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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FUNCTION BLOCKS (FB) FOR PROCESS CONTROL -

Part 1: Overview of system aspects

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

this end and in addition to other activities, IEC publishes International Standard
Technical Reports, Publicly Available Specifications (PAS) and Guides (he

Publication(s)”). Their preparation is entrusted to technical committees; any |
in the subject dealt with may participate in this preparatory work.

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

3) IEC Publications have the form of recommendations for-int i and aré accepted by IEC National
Publications is accurate, IEC cannot be
misinterpretation by any end user.

4) In order to promote international uniformity, 1EC Nati ¢ ittees“undertake to apply IEC Publications
transparently to the maximum extent posgible in thei ional and regional publications. Any divergence

5) IEC provides no marking proced indicate i égl and cannot be rendered responsible for any

6) All users should ensure that

7) No liability shall 4
members of its te
other damage of an
expenses arising ot

atifonal Committees for any personal injury, property damage or
her direct or indirect, or for costs (including legal fees) and
se of, or reliance upon, this IEC Publication or any other IEC

Publications.
8) Attention is dra 0 e references cited in this publication. Use of the referenced publications is
indispensabl h ation of this publication

The main task C technical committees is to prepare International Standards. In
exceptional circu ces, a technical committee may propose the publication of a technical
specification when

» the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

+ the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards. IEC 61804-1, which is a
Technical Specification, has been prepared by subcommittee 65C: Digital communications, of
IEC technical committee 65: Industrial-process measurement and control.

This standard cancels and replaces IEC/PAS 61804-1 published in 2002.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
65C/296/DTS 65C/310A/RVC

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

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

IEC 61804 consists of the following parts under the general title Functio
process control

blocks (FB) for

Part 1: Overview of system aspects
Part 2: Specification of FB concept and electronic device descripti

2007. At this date, the publication will be

« transformed into an International standard;
* reconfirmed;

e withdrawn;

+ replaced by a revised edition, or

@@
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INTRODUCTION

This Technical Specification is an end-user driven specification of the requirements of
distributed process control systems based on Function Blocks (FB). This Technical
Specification and its associated FB standard (IEC 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:

e increase security and safety;

¢ reduce time to market;

¢ be supportable with available tools;

¢ reduce costs of development and support;
¢ minimize training costs;

« support integration of distributed control applications

application compatibility, re-usabili
components;

e be made up of digital devices
interoperable and interchangeable

and their operation during al 2 cycle The accepted basic concept for the
design process ¢ i e aII necessary implementation-specific functions
with FB. A FB | afi and algorithms to provide a specific function, which
can be self-standing, F : * | systems can involve many instances of many different

FBs operating in a iding common services (for example, communications)
and interfaces to i
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Control, maintenance Configuration
monitoring, HMI*,” /71~ function
application

application
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FUNCTION BLOCKS (FB) FOR PROCESS CONTROL -

Part 1: Overview of system aspects

1 Scope

This part of IEC 61804 is a Technical Specification which provides guidelines for suppliers to
meet evolving requirements for digital process control systems through which users can be
assured of the compatibility, the interworkability, the interconnectability/ the™interoperability
and the interchangeability of the devices they choose. This pa glves the overall
requirements. For better understanding, this part gives background inf
in annexes.

This Technical Specification defines the requirements for
facilitate maintenance and technical management as_ applications which ‘interact with
actuators and measurement devices:

e control covers functions necessary to bring and Hold

. malntenance covers functions to cqu|re [

reliability of items

operating environ
before failur
detailed and>valj

equipment modjfi

A prerequisite for\desi imptemeénting and operating a FB-based process control system
is that the tls o iCe d other components follow the same architecture based on a
common i itecture is required to define the components of the systems

for exa gvice, data, data connections and more as well as relations between these

the IEC 61499 series is the specification of parameters and functions of FBs that are
implementable in devices.

The architecture and the range of FBs that have to be specified are described in 7.4 contains
a minimum set of FBs that will be required for the process industries. These are presented in
TWO different clauses. One deals with “rich” FBs covering complex but common functions
such as control loop (for example proportional, integral, differential — PID) required by the
majority of the process industries. Another covers a set of elementary FBs (EFB) such as
Boolean functions required to compose very specific and unique functionality.

FBs are used during the complete life cycle of process control systems but viewed from
different aspects. This is covered in detail in Annex A. The process design starts with the
Piping and 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 aIgontﬁns in the
uments
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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
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.

components, i.e. their functions in the system. The life
components work together during their use in different phasg
operation visible.

