ® W W N, © W @
Vi V2 3 V4 1 P2 P3
TO COOL THE WATER JO, WATER CIRCULAT|NG
Figure A.5 — Requirements for control functions and ABs
Process engineers select and fill in the irems FBs
such[ as measurement, actuation, s 5 are
cons vhich
state rface

availpbility, safety and others can be read.

e for
The
urictions are functional : at this stage, it is not
ctions will be implemented but the are enpugh
d to prepare the call for tender.

The fequirements for co
contifol loops, response
requirements for both the
known in which
information to e

A.1.1.24.
The The
FRD FBs.
Strud into
foliog.
Folio 1 : to measure the Folio 2 : to cool Folio 3 : to feed the Folio 4 : to control
fouling up water pumps with water the pump|
to measure to cool to control 10 protect to control
fouling up water the level the pumps < the pumps
AFB | |AFB | |AFB | |AFB | |AFB AFB AFB AFB AFB AFB AFB AFB | |AFB AFB AFB AFB
T T T T T T I T T T T T T T T
1 - iy i T Py P iy P
F e N N S 7 g N
T T2 T @) FU L S o @) w D‘E L w @ @ @
Vi v2 V3 V4 P1 P2 P3
TO COOL THE WATER TO MAKE WATER CIRCULATING

Figure A.6 — Structured documentation for the requirements of the control functions
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One Folio can support one or several control functions. Process engineers make this choice.
Figure A.6 is an example, process engineers assign the control function "to measure the
fooling up" to folio 1, "to cool the water" to folio 2, "to control the level" and "to protect the
pumps" to folio 3, "to control the pumps" to folio 4. Once the requirements of the control
functions and of the ABs is completed and the control functions are distributed into the folios,
a clear and explicit documentation of the requirements of the future control system is
available.

A.1.1.2.5 Use of FRD

A.1.1.2.5.1 The folio: the key of the structure of the documentation of the FRD

The FRDs are the detailed requirements of the control functions. These detailed requiren|1ents
are described as a network of EFBs and ABs in the folios. These folios ha ed in
the GHD.
The gomplete description of a folio of the FRDs needs to fill in the fo jone Olig. On
the l¢ft section the signals inputs are described, on the right s€ction the signa . In the
centife of the folio the signal processing is described in tg FBs. Aut the
bottgm section the title of the folio is described. The four i 5 ed in
Figute A.7.
Outputs of Inputs of
function blocks Input Output function blocks
ocated in other signals signals located in other]
folios folios

The
are U

folio

The
folio

of a

A.1.1.2.52" Going into the folios for detailed requirements of control function(s)

In the_€HD process pnginpprq distributed the control functions into the folios (nnp folio can
support one or several control functions) and selected the different types of ABs for example
for measurements and actuations. To detail the requirements of the control function(s), pro-
cess engineers go into the folios.

Going into a folio, process engineers have an empty folio except the ABs previously selected
in the CHD. To detail the requirements of the control function(s) located in a folio means to
build a network of EFBs and ABs. To network the ABs with EFBs process engineers will select
the inputs and the outputs of the ABs. The following Figure A.8 summarizes going into a folio
and selecting the inputs and outputs of ABs.


https://iecnorm.com/api/?name=5f74907b2b193f24a504e5721462addb

- 58 - Copyright ©

From other.

|_To other
function %_mnction
blocks blocks
T~ fooling up

~ 2 ! AFB AFB

1
‘ |
‘ |
| d I
! to measure ~|_  |pump1|’ pump 2| pump |
! fooling up = ;
|
‘ I
‘ |
\
\
(=

Folio 4 : to con!rol
the pumps

to control
the pumps

to control the pumps

IEC,

2002

Hk
|

............ |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

@5 J v 2 ’_:\
LXJ V % L J = = W “’
Vi V2 V3 P
TO COOL THE WATER TO MAKE WATER CIRCULATING

Figure A.8 — Selection of a folio from the CH

A.1.1.2.5.3 Completion of a folio supporting control function

To complete the detailed requirements of control function(s)
engifneers fill in the four sections of the folio.

The jnput signals of the folio has to be consistent i i ing from other f
The putput signals of the folio has to be consistent Wi i ed into other foliod.

exanpple, with reference to the figure 6 there i

the gump" and the control function "te 9 : 3 i protection signal to s
off the pumps when the level of the fa W As\the control function "to proted
ontrol the pumps" is detailg

pump" is detailed in the folio 3 and the c¥b

the fplio 4, this link will be represent ignal on the folio 3 and as an
signal on the folio 4. On th Bbe connected to the three ABs d
pumps.

For the description off the he rol function(s), process engineers nef
EFBs and ABs wi i ts and the aim of the control function(s).
The following Figure/A.S\i example of a folio completed for the control function "to cqg
the gumps". On t ich is ayreal example, the behaviour of the control functior
detailed network hree pump actuation ABs and one switch over 2/3 AB

Qx\ > [F]

prd

cess

blios.
For
otect
itch
t the
d on
input
f the

work

ntrol
is a

OVER 2/3

mp 3 ON Set Pump3 @
SWITCH

To Control the pumps

Figure A.9- Folio for detailed requirements of the control function
"to control the pumps”
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A.1.1.2.5.4 FRDs as a set of folios

Process Engineers will detail all the control functions distributed into the folios. For each folio
they fill in the four sections of the folio. For the behaviour of each control function, they add
details with a suited network of EFBs and ABs. Once the description of the folios is completed

the FRDs are ready.

AFB L
Jmipump 3
AFB
T
23 EFB pump 2

N
to control the pumps \x
to feed the pumps wim XK N
‘ to meaure/tah-e{@mlg upR ¥
/to coolN hﬂe\r

In Figure A.10, the four folios of the ntrol
funcfions allocated to these folios on n of
control function "to control the pumps"

Process engineers define ' i fety,
availpbility and time co s of
implementation of the E Bs’and ABs have to be implemented toggther

and ABs have to not be implemented toggther

into the same 1&C_devic
into the same | ice.

The | the
procq tions
(a ne y) of
the f

Figu
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A.1.1.2.6.1

In thie previous clauses, the Functional R I i ication
have i cribe

FRDS, 1&C suppliers n
of I&C systems through.

The compatibili

type

B”languages and programming FB languages is
P means that a standardized FB language is negeded
B languages or programming FB languages.

needed as summ
as a

i Programming| QQQ
! 1 T

|
|
|
|
:
Schemes :
\ ] ] 3
(—)}/—\L ‘
= WU
|
Engineering ! : 1&C :
CAD tool | ‘ CAD tool |

Figure A.12 — The need of a standardized FB language

The requirements of this standardized FB language are that

e it should a kernel to build engineering FB languages and programming FB languages;
e it should be built on standard foundations, in particular:
— it should be built on standardized EFBs,

— it should be built on standardized construction rules to define dedicated ABs (energy,
manufacturing, chemical etc.) implementable into I&C systems,
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This standardized FB language should be used by engineering companies to define their own
engineering FB language allowing process engineers to describe the FRDs of control
applications.

Describing the FRDs with an engineering FB language does not mean to describe the FRD
without taking into account the capabilities of the I&C devices available on the market. It
means to define FRDs implementable into whatever the I&C system is compliant with the
standard.

This means also FRDs will be implementable into current scalable I&C systems and
upgradable 1&C systems of the future compliant with the standard according A.1.1.1.4 FB

w

To describe FRDs with any engineering language implementable int0 pregramming
langliage, the IEC standardized FB language will provide:

e 4dlibrary of EFBs,
e rules to build AB.

A.1.1.2.6.2 Requirements for EFBs usable into FRDs

An E EFB
isasp bt be
split!

