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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 standardization comprising 
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, the IEC publishes International Standards. Their preparation is 
entrusted to technical committees; any IEC National Committee interested in the subject dealt with may 
participate in this preparatory work. International, governmental and non-governmental organizations liaising 
with the IEC also participate in this preparation. The IEC collaborates closely with the International 
Organization for Standardization (ISO) in accordance with conditions determined by agreement between the 
two organizations. 

2) The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an 
international consensus of opinion on the relevant subjects since each technical committee has representation 
from all interested National Committees. 

3) The documents produced have the form of recommendations for international use and are published in the form 
of standards, technical specifications, technical reports or guides and they are accepted by the National 
Committees in that sense. 

4) In order to promote international unification, IEC National Committees undertake to apply IEC International 
Standards transparently to the maximum extent possible in their national and regional standards. Any 
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly 
indicated in the latter. 

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any 
equipment declared to be in conformity with one of its standards. 

6) Attention is drawn to the possibility that some of the elements of this PAS may be the subject of patent rights. 
The IEC shall not be held responsible for identifying any or all such patent rights. 

This PAS Pre-Standard has been published using a rapid procedure as a result of technical 
consensus at the level of experts working on the subject within the IEC. The normal IEC 
procedure for the preparation of an International Standard is pursued in parallel and this Pre-
Standard will be withdrawn upon publication of the corresponding International Standard.  

IEC/PAS 61804-1 has been prepared by subcommittee 65C: Digital communications, of IEC 
technical committee 65: Industrial-process measurement and control. 

The text of this PAS is based on the 
following document: 

This PAS was approved for 
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; 
• reduce time to market; 
• be supportable with available tools; 
• reduce costs of development and support; 
• minimize training costs; 
• support integration of distributed control applications 
• support integrated methodology for implementation; 
• have increased maintainability, modifiability, agility, upgradability, flexibility, ability to 

validate, accessibility, availability, compatibility of support tools, multi-vendor 
device/application compatibility, re-usability of knowledge and designs, re-usability of 
software components; 

• be made up of digital devices that are compatible, interworkable, interconnectable 
interoperable and interchangeable with each other. 

 
Process control systems are required to fulfil these requirements in terms of their architecture 
and their operation during all the phases of the life cycle. The accepted basic concept for the 
design process control system is to describe all necessary implementation-specific functions 
with FB. A FB is an encapsulation of data and algorithms to provide a specific function, which 
can be self-standing. Process control systems can involve many instances of many different 
FBs operating in an environment providing common services (for example communications) 
and interfaces to other applications. See Figure 1. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C PAS 61

80
4-1

:20
02

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


Copyright  IEC, 2002 – 7 – 

Configuration
function

application

Control, maintenance
monitoring, HMI*,

application

Different
interaction
typesD2D1 Dn

D1      Devices, part of
... a distributed

automation
system* Human Machine Interface Dn

 

Figure 1– Interactions of applications 
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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 
assured of compatibility, interworkability, interconnectability, interoperability and interchange-
ability of the devices they choose. This part gives the overall requirements. For better 
understanding, this part gives background information and examples in annexes. 

This document defines the requirements for FBs to provide control, and to facilitate 
maintenance and technical management as applications, which interact with actuators and 
measurement devices:  

• control covers functions necessary to bring and hold the process at the desired behaviour; 

• maintenance covers functions to acquire information about the state of the process 
equipment and the state of automation devices including their adjustments for example 
calibrate a sensor that has drifted; 

• technical management deals with information for the optimization of the process. 

A prerequisite for designing, implementing and operating a FB-based process control system 
is that the tools, the devices and other components follow the same architecture based on a 
common specification. The architecture is required to define the components of the systems, 
for example FB, device, data, data connections and more as well as relations between these 
components. The IEC 61499 series generic FB model on which this general requirement pre-
standard is related is able to provide these basic components for FBs for process control. One 
add-on to 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 clause 6. 
Subclause 6.4 contains a minimum set of FBs that will be required for the process industries. 
These are presented in 2 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 & 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 support on 
IEC 61804 from the top-down and bottom-up point of view. 

 

Bottom-up
IEC 61804

USER REQUIREMENTS
METHODOLOGY

Top-down

(implicit)

PRIAM
User Layer for
 process control

Specify the application with FB independent of the technology supported

Provide the knowledge to implement the application

ISA SP50 User Layer TR
Fieldbus Foundation
PROFIBUS

FB Specification

Application description

IEC 61131 series

Fieldbus specification

IEC 61158 and
IEC 61784

ISO TC184, SC4

IEC 61499 series
generic FB model

Basic models

ISA SP50 User Layer TR

NOAH

ACORN

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 

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/PAS 61499-1:2000, FBs for industrial-process measurement and control systems – 
Part 1: Architecture  

IEC 61512-1:1997, Batch control – Part 1:Model and terminology  

IEC 61784:2001, Digital data communication for measurement and control – Fieldbus for use 
in industrial control systems – Profile sets for continuos and discrete manufacturing 

ISO/IEC 7498-1:1994, Information technology – Open System Interconnection – Basic 
Reference – Basic Model 

ISO/IEC/TR 10000-1:1998, Information technology – Framework and taxonomy of 
International Standardized Profiles – Part 1: General principles and documentation framework 

EN 50170 series:1995, General Purpose Fieldbus Communication System 

3 Terms and definitions 

3.1 Definitions 

For the purpose of this part of IEC 61804, the following definitions apply. 

3.1.1 Interface 
A shared boundary between two functional units, defined by functional characteristics, signal 
characteristics, or other characteristics as appropriate.  
[60050-351:1998, 11-19] 

3.1.2 System 
A 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 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 1]. 

3.1.6 Functional unit 
An entity of hardware or software, or both, capable of accomplishing a specified purpose.  
[ISO 2382 series] 

3.1.7 Hardware 
Physical equipment, as opposed to programs, procedures, rules and associated documentation. 
[ISO/AFNOR Dictionary of Computer Science] 

3.1.8 Mapping 
A set of values having defined correspondence with the quantities or values of another set.  
[ISO 2382 series] 

3.1.9 Parameter 
A variable that is given a constant value for a specified application and that may denote the 
application.  

[ISO 2382 series] 

3.1.10 Algorithm 
A 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 

A 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 other applications. 

3.1.12 Attribute 
a property or characteristic of an entity, for instance, the version identifier of a FB type specification.  

[IEC/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.  

[IEC/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 
A particular thing, such as a person, place, process, object, concept, association, or event. 

[IEC/PAS 61499-1:2000, 1.3.2.28] 

3.1.17 Event 
An 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. 

3.1.18 Exception 
An event that causes suspension of normal execution. 

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

3.1.19 Function 
A specific purpose of an entity or its characteristic action. 

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

3.1.20 FB (FB instance) 
A software functional unit comprising an individual, named copy of a data structure and associated 
operations specified by a corresponding FB type. 
NOTE Typical operations of a FB include modification of the values of the data in its associated data structure. 

[IEC/PAS 61499-1:2000, 1.3.2.43] 

3.1.21 FB diagram 
A network in which the nodes are FB instances, variables, literals, and events. 
NOTE This is not the same 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 modified1] 

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 creation of an instance of a specified type. 

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

3.1.27 Internal operations (of a FB) 
Operations associated with an algorithm of a FB, with its execution control, or with the functional 
capabilities of the associated resource. 

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

3.1.28 Internal variable 
A variable whose value is used or modified by one or more operations of a FB but is not supplied by a 
data input 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 sequence of operations specified in an algorithm.  

[IEC 61131-3 modified] 

3.1.30 Management FB 
A FB whose primary function is the management of applications within a  resource. 

[IEC/PAS 61499-1, 1.3.2.56] 

3.1.31 Management resource 
A resource whose primary function is the management of other resources. 

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

3.1.32 Model 
A representation of a real world process, device, or concept.  

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

3.1.33 Output variable 
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] 

3.1.37 Service 
A functional capability of a resource which can be modeled by a sequence of service primitives. 

 [ISO/IEC 7498-1 modified] 

3.1.38 Software 
An intellectual creation comprising the programs, procedures, rules and any associated 
documentation pertaining to the operation of a system.  

[ISO modified 1] 

3.1.39 Transaction 
An unit of service in which a request and possibly data is conveyed from an 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] 

3.1.40 Type 
A software element which specifies the common attributes shared by all instances of the type. 

[IEC/PAS 61499-1:2000, 1.3.2.80] 

3.1.41 Type name 
An identifier associated with and designating a type. 

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

3.1.42 Variable 
A 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 1] 

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. 

3.2.4 Measurement uncertainty  
A parameter associated with the actual result of a measurement, which characterizes the 
dispersion of the values that could reasonably be attributed to the measured. 
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 a 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 in known.  

3.2.5 Profile  
A 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 TR 10000-1] 
NOTE ISPs may contain normative references to specifications other than International Standards. 

3.3 Abbreviated terms 
AB Application Block 

AME Application Management Entity 

CHD Control Hierarchy Diagram 

DCS Distributed Control System 

DFBAP Distributed FB Application Process 

EFB Elementary FB 

FB Function Block  

FRD Functional Requirement Diagram 

HMI Human Machine Interface 

IA/IM-channel Intelligent 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 
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) 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. Based on 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 project. An engineering tool may navigate by this information to an online help 
file.  

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 within a FB. The EFBs 
do not carry these parameters. 
Batch ID (BATCH_ID) 
No. of recipe unit procedure or of unit  
No. of recipe operation  
No. of recipe phase  

f) FB invocation is required to be supported by scheduling FBs in cyclic time slots.  
g) There is no requirement to field devices and their FBs based on ABs. 
h) EFBs are required to be defined and gathered within a library. An EFB is a repetitive logic-

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) 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.   

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

5 Definition relative to compatibility levels 

5.1 General 
There are certain levels of compatibility and according levels of cooperation between FB 
based devices. The levels are depended on well-defined communication and application 
features. See Figure 3 and Table 1.  
 

“Incompatible“

“Coexistent“

“Interconnectable“

“Interworkable“

“Interoperable“

“Interchangeable“

Levels of 
compatibility

Dynamic performance

Application functionality

Parameter semantics

Data
Data

  types
access

Communication  interface

Communication  protocol

 

Application
profile

Communication
profile

 

Figure 3 – Levels of functional device compatibility 

The following main features are used for the definition of compatibility levels:  
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Table 1 – Functionality features 

Feature Description 

Communication profile  

   Communication protocol This feature is defined by all protocols of layer 1 to 7 of the OSI reference model, i.e. 
from the physical medium access to the application layer protocol.  

   Communication interface This feature is defined by the communication service definition of application layer in-
cluding the services and the service parameters. Additional mapping mechanisms can 
be necessary. The dynamic performance of the communication system is part of this 
feature.  

Application profile  

   Data types This feature is defined by the data type of the block data input, data output or para-
meter).  

   Data semantics This feature is defined by the characteristic features of the data this can be data name, 
data descriptions, the data range, Substitute value of the data, 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 de-
vice behaviour. For example, the update rate of a process value can influence block al-
gorithms.  

 
Regarding these functional features, the following compatibility level names are used the 
classification of devices. This standard for distributed function block applications provides for, 
but does not require, coexistance, interconnectability,  interworkability, interoperability and 
interchangeability between devices using function blocks 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 

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 There have not to be an agreement regarding the communication services. Application- and system-
specific programming 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 same communications protocols, communication interface.  
NOTE The devices allow data exchange without agreements about the data types. A data type conversion may be 
necessary. Unique application-specific programming in one or both devices is generally required for 
interconnectable devices to function together in the same distributed application  

5.5 Interworkability 

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.  
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 together 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, any distributed 
applications involving the replaced device will continue to operate as before the replacement, 
including identical dynamic responses of the distributed applications.  