USER RE[QU

IR
METHODOLOGY
User Layer f
rocess control
ISA SP50 User Laye ISO TC184, SC4
ACORN

e application with FB independent of the technology supported

)

Top-down

<

Bottom-up

( 1EC 61804

Provide the knowledge to implement the application

FB SPECIFICATION IEC 61158 series and
ISA SP50 User Layer TR IEC 61784 series

Fieldbus Foundation
PROFIBUS FIELDBUS SPECIFICATION

NOAH

IEC 61131 series

APPLICATION DESCRIPTION

Basic models

Figure 2 — Influences on IEC 61804
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The influences are international standards and projects (PROFIBUS and Fieldbus
Foundation?), 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 part 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.

2 Normative references

document.
est edition

The following referenced documents are indispensable for the applice
For dated references, only the edition cited applies. For undated refe

IEC 61804-2, Function bloct g
Electronic Devic Scription bahguage

EN 50170:1996, Gen

3.11

interface

shared boundary between two functional units, defined by functional characteristics, signal
characteristics, or other characteristics as appropriate

[IEC 60050-351:1998, 11-19]

1 PROFIBUS is the registered trade mark of PROFIBUS International (PIl). Pl is a non-profit trade organization to
support the fieldbus PROFIBUS. This information is given for the convenience of users of this Technical
Specification and does not constitute an endorsement by CENELEC of the trademark holder or of any of its
products. Compliance to this profile does not require use of the trade name PROFIBUS. Use of the trade name
PROFIBUS requires permission of the trade-name holder.

Foundation Fieldbus is the trade name of the consortium Fieldbus Foundation. This information is given for the
convenience of users of this Technical Specification and does not constitute an endorsement by CENELEC of the
product named. Equivalent products may be used if they can be shown to lead to the same results.

2 To be published. Documents
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3.1.2

system

set of interrelated elements considered in a defined context as a whole and separated from its
environment

[IEC 60050-351:1998, 11-01]
NOTE 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 system considered.

3.1.3
data type
set of values together with a set of permitted operations

[ISO 2382 series]

3.1.4
data connection
association between two function blocks for the conveyancg’o

[IEC/PAS 61499-1:2000, 1.3.2.22]

3.1.5
data
representation of facts, concepts
communication, interpretation or proces

dlized manner suitable for
by automatic means

[ISO modified3]

3.1.6
functional unit

entity of hardware or s able of accomplishing a specified purpose

[ISO 2382 series

3.1.7
hardware
physical eqg
documentation

as posed to programs, procedures, rules and associated

[ISO modifie

3.1.8
mapping
set of values having defined correspondence with the quantities or values of another set

[ISO 2382 series]

3.1.9

parameter

variable that is given a constant value for a specified application and that may denote the
application

[ISO 2382 series]

3 The notation [ISO modified] following a definition indicates that the definition is taken from the “ISO/AFNOR
Dictionary of Computer Science” and has been modified. Documents
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3.1.10
algorithm
finite set of well-defined rules for the solution of a problem in a finite number of operations

[IEC/PAS 61499-1:2000, 1.3.2.5]

3.1.11

application

software functional unit that is specific to the solution of a problem in industrial-process
measurement and control

[IEC/PAS 61499-1:2000, 1.3.2.6]

NOTE An application may be distributed among resources, and may communicate with o plications.

3.1.12
application block
design pattern which is used in an FRD to represent one or multj

3.1.13

attribute
property or characteristic of an entity, for instance
specification

[IEC/PAS 61499-1:2000, 1.3.2.7]

non-unique attribute names.

3.1.14

step in system design
interconnections
[IEC/PAS 61499-/’!\;
3.1.15
device

3.1.16
device management application
application whose primary function is the management of a multiple resources within a device

[IEC/PAS 61499-1:2000, 1.3.2.27]

3.1.17
elementary FB
FB or function which provide logico-mathematical functionality with exception handling

NOTE There can be a difference between an EFB used in the FRD and the FB in the operating application

3.1.18
entity
particular thing, such as a person, place, process, object, concept, association, or event

[IEC/PAS 61499-1:2000, 1.3.2.28]
Documents
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3.1.19
event
instantaneous occurrence that is significant to scheduling the execution of an algorithm

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

NOTE The execution of an algorithm may make use of variables associated with an event.

3.1.20
exception
event that causes suspension of normal execution

[IEC/PAS 61499-1:2000, 1.3.2.35]

3.1.21
execution
process of carrying out a sequence of operations specified by an alg

NOTE The sequence of operations to be executed may vary from one invacation.of\ a funct ock instance to
another, depending on the rules specified by the FB algorithm and the current value jab n the FB data
structure.