A lib f the
diffel be a
stang aries
dedic¢ated to the types of industries, for ex g forchemical, energy, food, etc.

Energy
Q tandard EFB's
\/ Chemical
standard EFB's

\/ other

standard EFB's

Kernel
standard EFB's

Figure A.13 — Library of standardized EFBs

It is mentioned that the EFBs should be standardized, for each block both a standardized
external graphical representation and a formal internal description of the behaviour of the
block is needed.

The external graphical representation will be used within both FRDs and programming
schemes.

The formal internal description of the behaviour should be carried out with a formal language
proposed by IEC. It is mentioned that the ST language proposed by IEC 61131 series is not
complete.

As EFBs will be implemented into digital I&C systems, the internal description will include the
normal behaviour of the blocks and the abnormal behaviour of the blocks. It is mentioned that
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IEC 61131 series does not standardize the abnormal behaviour of the blocks. For process
control and specially for safety constraints, the definition of the abnormal behaviour of each
block in case of general failures of the technology supporting and impacting the behaviour of
some blocks (such as initialization, hot reset, cold reset) or in case of specific failures
impacting some blocks (such as, input signal failure from a transmitter, 1&C input card failure
impacting input blocks or overflow and underflow impacting computation blocks for example)
is necessary.

A.1.1.2.6.3 Requirements for ABs usable into FRDs

An AB is a reusable piece of control depending of the type of process control application.

As fgr EFBs, an external and internal representation of ABs is necessary.

Within FRDs the external graphical representation of ABs are usedron rRDs
should be implementation independent. The internal behaviour o : \ ple for
measurement and actuation ABs, totally depends on the type®© y the
measurement and the actuation, so the internal behaviour of th ithin
the jprogramming schemes with the programming FB blogy

suppprting the ABs is selected.

A.1.3 From FRDs to the implementation

The aim of this subclause is to compl Bs for control applicafions.
Engineering companies need EFBs an : engineering FB language.
These EFBs and ABs should be imple { aZmming schemes into any I&C
systgms and devices compliant with thig

Once the FRDs are defi ' in€ers have to design the prograr;lming
schemes from the FRDs and to\ afnming schemes into the I&C systen) and
devig¢es as summarizeg\N

AFB
AR AFB
21 pump
th wat,
2 up,

v

o
i

Figure A.14 — From FRDs down to the I&C system and devices

FRDs are 1&C system independent, it means FRDs are perennial specifications of any control
applications. This implies FRDs should be implementable into any scalable 1&C systems and
devices for new applications. For existing I&C systems and devices, it also implies that for the
maintenance or the renewing of existing I&C systems (partly or in total) the FRDs should be
implementable into upgrades of new I&C systems and devices.
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A.1.21 Design of ABs
A.1.2.1.1 Overview

To move from FRDs to Programming Schemes, the internal behaviour of ABs should be
designed.

An AB should be composed of different internal blocks delivered by different suppliers, these
internal blocks should be distributed and implemented into different I&C devices. An AB can
be split into different internal blocks.

An AB can have interfaces with the process (with transmitters and actuato apd_Hdman
Machine Interface. AB can have no interface with the process or with HWN. 5 are
given in the following subclauses.

A.1.2.1.2 Detailed design of an actuation AB

Figufe A.15 is representing an actuation and the interng This
exanpple focuses on the control point of view, an actuati , bd of
diffefent devices delivered by different suppliers. Faf exa S deli-
veredl by one supplier, an intelligent Motor Control  and

a prqcessing block implemented into a device of
T N\ (C%

\
_ | N
> onthprocessi%\ 1&C
| nction plo supplier
N D

\ I i Suppliers of Intelligent
> | ntelligent ¢
T }Mmczk MCC supplier MCC on the market

tuator : . .
\gfﬁon block Intelligent < Suppliers of Intelligent
X actuator supplier actuator on the market

N
ACT %N

|
|
|
|
|
|
|
} N
|
|
|
|
|
|
|

Figure-A.15 — Design of an actuation and its AB from off the shelf actuation devices

ThisTs iypiba“y the—case—forthedifferent types of actuatiom—For—each type of—actuation
different suppliers delivering actuation devices. I&C engineers select, off the shelf, actuation
devices in conformances with the requirements specified by process engineers. Whatever the
actuation devices are, these devices will be integrated together and will have to operate
together to achieve the actuation required by process engineers. To interoperate, the internal
blocks of the actuation devices should be built in conformance with an IEC standard. This
standard allows actuation device suppliers to build internal blocks. To achieve a consistent
actuation, the internal blocks are implemented into actuation devices, they are connected
together, via hardwired point-to-point data connections or via busses, they interoperate.

In the Figure A.16 summarize that within each FRD, process engineers describe the re-
quirements and the performances of each AB, implementation independent because process
engineers do not know in which I&C devices the ABs will be implemented.
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Figure A.16 — Designing internal behaviour of actuation
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In this example, the actuation AB should be composed of three internal blocks. The control
processing internal block should be embedded into an I&C device, this block should support
the Human Machine Interface, different types of commands (auto, manual, command from
sequence), control data (state and status of the actuation for example) and orders to the
Motor Control Center. The Motor Control Center internal block should be embedded into the
Motor Control Center, this block should support the priority of orders, control data (state and
status of the Motor Control Center). The actuation internal block should be embedded into the
intelligent actuator, this block should support control data (state and the status of the
intelligent actuator).

This actuation AB has two types of interfaces, one interface with operators, one interface with
the dctuator, see Figure A.TS.

The | operator interfaces should be explicitly summarized, withi the
progfamming schemes, on the top of the graphic symbol of the actua{ e tag
could summarize the type(s) of operator interface, another tag could s) of
command available from the operator interface).

For the interface with the actuator, currently there is no i ol of
the gctuation AB to explicit the interface with the actuator. cfuator.nternal block should
be connected to the instrumentation (torque and posifion) of\the , this data connection
should not be explicit on the icon of the actuation AB within F ogramming schemes.

T ‘L—
>l Power Supply
AFB within FRD's

Figure A.18 — Actuation AB graphic symbol and implicit internal description
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In Figure A.19, using the reference model of IEC 61499-1 series, the representation of the ac-
tuation AB with the distribution of the internal blocks into the I&C devices is shown.


https://iecnorm.com/api/?name=5f74907b2b193f24a504e5721462addb

- 66 — Copyright © IEC,
in
CI(|:;‘_c; CMStr::ol Intelligent
vice Center actuator
Vlal\lle actuationlAl.FB

2002

Figu
refer|

Process
Figure A.19 — OFF/ON value actuation AB using the IEC 61499

e A.20 is a representation of the internal blocks of the
ence of IEC 61499-1 series.
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A.1.2.1.

Figu

e A2l divessan example of an AB without process interface nor Human Ma

Inter

ace| a safe switch over 2/3. In the case of standardization of the switch ove

funcqionality as EFB this EFB shall implemented in a single programmable controller.

thine
r 2/3

For safety applications safe switches over 2/3 implemented into several PLC are necessary to
avoid a common failure. In this case, safe switch are built over 2/3 AB. In this case this
switches over 2/3 AB is composed of three internal blocks. These three internal blocks should
be implemented into three PLC.
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Figure A.22 provide the representation of an actuation AB using to the mog

IEC 61499-1.

N\ switchOve 23 AFB |
T

ver2/3“\AB using the IEC 61499-1 system model

ol function into I&C devices

— the layer(2)th man Machine Interface;
— the layer 1: the processing;

— theJayer 0: the power interface and the field devices.

system is currently a set of equipment distributed into diff]

el of

brent

With the arrival on the market of intelligent devices, these I&C layers will evolve. The
emerging technology will facilitate the integration of current isolated islands of control,

maintenance and management (technical and financial).