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 FBs abstraction level, which is directly used by vendors 
and system integrators. 

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

b) It is required that in the definition of each FB a clear relation to which part of the functional 
requirements here described is covered is provided. 

Annex B is required to be read for a more complete understanding and use of the following 
requirements. 

The description of the device functional requirements explicitly addresses the case of the field 
parts of a measurement channel (for example sensor, transmitter, etc.). It is required that they 
are seen as implicitly representing the case of the field 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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Figure 4 – Device (or channel or system) status 

 

 

The degradation(s) are defined as (a number of) performance degradations which are considered 
acceptable by the user of the system (or device) according to his specific needs and the supporting 
diagnostics. 

For practical purpose users need two kinds of information on this status: only one "Synthesized status" 
and several "Detailed status” 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); 

3) as b) 1) and 2), but here the details are those needed to properly judge the behaviour 
of each component for technical management purpose. 
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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 intended to allow immediate and correct use of the qualified information. 

VI is generated in real-time taking into account the results of the actual diagnostic and validation of the 
whole channel that has produced the information. Therefore VI explicitly makes the user of the 
information aware of the actual situation (deterministic VI) resulting at varying operating conditions, 
normal and abnormal, after an error detection and correction. 

6.4 Signal processing  
Functions producing raw measurements and data as inputs for measurement information 
processing and device management. 
a) Sensor limit thresholds (diagnostics dedicated to fault management support). 
b) Sensor ranging. 
c) A/D converter control. 
d) Data quality determination (VI associated to the raw measurement after the A/D converter 

due to the results of hardware diagnostics). 
e) Influencing quantity compensation (hardware). 
f) Process attachment and sensor diagnostics (run time auto tests). 
g) Support for maintenance tests on demand. 

6.5 Measurement information processing  

6.5.1 General 

It 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. 

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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6.5.2 Fault tolerant behaviour processing 

Fault 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. 
It may include treatment of time redundancy based on comparison among a number of 
successive samplings of the same quantity successively taken within the sampling period 
defined for the application. 

b) Uncertainty Processing 
The parameter (uncertainty) may be, for example, a standard deviation (or a given 
multiple of it), or the half-width of an interval having a stated level of confidence. 
Uncertainty of measurement comprises, in general, many components. Some of these 
components may be evaluated from the statistical distribution of the results of series of 
measurements and can be characterized by experimental standard deviations. The other 
components, which also can be characterized by standard deviations, are evaluated from 
assumed probability distributions based on experience or other information. It is 
understood that the result of the measurement is the best estimate of the value of the 
measurand, and that all components of uncertainty, including those arising from 
systematic effects, such as components associated with corrections and reference 
standards, (that) contribute to the dispersion. 

6.5.4 Measurement channel processing functions 
a) Scaling 
b) Linearization 
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. 

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 
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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) the time of operation spent outside nominal working conditions (defined through for 
example temperature limits, pressure limits, etc.), 

b) the number of abnormal events (such as pressure spikes for a P, DP transmitter, 
c) the number of electrical shocks of defined characteristics. 
NOTE There may exist additional parameters. 

6.6.4 Support for tests on demand (remotely or locally issued) 

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 interferes with the normal operation of the 
device/channel (for example it requires that the attachment with the process is 
switched off); 

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

According to the requested tests the necessary authorization is needed, and the 
device/channel have to 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; 

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, tests 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. 
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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) the local access is required to support field operator interventions. 

6.8 Device (and system and channel) management  

6.8.1 General 

The following functions are described as the expected results of the cooperative actions of the 
management functions of the device and those of the system manager; of course, the 
contribution of the device agent manager belongs to the device functional units. 

In this perspective, a channel is a subsystem. 

6.8.2 Device identification function 
a) Vendor related device information retrieval. Information as needed by the several device-

users interacting with the device along its life cycle (for example device components part 
number, materials, software and hardware versions, working ranges, etc.). 

b) User related device information retrieval. (Complementary information usually written 
during commissioning. For example device tag, installation date, etc.) 

The above information are written in the device in the relevant phases of the life cycle by the 
vendor operator and the commissioning operator using the following functionality: 

c) vendor related device information modification; 
d) 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.). 
 
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.  
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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 check the actual parametrization (consistency check versus a specified parametrization). 

Device parameters are divided in the two following categories: 

– Intrusive parameters: the modification of these parameters interferes with the normal 
operation of the device; 

– Non-intrusive parameters: the modification of these parameters does not interfere with the 
normal operation of the device. 

According to the requested parameter modification request the necessary authorization is 
needed, and the device/channel have to be put in the appropriate operating mode. 

The required functionality is 

a) intrusive device parametrization modification (single parameter/for defined groups of 
parameters); 

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

c) device parametrization 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.  

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) 
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  
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  

b) 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 and 
stopped following a specific command or an asynchronous event 

c) Execution event for measurements on demand 
The measurement is acquired following a specific command issued by the user of 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 system time management function is aimed to coordinate the several time managers of 
each device. 

In some applications it is, for example, required to time-stamp measurements and/or events 
with an absolute time information. A system (master) clock is required and all the devices are 
required to have an internal clock which is required to be maintained synchronized with the 
master clock.  The accuracy required by the specific application is required to be guaranteed 
through a well-defined combination of clocks accuracy and a synchronization operating 
through the network. 

It coordinates the managers of the several devices as needed to share 

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. 

6.8.8 Device failure management 

The device failure management is aimed to support 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) 

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 
simplified because of the new communication mean between the devices and the intelligence 
embedded in the devices themselves. 

It is required that for each needed interaction between the operators and the distributed 
system the device management enables the needed device functions and disables all the 
others.  A management procedure has to be established in order to give the different 
operators the qualifications to access functions or devices as defined on the basis of agreed 
needs.  This is intended to prevent unauthorized action and possible errors (see qualification 
access). 

Typical operating modes, defined according to the several needed interactions, to be 
supported by the system 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) parametrization (associated operator: parametrization operator), 
i) self (associated operator: none; the device has lost the fieldbus connection). 
NOTE There may exist additional operating modes. 

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, 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 device 
performing the process control in terms of FB application has to provide all functionality to 
interact with the FB devices each other and the external applications in an interoperable way. 
Therefore the components of the system and the devices, including their relationships, have 
to be defined. This subclause covers only the FB based devices. The device and system 
architecture is based on the definitions in IEC 61499-1.  

FB environment

AME

MIB

MGT
agent

Communication

Device

Control, maintenance,
monitoring, HMI, ...

Configuration
functionality

AME Application
management
entity

MIB Management
information
base

MGT Management
HMI human

machine
interface

FB Function
block

FB
appli-
cation

Resource

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). 

NOTE Common functions and data of the FB environment can be encapsulated in FBs too, for example 
trending. 

b) Application management entity (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. 
Subclause  7.7 describes the requirement for the management. 

NOTE The AME contains the so-called system and network management functionality. 

c) Communication  

The data transfer between FBs, the interactions between FBs/FB environment and 
maintenance, HMI monitoring and the interaction between FB environment/AME and 
configuration functions have to be supported by the communication services and 
protocols. In the IEC framework, the communication system is within the scope of IEC 
61158 series and IEC 61784. The specification of the FBs and the FB environment is 
independent of the communication system. A mapping sub-layer between FB environment 
and 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 

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. 
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). 

 
7.2 Basic FB types overview 

7.2.1 General 

The basic FB types that may be accessed through their associated resources are listed below 
see Figure 6. They are 

• resource block; 

• technology block; 

• FB; 

• view block; 

• trend block and 

• alert block.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C PAS 61

80
4-1

:20
02

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


Copyright  IEC, 2002 – 31 – 

Process I/O Resource hardware

Resource

Trend block

Communications interface

Technology
block

Alert
block

Resource
block

Function
block

To/from remote
resources

Function
block

View
 block

Figure 6 – Device structure for a FB application for the process industry 

7.2.2 Resource block 

The characteristics of the physical sub-component associated with a resource may be 
described by a set of resource block contained variables. The resource block may also 
contain variables that are common to FBs and technology blocks for example set fail-safe. 
These variables are defined in the Device Block (see  7.4.4). The terms Device Block and 
Resource Block are used interchangeable. 

7.2.3 Technology block 

Technology blocks insulate FBs from the specifics of I/O devices, such as sensors, actuators, 
and switches. Technology blocks control access to I/O devices through a device independent 
interface defined for use by FBs. Technology blocks also perform functions, such as 
calibration and linearization, on I/O data to convert it to a device independent representation. 
Their interface to FBs is defined as one or more implementation independent I/O channels. 

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/O 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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7.2.5 View block 

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) operations dynamic parameters; 
b) operations static parameters; 
c) all dynamic parameters; 
d) other static parameters. 

7.2.6 Trend block 

FBs are required to 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 are required to include the definition of standard sample types and 
their associated sampling functions (for example spot sample, integrated average, minimum, 
maximum, etc.). 

7.2.7 Alert block 

An alarm is the detection of a block leaving a particular state and when it returns back to that 
state. The time at which the Alarm State was detected is included as a time stamp in the alert 
message. Also, the priority is included to indicate whether this is an advisory or critical alarm. 

The FB environment is required to include data structure definitions and associated resource 
and FB functions to allow the controlled transfer of alarm and event information within the 
system, called Alert Blocks.  Alert blocks predictably and efficiently route alarms and events 
to a selected destination (or destinations) within the system.  

Alert block definitions include the definition of standard exchange protocols for initiating, 
sending, and confirming alert object reports, acknowledging alerts, interpreting standard and 
custom reason codes, and configuring alert functions such as alert key, alert priority, alert 
auto-acknowledge, etc. 

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; 
d) standardized semantic meaning; 
e) common behaviours associated with standardized data; 
f) 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 
the scope of a system at one plant site. Tag names may have syntax rules that are not 
compatible with control language rules (for example length, special characters); 

b) a status is hard combined with the main process signal flow through the FB application, 
i.e. the FB inputs and outputs, not the contained parameter, are required to have status;  

c) FBs intended for use in cascade control structures are required to include back calculation 
parameters for inputs and outputs to carry defined standard cascade initialization, output 
limitation, and input or output value status information; 

d) FB functional specifications are required to include defined standard “bumbless” control 
mode shedding and recovery actions on detection of bad input, output, or transfer values, 
or on detection of initialization requests or control limits from back calculation parameters; 

e) FB functional specifications are required to include defined standard fail-safe actions on 
detection of bad input, output, or transfer values, or a FB application process resource 
fail-safe command.  When a block executes its fail-safe action, it is required to also send 
an Alert message via an Alert Block.  The fail-safe alert message is required to include a 
reason code that identifies what triggered the fail-safe action;  

f) FB functional specifications are required to include defined standard setpoint and output 
tracking behaviours. FB functional specifications are required to include defined standard 
Bias and Ratio Setpoint ramping behaviours; 

g) FBs are required to include parameters to simulate inputs and/or outputs and their status 
(“simulate parameters”) while viewing the actual inputs and/or outputs and their status, 
along with a parameter to enable and disable each simulation parameter.  The FB 
specifications are required to include defined standard behaviours for the simulate 
parameters and for the simulate enable/disable parameters.  The defined standard 
enable/disable behaviours are required to accommodate a mandatory simulation disable 
hardware jumper or switch; 

h) FBs are required to include parameters and standardized functional definitions for process 
measurement (PV) 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. Behaviours are 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. 