[IEC/PAS 61499-1:2000, 1.3.2.36]

3.1.22
function
specific purpose of an entity or its cha

acteri

[IEC/PAS 61499-1:2000, 1.3.2.42]

3.1.23
FB (FB instance)

NOTE Typical ope
132000

[IEC/PAS 61499-

3.1.24
implementatjon
development

[1ISO mod

3.1.25
input variable
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]

3.1.26
instance
functional unit comprising an individual, named entity with the attributes of a defined type

[IEC/PAS 61499-1:2000, 1.3.2.49]
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3.1.27
instance name
identifier associated with and designating an instance

[IEC/PAS 61499-1:2000, 1.3.2.50]

3.1.28
instantiation
creation of an instance of a specified type

[IEC/PAS 61499-1:2000, 1.3.2.51]

3.1.29

internal operations (of a FB)
operations associated with an algorithm of a FB, with its execut|
functional capabilities of the associated resource

Q or with the

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

3.1.30

internal variable
variable whose value is used or modified by one /0
supplied by a data input or to a data output.

of a FB but is not

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

3.1.31
invocation

process of initiating the execution of th ations specified in an algorithm

[IEC 61131-3, modified]

3.1.32
management F
FB whose primar

[IEC/PAS 61499

resourcewhose\pririary fulction is the management of other resources

[IEC/PAS 61499-1:2000, 1.3.2.57]

3.1.34
model
representation of a real world process, device, or concept

[IEC/PAS 61499-1:2000, 1.3.2.58]

3.1.35

operation

well-defined action that, when applied to any permissible combination of known entities,
produces a new entity

Documents
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3.1.36

output variable

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]

3.1.37

resource

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 corres g.to the resource
defined above.

NOTE 2 A device contains one or more resources.

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

3.1.38
resource management application
application whose primary function is the management

[IEC/PAS 61499-1:2000, 1.3.2.66]

3.1.39

scheduling function
function which selects algorithms or operatio
such execution

ecution, and initiates and terminates

[IEC/PAS 61499-1:2000, 1 0

3.1.40

service

functional capabilityof.a e arf be modeled by a sequence of service primitives

[ISO/IEC 7498-1, r

3.1.41

software

intellect prising the programs, procedures, rules and any associated
documentation pertaining to the operation of a system

[ISO modified?]

3.1.42

transaction

unit of service in which a request and possibly data are conveyed from a requester to a
responder, and in which a response and possibly data may also be conveyed from the
responder back to the requester

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

3.1.43
type
software element which specifies the common attributes shared by all instances of the type

[IEC/PAS 61499-1:2000, 1.3.2.80]
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3.1.44
type name
identifier associated with and designating a type

[IEC/PAS 61499-1:2000, 1.3.2.81]

3.1.45

variable

software entity that may take different values, one at a time
NOTE 1 The values of a variable are usually restricted to a certain data type.

NOTE 2 Variables may be classified as input variables, output variables, and internal variables.

[ISO modified]

3.2 Definitions based on IA/IM-channel

3.21
actuation (measurement) channel
sum of all the items necessary to perform each actuatio

actuator (sensor, transmitter), the network, and
computers

them.

3.2.2
system (or channel or device) status
actual health (or condition) ef the relat channel or device). In other words it
is defined at the severaKlev ste ibution: the system as a whole, each IA/IM-

NOTE A detailed explanat
3.2.3

validity index (VI)

ith the actual result of a measurement, which characterizes the
that could reasonably be attributed to the measured

parameter associated
dispersion of the>value

NOTE 1 The word "uncertainty" means "doubt", and thus, in its broadest sense, "uncertainty of measurement"
means the extent of doubt about the exactness or accuracy of the result of a measurement.
NOTE 2 The uncertainty may be, for example, a standard deviation or the width of a confidence interval.

NOTE 3 The uncertainty can be expressed with data which can be treated mathematically, so that the uncertainty
of an indirect measurement can be calculated if the uncertainty of the several component direct measurements are
known.

3.2.5

profile

set of one or more base standards and/or ISPs, and, where applicable, the identification of
chosen classes, conforming subsets, options and parameters of those base standards, or
ISPs necessary to accomplish a particular function

[ISO/IEC 10000-1]
NOTE ISPs may contain normative references to specifications other than International Standards.
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3.3 Abbreviated terms

AB Application Block

AME Application Management Entity

CHD Control Hierarchy Diagram

CMM Control, Maintenance and Technical Management
DCS Distributed Control System

DFBAP Distributed FB Application Process
EFB Elementary FB

FB Function Block

FRD Functional Requirement Diagram

HMI Human Machine Interface

1&C Instrumentation and Control
IA/IM-channel Intelligent Actuation/Intelligent Measure
ISP International Standard Profile

MCC Motor Control Centre

MIB Management Information Bas

MGT Management
PFD Process Flow Diagram
PID

PRIAM
P&ID
SCADA
SM
ST
VI

This clause expects from the reader certain knowledge of engineering of a distributed FB
system. See Annex A for 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) To identify a FB as part of a particular functional requirement diagram (FRD) or a certain
application blocks (AB) in a distributed field device system, a FB is required to be able to
carry an identification of a particular FRD block.