The layer 2 will support the control, maintenance and management Human Machine
Interfaces. The layer 1 will support control, maintenance and management processing. The

Layer 0 will support intelligent power interfaces and field devices.

The following subclause focus on control functions, as well as maintenance and management

are considering as extensions on the same principles.
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A.1.2.2.2 From FRD to complete design of a control function

As an example, the folio 4 dedicated to a single control function "to control the pumps" is
presented. The FRD is shown in Figure A.23. The control function "to control the pumps" is
described as a network of EFBs and ABs.

The design of the ABs should be completed by I&C engineers when the I&C architecture and
the different types of devices are selected. Moving from the FRD to the programming scheme,
I&C engineers design the ABs taking advantage of existing devices for the pump actuations
and of existing libraries within I&C system for the 2/3 safe switch over, in conformance with
the requirements and with the architecture of the control system.

For the complete design of the control function, the four ABs have t
interpal blocks of the pump AB should the blocks embedded into the di
pump actuations. The internal blocks of the 2/3 switch over AB sho ith librgry of
the I&C supplier. Figure A.23 shows an example of a complete design

AFB
EFB| P3
AFB ~ AFB
B | AFB

to control the pumps

|
|
|
|
|
|
|
|
|
|
|
|
1 2/3 EFB) P2
|
|
|
|
|
|
|
|
|
|
|
|
|
|

For
of th

X PLC
and | i Machipe Interface (HMI), as summarized in Figure A.24.

r—l<—
Human

Machine
Interface

AFB 2/3

Figure A.24 - Distribution of the internal blocks of a pump AB
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A.1.2.2.3 From the complete design to the distribution of the internal blocks of the
control function into I&C architecture

Once the design of the ABs is completed, the EFBs and the internal blocks of the ABs will be
distributed into the I&C system architecture

The allocation of the blocks into I&C devices is carried out by I&C engineers taking into
account safety, availability and performances constraints required in the FRDs.

In the example of the Figure A.16 it is considered that for safety constraints the switch over
2/3 AB have to be distributed into three different PLCs and the pumps actuation ABs should
be implemented into separated equipment, to avoid a common failure.

For fhe pump 1 actuation AB, the internal block P10 (white) will be dje yer O
into the MCC1, the internal block P11 (blue) will distributed in the laye , the
interpal block P12 (pink) will be distributed in the layer 2 into the H

For the pump 2 actuation AB, the internal block P20 (white) will be thigrib i yer O
into the MCC2, the internal block P21 (yellow) will dlstrlbu ‘ 2, the
interpal block P22 (pink) will be distributed in the layer

For fhe pump 3 actuation AB, the internal block P3p (wWhi istri i yer O
into the MCC3, the internal block P31(brown) wifl distri i i 3, the
interpal block P32 (pink) will be distribdted in .

For fhe switch over 2/3 AB, the internal+t ill'be distributed in the layer 1 into
the RLC1, the internal block S2 (yella i istributed in the layer 1 into the PLCZ, the
interpal block S3 (brown) istri ) into the PLC3.

The EFBs will be distrik i S intoJa PLC, see Figure A.25. Each EFB wjll be
implgmented in the sa and downstream internal block. For example,

the BFB between/the witch over 2/3 AB and the P12 internal block of
the gump 1 actuatiop {into the PLC1.

AFB 2/3

Figure A.25 - Distribution the EFBs and ABs of the control function "to control the
pumps” into the I&C architecture
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During the distribution of the EFBs and internal blocks of the ABs into the I&C devices, the
communication needs between the I&C devices appears clearly. At this stage, I&V engineers
know exactly the types and the amount of data exchanged between the different 1&C devices.
On this basis, I&C engineers should be able to validate the throughput available in the I1&C
devices, in accordance with the communication needs.

A.1.2.2.4 From the distribution to the implementation of a control function into I1&C

devices

Once the 1&C engineer has completed the distribution of the EFBs and of the internal blocks

design and distribution of the control function

control function into the I&C

of the—ABs—the—controfunction—ts—distributed—into—the—devices—of the+&C—architecturey The
control function can be implemented into the equipment of the 1&C system devices see Fjgure
A.27
For layer 2, there is a dedicated equipment as HMI multiplexing the cks| P12,
P22 and P32 of the three pump actuation ABs.
For Ipyer 1, the PLC1 is multiplexing the internal blocks P11 qf , the
interpal block S1 of the switch over 2/3 AB and the EFB be PLC2
is myltiplexing the internal blocks P21 of the pump 2 a f the
switdh over 2/3 AB and the EFB between these tywo b ck N y the
internal blocks P31 of the pump 3 actuation AB & i r2/3
AB and the EFB between these two blog
For | , the
MCC C3 is
dediq

o NN O\ e~ N

! | Human }

| | Machine |

| \/ | Interface |

| /m\ 1 |

NI ire ™ Ly |

1 ; |

1 s | ﬂ |

| N T |

} \\\ B - freal frLez fPLas

| ‘ ‘

| : P— }

: \BJ | 50 00| |

| ! |

; g1 EFB @F ﬁ [ [ |

i P11 | Mccl | Mcc2 | Mcgs |

| — (= = = |

| AFB 23 JUH UPZ Ups |

; AFB P1 l }

| ! |

| ! Implementation of the |

| ! |

- ]

Figure A.26 — Implementation of the control functlon into the 1&C devices

Using the reference model of IEC 61499-1 series, the control system can be represented,
Figure A.26. Figure A.27 is an example of the implementation of the control function "to
control the pumps" into the I&C system devices.
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VvV PLC1 PLC2 PLC3 MCC1| | MCC2 MCC3

Folio 4 of the FRD : Control Function "to control the pumps™

A.1.2 ices

For ¢ ocks
of th 1&C
devid ngineers should define

inter
1&C

AFB —1
b

nes implementable intp the

i
Functional
Requirement
Diagrams

Figure A.28 — From FRDs to programming schemes

A.1.2.3 Requirements for the design and the implementation of control functions

The internal behaviour of EFBs and ABs should be described with a unique standardized
formal language. It should be noted that IEC 61131 does not meet such requirements. A
future IEC standard should propose construction rules and a language (syntax and semantic)
to describe the internal behaviour of either EFBs or of the internal blocks of ABs. With such a
standardized language it should be possible to build ABs, to store these ABs into private
libraries, to use these ABs into applications, to distribute and to implement these ABs into
different technological supports compliant with this standard. This standard should be
complete and will take into account the normal and abnormal operation of the technological
supports, the processing and the communication supports.
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This standard should take into account all the technical aspects of the distribution and
cooperation of distributed and synchronized internal blocks of ABs:

e a formal language allowing I&C engineers to describe the normal and abnormal behaviour
of the EFBs and of the internal blocks (types of variables, statement, syntax, semantic,
formal proof, etc.

e a standardized set of EFBs, including normal and abnormal operation;
e rules to build normal and abnormal operation of internal blocks;

e standardized behaviour of EFBs and internal blocks for abnormal operation of the device
supporting these blocks, for example :

initialization, hot reset, cold reset,

—-| inputs, output hardware failures, component failures,

miscount, overflow, underflow, (special care for round off Qr and propagation of
round off),

e rples to synchronize and to order EFBs and ABs within{a device Yand\ distgibuted| into

devices;
e rples to manage internal data of EFBs and ABs;

e rlyles to share data between EFBs, ABs and interfial blocks

e rples to exchange data between EFBs and ‘ into
devices;

e rples to synchronize and to order the inte uted
imto devices;

e rples to exchange data between infern B into
devices;

e rples to exchange data

9,
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Annex B
(informative)

FB functional requirements: the user’s view

B.1 Overview

Modeling a system is an extenswe task. A single model cannot capture all the mformatlon
neede ad FB
appllcatlons for Industrial Measurement and Control Systems (IPMCS) Sc of IEC 61499-1
are the following models:

3 jpplication model
evice model
e Resource Model
t

ask model

e HB model
S|

ystem model

The getailed approach adopted by IEG q was
to take i i

This red).
This ibed in
this yiew along W|th some

This |view is also propose est’between the FB specification and the|user
expefctation (asking: 3 L, defined by users is covered with this FB
specffication?" @ ~ \\ 8 isNdnctional unit covered by the specified FB?")

