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Abstract

This publication deals with the application of standards for industrial
automation during distributed control systems design. Control systems
design consists of a choice between two approaches based on the standards,
IEC 61131 and IEC 61499. The question is which of the standards to use for
distributed control systems design. The most commonly used standards are
briefly listed in the introduction section. Then follows a more detailed
description of the IEC 61131 and IEC 61499 standards, future development
of the IEC 61499 standard and its usage during the creation of distributed
control systems. Further on are lists and descriptions of existing commercial
and research software tools, which are necessary in implementing this
standard. The main section deals with the methodology for standard
application comparison and criteria selection for comparing. This
methodology is then verified on real control systems. The final section
includes methodology generalization for suitable approach selection,
resulting in recommendations for which standard to choose during creation

of distributed control systems.

Key words

distributed control system(s), IEC 61131, IEC 61499



LIST OF ACRONYMS

IEC
ISO
BSI
UKAS
SWEDAC
GAMP
ISPE
IT

GxP
PLC
MAP
IPMCS
XML
OoPC
ST
LAD
IL

SFC
FBD
FORTRAN
FB
ECC
FAT
SAT
HMI

- International Electrotechnical Commission

- International Organization for Standardization

- British Standards Institution

- United Kingdom Accreditation Service

- Swedish Board for Accreditation and Conformity Assessment
- Good Automated Manufacturing Practice

- International Society for Pharmacoepidemiology

- Information Technology

- Good Practice Quality Guidelines and Regulations
- Programmable Logic Controller

- Manufacturing Messaging Services

- Industrial Process, Measurement and Control System
- Extensible Markup Language

- Object Language Embedded for Process Control

- Structured Text

- Ladder Diagram

- Instruction List

- Sequential Function Chart

- Function Block Diagram

- Formula Translation

- Function Block

- Execution Control Chart

- Factory Acceptance Test

- Site Acceptance Test

- Human Machine Interface
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CBA
SIFB
ODECE
FBDK
FBRT
NCES
OPC
PN
CPU
DI
DO
Al

PS
DP

IP
HW
OB
FC
SFB
SFC
DB
TCP
ACK

EPROM

- Component Based Automation

- Service Interface Function Blocks
- Open Distributed Embedded Control Environment
- Function Block Development Kit
- Function Block Runtime

- Net Condition / Event Systems

- Open Connectivity

- ProfiNet

- Central Processor Unit

- Digital Input

- Digital Output

- Analog Input

- Power Source

- Decentralized Periphery

- Internet Protocol

- Hardware

- Organization Block

- Function

- System Function Block

- System Function

- Data Block

- Transmission Control Protocol

- Acknowledge

- Random Access Memory

- Erasable Programmable Read-Only Memory



LIST OF SYMBOLS

Tcelk

T, poz
Tsprac
T, odp

T, cyklu

T, vstup
T, program

Tvystup
P celk
P prog

P prac
P syst

- Total response time of remote system
- Requirement delivery time

- Requirement processing time

- Response delivery time

- Total time of PLC cycle

- Input processing time

- Program execution time

- Output processing time

- Overall PLC memory consumption
- Program memory consumption

- Work memory consumption

- System memory consumption



INTRODUCTION

Distributed management was not taken into account by control system
design. Therefore even the standards which these systems follow do not
offer direct options for how such systems should be designed. They have
come more and more to the forefront in the present day. Based on this fact,
it is necessary to create new standards, which are primarily designed for
distributed system development.

When creating the distributed control systems, we can choose one of
two possible approaches based on IEC 61131 and IEC 61499 standards. The
first of them has been used for a long time in the PLC sphere, but it does not
directly support the creation of extensive distributed systems. That is why it
is quite difficult to design such systems using the IEC 61131 standard. The
more difficult the system is, the more problems that can occur. Sometimes it
can be quite impossible to create a system because it is just too big. More
difficult operations obviously increase the costs needed for system design,
in some cases they can even exceed the hardware costs. The second of the
standards, IEC 61499, offers a direct solution for distributed control system
creation. That is the reason why it is more widely preferred. The truth is that
it is anew standard, which is why it is supported by only a few device
manufacturers. Most programming tools are intended for research purposes
only. Also, most of the people who develop these systems do not have any
experience with the IEC 61499 standard. This raises the question of which
approach and which standard is more effective and suitable for individual

system designing.



The publication focuses on:

IEC 61131 and IEC 61499 standards analysis and prognosis of their
development;

Analysis of existing application of these standards in practice;

Criteria determination to compare the suitability for system use,
designed on the base of both standards;

Preparation of the model distributed system by using both approaches;
To compare the influence of the chosen approach on selected criteria;
Comparing the suitability of both approaches for real distributed

system creation based on quality parameters.
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1. CURRENT STATUS IN INDUSTRIAL AUTOMATION
STANDARDS

Each industry sector will soon come to the development point when it
is necessary to unify different approaches. Without creating the standards,
development cannot progress.

Usage of the standards enables the following:

- To reduce installation and startup costs — installation and startup of the
systems based on the same standard is identical, or similar.