NOTE This is required to be a parameter and may be called STRATEGY. On the basis of this parameter an
engineering system may be able to identify the distributed FBs which are combined in a FRD as one FB for
reverse engineering purposes.

b) To identify a FB type a type name is required. This type name is required to be unique
within a library but can have multiple instances. An engineering tool may navigate by this

information to an online help file. ocuments
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c) To identify a device that hosts one or more FBs a device type identifier is required that
allows a link of a device description type to this device type. This device type identifier is
required to be based on a profile and not on a vendor-specific type to support
interchangeability during design phase.

d) Graphical representation of a device type is required to be referenced within device
description as an option. That icon is not used for FB chart nor for P&ID, it is only usable
within a topological view of field devices. There is no requirement of this representation
within this standard.

e) To identify the elements of control hierarchy diagram (CHD), which are comparable with
IEC 61512-1 BATCH processes, some parameters are required that are defined according
to this batch standard.

Example:

FBs carry these parameters. There is no algorithm necessary withi e EFBs do
not carry these parameters.

1. Batch ID (BATCH_ID)
2. No. of recipe unit procedure or of unit

3. No. of recipe operation
4. No. of recipe phase

f) FB invocation is required to be supported by app
manner.

g) There is no requirement for field dgvices 3
h) EFBs are required to be defined and\gat

version controknlink.to onlineshelpiand
oftheEFBiir acified |
text (ST), laddep diagra

programmed i dnd may lead to an additional parameter, for instance,
exception handling

i) For huma , it is necessary to select the dynamic parameter of an EFB,
which huilds the base to visualize the process, to allow operation by changing
ap tore data. For this selection, there is no syntax defined in the
IEC 6 As an addition to IEC 61131 for process control, attributes within the

j) 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
the IEC 61131 series. As an addition to IEC 61131 for process control, attributes within
the comment field of definitions within ST are defined.

5 Compatibility levels

5.1 General
There are certain levels of compatibility and according levels of cooperation between FB-

based devices. The levels are dependent on well-defined communication and application
features. See Figure 3 and Table 1.
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Levels of
compatibility

“Interchangeable”

"Interoperable”

“Interworkable"

“Interconnectable"

“Coexistent"

“Incompatible”

Dynamic performance

Application functionality Application

Parametersemantics

Data types
Data access

Communication interface

Communication protocol

Feature

—

Communication profile & ~—
Communication pretocal [\This feature.is d inédﬁy{éll protocols of layer 1 to 7 of the OSI reference model, i.e.
rom the physical di access to the application layer protocol

Communication interfate is i }f{pe/d by the communication service definition of application layer
@ including.the services and the service parameters. Additional mapping mechanisms

Application profile [\

Data ty{x\ Th? feature is defined by the data type of the block data input, data output or
ameter)

Parameter semeﬁfws\> This feature is defined by the characteristic features of the data (for example, this can
be data name, data descriptions, the data range,the substitute value of the data, the
default value, persistence of the data after power loss and deployment)

Application functionality This feature is defined by specifying the dependencies and consistency rules between
the variables inside the blocks. This is done in the data description part or in a sepa-
rate behaviour section

Dynamic performance This feature is defined by time constraints which influence the data or the general
device behaviour. For example, the update rate of a process value can influence block
algorithms

Regarding these functional features, the following compatibility level names are used for the
classification of devices. The IEC 61804 standard for distributed FB applications provides for,
but does not require, coexistence, interconnectability, interworkability, interoperability and
interchangeability between devices using FBs from different manufacturers. This allows the
user to choose a device as part of a new system, or as a replacement, and to understand the
consequences of that choice.
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5.2 Incompatibility

Inability of two or more devices to work together in the same distributed application.

NOTE Incompatibility can result from differences in application functionality, data semantic, data types,
communications interface, or even communications protocols used by the affected devices. Incompatible devices
may even interfere with, or prevent, each other's proper communication or functioning (possibly even
destructively), if placed in the same distributed application network.

5.3 Coexistence

Ability of two or more devices, regardless of manufacturer, to operate independently of one
another in the same communications network, or to operate together using some or all of the
same communications protocols, without interfering with the functioning ,of other devices on
the network.

NOTE It is not necessary to have an agreement regarding the communication se . icati and system-
specific programming in one or both devices is generally required in order for coe e
in the same distributed application

5.4 Interconnectability

NOTE The devices allow data exchange witho f a A data type conversion may be
necessary. Unique application-specific praodra ing ) i is generally required for

Ability of two or more devices, rg cturer, to support the transfer of device
2 types of the data inputs, data outputs and

parameters.