This
cons

egarding this system user view model as they |were

B.2

B.2.1

The [following definitions complement those given in IEC 61499-1 for the purpose of this
Anngx B!

B.2.2 List of specific terms
B.2.2.1 IAM: (Intelligent Actuation and Measurement)

The sum of all the requirements for all the actuations and measurements needed for the CMM
system.

NOTE Intelligent here means provided with all the functionalities, as users need it.
B.2.2.2 Access right management function

This function provides the needed handshake between the different components of the IAM
and the users of IAM. As a consequence of the system requirements, for each IAM operating
mode some of the IAM functions are active and the rest is inactive.
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The actual operating mode of IAM and its components are affected by a management function
of the automation system. This function is also responsible for a coordinated transfer from the

actual Operating Mode to another one.

All interactions between the agents and the IAM (or part of it) are conditioned by a
relationship to the operating modes in such a way to enable the effect of only the authorized
interaction for those functions which can be active in each operating mode as specified in the

system requirements. Therefore, for each operating mode of IAM (or part of it) :

— a set of IAM functions are activated, and

— only the specified interactions are completed; the other (non permitted) interactions have

np effect.

It is [the proposed idea that a matrix should be standardized, wherg
potenmtial operating modes and columns should list the potential inter
of it). Where the authorizations of the interactions should be dé¢
intersections of the corresponding rows and columns) on the bagis 0
user|(for example, while parametrizing the system).

B.2.2.3 Agent

Whoever (for example operator) or whatever (fof exa

B.2.2.4 Corrective Maintenance

The maintenance carried out after a fajlure has\o
statel in which it can perform its requir

B.2.2.5 Functional validati
Dr measurement:

he F. VAL i funx
set of othe

easurements i jtable model of the process under control.

F
T
a
ni
e For Actuation:
T
n
d

The pombination o
an itgmvin,Jor restore it to, a state in which it can perform its required function.

maintenance.

NOTE 2 The required function may be defined as a stated condition.

NOTE 3 Here maintenance focuses on IA/IM-channels and all its parts.

B.2.2.7 Operational validation (O. VAL)

e For measurement:

the process under control.The link among |such

he F. VADN it at verifies the coherence among the valve's state and the
easurem j 1 the process up stream and down stream the valve), which

gdll technical and corresponding administrative actions intended to retain

flion of

The O. VAL is a function that checks the coherence of a credible measurement against
other redundant (two or more) measurements coming from redundant transducers (or

redundant parts of a transducer).
NOTE 1 This is a bottom-up process.

e For actuation:
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The O. VAL is a function that verifies any state or variations of the actuator for

consistency with the commands sent by operator or reflex processing devices.

The O. VAL provides also for checking that the performance of the valve-positioning loop

does not deviate from the design range.

NOTE 2

B.2.2.8

This is a top-down process.

Preventive maintenance

Maintenance performed in accordance with pre-defined criteria (knowledge base), in order

e Ycheduled maintenance (time or activity directed): Preventive m

e (ondition based maintenance (conditional or condition directed

to[reduce the probability of either equipment failure or service degradation.

aintenansg- perfofmed

nance

performed on the basis of the documentation of the pe : G of the
gquipment (as results of, for example: auto-diagnosis, wed . It }s basged on
d proper visibility of gradual, partial and intermittent fail

B.2.2.9 System (or Device) Properties

NOTH This is considered in IEC 61069-1 and 61

Properties segregated into several
shown in Figure B.1.

roups, assessment of a system as

[\ Syw
Functionality | Performan | Depcm%ﬂit}\l Operability | Safety | Non-task-related
- Flxibility - Presentation - Personnel -Suppol;l
i - Procedures - Appropriate - User
- Configurability ) o regulations - Vendor
- Programmability - Hierarchy
s - Access - - Documents
- Expandability - Process - Training
Flnctional - Intrinsic safety .
I N - Explosion proof ~Compatibility
- Fijnctional capacity - Software
- System - Upgradi 1? )
- Emitted radiation - Communications
- Life cycle
- Spare parts
- Phisical
- Heat dissipation
- Power requirements
- Quality assurance
Figure B.1- System properties
NOTE 1 The properties of the IAM system are as defined for the whole automation system. Therefore, the

properties of the IAM system are dependent upon the properties of each individual part of each IAM channel and
the way in which these parts cooperate in performing the channel functions. Of course, the properties of the
channel may differ with respect to each of its functions.
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B.2.2.10 Technological validation (T. VAL)

e For measurement:

The T. VAL is a function that provides for a status checking of the electronics, the
power supply, and the variable of influence associated to the transmitter, verifying that

the related parameters are within the normal conditions.

T. VAL assures that the measurement has been produced by a transmitter that is
working in detected conditions documented by the transmitter status report.

B.2.]
a) A

Valid
It ain
etc.)
imple

An in
requ
quan
one

jitter).

As rd

chanjpel

or actuation :
The T. VAL is a function that provides for a continuous staf [ the
electronics, power supply and variables of influence associa part of the
actuator:
- processing capabilities;
- power interface;
- motor;
- valve.
The T. VAL assures that the actuator operates y¥nuder./d nditions in actujating
and in reporting its state by the dedicated
.11 Validation
/IM-channel validation
ation is a function, which is part g etc.).
ns at checking the heh tion,
of each entire mea tially
mented in the acty
nportant ex ith a
red timeliness? He erent
tities (or actuatix producedhdt the same instant in time (within a specified jittgr) or
measuremen i cified
bgard f the
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Channel (Devices) Channel (Devices)
DetaTiled Statfs Synthesized status Meas. Stfte + VI

| Device synthesized and detailed Meas. state (VI

Functional

Meas. state
nlnnraﬁnnnl

[Meas. state(J It )

Technological

Model

Redundant
validation measurements of
of the same quantity

measurement
channel

VI = Validity Index

Figure B.2 -

As regards the IA/IM channel produ the
validption determines the quality of th ment
uncefrtainty, VIJ.

The [IA/IM channel vah this

dictignary and shown i

. Technologic@

NOTH 1 O\ (for example the operation validation could be seen as a part pf the
technological on
NOTH 2 gl, the validation function is distributed among the field devices and the rest|of the

channlel.

b) Flield deviee vatdation

Field deviCes validation is a part of the complex function of IA/IM channel that checks|both

irlbeh H d-th Lit thel d ts (dat 1 tc ) E h fiegld-d H
their lbehaviourand-the gHaHy—eHR8H—proadcts{aata—a6HoR—8t6)—6—8a6hHee—a8wHee, the

validation produces the information named "status of the device". And, as regards the field
device products, each product is completed with its partial VI, as result of the partial
validation solved in the field devices.

B.3 Functional view of process control applications.