7.4 Initial sets of FBs derived from I&C 

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

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 
(Proportional 
Integral Derivative 
- PID) 

PID with configuration for proportional  on 
error, proportional on measurement change,  
velocity and position outputs  
interactive and non-interactive algorithms 
include simple setpoint ramp option include 
ratio bias on the setpoint input 
include error squared and non-linear option 

To ensure all PIDs operate in the same way given the 
same configuration and tuning parameters. This will help 
to ensure maximum loops are well tuned. Will promote 
understanding of need for different tuning sets. Will 
promote standard tuning tools and methods 

Selector for 
control outputs 

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

To allow common override and  constraint control 
implementation with secure initialization and rest windup 
prevention  

Selector for 
measurements 

Highest, lowest, average and middle of 3 
measurement selector 

For 2 out of 3 voting and extra security on unreliable 
measurements (for example analytical) 

Splitter For split range controls  Support of back calculation for initialization and tracking for 
bump-less transfer, windup prevention 

Analogue input Scaling linearization quality checking To ensure that scaling and conversions work are kept to a 
minimum and all performed in the same way. To allow all 
manipulations in a control scheme to be done in floating-
point engineering units in all implementations 

Analogue output With interlocks, check-back read-back 
linearization for non-linear valves 

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

Output fan out Fan out of controller outputs with auto 
manual switch 

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

Discrete 
variable/pulse 
input 

Single and multiple 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/Increment
al 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 

Characterize Twenty point interpolated two way 
characterize block 

To allow simple characterizations such as tank strapping 
and linearization 

Timer General timer to time functions, count time 
on, produce delays timed pulses, etc. 

To allow simple batch/sequence functions to be 
implemented with secure initialization 

Integrator Integrator for flow mass power, etc., with 
reset and  trip functions 

To allow simple batch functions to be implemented with 
secure initialization 

Continuous 
variable 
alert/alarm 

General alarm block "hi", "hi hi", "lo", "lo lo" 
with  fail safe actions, dead bands, ignore, 
count, dynamic deviation, filter time stamps 

To ensure common alarm functions are implemented 
securely with initialization, and audit trails 

Discrete variable 
alerts and alarms 

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

To ensure common alarm functions are implemented 
securely with initialization, and audit trails 

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. 

To ensure common motor control and other discrete output 
control functions are implemented securely with fail safe, 
initialization, and audit trails and to ensure maximum re-
use of standard tested functional code 

Continuous 
variable manual 
entry 

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

To ensure entry functions are implemented securely with 
initialization, and audit trail 

Discrete variable 
manual entry 

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

To ensure entry functions are implemented securely with 
initialization, and audit trail 

Setpoint ramp General 16 point ramp soak block for batch 
type cycles 

To ensure maximum re-use of common code and to 
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 
execution and variable value. The main algorithm is the equation that determines the 
calculation of the output. The additions determine the state, default values and others. 
Table 3 gives an overview about common used EFBs.  
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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 COS COS_ 
 exponential function EXP EXP EXP_ 
 natural logarithm LN LN LN_ 
 logarithm base 10 LOG LOG LOG_ 
 Sine SIN SIN SIN_ 
 square root SQRT SQRT SQRT_ 
 Tangent TAN TAN TAN_ 
 dead zone (= dead band) DEADZ - - 
 Limiter LIMIT LIMIT LIMIT_ 
 linear scaling SCAL - SCAL_ 
 nonlinearity (support points) NL_SUP - NONLIN_ 
 nonlinearity (polynomial) NL_POL - - 
 splitter for split range control SPLIT - (in OUT_A) 
arithm., >=2 inp. Add ADD ADD ADD_ 
 Divide DIV DIV DIV_ 
 Exponentiation (in1**in2) EXPT EXPT EXPT_ 
 modulo function MOD MOD MOD_ 
 Multiply MUL MUL MUL_ 
 Subtract SUB SUB SUB_ 
 average of n signals AVER_N - - 
 flow rate correction by P,T FCOR - Y_FCOR 
boolean + edge boolean and AND AND AND_ 
 not (negation) NOT NOT NOT_ 
 boolean or OR OR OR_ 
 boolean exclusive or XOR XOR XOR_ 
 falling edge detection F_TRIG F_TRIG FTRIG 
 rising edge detection R_TRIG R_TRIG RTRIG 
counter, flip-flops universal counter CT CTUD CT 
 bistable (reset dominant) RS RS RSFF 
 bistable (set dominant) SR SR SRFF 
 greater than or equal GE GE GE_ 
 greater than GT GT GT_ 
 not equal NE NE NE_ 
 less than or equal LE LE LE_ 
 less than LT LT LT_ 
 switch (+ alarm or message) SAM - SAM 
dynamic and control 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. 

The functional classification of measurement related FBs is shown in Figure 7. 
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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) Device blocks are special FBs containing all parameters and functions necessary for the 

identification of the device itself (device plate), for service purposes like memory space for 
certification date or maintenance messages. The device block represents the device 
hardware and software in general.  

b) The device block is required to contain a description of the physical part containing the FB 
application process, including the resource tag reference, the resource device description 
reference, and the resource object dictionary. 

c) The device block is required to contain information needed to manage the FB application 
resource, including control of the resource state, dynamic memory space allocation, and 
updating of non-volatile memory. 

d) The device block is required to provide indication of optional FB application process 
features supported by the device and resource, including string encoding (ASCII or 
Unicode) and input-output hardware types. 

e) Device block parameter and functional specifications are required to include a resource 
fail-safe command which, when set, is required to cause all technology and FBs within the 
resource to execute their defined fail-safe actions. 

f) Device block parameter and functional specifications are required to include a resource 
fail-safe disable function  that, when activated, is required to disable the fail-safe actions 
for all technology and FBs within the resource.  The device block is required to send a fail-
safe disabled alert via an alert object (see 3.2.4), and repeat said alert at a user-
configured rate, whenever the fail-safe disable function is activated.  

g) Device block parameter and functional specifications are required to include a resource 
isolation timer function.  This function, if activated, is required to sum the time FBs in the 
resource have exceeded their “stale count limit”. When this sum exceeds a configured 
value before timely communications resume, all technology and FBs within the resource 
are required to be forced to execute their defined fail-safe actions.  This function allows a 
secondary in a cascade to wait a relatively long time before executing its configured fail-
safe action. 

7.5 FB environment requirements 

7.5.1 Object 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 required to specify a standard method or methods to control the 

execution of FBs. The specified method or methods are required to synchronize block 
execution with 
1) the communication of block inputs and outputs, 
2) the execution of other blocks. 

b) Calculation of parameters that control the schedule of communications and FB execution 
may be carried out for the system by an application outside the scope of the FB 
environment (i.e. “off-line”).  Once a schedule is established, the FB environment is 
required to control and maintain FB execution in accordance with resource parameters 
defined by the schedule. 

c) The synchronization of block execution with the communication of block inputs and 
outputs are required to accommodate network transfer times. 

d) The synchronization of block execution with the execution of other blocks is required to 
accommodate device resource loading. 

e) The FB environment is required to also accommodate non-standard or “manufacturer-
specific” methods to control the execution of FBs within a device. 

f) A means is required to be provided to identify the method of FB execution control within a 
device (i.e. “standard” or “manufacturer-specific”).  The identification method is required to 
be expandable to allow for multiple “standard” execution control methods (i.e. to allow for 
future additions to the standard). 

7.5.5 Revision management 

The FB environment is required to specify parameters, functions, and protocols for revision 
control of all software and configurable parameters within a device. Main parameters are 

a) device profile, 
b) device profile revision,  
c) static data revision,  
d) write lock, 
e) access permissions parameters. 

7.5.6 Maintenance block 
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) 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. 

b) 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. 

c) 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 

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

e) Communications services and protocols used with the FB environment are also required 
to support the unique requirements of “report by exception” communications. 

f) Communications services and protocols used with the FB environment are required to 
support the unique requirements for communicating events, and in particular be designed 
to 
1) minimize loading during quiescent periods; 
2) prevent overloading during high-activity periods. 

7.7 AME requirements 
 
NOTE The specification of system and network management is outside scope of the standard. The requirements 
are given in Annex F. 

8 Additional requirements 

8.1 Cooperation with external applications 

An overall automation application includes a couple of non time critical control operations (for 
example, monitoring, maintenance and configuration) which may not be specified in terms of 
FBs. These operations may also be applied in cooperation with non-FB process control 
systems. The non-FB applications needs an on-line data access to the variables and 
parameters of the FBs as well as to other device specific information see Figure 8 2). 

This subclause provides an overview of the key requirements. 

 

——————— 
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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Figure 8 – Data access of non-FB applications 

 
8.1.1 Cooperation with control, maintenance and monitoring applications  

8.1.1.1 General 
NOTE There are some requirements overlapping with those arising from FB applications. However, the 
specification has to consider both point of view (see footnote2 in 8.1). 

The cooperation with control, maintenance, monitoring applications require a common set of 
application functions (data access, data reporting, data logging, control functions, etc.) that 
are found in most real time automation devices especially in FB-based applications. The use 
of a standardized set of application services allows for 

a) isolation of the modelling efforts from the communication details; 
b) high degree of application interoperability, not just in the message syntax but also in the 

semantics of the data exchanged; 
c) reduced integration costs, in that there is a consistent access and representation 

mechanism across all of the real time data. 

8.1.1.2 Distribution of end systems 

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

a) end devices and processors, situated anywhere within the plant territory, including in 
corporate facilities, in control centres, within cells, and at customer premises;  

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

c) an overall system environment, which may include high-speed communication channels, 
low-speed 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) 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; 

b) be able to support from one to hundreds of devices on the same network or sub-network.  
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8.1.1.4 Dialogue characteristics 

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

a) 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);  

b) support messaging across a variety of intermediate devices, local sub-networks and WAN 
links;  

c) support multiple concurrent communication subclauses between the same devices; 
d) support prioritization of messages and/or the ability to interrupt long messages;  
e) support application level security; 
f) maximize network throughput by supporting efficient encoding or data compression 

techniques. 

8.1.1.5  Addressing of device 

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

a) addressing of devices which range in number from a few to hundreds on the same 
network; 

b) addressing schemes for handling short addresses valid only within local sub-networks, 
while permitting access to these addresses across wide networks; 

c) addressing schemes for handling broadcast and multicast requirements.  

8.1.1.6 Network traffic characteristics 

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

a) data rates from very low speeds (10s of bits per second or even less) to ultra high speeds 
(gigabits per second) for transferring information and potentially images and graphics; 

b) differing frequencies of transmitting data ranging from low frequency transmissions (once 
or twice a year) to high frequency transmissions (milliseconds) to ultra high frequency (in 
special cases on the order of every 50 µs); 

c) transmission of messages ranging from a few bytes of data to very large files. 

8.1.1.7 Timing issues 

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

a) support clock synchronization of devices; 
b) support time stamping with at least 1 ms of accuracy; 
c) minimize time measurement skew, with at least 1 ms of accuracy.  

8.1.1.8 Application service requirements 

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

a) concurrent access of a system by multiple users; 
b) scheduled and unscheduled data exchange; 
c) remote data retrieval on demand by the client; 
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d) unsolicited reporting of data, driven by events at the server; 
e) publisher-subscriber data exchange; 
f) report by exception transmission of data, in which only changed data is transmitted; 
g) 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.); 

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

i) concurrent control commands have to be prevented by restriction to one operator at a time 
or by a semaphore mechanism;  

j) remote event recording and logging of events; 
k) broadcast and multicast data to devices; 
l) remote program control; 
m) download and upload of device configuration files; 
n) error management and reporting. 

8.1.1.9 Application data format 

The cooperation with Control, Maintenance, Monitoring applications is required to support: 

a) object oriented data structures and functions, 
b) data types common to FB applications, 
c) self-defining naming conventions for data. 