NOTE If a device ig'rep i imj f a different manufacture, it can be necessary to reprogram the
application. The dis i O S igned to accommodate the unique functionality and dynamic
responses of the interwor

Ability of fwo\or mo fegardless of manufacturer, to work together in one or more
distributegd icati he data input, data output, parameters, their semantics and the
applicatio tionality of each device is so defined that, should any device be

replaced with™e
replaced device
dynamic responses.

NOTE Interoperability is achieved when both a field device and a system support the same combination of
mandatory and optional parts of the same standard. Manufacturer-specific extensions in field devices or systems
from different manufacturers may prevent interoperability.

5.7 Interchangeability

Ability of two or more devices, regardless of manufacturer, to work in one or more distributed
applications using the same communications protocol and interface, with the data and
functionality of each device so defined that, if any device is replaced with another of the
interchangeable devices, any distributed applications involving the replaced device will continue
to operate as before the replacement, including identical dynamic responses of the distributed
applications.
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6 Functional requirements

6.1 General

The functional requirements, which are expressed in the following subclauses, are defined at
an abstraction level suitable to be well understood by both end-users and vendors.

This abstraction level differs from the FB abstraction level, which is directly used by vendors
and system integrators.

The correspondence between the functional requirements defined in this part and the FB
concept defined in IEC 61804-2 is not necessarily one-to-one. It may be one-to-one, one-to-
many or many-to-one.

Annex B is required to be read for a more complete understanding
requirements.

channel (valve, actuator, positioner, etc.).

6.2 System (or channel or device) status

In principle, there are three main value
qualified item:

a) validated capability;
b) acceptable degradation(s)
c) out of service (una

9
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PERFORMANCE DIAGNOSTICS=|
PREDEFINED SET OF TESTS

FAILURE NO FAILURE
DETECTED DETECTED
NOT ACCEPTABLE ACCEPTABLE
FAILURE FAILURE
(CRITICAL FAILURE) (MAJOR FAILURE)
INACCEPTABLE ACCEPTABLE QNO EREORMANCE

PERFORMANCE PERFORMANCE D

DEGRADATION DEGRADATION \DETECTED
DETECTED DETEC}EQ\ /\< G

STATUS= STATUSS STATUS=
OUT OF SERVICE ACCEPTABLE VALIDATED

PERFORMAN CAPABILITY
(EIEW ION

The degradation i number of) performance degradations which are
considered acce ser of/the system (or device) according to his specific needs
and the supporti )

status a Yy etailed statuses, each one as required for each task of the several
operators.

a) Synthesized status

The synthesized status expresses the actual degree of capability of the item (device or
system or channel) to perform the required functions. This information is intended to
support immediate actions specified by the users for the control, maintenance and
technical management of the systems.

b) Detailed status

The detailed status information makes explicit the detailed diagnostic information needed
for the maintenance and technical management of the system (or device). In the user
vision at least three needs are required to be covered, as follows:

1) detailed information to document the behaviour of each replaceable component as
needed to guide the intervention on the component;

2) 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);
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3) as 1) and 2), but here the details are those needed to properly judge the behaviour of
each component for technical management purpose.

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 and uncertainty criteria (see ISO Guide to the expression of uncertainty in
measurement),

b) timeliness criteria,

c) good/bad criteria,

In practical implementations, the criteria used to generate the VI have €0 be éxyplicitly stated.

The VI is generated in real time taking into account the results of thexactual djagnostic and
validation of the whole channel that has produced the infarmation. Therefore the VI explicitly
makes the user of the information aware of the actual si i isti

6.4 Signal processing

a)
b) Sensor ranging.
c) A/D converter control.

d) Data quality determinatio
due to the r

Influencing quant

This processes information provided by the measurement signal processing.

The main purpose of the information processing component is to provide the higher levels of
the measurement channel with the processed measurement closely associated with its VI.
The complete semantics of the measurement and validation information delivered by the
measurement device is required to be known. (All the functional units that have taken part in
its elaboration are required to be known.)

Validation is an essential part of the measurement processing and determines the degree 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.
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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.

6.5.2 Fault-tolerant behaviour processing

Fault identification and confining. Information contribution to the cessing of the
corresponding measurement VI.

6.5.3 VI processing

a) Measurement validation

data and VI.