B.3.1 Overview

Technologies, such as digital field communications (for example fieldbus), intelligent field
devices (transducers, actuators, switch gears, etc.), software embedded in controllers are
producing a powerful evolution of the automation. They in fact enable the manufacturers to
transfer into the field devices part of the functions which have traditionally been located, even
if only partially and less effectively, in the centralized computers. This is a huge opportunity
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for the market to provide better support to the user requirements provided that these are more
explicitly and completely specified by the end-users and well understood in terms of
implementation.

B.3.2 Relationship between functional requirements and FBs specifications
B.3.2.1 General

The functional requirements list which are expressed in this standard are defined at a certain
abstraction level which should make the definition well understood by both end-users and
vendors.

This Jabstraction level differs from the FBs abstraction level, which is direcg
and system integrators.

vsed by vefjdors

The el of
abstraction, ( 5| of
abstraction, i i 2,1 i -to- o espondence
betw| 7

The uted
applications.

It is f the

The was at the level of the [field
instriimentation because thjs i j a reality. The same logic approach is
applicable at the level o SCKS h is expected to become a reality in a|near
future.

Herejafter the user\visi elNs described which was used as the basis for the description
of the Functiona S.

B.3.3

B.3.3.

Key

(@)

aintenance fordn site trouble shooting and technical management;

|
S 3

A channeI/IM channel concept descrrbrng the mtegrated user needs reIated to leach

corresponds to whatever proper mtegratlon of freld dewce( ) W|th some complementary
functions in the systems (controllers) which is able to answer the defined user needs;

By definition the automation is complementing the human organization to achieve a defined
goal. Hence, user requirements identification starts from an analysis of the logical sum of
supports needed by all the human organizations which are interacting with the automation
system. The reference functional architecture for distributed automation systems shown in
Figure B.3 is the user vision model. The system is shown as the proper cooperator of the
human organizations. The activity of the human organizations is proposed to be described
with tasks categorized in seven classes; seven macro-functions with the same names (access
rights, identification, configuration, parametrization, tests on demand, Measurement
/actuation, diagnostics) represent the corresponding functional support to be provided by the
system.
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This applies also to the actuation subsystem and to the measurement subsystem and hence
to all the IA channels and IM channels composing the subsystems.

Once described for a channel as a whole, the needed functional support represents the target
to be reached by summing up the functional contributions given by all the components used
by the system integrator to construct the channel.

Human organisations in all the phases of the system life cycle

I

i Operators |

l l l
Control Maintenance Technical management

Actuation & measurement

channels Channel functions
l Y access rights

I Centralised functions . . .
Y identificati
Y configuratio
I Field bus l isat
SO

Computers

Actuators & I Local functions l
transducers

-
‘ I mechanical parts /\l\
B
I Process N\

ﬁ Control (Act/Meas.)
ﬁ% Diagnose

r distributed automation systemss.

The feference functionalMarghi ~ the basis for the identification of the ljst of
all the possible fungc also the guide for the users in identifying|their
functional requi

This
each

¢ end-users but also for all the others who are “using”
iwe IA/IM channel along its life cycle: the manufactprers

(test egrators, the contractors (commissioning tests), etc.

B.3.3.

The i CMM functional requirements are described hereafter. These funciional
requ eht the final goal to be achieved with a proper help by the |A/IM
chan

a) Qoniral requirements

They are extended by including the automated treatment of abnormal situations of the field
instrumentation. This automated treatment has to correspond to the treatment, which is
currently done by the control operator on the basis of the result of the maintenance operator
investigations. Benefits result, as an example, from the timeliness of the automated action.
The use of the traditional automated system management approach and exception treatment
rules is extended in order to include the field parts of the system. In general, one or more
levels of degradation of the channel could be defined by the users for each application
according to the corresponding behaviour of the channel which comply with the application
needs.

b) Maintenance of the field instrumentation.

It will be helped by the direct and immediate visibility of the actual status of each replaceable
part of each channel. For each replaceable part, predefined levels of degradation are


https://iecnorm.com/api/?name=5f74907b2b193f24a504e5721462addb

- 80 - Copyright © IEC, 2002

recognized and documented. Thus, the preventive maintenance can be organized as a
condition based maintenance. The maintenance interventions are only planned when they are
really necessary. Interventions are helped by provision of additional information. Besides,
information useful to speed up the repairing of the replaced parts may be collected as defined
and agreed in the maintenance contract between the user and the repairer.

c) Technical Management.

It relates in particular to the evaluation of performance and reliability of specific items of
equipment. For example, comparison of the number of cycles achieved before failure of two
valves from dlfferent suppliers and performing an |dent|cal functlon in the same operating

difficult to do the detailed and valid statlstlcal analysis required
decigions and for the plant equipment modifications.

B.3.3.3 IA/IM channel

Each channel has to provide the functional support shown F s Funcfional
Architecture.

f the
el of

Figu
user
gran
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(operators+procedures) + (devices+procedures)

TAM Requests TIAM Reports

IA/IM (IAM)

M: Mode of Operation

>
P| (Access Rights) I:':
Documentation I Documentation N
modification retrieval
User Configuration
modification C Configuration }
Vendor Configuration retrieval
modification

| Intrusive Parametrization | P gt
Parametrization
|N0n-intrusive Parametrization | retrieval

| Intrusive Tests execution | T

| Tests res

retrieval

|Non-intrusive Tests execution |

//

s

\ { \

N >
e 4 C A\

IAM Device STATUS AM Devige current STATUS

production Hxecords and STATUSxecord rerieval v

AR
Actions /\ ) Observations
N P%@RI}W})\C/ESS J

NOTH

under
each

To support establishment or modification or visibility of the IAM system functional configuration. To bg seen
as System (or Channel or Device) Configuration.

RS PARAMETRIZATION MACRO-FUNCTION

To support establishment or modification or visibility of the IAM system parametrization. To be seen as
system (or channel or device) parametrization

T =TESTS ON DEMAND MACRO-FUNCTION
To support execution and reporting of results of either automated or semi-automated IAM tests.
S = STATE MACRO-FUNCTION

To support execution with validation of a measurement or actuation and result report of the measurement or
actuation completed with a predefined VI.

NOTE This function is complemented with all the diagnostics and validation needed to support the
specified VI and associated quality criteria.

H = STATUS & HISTORY OF STATUS MACRO-FUNCTION

To generate information documenting the IAM status as defined in System (or Device) Status. This function
is complemented with all the diagnostic and validation needed to support the visibility of IAM behaviour as
requested from each
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NOTE An action of interpretation of these macro-functions is the key to bind the detailed specification of the IAM
devices and the definition of IAM user requirements. A close cooperation is mandatory to guarantee clear definition
of the relationship between the users expectations and the supporting functions and properties implemented in the
IAM devices.

The IAM functions are aggregated in the seven macro-functions which can be seen both as
"purpose" (or user expectations) and "action" (or manufacturers interpretations):

In Figure B.5 an IM channel is drawn as a black box with the explicit list of the information
exchanged with the CMM and the operators (called agents with only one word).

An IA channel would be represented in a similar way, with the major replacement of
"Megsurement + VI*™With "Actuation + vi™

As ajready said, this functional views of the entire channel is what hag~t ided with a
proper integration of a number of components of the channel.

—p Measuremg
(MM)
for MM
for MM
for MM
IM channel for € VM
for C MM
i i for MM
; Configuration for MM
[ Parametrization for C MM

@)

&\%\Mannel/CMM interaction: user vision

| \l \> | ! l—y Support for tM
—>
§ «»| Support for M 4
§ Control
s § Support for C - . ’
s 2 maintenance,
5 - .
S I —|T" | technical
S ||
A — | I management
S
S >
(Field devices) (Computers)
>
IA channel

Figure B.6 — Distributed platform using fieldbus: physical composition
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The technological composition of each IM channel necessary to perform each measurement
as specified for the CMM applications is (see Figure B.6):

a) field parts:

b)

An

valvgs.