8.1.1.10 Operational requirements 

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

a) network management requirements, including: 
1. recording network protocol statistics, such as number of temporary and 

permanent link failures, data retransmissions, and link utilization;  
2. monitoring, detecting, and notifying of critical network failures to all appropriate 

users on the network; 
3. dynamic bandwidth allocation; 
4. online re-configuration of remote network devices;  
5. charge-back services to reallocate costs to network users or departments; 
6. accounting management facilities for use of third party network facilities; 
7. management of security services and mechanisms to ensure maintenance 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. 

8.1.2 Cooperation with configuration applications 

In this context, configuration (of a system or device) is required to be understood as a step in 
the system or device design with the following activities: 

a) selecting functional units; 
b) assigning their locations and  
c) defining their interconnections. 

Cooperation with configuration applications is required to perform the cooperation with the 
following devices: 

a) remote creation of data types, FB types and instances as well as data connections among 
FB instances; 

b) remote deletion of data types, FB types and instances as well as data connections among 
FB instances; 

c) remote starting, stopping, killing applications and FBs; 
d) remote query of all data types, FB types, FB instances, data connections, variables. 
NOTE 1 Remote means, in this context that the cooperation requires an application protocol (as opposed to an 
Application Layer of, for example, a fieldbus). This protocol defines all the information to be exchanged, its 
meaning as well as the order and sequence of the information exchanged. In addition, it requires a precise and 
complete set of definitions of the procedures initiated by reception of the exchanged information. The protocol also 
defines any exception that may occur during the cooperation. 

NOTE 2 There is an overlapping of online configuration and online control. As an example the setting of a 
setpoint may be realized using online configuration or online control.  

8.2 Additional characteristic requirements 

8.2.1 General 

The process control user requirements in this subclause address the following considerations: 

a) FB 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 
combinations of standard and custom data structures, behaviours, FBs, and profiles to enable 
interconnectable, interworkable and interoperable devices. 

8.2.3 Extensible 

The process control application model is required to be extensible for new standard and 
manufacturer-specific data structures, behaviours, FBs, and device profiles.  Extensions that 
conform to the process control application model are also required to meet the user 
requirements for multivendor systems. The process control application model is required to 
include a device descriptive language to support the required extensibility. 

8.2.4 Distributed applications 

8.2.4.1 General 

The application model is required to provide for process control applications that are 
distributed in different devices. 

8.2.4.2 Communications for distributed control 

Distributed process control applications have unique communications requirements that are 
required to be met by the embedded communications protocols. These include secure 
communications relationships between distributed applications, functionality for synchro-
nization of application events and functions, and provisions for time critical communications, 
time-stamping of data and events, standard processing of alarms and events, execution of 
distributed atomic operations, and segmenting and re-assembly of large data sets. 

8.2.4.3 Optimized for fieldbus 

The process control application model is required to function with field communication 
standards for example IEC 61158 series, EN 50170, etc.). The process control application 
model is required to be optimized to maximize the utilization of available bandwidth in low 
speed, intrinsically safe, fieldbus-based control systems. The data structures and 
communications functions defined in the application model are required to map efficiently 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 application can be complete and unchanging, and still remain useful to 
meet the changing needs of real applications. The standardized process control application 
model is required to have the support of an efficient and effective sponsoring organization, 
capable of implementing periodic and timely additions, deletions and changes, to 
accommodate the changing needs of the process industries. 

8.3.3 Conformance testing and certification 

The efficient and effective implementation of real systems in real applications requires the 
unambiguous identification of devices and systems that conform to the standard process 
control application model. The model is required to include objective and measurable criteria 
needed by independent test organizations to certify compatible devices and systems. 

8.3.4 Training and support 

Developers, suppliers and end-users alike need ongoing sources of interpretation and training 
to support implementation of real systems that conform to the standard process control 
application model. The model is required to have the support of an efficient and effective 
sponsoring organization, capable of providing such ongoing training. 

9 Device descriptive language 

9.1 Background 

The rapid development in the last years concerning the factory and process automation has 
made one basic concept inevitable: engineers and technicians have to be supported by 
computer-based tools. This applies particularly for the so-called Distributed Control Systems 
(DCS). Fieldbuses carry the data between the controllers and the sensors/actuators and 
between the engineering station and all devices. In all the different phases of the engineering 
process one or several tools running on a PC, a workstation or a terminal need to know what 
kind of devices they are connected to. This covers the vendor information, the version of 
hard- and firmware release, the data format to be exchanged, the reaction time, the physical 
unit, etc. In most cases, the fieldbus controller, located in the engineering station also needs 
to know the communication abilities concerning responding time, supported baud rates, etc. 
With the development of remotely accessible devices most of the device features are put 
together in a device description, which is delivered in addition to the appliance. The term 
electronic device description is used, because it is more then a language 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 to be produced with the 
process 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-defined, standardized 
and complete machine-readable description of the devices he has to deal with. 

The conclusions from this analysis are, that the user requirements have to be regarded mainly from 
the system integrator’s point of view, because he has to deal directly with the electronic device 
description. Because computer tools, known as Process Control Systems, are the state-of-the-art 
instruments the system integrator uses, the requirements for an electronic device description will be 
developed from what these tools need for the best support of the engineering process. 

Process Control Systems provide control and supervision of production processes. They 
connect people (e.g. the operator) and machines. They consist of input/output devices, data 
processing units, human machine interfaces and communication systems. 

Traditionally, PCS are seen from a run-time point of view (function, device, and system). The 
engineering aspect becomes more important due to its increasing complexity and the costs 
involved. The complexity results from several factors influencing the engineering process 
such as different device components (input/output, data processing, HMI, communication), 
process physics (mechanical, electrical, et al.), life cycle phases and device vendors. Today, 
the integration of these different worlds is usually done by building hardware and software 
interfaces and carrying out expensive commissioning processes based on trial-and-error 
approaches. This will become impossible under a true cost of ownership principle. Integrated 
tools are required to support the whole engineering process in order to avoid data losses and 
inconsistencies. The use of paper documents and even of electronic means does not provide 
a sufficient solution as long as there is no common transfer syntax and a standardized data 
model. 

The fieldbus community developed some approaches to exchange data by electronic means. 
This includes Device Descriptive Languages (DDL) and Device Data Base (GSD) (HART, FF, 
and PROFIBUS).  

The requirements for the Electronic Device Description (EDD), including the according 
language, 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; 
l) additionally, the following assumptions are made: 

1) the integration of the EDD into the device development itself will not be considered; 
2) an EDD-file is required to represent a static description, i.e. the declarative part of the 

device, therefore only the external interface/behaviour of the device is to be described 
(no interest in internal code). 

9.3 General requirements 

If there is a complete FB model of a field device, it is only consequent to derive the 
requirements for the describing language from it. The following points are the key concepts 
concerning language properties.  

a) In order to reach a uniform, non-redundant specification a hierarchical structure of the 
EDD reference model is required. Generalization/Specialization-technique (Gen/Spec): 
this concept is used above all in object oriented analysis and guarantees a clear survey of 
a certain application field. For the expansion of a chosen hierarchy structure in the future, 
this concept is fundamentally important. 

b) In order to guarantee interoperability with future IFD (Intelligent Field Device)-EDD 
specifications and a version control, a conformity class is required to be defined for each 
specification. 
Container class principle: as above, this concept is naturally supported by the modern 
object-oriented approaches. 

c) To reach a certain level of standardization and give the vendor or user additional room to 
introduce proprietary features (replace also the following services) at the same time, there 
are 3 different classified subsets of services: 
1) basic or mandatory services: required to be implemented; 
2) optional services: fully specified, but not assumed to be implemented; 
3) vendor services: not specified, but implemented by choice of the vendor. 

d) Interface technique: likewise developed in the object-oriented world, the interface concept 
allows the logical representation of a group of related methods or functions.  

NOTE For example, the CORBA or OLE for Process Control (OPC) specification based on the COM/OLE-standard 
by Microsoft uses this technology. 

e) 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.  
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Annex A  
(informative) 

 
Lifecycle of the system 

A.1 Why and how does FBs come from 

A.1.1 The steps to the FRD 

A.1.1.1 Heading 

A.1.1.1.1  Control function 

There are different types of control functions: 

a) measurement control functions delivering direct or indirect process measurements; 
b) control functions: 

• open loop control functions controlling on/off actuators, 

• closed loop control functions, single or cascade, controlling modulating actuators, 

• sequence control functions, coordinating lower hierarchical control functions. 

A.1.1.1.2  Control hierarchy diagram (CHD) 

Graphical schematic and structured representation of the hierarchy of the control functions of 
a process control application. The lowest layer is composed of the control functions inter-
acting with the transmitters and actuators. The upper layers are composed of control functions 
coordinating lower layer control functions. 

From the CHD, process engineers define the structure of the documentation of the FRDs by 
allocating control functions into the folios. 

A.1.1.1.3  Folio 

FRDs are structured as a set of folios. A folio is a detailed description of the requirements of 
the control function(s) allocated to the folio. A graphical FB language is used to describe the 
behaviour of the control function(s) as a network of EFBs and application FBs. 

A.1.1.1.4  FB 

EFB (EFB): it is a simple logico mathematical operation usable in different types of process 
control applications (chemical, petrochemical, energy etc.). An EFB is independent of any 
supplier programming language. A library of standardized EFBs is currently under 
consideration the IEC SC 65C. 

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 It is necessary to specify the behaviour of AB to fulfil interoperability. The specification should define how 
to link 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 Process Elementary Operation is a part of a PFD representing a typical transformation of 
material and energy. The PFD is split into process elementary operation to highlight the main 
transformations 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 aim of this subclause is to illustrate what are FBs used for. The requirements for FBs are 
illustrated as key elements for engineering companies to specify control.  

The FRDs are the specifications of the control functions to control a process. The FRDs can 
be obtained through different studies, depending of the industrial area. 

These studies should be summarized in the following life cycle. As FRDs totally depend on 
the process to control, the Process Elementary Operations which have to be controlled have 
at first to identify on the PFD. On the P&ID, the control functions of the Process Elementary 
Operations and of the process have to be defined (network of elementary process operations 
to control). In the CHD the documentation of the control functions are structures as a set of 
folios. On each folio, the control functions are specified in detail as networks of FBs to 
achieve the FRDs. This life cycle is summarized in the Figure A.1. 
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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 homogeneous. 

A.1.1.2.2.1 Identification of the Process Elementary Operations to control 

As control functions totally depend on the type of process the elementary operations of the 
process to be controlled have to be identified. Process equipment units support an elementary 
operation. An elementary operation will transform material and energy, for purposes such as  

– to cool water; 
– to make water circulating; 
– to feed pumps with water. 

Figure A.2 shows an example of PFD composed of two process elementary operations, to 
cool water and to make water circulating. On this example, the process elementary operations 
are presented with different colours. 

 
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 one or 
several measurements and a setpoint; 

– sequence control functions: controlling on/off actuators, sequencing open and closed 
loop control functions and other sequences. 

In addition to controllers, which are closed loop control functions, on the Process Control 
Diagram the other types of control functions such as measuring control functions, open loop 
control functions, sequence control functions are represented also. 

On the extended P&ID, a control function should be represented as a graph between symbols 
representing inputs, the control processing and outputs. The control processing is a separated 
graphic symbol within the tag of the control function inside. The inputs of a control function 
should be measurements and/or data from other control functions, they will be represented as 
links between the control processing symbol and the symbols of the remote transmitters 
and/or of the other control function symbols. The outputs of a control function should be 
orders to actuators under control and/or data to other control functions, they will be 
represented as links between the control processing symbol and the symbols of the remote 
actuators and/or of the other control function symbols. 