It may include treatment of time redundancy ba
successive samplings of the same quantity
defined for the application.

b) Uncertainty processing

Uncertainty of measure 3, many components. Some of these
components may be i | distribution of the results of series of
measurements and ed by experimental standard deviations. The other
components, which a : erized by standard deviations, are evaluated from
assumed probabilit istributions b 1 on experience or other information. It is
understood casdrement is the best estimate of the value of the
measurand, anhd” th p including those arising from
systematic effécts uch™\as components associated with corrections and reference

b) Linearizatio
c) Influencing quantity compensation (software)

d) Filtering

e) Dumping

f) Engineering units conversion

g) Limit thresholds (regarding process alarm application) and all relevant data treatment
h) Transformed measurement processing

i) Measurement time stamping

j) Measurement safe values (generally by replicating the last valid value for an assigned
number of samplings)

k) Measurement trend processing

NOTE There may exist additional functions.
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6.6 Device diagnostics and test support
6.6.1 General

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

6.6.2 Device diagnostics
a) Power-on self-tests

b) Run-time self-tests

6.6.3 Maintenance-related processing signals and counts all events
device degradation analysis

eful to perform

b) the number of abnormal events (suc

c) the number of electrical shocks of

NOTE There may exist additiona

e intrusive tests: i of\these tests interferes with the normal operation of the
device/channe 9 i juires that the attachment with the process is switched
off);

sted tests, the necessary authorization is needed, and the
device/channel ha be put in the appropriate operating mode.

The required functionalities are

a) intrusive device tests execution:
1) support for calibration procedures (both for primary and transformed measurements)

The aim of this function is to give the maximum help to the maintenance operator
responsible for device calibration. As he will perform calibrations on many different
devices of many different manufacturers the help he needs is achieved through

— use of standard terminology where already available,
— application of a standard procedure when applicable,

— direct availability of calibration reports and results in electronic form in order to be
transferred to the maintenance system through the network or electronic support.

2) measurement processing tests against reference inputs;
3) process attachment intrusive diagnostics tests; Documents
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b) non-intrusive device tests execution:
1) process attachment non-intrusive diagnostics tests;

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

2) 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.

6.7 Local interfaces attachment
Availability of a local access, through a suitable terminal, to

a) access rights management function (see 6.8.10),
b) pre-defined list of information,

c) pre-defined command inputs,
d) required local access to support field operator-in

6.8 Device (and system and channel)
6.8.1 General

The following functions are
management functions ¢
contribution of the devi

The above informatioh is expected to be written in the device in the relevant phases of the life
cycle by the vendor operator and the commissioning operator using the following functionality:

a) vendor-related device information modification;
b) user-related device information modification.

6.8.3 Configuration function (and help for system configuration)

When the transmitter is programmable, the software for the specific functions in the
processing and acquisition parts of the transmitter has to be downloaded from the
configuration system. For instance, if a DP transmitter is used as a level or flow transmitter a
download of the specific software is needed. Of course, this logical action may have several
practical implementations (for example, EPROM replacement, selection of pre-installed
functions, etc.).
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Configuration will include all the software components needed for supporting the different
tasks assigned to the transmitter such as measurement, diagnostics, test routines, etc.
A specific 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 device life cycle the different users will take advantage of the following functionality:

a) vendor configuration modification;

b) user configuration modification (selection of needed functions between the available
ones);

c) configuration retrieval,
d) read available functions;
e) read vendor configuration revision;

f) read user configuration revision;

g) read selected (active) functions.

6.8.4 Parameterization function

during configuration; parameters are
and their integrity is required to be co

Device parameter:
— intrusive parameté

According the d parameter modification request, the necessary authorization is
F nnel has to be put in the appropriate operating mode.

a) intrusive device parameterization modification (single parameter/for defined groups of
parameters),

b) non-intrusive related device parameterization modification (single parameter/for defined
groups of parameters),

c) device parameterization retrieval.

6.8.5 Measurement management function

This function is part of the device management. Its relationship with the system management
is clarified hereafter.

This function produces proper execution events as needed for each kind of measurement
execution timing. The needed synchronization among the several device managers is
produced by the system manager, by means of suitable network mechanisms.
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It produces the following services according to the needs.

a) Execution event for cyclic asynchronous measurements (i.e. not synchronized with a
system time reference)

This 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

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

This 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

d) Execution event for measurements on demand

The measurement is acquired following a
measurement. The measurement wi
issued by the user of the measur

e) Execution events for detection of log
f) Event notification of value modification

6.8.6

The system time man

each device. Q

a) absolute time, with the requested time accuracy (typically 1 ms),

b) relative time, with the requested time accuracy (typically at least 1 ms),

c) time synchronization command, sent by the master clock at a defined rate as needed to
guarantee the requested time accuracy.

6.8.7 Timeliness verification support

This function checks that data transmitted, or received, via the communication interface are
always within the specified timeliness.