B.3.4

As shown in Figure B.4, the field device contributes fo cen

-| complementary processing to support controlvalve, motor and actuator device;

-| complementary processing to support maintenance;

attachment to the process (tubing, etc.);
sensor(s);

transmitter(s);

network (for example fieldbus);
complementary parts:

complementary processing to support technical management

A channel has a similar composition, with obvious differencge

h as

In Fjgure B.5 the field-device funcfiOn odel’is shown, as regarfds a
trangmitter. The actuator model has imi ifi ith " obvious differences for the
field parts, such as valve, motor and actatorgev

Here i \tter ahd actuator is grouped in functional
units] These functional ¢ SEN rdware or software components |at a
intermediate level of abstracti i between the higher level of the user \ision
reprgsented in Figure B 3 Fi . e Jower level of abstraction of the FBs.

The description itements is the result of the mapping of the channel
model on all this™Muncti it_device >reference model. This is proposed as to help the
mapi

Of course, t tional unit reference model has to be seen as complemegnted
with s covering the computer part of the channel and the |field
cominunitatiq i i shows the complementary functional units and| the
coordlina j ent of all the channel parts, which is a system level coordingtion.

B.3.% Field-device functional requirements list

The
app

unctional rnqnirnmnnfe rnpnrfnr'l inB32 and B33 were identified fhrnngh the ld

roach till here described. They regard the field device.

gical

They are described by using a paragraph for each functional unit, with the only exception of

the

“Device Management” functional unit. This description, if complemented with

the

background given in this annex, should be sufficient to clarify the concrete meaning of the
user requirements.

The technology evolution will enable the device manufactures to transfer into the field devices

mor

e functions as shown in Figure B.7.
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Supporting Supporting
Sw: HW:

e Digital communication
component;
2 7 omponents

e CPU
e Memory
1 4 5 o Interfaces

\Qr
Q o \Attachment to the process

.7 — Intelligent transmitter reference model

evice Management” functional unit, because of the complexity 9

2002

f the
wing

Identification management
Configuration management
Parametrization management
Measurement management
Time management

Timeliness control management
Failure management

Mode of operation management

Access rights management
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B.3.6 System level functional requirements list.

NOTE 1 The technology evolution will enable the device manufactures to transfer into the field devices more
functions. To help this evolution, see the following additional requirements.

NOTE 2 In some cases, here there is the same description of a requirement for the device; of course, here it has
to be seen at the system level.

These following requirements are at the level of the IAM channel seen as a whole.

Each channel has to provide all the requested functions, however distributed in the several
parts composing the channel, and the coordination of a proper execution of the distributed
groups of functions (across digital communications).

All thHe requirements are collected in two main categories:

a) control, as regards whatever interaction with the control part, wheoperg

in the factory, and
—| in the plant.
b) Maintenance and technical Management, as regards al

in the factory, and

in the plant.
B.3.% System requirements for cox

B.3.7.1 Introduction

As rg¢gards requirements for distributed i ents
have| to be selected for the IAM channgl ta such as managing access righ{s (to
be negotiated with the reg ess to the state of the control algorithms
and |to the synthesized { ' rties
(dependability, etc.) apphed

These requirem
the gnd-user and part

A key issue is th e S9 g interaction among the distributed applications has o be
guarg@nteed, nunication standard selected. This requires that the descrifption
of the interactjon of\{lge\a on is extended to cove time synchronisation aspects.

ice life cycle and therefore they partially rggard
2r, the system integrators, etc.

B.3.7.2 ent/Actuation Processing
B.3.7.2.1 Genera

Both| macro-functions are defined in terms of some more or less complex processing;
hereafter major component functions are listed

NOTE Both direct and indirect measurements require the same basic mechanisms.

B.3.7.2.2 Measurement validation

Up to there are three levels of validations could be required:
e 1% level validation: at device level use of diagnostic information to validate the raw
measurement information.

e 2" level of validation: comparison of the synchronized information produced by redundant
transmitters Timeliness (temporal consistency of data) and measurements spread are checked.

e 3" level of validation: comparison of validated measurements resulting from a previous
level validation with a measurement information resulting from a process model.

NOTE For each measurement the user has to specify what part of this complete model is requested, the request
has to be recorded in the channel configuration documentation.
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B.3.7.2.3 Trend of validated measurements

Data

file documenting a defined phenomenon (see clause 6.8.6).

B.3.7.2.4 Event notification (thresholds)

2002

An event notification is asynchronously produced by a phenomenon detection algorithm. It
be characterized by a defined timeliness requirement. Typically it has not be lost. In
other words, the correct reception has be acknowledged.

may

B.3.7.3 Measurement management

B.3.7

The

appli
is ne|
appli

.3.1 One shot application triggering

timeliness information, if not it has to be completed with a negative ti

NOTE
B.3.7

This

freqy
used
devig
from

B.3.7

At sy
prod
perig

B.3.7.3.

Itis

different devices.

iction, transmjssik
d of the da(@

e distri

L S|

synhchronous setting of the absolute time value repeated at low frequency.

f an
nism
ming
Sitive

The interval should be specified (by the user/system integrator) i
.3.2 Cyclic application triggering
service can be used to resynchronjze at | for example 5 s period) a high-
ency pulse train generator (for exam 1 eriod). This pulse train wjll be
for example for the execution co ve to be executed in different
es in synchronized time intervals; is to acquire redundant measurenpents

d (in
lidity

B.3.1

3.5 Distributed “Relative time”

As the previous “Absolute time” but a “Relative time” is distributed (for example the system
starts with a zero time).

B.3.7.3.6 Distributed scheduling of an application

The system requirement is that the total time necessary to execute a distributed application is
respected by the chosen distribution policy.

It has to be verified if some intermediate synchronization have to be respected, for example to
restart the complete application.
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B.3.7.4 Dependability
B.3.7.4.1 Support for redundancy
The support for redundancy is requested at two levels:

e functional level, at the level of application;

e at level of resource redundancy.
B.3.7.5 Support access rights management function

B.3.7-5

This
oper
differ
field
Ther
the r

B.3.%
device functions).

In egch operating mode, the devices them

certain pre-defined actions only.

It is |obvious, for example, that it is b the

devige for configuration, the
measurement processing

B.3.1

B.3.8.

As rd

somg lude:
chec on-parameters, managing access rights, reading the device
iden c ctional configuration of the provided solution, chedking/
modifying icati tefs, checking the status of the devices and supporting the Jtests
on dema

Thez ts aye covering all the device life cycle and therefore they partially regard
the gnd-userand partially the manufacturer, the system integrators, etc.

B.3.§.2 Device identification

Device identification information needed to support maintenance actions is already described
in the main part of this standard.

B.3.8.3 Configuration

The maintenance operator or the commissioning operator has to modify or check the
functional configuration of the devices. They also need to be sure, in particular after a
replacement of a device, that the channel functional configuration is consistent. It is a system
level function aimed to check that all the functions implemented in the devices composing the
channel are properly configured. As an example, if a filtering function is required in the
channel, this function is implemented either in the field device or in the external device but not
in both or nowhere.
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The required functionality is as follows:

e configuration modification:

— user related device/channel configuration modification,

— manufacturer related device/channel configuration modification;
e configuration retrieval:

— user related device/channel configuration retrieval,

— manufacturer related device/channel configuration retrieval.

B.3.4.4 Parametrization

This| function regards check/modifying application parameters, duw g or
mainftenance interventions.