For illustration a control function has to be identified by adding a symbol and a tag, 
representing the control function processing, and the links between the control function 
processing and the transmitters, the actuators and other control functions, represented by a 
line. The FigureA 3 is an example of an extended P&ID for the process described in the 
previous Figure A.2. 
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FigureA 3 – Control functions explicitly represented on the extended P&ID 

On the extended P&ID, for each control function, the causal relationships between the 
observations (from transmitters and other control functions) and the commands (to actuators 
and other control functions) are explicitly visible. 

To control the first process elementary operation "to cool the water", process engineers define 
two control functions. The first control function is a closed loop control function "to cool 
water", controlling the temperature of the water from the remote transmitter T5 and actuating 
the modulating valves V1, V2 and V3. The second control function is a measuring function "to 
measure the fooling up", calculating the fooling up of the exchangers from the remote 
temperature transmitters T1, T2, T3, T4 and the remote flow transmitter F1. This measuring 
function controls the operation of the current exchangers in the nominal range, in case of 
trouble a signal is sent to the operators. 

To control the second elementary operation "to make water circulating", process engineers 
define three control functions. The first control function is a closed loop control function "to 
control the level" of the tank, 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 control 
function is an open loop control function " to protect the pumps" controlling the level of the 
tank from the two remote level thresholds L2 and L3 and switching off the pumps P1, P2 and 
P3 when the level of the tank is too low. The third control function is an open loop control 
function "to control the pumps" allowing the operation of two pumps among the P1, P2 and P3 
pumps to make sure the water is circulating. 

The extended P&ID is a diagram usable both by process engineers and I&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 
documentation 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 
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Figure A.4 – Extraction of control functions from the extended P&ID 

In the example of the above figure the hierarchy of the control functions is flat, there is only 
one level of control functions, it is due to the process, simple to control, and to the low level of 
automation of this control application. For complex process or for high level of automation, the 
control functions above the first level of control functions can be seen. 

A.1.1.2.4.3 Requirements of the control functions and of the standardized ABs  

The CHD is a hierarchical representation of the control functions, explicitly describing the 
relationships between the control functions and the process interface, the transmitters and 
actuators. On this CHD, process engineers will specify the requirements of the control 
functions and of the ABs.  

The ABs are standardized blocks of a private application library. The aim of the re-use of 
standardized blocks is to reduce the cost and to improve the quality of the control application. 
For each control function, process engineers select and specify the requirements of the ABs 
suited to the control functions and the process to control. 

For example for the control function "to measure the fooling up", process engineers select 
from a library of ABs the ABs suited to the different types of transmitters T1, T2, T3, T4 and 
F1 and set the requirements of each AB with respect to the type of transmitter and to the 
process constraints. The requirements of the ABs are filled in for the other control function "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. 
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Figure A.5 – Requirements for control functions and ABs 

Process engineers select and fill in the requirements of different types of Application FBs 
such as measurement, actuation, switch over etc. The requirements of Application FBs are 
constraints, for example accuracy, sampling time, number of operator interface from which 
state and status, response time between operator command and actuator operation, interface 
availability, safety and others can be read. 

The requirements for control functions will be also completed, for example sampling time for 
control loops, response time between alarm detection and protection operation. The 
requirements for both the ABs and the control functions are functional : at this stage, it is not 
known in which I&C system the control functions will be implemented but the are enough 
information to evaluate the size of any I&C and to prepare the call for tender. 

A.1.1.2.4.4 Structuration of the documentation of the FRDs 

The aim of Figure A.6 is to show the organization of the documentation of the FRDs. The 
FRDs are a set of folios on which the control functions will be specified in details with FBs. 
Structuring the documentation of the FRDs means to distribute the control functions into 
folios. 
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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 requirements 
are described as a network of EFBs and ABs in the folios. These folios have been selected in 
the CHD. 

The complete description of a folio of the FRDs needs to fill in the four sections of a folio. On 
the left section the signals inputs are described, on the right section the signal outputs. In the 
centre of the folio the signal processing is described in terms of a network of FBs. At the 
bottom section the title of the folio is described. The four sections of a folio are summarized in  
Figure A.7. 
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Figure A.1  

Figure A.7– The four sections of a folio 

The input signals of a folio are coming from outputs of other folios. The input signals of a folio 
are used as inputs for some FBs located in the folio. 

The output signals of a folio are data used as inputs of other folios. The output signals of a 
folio are outputs from some FBs located in the folio. 

A.1.1.2.5.2 Going into the folios for detailed requirements of control function(s) 

In the CHD, process engineers distributed the control functions into the folios (one 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. 
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Figure A.8  – Selection of a folio from the CHD 

A.1.1.2.5.3 Completion of a folio supporting control function(s) 

To complete the detailed requirements of control function(s) allocated to a folio, process 
engineers fill in the four sections of the folio. 

The input signals of the folio has to be consistent with the signals coming from other folios. 
The output signals of the folio has to be consistent with the signals used into other folios. For 
example, with reference to the figure 6, there is a link between the control function "to protect 
the pump" and the control function "to control the pumps", this is a protection signal to switch 
off the pumps when the level of the tank is too low. As the control function "to protect the 
pump" is detailed in the folio 3 and the control function  "to control the pumps" is detailed on 
the folio 4, this link will be represented as an output signal on the folio 3 and as an input 
signal on the folio 4. On the folio 4, this signal input will be connected to the three ABs of the 
pumps. 

For the description of the behaviour of the control function(s), process engineers network 
EFBs and ABs with respect to the requirements and the aim of the control function(s). 

The following Figure A.9 is an example of a folio completed for the control function "to control 
the pumps". On this figure, which is a real example, the behaviour of the control function is a 
detailed network of EFBs and ABs (three pump actuation ABs and one switch over 2/3 AB). 
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Figure A.9– Folio for detailed requirements of the control function 

"to control the pumps" 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C PAS 61

80
4-1

:20
02

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


Copyright  IEC, 2002 – 59 – 

 
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. 
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Figure A.10 – Example of FRDs 

In Figure A.10, the four folios of the FRDs describing the detailed requirements of the control 
functions allocated to these folios on the previous CHD. The graphical representation of 
control function "to control the pumps" has been simplified. 

Process engineers defines also constraints, attached to the EFBs and ABs such as safety, 
availability and time constraints, for example FBs processing ordering, constraints of 
implementation of the EFBs and ABs; some EFBs and ABs have to be implemented together 
into the same I&C device, some other EFBs and ABs have to not be implemented together 
into the same I&C device. 

The FRDs should be considered as the specifications of the control functions to control the 
process. The FRDs are not programming schemes. FRDs are describing the control functions 
(a networks of EFBs and ABs), the performances and the constraints (availability, safety) of 
the future I&C system in which the FRDs will be implemented. 

Figure A.11 illustrates the FRDs independent of I&C system implementation 
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Figure A.11 – Functional Requirements Diagrams independent  

of I&C system implementation 

 
A.1.1.2.6  Requirements for a standardized FB language 

A.1.1.2.6.1 Overview 

In the previous clauses, the Functional Requirement  Diagrams of any control application 
have been establish. Engineering companies need engineering FB language to describe 
FRDs, I&C suppliers need programming FB language to implement these FRDs into any type 
of I&C systems through. 

The compatibility between engineering FB languages and programming FB languages is  
needed as summarized in Figure A.12. It means that a standardized FB language is needed 
as a kernel to define either engineering FB languages or programming FB languages.  
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Figure A.12 – The need of a standardized FB language 

The requirements of this standardized FB language are that 

• it should a kernel to build engineering FB languages and programming FB languages; 

• 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 I&C systems of the future compliant with the standard according A.1.1.1.4 FBs. 

To describe FRDs with any engineering language implementable into any programming 
language, the IEC standardized FB language will provide:  

• a library of EFBs, 

• rules to build AB. 

A.1.1.2.6.2 Requirements for EFBs usable into FRDs 

An EFB is a repetitive logicomathematics treatment, which is embedded into a block. An EFB 
is a specific processing module restricted to the process control domain. An EFB cannot be 
split! 

A library of EFBs should be standardized. This library of EFBs should satisfy the needs of the 
different types of industries (chemical, energy, food, etc.) (see Figure A.13). This should be a 
standarized kernel library of EFBs common to the different types of industries and libraries 
dedicated to the types of industries, for example for chemical, energy, food, etc. 

 

Kernel
standard EFB's

Energy
standard EFB's

Chemical
standard EFB's

other
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, I&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 for EFBs, an external and internal representation of ABs is necessary. 

Within FRDs the external graphical representation of ABs are used only because the FRDs 
should be implementation independent. The internal behaviour of the ABs, for example for 
measurement and actuation ABs, totally depends on the type of technology supporting the 
measurement and the actuation, so the internal behaviour of the ABs will be described within 
the programming schemes with the programming FB language, once the technology 
supporting the ABs is selected.  

A.1.2 From FRDs to the implementation 

The aim of this subclause is to complete the requirements of the FBs for control applications. 
Engineering companies need EFBs and ABs to specify FRDs with engineering FB language. 
These EFBs and ABs should be implementable through programming schemes into any I&C 
systems and devices compliant with this standard. 

Once the FRDs are defined and validated, I&C engineers have to design the programming 
schemes from the FRDs and to implement the programming schemes into the I&C system and 
devices as summarized in Figure A.14. 
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Figure A.14 – From FRDs down to the I&C system and devices 

FRDs are I&C system independent, it means FRDs are perennial specifications of any control 
applications. This implies FRDs should be implementable into any scalable I&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.1.2.1 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 actuators) and Human 
Machine Interface. AB can have no interface with the process or with HMI. Two examples are 
given in the following subclauses. 

A.1.2.1.2 Detailed design of an actuation AB 

Figure A.15 is representing an actuation and the internal blocks of its actuation AB. This 
example focuses on the control point of view, an actuation should be typically composed of 
different devices delivered by different suppliers. For example, an intelligent actuator deli-
vered by one supplier, an intelligent Motor Control Center (MCC) delivered by a supplier and 
a processing block implemented into a device of an I&C system by a supplier.  

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

This is typically the case for the different types of actuation. 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 AB from actuation devices of 
the shelf 

For the design of each actuation AB, I&C engineers should select from suppliers, off the shelf, 
actuation devices in conformance with the requirements and the performances specified by 
process engineers. I&C engineers select actuation devices and the internal blocks of the 
actuation AB. 

Once the internal blocks are selected, I&C engineers have to verify that inputs and outputs of 
the internal blocks are compatible, then I&C engineers link together the different internal 
blocks and verify the interoperating of these internal blocks is consistent with the required 
actuation AB. 

In some case, existing internal blocks would not satisfy requirements, I&C engineers should 
add extension or create internal blocks, for example into I&C devices. 

As summarized in Figure A.17, I&C engineers have also to network the actuation AB to EFBs 
and ABs of the control function. The inputs of the actuation AB are coming from outputs of 
upstream EFBs and ABs. The outputs of the actuation AB are going to inputs of downstream 
EFBs and ABs. The inputs of the actuation AB are connected to inputs of internal blocks and 
the outputs of the actuation AB are connected to outputs of internal blocks. 
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Figure A.17 – Networking of the internal blocks inside the AB and with upstream  

and downstream EFBs and ABs of the control function 
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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 actuator, see Figure A.18. 

The operator interfaces should be explicitly summarized, within the FRDs and the 
programming schemes, on the top of the graphic symbol of the actuation AB by tags (one tag 
could summarize the type(s) of operator interface, another tag could summarize the type(s) of 
command available from the operator interface). 