This processing contributes to the processing of the data validation.
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6.8.8 Device failure management
The device failure management is aimed at supporting proper management of device failures.

a) Detection of failures

It takes into proper account all the detailed diagnostic information made available by the
device diagnostics and test support. It uses this information to carry out activities of failure
detection and to generate the device statuses (device detailed status and device
synthesized status) as needed for specified internal actions and to be treated by 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)

from causing system failures) following requests received
management or to be automatically activated inside the device.

process.

6.8.9 Operation management function (extended for access s management)

This is a system management function aimed a e transitions among the several
operating modes. In particular, it mana r procedures between the
different human or automatic operators. Th C edures of intervention in the
field devices in order to realize inter S e agreed among the human

organizations. Of course, the device
management to achieve the result.

equired to cooperate with the system

All the paper procedur order to achieve this function may now be
simplified because of the.new~communication~-means between the devices and the intelligence
embedded in the gj\:vi es themselve

It is required that’fo ch : action between the operators and the distributed
system the device ) blés the needed device functions and disables all the

others. A managé e_has’to be established in order to give the different operators
the qualifications t

supported by the ys m management are

a) control remote auto (associated operator: control device),

b) control remote manual (associated operator: control remote operator),

c) control local (manual) (associated operator: control local operator),

d) maintenance remote (associated operator: maintenance remote operator),

e) maintenance local (associated operator: maintenance local operator),

f) commissioning remote (associated operator: commissioning remote operator),
g) commissioning local (associated operator: commissioning local operator),

h) parameterization (associated operator: parameterization operator),

i) self (associated operator: none; the device has lost the fieldbus connection).

NOTE There may exist additional operating modes.
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6.8.10 Access rights management function

The access right management function is the qualification check on every access to normal
device functions.

In each operating mode the devices themselves qualify which operators are allowed to
perform on 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, parameterization 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 requi
level.

7 FB application requirements

7.1 System overview

nonitoring, HMI, commissioning
ions of the application software and

devices, including their relationships, have
B-based devices. The device and system

AME

AME Application
management

entit
y
A

FB environment

MIB  Management

information
, base
MGT Management
/ HMI  human
machine
Commupication lertace
FB Function
block
//
\
Control, maintenance, Configuration
monitoring, HMI, ... functionality
Figure 5 — Components of a FB device Documents
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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 the FBs (see Figure 6) .

— FBs are composed of data and event inputs and outputs, internal data, contained data and
algorithms. They have the following general requirements.

NOTE The term FB is used as a synonym for blocks in general (function, device and technology blocks) as well
as for FB in particular.

Further description is given in 7.3.

a) FB environment

FBs are embedded in an operating environment shown

trending.
b) Application management entity (AME
dware configuration from the

functional point of view. For instance; the ava in a modular device have to be
configured or the model version i an additional input for measurement
compensation. This causes the addi of FBs. These functions will be

initiated by the so-called \e. & [ unctions in a device modifying their

application software. E 1 i es not define the AME. This shall be done
within the framewp series. Annex F describes the management
requirements .

NOTE The AM d network management functionality

c¢) Communication

mamtenan i and the interaction between FB environment/AME and
i to be supported by the communication services and
protocols. framework, the communication system is within the scope of
IEC 61158 ie C 61784. The specification of the FBs and the FB environment is
independent ommunication system. A mapping sublayer between the FB
environmentand communication system will adapt the application and the communication.

Parameters, blocks, objects, and functions in the FB application process and the system
and network management application process (i.e. AME) are required to map efficiently to
the underlying communications protocols and services. Communications services and
protocols used with the FB application process 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.

Three different types of communication requirements are required to be considered:
1) Time-critical communications

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.
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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.

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

commumcatlon interfaces and
communication interfaces,

parts of distributed applications).

7.2 Overview of basic FB types

7.2.1 General

The basic FB types that ir associated resources are listed below

(see Figure 6). They a
e resource blo@
e technology bloek;

« FB;

e view block;

« trend bloc

* alert™block
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Process I/0O Resource hardware
[ | [ |
| Resource
Technology Resource
block block
Function -
block
T .| Function
"] block
] Alert
View block
block
Trend block|—| (

N\

AN
Communications interface & \]U

N\
To/from remote
<\f} O

plication for the process industry

7.2.2 Resource block

The characteristics o nt associated with a resource may be
described by a sef of included in a resource block. The resource block
may also contai@' C on’ to FBs and technology blocks for example set
fail-safe. These v c i

and resource block.a

7.2.3

Technology S_i - 3§ from the specifics of 1/O devices, such as sensors, actuators,
and switehes: blocks control access to I/O devices through a device independent
interface defined by FBs. Technology blocks also perform functions, such as
calibration and-li ization, on 1/O data to convert them to a device-independent

representation. Thei
I/O channels.

interface to FBs is defined as one or more implementation independent

7.2.4 FB (function block)

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 I1/0 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 can be reflected in parameters which are included
in the function block 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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7.2.5 View block

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

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

a) operations dynamic parameters;
b) operations static parameters;
c) all dynamic parameters;

d) other static parameters.