After| every change in a device parameter, this function is reqqired > stem
levellin such a way to help the maintenance/commissioning~qp o be
sure|that the function parameters are consistent among : sscomposing the channel
(for example the engineering unit or low-pass filter f level
devige really match with those used in the field devicé).

Devige/channel parameters are divided

e infrusive parameters: the modification © rmal

operation of the device/channel;
e non-intrusive parameters: the modificat

ion_of
normal operation of the devi Q
The required functiona

. parametrizat@g\ Jjfication:
—| intrusive dexi 3 ation modification,

arameters does not interfere with the

B.3.8.5

EacH userxat systent level, needs to have a view of the health of the devices according fo his

needs.

The end-user will need to know which replaceable part he has to substitute, moreover he
needs the information the manufacturer requires to repair the device quicker and properly; as
needed for “Condition based maintenance”.

The repairer will probably require more details to perform his intervention.

The required functionality is as follows:

e device/channel detailed status retrieval:

— device/channel detailed status information retrieval.
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B.3.8.6 To support test on demand

This support, as needed for actuation and measurement remote or local tests (for example
calibration), is divided in the two following categories:

intrusive tests: the execution of these tests interfere with the normal operation of the
device/channel;

non-intrusive Tests: the execution of these tests do not interfere with the normal operation
of the device/channel.

Accordimg—to—the—Tequested—tests,—the—Tecessary —permmssion —is—needed; —and] the

devige/channel have to be put in the appropriate operating mode.

The required functionality is as follows:

B.3.8.7 To support access rights
This

B.3.¢ Network Managé

The [following function
management for the |A

. etwork com@i

B.3.1

tests execution:

intrusive device/channel tests execution,

non-intrusive related device/channel tests executio

Tlests results retrieval:

device/channel tests results retrieval.

stem

A4
~

Some kifdy*of conformance test has to be done to guarantee which part of the funcfional
requirements is covered by each FB specification and the extension of the coverage.| This
testirmgis i i sting
between the functional requirements and the market solutions which will implement the
standard FBs.
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Annex C
(informative)

Relation between IEC 61804 series and IEC 61499-1

Scope of this annex

IEC 61499-1 specifies a generic standard for distributed FB applications for Indu

awithin tha con
WHrHH—te—566

a
o

2002

strial
be of

IEC {

The

differ
term

This
whic

c.2

C.2.1

This
the |
and

C.2.7

IEC ¢
sists
and

calle
the h

urament-and Caontrol Svetame (IPDMCS)Y Tha fallowina model
FeHtert—ata OHFOTr—o Yy St S 1r—vroo)—rRe—o oW g—Hoae

51499-1:

application model;
device model;
resource model;
task model;

FB model;

system model.

ences. The annex is finalized
5 of IEC 61499-1.

annex collects all results regarding
h was reached during the requirement

51499 S odel which graphical representation is shown in Figure 44. It

Hata outputs,~algorithms, internal data, and as an addition to the IEC 61499-1 th
H contained data, which are not involve in the data flow, but adjust the algorithms
edd of the event of flow (event inputs, event outputs and execution control chart).

ed in
and
ed in

jls of
99-1

con-

of the coriponeN B Head and FB Body. The body carries the data flow (Data inputs

v

B SO-
and

Thes

e components characterize the IEC 61804 FBs in general.
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Event inputs Event outputs
FB Head * Instance identifier
Event flow ; Event flow
Execution
— control
(hidden)
FB Body Type identifier
o = | Algorithms| j=—
> — . -
— Contained ||L__
data
T Internal data T
(hidden)
Data inputs

Resource capabilities
(scheduling, communication mapping, p

Event outputs

ntrol
some
utput

Insgance identifier
Execution Event flow
&?35;%') FB interface description
- e * Available in FB libraries
Type identifier . .
Alaorith » Used by design engineers
— orithms e
Data flow (ﬂi dden) Data flow ° Specified partly,
— el e.g. by IEC 61804,
— Contained |]__ FIP, PROFIBUS, FF
data
Internal data
(hidden)
Data inputs Data outputs

Resource capabilities

Figure C.2 — Type specif

ic aspects of IEC 61499-1 FBs
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Internal data, algorithm and execution control details are out of the scope of IEC 61804-2

series. These aspects are implementation details and hidden from an external view to the FB
(see Figure C.3).

Event inputs Event outputs

Instance identifier

Event flow EXecuiion b’ Event flow
— ot — FBImplementationr
—L(hidden) r
- — * aspects are_not scope
Typs identifier of the starfdardization -
= | Algorithms | j— '
Data flow (hidden) Data flow
—_— - —  —)
1| Contained || __
data
Internal data
(hidden)
Data inputs I Data o

Local resource ¢3

ific aspects
The nis determined by the order of the FB call
in the source file, or £ of the task system of one resource|(see
Figu terms of IEC 61499-1 the execution order of FBs
is determined b : B heads. Because of the data connection of the
betwepen the ex S FB and the so-called scheduling functign (a
reprgsentation of ti e resource), the head of the FB is the configurable

part

. In other words, the distributed operation systems is
build

jbuted application (like main program in centralised systems)
Application specific Application specific
connections connections

Device n-1 Device n

Device n+1

Figure C.4 — Distributed application and distributed operating system
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As summarize of the usage of IEC 61499 series Table C.1 focus on the standard aspects
coming from IEC 61499-1, the type specific aspects and the application specific aspects
which will be defined from the specific application design.

Table C.1 — Aspects overview of IEC 61499-1 FBs

IEC 61499-1 Type specific aspects Application specific aspects
aspects
Head Event flow Execution control chart Connections between events
(edges) Event inputs/outputs
Bogyy Data-flow Data-irputsioutputs Connestionsbetween-data
Part of algorithms contained (data connections)
data
N

C.2.3 FB type specifications

The process FBs include:

e stpndardized data structures;

e standardized semantic meaning;

e caommon behaviours associated with standard

e standardized definitions for basicNppu s”event outputs, and cqgntrol
fulnctions.

C.2.4

For the process indust i e of FBs will be defined as the block tag. Tagp are

C.2.5% Mappir@

FBs ps used in t g i rhay interpret the characteristics defined in IEC 61499-1
as followed (se

e The exents are igger different algorithms in the FB body for example| init,
executionof th a| operation, execution of the abnormal operation (see C.2.6).

e The dataflo n the FBs is carried out by variable records composed of vaiiable
vialue and its>status, i.e. there is a difference between the use of variables in the datq flow
dr by remote non-FB devices.
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Value
Status
FB1 Input FB2 FB3
variable
Output Input Output Input Output
variable variable  variable variable1 variable
Value Value

Status Constante " Status
I varia- J—
I bles — Input
I 1 variable2
N ). 4

’ \ ' \
’ \ 1 \
i \ ' \
1 \ ' \
. ' \
'INIT ,’ ‘\

, EX ALG
| ExCExcep

e An additional set of contained datza i apped to corresponding contained
viariables to interact with maintenanee

A contained variable is a variable who level

devige, or calculated. It ca ot y not

contain status. Based on\the ade in a

consjstent fashion.

e There is a @ i achblock, which controls the information calculjation
within the othe his algorithm is known as “modes of operation’

rmal
e for

f the

procéss and automation devices during stable operation (operating point). The initialization,
the warfr or cold start as well as more advanced operations like going in a safe position are
additf f : f f FBs,
which are default linked to the associated events. These operations are known as abnormal

operation or exception handling.

The process engineer designs the normal operation in the FRD schemes, while the 1&C
engineer add the abnormal operation to come to a full FB configuration scheme (see
Annex A).