For the interface with the actuator, currently there is no information on the graphic symbol of 
the actuation AB to explicit the interface with the actuator. The actuator internal block should 
be connected to the instrumentation (torque and position) of the actuator, this data connection 
should not be explicit on the icon of the actuation AB within FRDs and programming schemes. 
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Figure A.18 – Actuation AB graphic symbol and implicit internal description 

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. 
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Figure A.19 – OFF/ON value actuation AB using the IEC 61499-1 system model 

Figure A.20 is a representation of the internal blocks of the actuation AB using the model 
reference of IEC 61499-1 series. 
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Figure A.20 – OFF/ON value actuation AB using the IEC 61499-1 system model 

 
A.1.2.1.3 Detailed design of a safe switch over 2/3 AB 

Figure A.21 gives an example of an AB without process interface nor Human Machine 
Interface, a safe switch over 2/3. In the case of standardization of the switch over 2/3 
functionality as EFB this EFB shall implemented in a single programmable controller. 

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.21 – Example of a safe switch over 2/3 AB 

Figure A.22 provide the representation of an actuation AB using the reference to the model of 
IEC 61499-1. 

PLC 2PLC 1

Switch Over 2/3 AFB 

PLC3

 

Figure A.22 – Switch over 2/3 AB using the IEC 61499-1 system model 

 
A.1.2.2 Implementation of a control function into I&C devices 

A.1.2.2.1 Overview 

The architecture of an I&C system is currently a set of equipment distributed into different 
layers : 

– the layer 2: the Human Machine Interface; 
– the layer 1: the processing;  
– the layer 0: the power interface and the field devices. 

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 to be designed. The 
internal blocks of the pump AB should the blocks embedded into the different devices of the 
pump actuations. The internal blocks of the  2/3 switch over AB should be within the library of 
the I&C supplier. Figure A.23 shows an example of a complete design of the control function. 
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Figure A.23 – From a FRD to a programming scheme  

using IEC 61499-1 system model 

For each pump actuation AB, the 3 internal blocks should be distributed into the three layers 
of the I&C system, for example, layer 0 into a Motor Control Center (MCC), layer 1 into a PLC 
and layer 2 into a Human Machine Interface (HMI), as summarized in Figure A.24. 
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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 the pump 1 actuation AB, the internal block P10 (white) will be distributed in the layer 0 
into the MCC1, the internal block P11 (blue) will distributed in the layer 1 into the PLC1, the 
internal block P12 (pink) will be distributed in the layer 2 into the HMI. 

For the pump 2 actuation AB, the internal block P20 (white) will be distributed in the layer 0 
into the MCC2, the internal block P21 (yellow) will distributed in the layer 1 into the PLC2, the 
internal block P22 (pink) will be distributed in the layer 2 into the HMI. 

For the pump 3 actuation AB, the internal block P30 (white) will be distributed in the layer 0 
into the MCC3, the internal block P31(brown) will distributed in the layer 1 into the PLC3, the 
internal block P32 (pink) will be distributed in the layer 2 into the HMI. 

For the switch over 2/3 AB, the internal block S1 (blue) will be distributed in the layer 1 into 
the PLC1, the internal block S2  (yellow) will be distributed in the layer 1 into the PLC2, the 
internal block S3  (brown) will be distributed in the layer 1 into the PLC3. 

The EFBs will be distributed into the layer 1, into a PLC, see Figure A.25. Each EFB will be 
implemented in the same PLC as the upstream and downstream internal block. For example, 
the EFB between the S1 internal block of the switch over 2/3 AB and the P12 internal block of 
the pump 1 actuation AB will be implemented into the PLC1. 
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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 I&C devices. 
On this basis, I&C engineers should be able to validate the throughput available in the I&C 
devices, in accordance with the communication needs.  
 
A.1.2.2.4 From the distribution to the implementation of a control function into I&C 

devices 

Once the I&C engineer has completed the distribution of the EFBs and of the internal blocks 
of the ABs, the control function is distributed into the devices of the I&C architecture. The 
control function can be implemented into the equipment of the I&C system devices see Figure 
A.27.  

For layer 2, there is a dedicated equipment as HMI multiplexing the three internal blocks P12, 
P22 and P32 of the three pump actuation ABs. 

For layer 1, the PLC1 is multiplexing the internal blocks P11 of the pump 1 actuation AB, the 
internal block S1 of the switch over 2/3 AB and the EFB between these two blocks. The PLC2 
is multiplexing the internal blocks P21 of the pump 2 actuation AB, the internal block S2 of the 
switch over 2/3 AB and the EFB between these two blocks. The PLC3 is multiplexing the 
internal blocks P31 of the pump 3 actuation AB, the internal block S3 of the switch over 2/3 
AB and the EFB between these two blocks. 

For layer 0, the MCC1 is dedicated to the internal block P10 of the pump 1 actuation AB, the 
MCC2 is dedicated to the internal block P20 of the pump 2 actuation AB and the MCC3 is 
dedicated to the internal block P30 of the pump 3 actuation AB. 
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Figure A.26 – Implementation of the control function into the I&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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MMI PLC1 PLC2 PLC3 MCC1 MCC2 MCC3

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

Controlled Process  
Figure A.27 – Distribution ot the control function "to control the pumps"  

using the IEC 61499-1 

 
A.1.2.2.5 From the FRD to the implementation of a control application into I&C devices 

For each control function of the FRDs, I&C engineers should design the ABs. Internal blocks 
of the ABs are selecting taking into account the capabilities off the shelf of available I&C 
devices in accordance with the requirements. For some ABs I&C engineers should define 
internal blocks. Once the design of ABs the programming schemes implementable into the 
I&C devices are available, as summarized in Figure A.28. 
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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: 

• 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. 

• a standardized set of EFBs, including normal and abnormal operation; 

• rules to build normal and abnormal operation of internal blocks; 

• 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 error and propagation of 
round off), 

• rules to synchronize and to order EFBs and ABs within a device and distributed into 
devices; 

• rules to manage internal data of EFBs and ABs; 

• rules to share data between EFBs, ABs and internal blocks of ABs; 

• rules to exchange data between EFBs and ABs within a device and distributed into 
devices; 

• rules to synchronize and to order the internal blocks of ABs within a device and distributed 
into devices; 

• rules to exchange data between internal blocks of ABs within a device and distributed into 
devices;  

• rules to exchange data with other EFBs and ABs.  
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Annex B  
(informative) 

 
FB functional requirements: the user’s view 

 

B.1 Overview 

Modeling a system is an extensive task. A single model cannot capture all the information 
needed to describe a system. The IEC 61499-1 specifies a generic standard for distributed FB 
applications for Industrial Measurement and Control Systems (IPMCS). Scope of IEC 61499-1 
are the following models: 

• application model 

• device model 

• Resource Model 

• task model 

• FB model 

• system model 

The detailed approach adopted by IEC 61804-2 in identifying the functional requirements was 
to take into account a system user view model which describes the user expectations.  

This view provides a generic description of a usage of the system (functionality required). 
This view is central. The final goal of the system is to provide the functionality described in 
this view along with some non-functional properties. Hence this view affects all the others.  

This view is also proposed for conformance test between the FB specification and the user 
expectation (asking: "Which functional unit defined by users is covered with this FB 
specification?" and "To which extent is this functional unit covered by the specified FB?"). 

This annex collects all concepts regarding this system user view model as they were 
considered during the requirement specification.  

B.2 Definitions 

B.2.1 General 
The following definitions complement those given in IEC 61499-1 for the purpose of this 
Annex 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 

no effect. 

It is the proposed idea that a matrix should be standardized, where rows should list the 
potential operating modes and columns should list the potential interactions with IAM (or part 
of it). Where the authorizations of the interactions should be determined (by signing the 
intersections of the corresponding rows and columns) on the basis of the requirement of each 
user (for example, while parametrizing the system). 

B.2.2.3 Agent  

Whoever (for example operator) or whatever (for example device) uses the IAM. It is 
characteristic of each agent to interact with IAM along specific phases of the IAM life cycle. 

B.2.2.4 Corrective Maintenance  

The maintenance carried out after a failure has occurred and intended to restore an item to a 
state in which it can perform its required function.  

B.2.2.5 Functional validation (F. VAL)  
• For measurement: 

The F. VAL is a function that verifies the coherence of the measurement under check and 
a set of other measurements coming from the process under control.The link among such 
measurements is checked using a suitable model of the process under control. 

• For Actuation: 
The F. VAL is a function that verifies the coherence among the valve's state and the 
measurements (coming from the process up stream and down stream the valve), which 
defines the actual effect of the state of the valve. 

B.2.2.6 Maintenance  

The combination of all technical and corresponding administrative actions intended to retain 
an item in, or restore it to, a state in which it can perform its required function. 

NOTE 1 See "Preventive maintenance", and "corrective maintenance", for a more detailed definition of 
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) 
• For measurement: 

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. 

• 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 This is a top-down process. 

 
B.2.2.8 Preventive maintenance  

Maintenance performed in accordance with pre-defined criteria (knowledge base), in order 
to reduce the probability of either equipment failure or service degradation.  

• Scheduled maintenance (time or activity directed): Preventive maintenance performed 
either on pre-defined schedule or on units of use (for example: number of start-ups). 

• Condition based maintenance (conditional or condition directed): Preventive maintenance 
performed on the basis of the documentation of the performance degradation of the 
equipment (as results of, for example: auto-diagnosis, wear measurement). It is based on 
a proper visibility of gradual, partial and intermittent failures. 

 
B.2.2.9 System (or Device) Properties  

Properties segregated into several groups, to facilitate the assessment of a system as 
shown in Figure B.1.  

NOTE This is considered in IEC 61069-1 and 61069-5. 
 

Functionality Non-task-relatedSafetyOperabilityDependabilityPerformance

System Properties

- Flexibility

- Functional coverage

- Functional capacity

- Configurability
- Programmability

- Expandability

- Accuracy

- Response time

- Precision
- Repeatability

- Availability

- Credibility

- Security

- Maintainability
- Reliability

- Integrity

- Presentation

- Procedures
- Hierarchy
- Access

- Personnel
- Appropriate
   regulations

- Process
- Intrinsic safety
- Explosion proof

- System
- Emitted radiation

-Support
- User
- Vendor
- Documents
- Training

-Compatibility
- Software
- Upgrading
- 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) 
• 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. 

 
• For actuation : 

− The T. VAL is a function that provides for a continuous status checking of the 
electronics, power supply and variables of influence associated to each part of the 
actuator: 
- processing capabilities; 
- power interface; 
- motor; 
- valve. 

− The T. VAL assures that the actuator operates under detected conditions in actuating 
and in reporting its state by the dedicated instruments. 

B.2.2.11 Validation  
a) A/IM-channel validation 

Validation is a function, which is part of several IAM macro functions (state f., status f., etc.). 
It aims at checking the behaviour (status) and the quality of products (states: data, action, 
etc.) of each entire measurement channel and actuation channel, which are only partially 
implemented in the actuators and transmitters themselves. 

An important example of behaviour is the production of the measurement (or actuation) with a 
required timeliness. Here timeliness defines to which extent the measurements of different 
quantities (or actuations) are produced at the same instant in time (within a specified jitter) or 
one measurement (or actuation) is produced with a given sampling period (with a specified 
jitter). 

As regards each IA/IM channel, the validation produces the information named "status of the 
channel",  see Figure B.2. 
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Figure B.2 – IA/IM channel validation 

 
As regards the IA/IM channel products (actuation value, measurement value, etc.), the 
validation determines the quality of these products, expressed by their VI. [See: Measurement 
uncertainty, VI]. 

The IA/IM channel validation can be seen as being into the three levels defined in this 
dictionary and shown in Figure B.2: 

• Technological validation; 

• Operational validation; 

• Functional validation. 
NOTE 1 The partitioning is evolving (for example the operation validation could be seen as a part of the 
technological one). 

NOTE 2 At implementation level, the validation function is distributed among the field devices and the rest of the 
channel. 

 
b) Field device validation 

Field devices validation is a part of the complex function of IA/IM channel that checks both 
their behaviour and the quality of their products (data, action, etc.). For each field device, 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 abstraction level differs from the FBs abstraction level, which is directly used by vendors 
and system integrators. 