7.2.6 Trend block

access to a
rend blocks

FBs are required to include data structure definitions, called tre
sequential set of time-stamped samples of a single block para

maximum, etc.).

7.2.7 Alert block

alarm.

The FB environr@'

¢ the definition of standard exchange protocols for initiating,
ert block reports, acknowledging alerts, interpreting standard and

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

7.3 FB requirements
7.3.1 FB type specifications
The process FBs are required to include

a) standardized data structures,

b) standardized semantic meaning,

c) common behaviours associated with standardized data,

d) standardized 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.

7.3.3 FB functional requirements

FB functional requirements valid for both discrete and continuous control are

a) the instances name of FBs will be defined as the block tag. Tags are(unambiguous within

application,
have status;

e) FB functional specifications are requr in e defined standard fail-safe actions on
detection of bad input, output, or (transfer value a FB application process resource

f) FB functional specificati : d toinclude defined standard setpoint and output
tracking beh ur. ecifications are required to include defined standard
bias and rati -poi pi aviodr;

along wit A enable and disable each simulation parameter. The FB

specificafions i to include defined standard behaviour for the simulate
parameters { imulate enable/disable parameters. The defined standard
enable/disable \behaviours are required to accommodate a mandatory simulation disable

h) FBs are require
measurement (P

d to include parameters and standardized functional definitions for process
) and deviation (DV) alarms;

i) FBs are required to have mode, which controls the FB internal flow of information from
inputs to outputs and the variations of the algorithms of a FB;

j) FBs are required to include standardized functional definitions for initialization and restart
for each block. Behaviour is required to be defined for the following operating
circumstances:

1) new device;

2) cold restart (extended power failure);
3) warm restart (short power failure);

4) return from device fail-safe.
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7.4
7.4.1

Initial sets of FBs derived from I&C

— 37 -

Minimum set of FBs derived from ABs (rich FBs)

The following examples give the minimum set of FBs for process automation (see Table 2)
required to ensure integrity of these lower level controls and to ensure that a large section of
the experience embodied in the last 10 years of fieldbus standardization effort is not wasted.
Of course, the minimum set allows extensions.

Table 2 — Example of initial FB set

FB name

Description

Why included in the minimum list

Loop control
(Proportional
Integral
Derivative —
PID)

PID with configuration for proportional
on error, proportional on measurement
change, velocity and position outputs

Interactive and non-interactive algo-

rithms include simple set-point ramp

option including ratio bias on the set-
point input

Include error squared and non-linear
option

To ensure all PIDs operate jh the~same way given
the same configuration and|tuning parameters. This

tuning sets. Will pro
methods

Selector for
control outputs

Multi-input high/low selector, with
initialization and status passing

To allow co omqverride and constraint control
[ pliy?tatio with securé initialization and rest
ind-up

prﬂenti

Selector for

i
Highest, lowest, average

and middle of
three measurement selecto

rtw ou@t eg’voting and extra security on

measurements nreliable measurements (for example, analytical)
Splitter For split range controls Support of k calculation for initialization and
acking for bump-less transfer, wind-up prevention

Analogue input

Scaling linearjzation quality hec&%

re that scaling and conversion work is kept
minimum and performed in the same way. To
w all manipulations in a control scheme to be
done in floating-point engineering units in all
implementations

to

Analogue output

To ensure that common nomenclature, fail-safe
operation, constraint controls and output checks are
performed in the same standard way in all imple-
mentations

Output fan-out

of\cont IIeth_gu(s with auto

wit

To ensure that common nomenclature, fail-safe
operation, constraint controls and output checks are
performed in the same standard way in all imple-
mentations

Discrete
variable/pulse
input

AN
anltiple status inputs

To ensure common nomenclature, fail-safe
operation, checks, counts are performed in the same
way in all implementations

Discrete
variable output

Single’and multiple digital control
outputs

To ensure common nomenclature, fail safe
operation, checks, counts are performed in the same
way in all implementations

Lead lag First order lag and lead function To allow common feed-forward and constraint
control implementation with secure initialization
Dead time Table driven dead time To allow common predictor, feed-forward and

constraint control implementation with secure
initialization

Control/incre-
mental summer

To sum outputs from incremental
algorithms or to combine controller
outputs

To allow common feed-forward and constraint
control implementation with secure initialization

Control ratio

Ratio outputs of controller with
initialization

To allow common feed-forward and constraint
control implementation with secure initialization

Input switch

To switch inputs on event

To allow common predictor, feed-forward and
constraint control implementation with secure
initialization
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