FB algorithms are structured as shown in Figure C.6.


https://iecnorm.com/api/?name=5f74907b2b193f24a504e5721462addb

Copyright © IEC, 2002 - 95—

FB Function

/ N\

normal operation abnorma‘l operation
with without Init | Warm R Exec
back-calcul. back-calcul.
\
Cold R Idle

A FB consists of the main algorithms performing the norm ioR one)
and the algorithms for the abnormal operation. The a 2y EN vlich algorithm has
to bg executed. During normal operation most of th¢ ti out.
During commissioning, maintenance or critical rmal
opergtion are carried out. An examplens sho 99-1

(see|Figure C.7).

A=0 Warm_R A= LUV

1

Init

===

Main-function
A=f(Z,Y)

Figure C.7 — IEC 61499-1 graphical representation of a process control FB (example)

Figure C.7 shows the normal and abnormal operation algorithms which are triggered by the
associated events. The combination of normal and abnormal operations is valid for AB and
EFBs. Of course, the degree of implementation of the abnormal operations depends on the
application area. Therefore, conformance classes have to be defined.
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FBs should include standardized functional definitions for initialization and restart for each
block. Behaviours should be defined for the following operating circumstances:

new device;

cold restart (extended power failure);
warm restart (short power failure);
return from device fail-safe.

Figure C.8 gives the full structure of an EFB.

Idle
Cold R

Warm_R

Init
Exec

1 [

N

Y A=z*y

& (D
SO

Z-Status

Q tatus

Status

re €8 — Full structure of an EFB (example)

C.2.% Relationship between IEC 61499-1, IEC 61804 and other standardization

activities

The purpose of a FB differs in the application. The FB classification aims to structure them in
a hierarchy. During the specification, there should be along one path of the tree an
inheritance of defined functionality. For the classification, an object-oriented approach should
be used. The classification reflects several viewpoints for example the existence of interfaces
to the application periphery (to communication, process, operation system or non), the
manipulation of either the data or the event flow or both and the functional purpose regarding
the process. Each element of the hierarchy is an entity in terms of the specification. The
properties of the entities are specified by attributes. There is a specification line from the
IEC 61499-1 type specification without special variables and attributes, multi-purpose FBs
with a certain set of attributes to specific dedicated FBs with their specialized set of variables
and attributes (see Figure C.9).
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TYPE_ENTITY_61499

TypeName_61499 Type definition based on IEC 61499
e Generic FB model

is inherited by

TYPE_ENTITY_GENERIC_ATTRIBUTES

TypeName_61499 . .
TpelD 61499 (FK) Generic attributes common to
At optona many-appticationareas
Attr_D .
Method_1 based on IEC 61804 series
Rules and minimum FB set
app
is inherited by ieldbl

TYPES_WITH_DETAILED_ATTRIBUTES Additional attributé

TypeName_1499 (FK) ‘
TypelD_1499 (FK)
Attr_x ‘

Attr_y
Attr_z

C3

C.3.1

The
spec
both

C.3.%

In a
interf
confi
agen
devig
The

General
following sm@ S

jevice model is an abstraction of the real device.

ing to
us

ment
fication. This ¢ Is of
publications
red Il as
aces to by a
guration—e ment
ts or data connegctions. The specification of the device model is an external view tp the
e implementation. The device model describes details of the overall system architegture.

The basic components of a device performing FB applications are (see Figure C.5):

e FBs composed of data and event inputs and outputs, internal data, contained data and

a

Igorithms should have the following general requirements:

FB environment

FBs are embedded in an operating environment shown as FB environment. The FB

environment performs special process control functions which are a priori avai
application portions without any programming design activities, for example tren
This FB environment functions are used by external applications independent
parallel, of the FB application.

lable
ding.
, i.e.
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AME

Many process control devices need adoption to the used hardware configuration from
the functional point of view. For instance, the available FBs in a modular device have
to be configured or the model version with or without an additional input for
measurement compensation. This causes to add or delete FBs. These functions will be
initiated by the so-called AME, i.e. addition functions in a device modifying their
application software. This standard does not define the AME. It has to be done in the
framework of IEC 61158 series.

Communication

system and network management application pra
underlying communications protocols and services
ment
ication

cess

unications
Cam icayions services and protocols used with the FB application prqgcess
should support the unique requirements for communicating events, and in particular
be designed to:
— minimize loading during quiescent periods;

—  prevent overloading during high-activity periods.

Resources

A resource is considered to be a logical subdivision within the software (and possibly
hardware) structure of a device. Resources have independent control of their
operation. The definition of a resource may be modified without affecting other
resources within a device. A resource accepts and processes data and/or events from
the process and/or communication interfaces and returns data and/or events to the
process and/or communication interfaces, as specified by the applications utilizing the
resource. An interoperable network view of applications is provided through device
resources. Each resource specifies the network visible aspects of one or more local
applications (or parts of distributed applications).
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C.3.3 Classifications of FBs

C.3.3.1 Overview

The components of the FB application architecture that may be accessed through its asso-
ciated resources are described below (see Figure C.6). They are

a) Blocks

resource blocks.
transducer blocks.
Bs;

E
b) Jlert block;

c) t
d) Vv

C.3.3

The
desc
cont
The

C.3.3

Tran
and
intert
calib
Thei

C.3.3.

The

repre
asp
and {
varia

Base
be p
oper
outp
othe

end block, and

iew blocks.

.2 Resource block

characteristics of the physical sub-component asg6c d )y be
fibed by a set of resource block contained vari ' also
in variables that are common to FBs and tran safe.
e variables are defined in the resource block.

3 Transducer block

sducer blocks insulate FBs from th ific evice’s, such as sensors, actugtors,
switches. Transducer blocks contrdl access devices through a device independent

ace defined for use by FBs. ducernb
Fation and linearizatio O-datq to
G more’i >

S S tg” from FB execution may be reflected in contained variabl
btion orgdia ic information. In addition, processing results may be reflected i
It to «axtransducer block or to one or more output variables that may be linkg
FBs.

n as
tion.

o

FBs
dent
iable

may
e for
h the
d to

C.3.3.5 View block

The FB Environment includes data structure definitions to allow access to related block pa-
rameters as a group, called view blocks. View blocks facilitate fast operator display response
when viewing FB data.

For each FB type, view blocks be defined for each of the following block parameter groupings:

e operations dynamic parameters;

e operations static parameters;

e all dynamic parameters;

e other static parameters.
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C.3.3.6 Trend block

2002

FBs should include data structure definitions to allow access to multiple time-stamped
samples of a single block parameter as a group, called trend blocks. Trend blocks eliminate
the communications and system processor overhead required for scanning parameters at a
fast rate for trending.

Trend object definitions should include the definition of standard sample types and their
associated sampling functions (for example spot sample, integrated average, minimum,

maxi

mum, etc.).

C.3.3.7 Alert block

The

funcfions to allow the controlled transfer of alarm and event infor

calle

ted destination (or destinations) within the system.

Alert

FB Environment should include data structure definitions and associ

1 alert blocks. Alert blocks predictably and efficiently route ala

sendng, and confirming alert object reports, acknowledging_ale and
custgm reason codes, and configuring alert function alert
autojacknowledge, etc.

Alerts are used by resource, transdyce 3 unicate notification messages,
whern alarms are detected. An alarm is S gaving a particular stat{and
whern it returns back to that state. The fi tate was detected is included
as a|time stamp in the alert message. / is included to indicate whether this is
an adlvisory or critical alarm.

c4

The d.
C.5

The trate
the H

C.6

Tabls

visuglize common specifications and differences of both concepts.

p C.2 summarize the sections above. The references are not formal one, they should



https://iecnorm.com/api/?name=5f74907b2b193f24a504e5721462addb