The correspondence between the “Functional Requirements” provided at a higher level of 
abstraction, and defined in this standard, and the "FBs" provided at a lower level of 
abstraction, and defined in IEC 61804-2, is not necessarily one-to-one. The correspondence 
between the two levels of abstraction may be one-to-one, one-to-many or many-to-one. 

The functional requirements have to be seen as the target to be reached with distributed 
applications.  

It is mandatory that in the definition of each FB a clear relation to the addressed part of the 
functional requirements here described is stated. 

The distribution addressed during the requirements was at the level of the field 
instrumentation because this is already (at least in part) a reality. The same logic approach is 
applicable at the level of control blocks, which is expected to become a reality in a near 
future. 

Hereafter the user vision model is described which was used as the basis for the description 
of the Functional Requirements.  

B.3.3 Intelligent Actuation and Measurement (IAM) and Control Maintenance 
Management (CMM) 

B.3.3.1 Concept 

Key concepts of the user vision model include the following: 

– CMM concept, describing the integrated user needs related to control for plant operation, 
maintenance for on site trouble shooting and technical management; 

– IA channel/IM channel concept, describing the integrated user needs related to each 
actuation or measurement as specified for the CMM applications; the notion of channel 
corresponds to whatever proper integration of field device(s) with 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

  Maintenance  Technical management

Computers

            Operators

mechanical parts

Actuators &
transducers

Field bus

 Process

Centralised functions

  Local functions

 Channel functions
access rights
identification
configuration
parametrisation
test on demand
measure/actuation
diagnostic

Actuation & measurement
channels

Control

Human
organisation
tasks

Access

Identify

Configure

Parametrise

Test

Control (Act/Meas.)

Diagnose

 
Figure B.3 – Reference functional architecture for distributed automation systems. 

 
The reference functional architecture was used as the basis for the identification of the list of 
all the possible functional requirements. It is also the guide for the users in identifying their 
functional requirements as a selection out of the complete list.  

This guide is intruded not only for the end-users but also for all the others who are “using” 
each device integrated into respective IA/IM channel along its life cycle: the manufacturers 
(tests in factory), the system integrators, the contractors (commissioning tests), etc. 

B.3.3.2 CMM 

The most significant CMM functional requirements are described hereafter. These functional 
requirements represent the final goal to be achieved with a proper help by the IA/IM  
channels. 

a) Control 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 
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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 different suppliers and performing an identical function in the same operating 
environment. Collection of the history of the use and “health” (condition) of each replaceable 
part of each channel is the basic requirement. This data is currently very limited. As a result, 
it is difficult to do the detailed and valid statistical analysis required for the management 
decisions and for the plant equipment modifications.  

B.3.3.3 IA/IM channel 

Each channel has to provide the functional support shown by the Reference Functional 
Architecture. 

Figure B.4 shows the minimum level of granularity indispensable for the identification of the 
user requirements. Mainly, during the specification of the functional requirements, this level of 
granularity was used. Sometimes, a thinner granularity was used.   
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Figure B.4 – User view of the major component functions of each IAM function 

NOTE M = MODE OF OPERATION MACRO-FUNCTION  

To support coordinated management of the modes of operation of the IAM system and its parts under 
control of the overall system management. Basically, this function manages a pre-defined access of each 
agent to any IAM functions listed above. Users, as part of the user requirements, define this access. 

I = IDENTIFICATION MACRO-FUNCTION  

To support storage and retrieval of information describing the IAM system (data sheet). 

C = CONFIGURATION MACRO-FUNCTION 

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

P = 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 
"Measurement + VI" with  "Actuation + VI". 

As already said, this functional views of the entire channel is what has to be provided with a 
proper integration of a number of components of the channel. 

 

 

Measurement + VI . for   C
(MM)

1st replaceable part status for MM

2nd replaceable part status for MM

nth  replaceable part status for MM
                 ..........

Tests on demand                           for   C MM

  Access rights                                 for   C MM

Identification                                for MM

Configuration for      MM

Parametrization for   C MM

IM channel

Meas.channel synth status          for C (MM)

 
Figure B.5 – IM channel/CMM interaction: user vision 
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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: 

− attachment to the process (tubing, etc.); 

− sensor(s);  

− transmitter(s);  

− network (for example fieldbus); 
b) complementary parts: 

− complementary  processing to support controlvalve, motor and actuator device; 

− complementary processing to support maintenance; 

− complementary processing to support technical management. 

An IA channel has a similar composition, with obvious differences for the field parts, such as 
valves. 

B.3.4 Channel and field-device functional units 

As shown in Figure B.4, the field device contributes to construct the relevant channel.  

In Figure B.5 the field-device functional unit reference model is shown, as regards a 
transmitter. The actuator model has a similar composition, with obvious differences for the 
field parts, such as valve, motor and actuator device. 

Here the variety of data and functions in a transmitter and actuator is grouped in functional 
units. These functional units represent specific hardware or software components at a 
intermediate level of abstraction that is allocated between the higher level of the user vision 
represented in Figure B.3 and Figure B.4 and the lower level of abstraction of the FBs.  

The description of the functional requirements is the result of the mapping of the channel 
model on all this functional unit device reference model. This is proposed as to help the 
mapping of the functional requirements on the FBs specifications.  

Of course, this field-device functional unit reference model has to be seen as complemented 
with the corresponding model covering the computer part of the channel and the field 
communication. This latter model shows the complementary functional units and the 
coordination of the management of all the channel parts, which is a system level coordination. 

 
B.3.5 Field-device functional requirements list 

The functional requirements reported in  B.3.2 and  B.3.3 were identified through the logical 
approach till here described. They regard the field device.  

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 
more functions as shown in Figure B.7.  
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• CPU  
• Memory 
• Interfaces 

• Digital communication 
components 

• A/D converter  
• Signal conditioning 

• Sensor  
• Attachment to the process

1  

7  

3  

Supporting  
HW: 

Supporting 
SW: 

 Legend: 
1. Device management 
2. Network management 
3. Signal processing 
4. Measurement information processing 
5. Diagnostic and test support 
6. Local operator interfaces attachment 
7. Fieldbus communication functions 
8. Measurement transduction 

• Support 
for 
operator 
local 
interfaces 

6  

5  4

2  

8  

 
Figure B.7 – Intelligent transmitter reference model 

In the case of the  “Device Management” functional unit, because of the complexity of the 
requirements, the needed functional decomposition is thoroughly addressed. The following 
aspects are defined:  

• 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 the requirements are collected in two main categories: 

a) control, as regards whatever interaction with the control part, when operational, both 

− in the factory, and 

− in the plant. 
b) Maintenance and technical Management, as regards all the other interactions both 

− in the factory, and 

− in the plant. 

B.3.7 System requirements for control 

B.3.7.1 Introduction 

As regards requirements for distributed control applications, some major users requirements 
have to be selected for the IAM channel to be analyzed, such as managing access rights (to 
be negotiated with the responsible for Control), access to the state of the control algorithms 
and to the synthesized devices status information. Requirements for system properties 
(dependability, etc.) applied to IAM channels are listed as well. 

These requirements are covering all the device life cycle and therefore they partially regard 
the end-user and partially the manufacturer, the system integrators, etc. 

A key issue is that the same real time interaction among the distributed applications has to be 
guaranteed, whatever the communication standard selected. This requires that the description 
of the interaction of the application is extended to cove time synchronisation aspects.  

B.3.7.2 Measurement/Actuation Processing  

B.3.7.2.1 General 

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: 
• 1st level validation: at device level use of diagnostic information to validate the raw 

measurement information. 

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

• 3rd 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) 

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

B.3.7.3 Measurement  management 

B.3.7.3.1 One shot application triggering 

The one shot application triggering will be used to trigger the execution control of an 
application function that starts upon the reception of the trigger and then stops.  A mechanism 
is needed which guarantee that if the one shot triggering signal is available at the consuming 
application within a pre-defined interval following generation time is completed with a positive 
timeliness information, if not it has to be completed with a negative timeliness information. 

NOTE The interval should be specified (by the user/system integrator) in terms of the application needs. 

B.3.7.3.2 Cyclic  application triggering 

This service can be used to resynchronize at low frequency (for example 5 s period) a high- 
frequency pulse train generator (for example 100, 10, 1 ms. period).  This pulse train will be 
used for example for the execution control of functions which have to be executed in different 
devices in synchronized time intervals; a typical case is to acquire redundant measurements 
from different devices. 

B.3.7.3.3 Temporal consistency of data (timeliness) 

At system level is required that data originated by the different devices are complemented (in 
production, transmission, reception) with a timeliness notation able to express the validity 
period of the data.  Example is the reception of measurements or commands. 

B.3.7.3.4 Distributed “Absolute time” (year, month, day, hour, etc.) 

It is composed of two parts: 

• distribution of “Absolute time” reference data; 

• synchronization of the device counters obtained with two mechanisms: 

− use of distributed synchronized clock (see previous example on train pulses), 

− synchronous setting of the absolute time value repeated at low frequency. 

B.3.7.3.5 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: 

• functional level, at the level of application; 

• at level of resource redundancy. 

B.3.7.5 Support access rights management function 

B.3.7.5.1.1 Mode of operation management function (extended for access rights 
management) 

This is a system management function aimed to manage the transitions among the several 
operating modes. In particular, it manages the access rights 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 as agreed among the human organizations. 
Therefore the device management should cooperate with the system management to achieve 
the result. 

B.3.7.5.2 Access rights management function (qualification check on every access to 
device functions). 

In each operating mode, the devices themselves have to allow operators to perform on them 
certain pre-defined actions only. 

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 have to be active (such as in control operating modes). 

B.3.8 System requirements for maintenance and technical management 

B.3.8.1 General 

As regards requirements for distributed maintenance and technical management applications, 
some major users requirements are needed for IAM channels to be analyzed. These include: 
checking and modifying application parameters, managing access rights, reading the device 
identification, checking the functional configuration of the provided solution, checking/ 
modifying application parameters, checking the status of the devices and supporting the tests 
on demand. 

These requirements are covering all the device life cycle and therefore they partially regard 
the end-user and partially the manufacturer, the system integrators, etc. 

B.3.8.2 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: 

• configuration modification: 

− user related device/channel configuration modification, 

− manufacturer related device/channel configuration modification; 

• configuration retrieval: 

− user related device/channel configuration retrieval, 

− manufacturer related device/channel configuration retrieval. 
 

B.3.8.4 Parametrization  

This function regards check/modifying application parameters, during commissioning or 
maintenance interventions. 

After every change in a device parameter, this function is required to be available at system 
level in such a way to help the maintenance/commissioning operator. The operator has to be 
sure that the function parameters are consistent among the devices composing the channel 
(for example the engineering unit or low-pass filter frequency expected by a higher level 
device really match with those used in the field device). 

Device/channel parameters are divided in the two following categories: 

• intrusive parameters: the modification of these parameters interferes with the normal 
operation of the device/channel; 

• non-intrusive parameters: the modification of these parameters does not interfere with the 
normal operation of the device/channel. 

 
The required functionality is as follows: 

• parametrization modification: 

− intrusive device/channel parametrization modification, 

− non-intrusive related device/channel parametrization modification.; 

• parametrization retrieval: 

−   device/channel parametrization retrieval. 
 

B.3.8.5 To monitor devices statuses 

Each user, at system level, needs to have a view of the health of the devices according to 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: 

• 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. 

According to the requested tests, the necessary permission is needed, and the 
device/channel have to be put in the appropriate operating mode. 

The required functionality is as follows: 

• tests execution: 

− intrusive device/channel tests execution, 

− non-intrusive related device/channel tests execution; 

• Tests results retrieval: 

− device/channel tests results retrieval. 
 

B.3.8.7 To support access rights management function 

This is a system management function; see what is described for the control requirements. 

B.3.9 Network Management  

The following functions have to support the cooperative actions of the device and system 
management for the IAM channels: 

• network commissioning support (Network configuration/parametrization verification etc.); 

• network management operational support; 

• communication monitoring (errors and statistics); 

• communication failure management (with or without redundancy); 

• timeliness control support. 
 

B.3.10 FB functional requirements conformance testing 
Some kind of conformance test has to be done to guarantee which part of the functional 
requirements is covered by each FB specification and the extension of the coverage. This 
testing is important because the results will later make easier and the conformance testing 
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 

 

C.1 Scope of this annex 

The IEC 61499-1 specifies a generic standard for distributed FB applications for Industrial 
Measurement and Control Systems (IPMCS). The following models are within the scope of 
IEC 61499-1: 

 
• application model; 
• device model; 
• resource model; 
• task model; 
• FB model; 
• system model. 

 

The detailed approach of IEC 61804 series regarding the device and FB model is described in 
the following clause. This should give a short overview about common specifications and 
differences. The annex is finalized with one example of a rich IEC 61804 FB described in 
terms of IEC 61499-1.  

This annex collects all results regarding the relation of IEC 61499-1 to IEC 61804 series, 
which was reached during the requirement specification. 

C.2 Relations to the IEC 61499-1 FB model 

C.2.1 General 

This clause point out differences or the usage of the IEC 61499-1 FB model. The details of 
the IEC 61499-1 model are not described. For more details about IEC 64199 see IEC 61499-1 
and IEC 61499-2. 

C.2.2 General characteristics 

IEC 61499-1 defines a FB model which graphical representation is shown in Figure 44. It con-
sists of the components FB Head and FB Body. The body carries the data flow (Data inputs 
and data outputs, algorithms, internal data, and as an addition to the IEC 61499-1 the so-
called contained data, which are not involve in the data flow, but adjust the algorithms) and 
the head of the event of flow (event inputs, event outputs and execution control chart).  

These components characterize the IEC 61804  FBs in general.  
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(scheduling, communication mapping, process mapping)

Algorithms
Type identifier

(hidden)

Contained
data

(hidden)

Resource capabilities

Data outputsData inputs

Event outputsEvent inputs

Instance identifier

control
Execution

(hidden)

Data flow

Event flow Event flow

Data flow

Internal data

FB Head

FB Body

 
Figure C.1 – Structure of IEC 61499-1 FBs 

 
An IEC 61804 FB type is characterized by a well-defined named event inputs and outputs,  
named data inputs and outputs, contained data, a certain set and detail of execution control 
and a certain set and detail of algorithms. The type is a FB interface description with some 
behaviour behind named data (i.e. algorithms). However FBs with one event input and output 
and one algorithm are within the scope of IEC 61804 too.    

Algorithms
Type identifier

(hidden)

Contained
data

(hidden)

Resource capabilities

Data outputsData inputs

Event outputsEvent inputs

Instance identifier

control
Execution

(hidden)

Data flow

Event flow Event flow

Data flow

Internal data

FB interface description

• Available in FB libraries
• Used by design engineers
• Specified partly, 
  e.g. by IEC 61804, 
  FIP, PROFIBUS, FF 

 

Figure C.2 – Type specific aspects of IEC 61499-1 FBs 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C PAS 61

80
4-1

:20
02

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


 – 92 – Copyright  IEC, 2002 

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).  

Algorithms
Type identifier

(hidden)

Contained
data

(hidden)

Local resource capabilities

Data outputsData inputs

Event outputsEvent inputs

Instance identifier

control
Execution

(hidden)

Data flow

Event flow Event flow

Data flow

Internal data

FB implementation

• aspects are not scope  
  of the standardization 

 
Figure C.3 – Implementation specific aspects 

The execution order of FBs in a centralized program is determined by the order of the FB call 
in the source file, or available by the scheduling of the task system of one resource (see 
Figure C.4). In the distributed environment in terms of IEC 61499-1 the execution order of FBs 
is determined by the event flow of the FB heads. Because of the data connection of the 
between the execution control head of a FB and the so-called scheduling function (a 
representation of the local operation of the resource), the head of the FB is the configurable 
part of the distributed operation system. In other words, the distributed operation systems is 
build by the local operation system of each resource an the FB heads.   

Application specific
connections

Execution control.

Resource capability
local operation system
(device-specific)

Distributed Operating System

Distributed application (like main   program in centralised systems) 

Device  n-1 Device  n Device  n+1

Application specific
connections

 
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 
aspects 

Type specific aspects Application specific aspects 

Head Event flow 
(edges) 

Execution control chart 
Event inputs/outputs 

Connections between events 

Body Data flow Data inputs/outputs 
Part of algorithms contained 
data 

Connections between data 
(data connections) 

 

C.2.3 FB type specifications 

The process FBs include: 

• standardized data structures; 

• standardized semantic meaning; 

• common behaviours associated with standardized data; 

• standardized definitions for basic input, output, event inputs event outputs, and control 
functions. 

 
C.2.4 Characteristics of FB instances 
 
For the process industry, the instance name of FBs will be defined as the block tag.  Tags are 
unambiguous within the scope of a system at one plant site.   
 
C.2.5 Mapping of IEC 61499-1 FB elements to IEC 61804 
 
FBs as used in the process industry may interpret the characteristics defined in IEC 61499-1 
as followed (see Figure C.5). 

• The events are used to trigger different algorithms in the FB body for example init, 
execution of the normal operation, execution of the abnormal operation (see  C.2.6). 

• The data flow between the FBs is carried out by variable records composed of variable 
value and its status, i.e. there is a difference between the use of variables in the data flow 
or by remote non-FB devices. 
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Figure C.5 – Basic concepts of process control FBs 

 

• An additional set of contained data, which may be mapped to corresponding contained 
variables to interact with maintenance, HMI, monitoring and other applications. 

A contained variable is a variable whose value is configured, set by an operator, higher level 
device, or calculated. It cannot be linked to another FB input or output and therefore may not 
contain status. Based on the class of a block, additional variable may be supported in a 
consistent fashion. 

• There is a special FB algorithm in each block, which controls the information calculation 
within the other algorithms of the FB. This algorithm is known as “modes of operation”. 

• The number, names, data types and order of variables in the FB are defined. 
 
C.2.6 FB algorithms 

The FB consists of data inputs, data outputs and algorithms responsible for the normal 
operation, i.e. the operation visible in the FRD (see Annex A). These algorithms are for 
example the PID, linearization or mathematical equation with all their associated variables 
and parameters. 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 fix parts of the 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 I&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.  
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FB Function

normal operation abnormal operation

without
back-calcul. back-calcul.

Init Warm R

Cold R Idle

with Exec
...

 
Figure C.6 – Functional components in process control FBs 

A FB consists of the main algorithms performing the normal operation (one or more than one) 
and the algorithms for the abnormal operation. The active event chooses which algorithm has 
to be executed. During normal operation most of the time the main algorithm are carried out. 
During commissioning, maintenance or critical process states algorithms of the abnormal 
operation are carried out. An example is shown in graphical representation of IEC 61499-1 
(see Figure C.7).  
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INIT
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Main-function

Init

Cold_R
 

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. 
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Figure C.8 – Full structure of an EFB (example) 

 
 
C.2.7 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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TypeID_61499
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Mapping to
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Figure C.9 - Relationship between IEC 61499-1, IEC 61804 series and other 

standardization activities 

 

C.3 Mapping of IEC 61499-1 device and resource model to IEC 61804 

C.3.1 General 

The following subclsuses describe the IEC 61804 device model as result of the requirement 
specification. This clause is closed with a reference overview between the device models of 
both publications.  

C.3.2 IEC 61804 device model components overview 

In a real device or resource, there are only data and function (program) code 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 C.5): 

• FBs composed of data and event inputs and outputs, internal data, contained data and 
algorithms 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 available 
application portions without any programming design activities, for example trending. 
This FB environment functions are used by external applications independent, i.e. 
parallel, of the FB application.  
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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  

The data transfer between FBs, the interactions between FBs/FB environment and 
maintenance, HMI monitoring and the interaction between FB environment/AME and 
configuration functions have to be supported by the communication services and pro-
tocols. The specification of the FBs and the FB environment is independent of the 
communication system. A mapping sub-layer between FB environment and communi-
cation 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 should map efficiently to the 
underlying communications protocols and services. Communications services and pro-
tocols used with the FB application process and the system and network management 
application process should be specifically designed for use with distributed application 
processes, and should provide the services required by those applications. 

There should be three different types of communication requirements:  
• Time Critical Communications 

Communications services and protocols used with the FB application process 
should support the unique requirements of time critical communications, including: 
− deterministic transfers; 

− spatial consistency of transfers; 

− temporal consistency of transfers. 
 

• Demand Communications 
Communications services and protocols used with the FB application process 
should 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 should also support the unique 
requirements of “report by exception” communications. 

 
• Event Communications 

Communications services and protocols used with the FB application process 
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. 
– FBs; 

b) alert block; 
c) trend block, and 
d) view blocks. 

C.3.3.2 Resource block 

The characteristics of the physical sub-component associated with a resource may be 
described by a set of resource block contained variables. The resource block may also 
contain variables that are common to FBs and transducer blocks, for example set fail-safe. 
These variables are defined in the resource block.  

C.3.3.3 Transducer block 

Transducer blocks insulate FBs from the specifics of I/O devices, such as sensors, actuators, 
and switches. Transducer blocks control access to I/O devices through a device independent 
interface defined for use by FBs. Transducer blocks also perform functions, such as 
calibration and linearization, on I/O data to convert it to a device independent representation. 
Their interface to FBs is defined as one or more implementation independent I/O channels.  

C.3.3.4 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 that is as independent 
as possible of the specifics of I/O devices and the network. Each FB processes input variable 
and transducer block input according to a specified algorithm and an internal set of contained 
variables. They produce output variable and output to transducer 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 transducer block or to one or more output variables that may be linked to 
other FBs.  

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: 

• operations dynamic parameters; 

• operations static parameters; 

• all dynamic parameters; 

• other static parameters. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C PAS 61

80
4-1

:20
02

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


 – 100 – Copyright  IEC, 2002 

C.3.3.6 Trend block 

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, 
maximum, etc.). 

C.3.3.7 Alert block 

The FB Environment should include data structure definitions and associated resource and FB 
functions to allow the controlled transfer of alarm and event information within the system, 
called alert blocks.  Alert blocks predictably and efficiently route alarms and events to a selec-
ted destination (or destinations) within the system.  

Alert block definitions include the definition of standard exchange protocols for initiating, 
sending, and confirming alert object reports, acknowledging alerts, interpreting standard and 
custom reason codes, and configuring alert functions such as alert key, alert priority, alert 
auto-acknowledge, etc. 

Alerts are used by resource, transducer, and FBs to communicate notification messages, 
when alarms are detected. An alarm is the detection of a block leaving a particular state and 
when it returns back to that state. The time at which the alarm state was detected is included 
as a time stamp in the alert message. Also, the priority is included to indicate whether this is 
an advisory or critical alarm. 

C.4 Mapping of IEC 61499-1 management FBs 

The management is within the scope of IEC 61158 series and not reflected in this standard. 

C.5 IEC 61499-1 textual language 

The IEC 61499-1 textual language is use to describe examples of IEC 61804 FBs to illustrate 
the FB definitions. The use of IEC 61499-1 textual language is not normative.  

C.6 References between IEC 61499-1 and IEC 61804 model components 

Table C.2 summarize the sections above. The references  are not formal one, they should 
visualize common specifications and differences of both concepts.  
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