- To reduce the need to keep high level of stocks — standard devices are
widely available even after several years from placing on the market

- Components compatibility — new device should be easily compatible
with any other device built on the same standard

- Safety increase
Usage of the standards in industry:

- Improves communication

- Provides practical usage of professional skills

- Represents years of experience and reduces the need to start each

project from scratch

1.1 1IEC standards

The international industry community accepted that it is necessary to
design new standards for programmable logic controllers. The International
Electrotechnical Commision (IEC) was founded in order to design and
standardize programmable controllers, including hardware design,

installation, testing, documentation, programming and communication. As
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aresult of its activities, IEC 61131 and IEC 61499 were designed as well,

which together with new technologies have a dramatic impact and influence

on design and implementation of the industrial control systems.

These two standards are closely connected and create the base for

control system development in the present, as well as in progressive

technologies in the near future.

Functionality

P |
I 15C 61499 rotecion
| independent
i finctionality

-r | Integration
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|
I |
. Functional |
I distribution |

e~ _ I
Continuous
control
Mechanical
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>

Fig. 1 Technology development for industrial control [24]
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1.1.1 IEC 61131 standard

IEC 61131 standard is based on well-tested techniques [25], which are
at present used in various forms and in many control products. It
comprehensively defines the whole software design process for
programmable logic controllers, possibly control systems [11], including
programming languages, implementation, communication and technical
documentation.

This standard is used for the whole complex of problems related to
programmable controllers and it is devided into 8 parts:

- IEC 61131-1 Basic information — basic terminology and terms are
defined in this part;

- 1EC 61131-2 Hardware requirements and its testing — electronic and
mechanical structure and verification tests;

- IEC 61131-3 Programming languages — structure of PLC software,
languages and program performance;

- IEC 61131-4 User instructions — instructions for selecting, installation
and maintenance of programmable controllers;

- IEC 61131-5 Message specification — software resources for
communication between devices based on MAP (Manufacturing
Messaging Services);

- IEC 61131-6 Communication through industrial networks — PLC
software resources for communication using IEC Fieldbus;

- IEC 61131-7 Fuzzy control programming — software resources
including standard; function blocks for operation with fuzzy logic in

PLC;
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- IEC 61131-8 Directives for languages implementation used for PLC —

application and implementation directives for IEC 1131-3 languages.

1.1.21EC 61499 standard

IEC 61499 was developed especially as a methodology for distributed
control system modelling. It defines concepts and models in a way where
software implemented in the form of mutually concurrent function blocks
can be used to define distributed control system behaviour. Function blocks
within the industrial systems represent the basic concept for definition of
robust, reusable software components. Each function block has its own set
of input parameters, which are evaluated by internal algorithms during
processing. Algorithm results are recorded in block outputs. Complex
applications can be created from function block networks, which are formed

through their input —output connection.

MainControl Load
— ProcVal Cutput FlowRate Level ——
— SetPoimnt Error ’* Model Errer

Fig. 2 Function block connection
IEC 61499 standard, based on the function blocks concept, which are
defined in the language standard of the programmable controllers IEC
61131-3, provide together with the application layer of the communication
fieldbus, the software interface. This interface enables cooperation between

remote function blocks by using an industrial network.
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IEC 61499 standard consists of 2 parts. Firstly, it includes the function
block architecture and concepts for block—oriented systems design and
modelling. This part includes the following spheres:

General requirements — contain introduction, focus and normative
references (for other standards as well), definitions and reference models:

- rules for the function block type declaration and the instances
behaviour of function block types,

- rules for function block usage in configuration of distributed industrial
control system (IPMCS),

- rules for function block usage in connection with communication
requirements of distributed industrial control system,

- rules for function block usage in application, resource and device
management in [IPMCS,

- Requirements for system and standard compatibility.

Second part defines software tool requirements for definition design of
the function block types and management of the function block libraries. It
contains an extending supplement for type definition of XML documents
used for the function block design exchange between software tools from
different suppliers. This part focuses mainly on design, implementation,
usage and maintenance of industrial distributed control systems constructed
with architectural usage and concepts defined in the first part. The XML
language is used to store and access the function block definitions, which
enables design transmission through the internet and offers an opportunity
to browse them by using internet browsers and save different attributes,
including the information about the version and allocation of the graphic

details.
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Faced with a large number of industrial standards remains the issue of
which norm or standard is the best solution for our application. Each
standard contains precise rules for system creation, but only in theory. It
would be a waste of time to look for a specific recommendation for real
systems usage in the standards. When creating the distributed control
systems, there are several alternatives [24] for how to proceed. It is not
simple to select a specific solution without the knowledge of appropriate

standards and issues.
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2. IEC 61131 AND IEC 61499 STANDARDS
AND THEIR FUTURE DEVELOPMENT

IEC-61131 [6] standard for PLC programming was widely adopted by
suppliers and users of automation technologies. However, IEC 61131-1
restrictions play more and more of an important role for achievement of
automation systems' elasticity and flexibility. Although all major PLC
suppliers design their product according to the IEC 61131 standard, some
differences between the various PLC brands are the reason for not allowing
the replacement of one PLC brand with another one. The need for
decentralized management is growing for many reasons such as flexibility
and reliability (a centrally-managed system represents a single point of
failure, in case of failure of any system part). The International
Electrotechnical Commission (IEC) developed a new standard, IEC 61499,
in order to make the automation systems reconfigurable, interoperable and
portable. IEC 61499 standard is based on function blocks conception.
Function block type IEC 61499 is in contrast to the event driven function
block type IEC 61131. IEC 61499 is an innovation, but has great potential
for future growth. Modularity and re-usability are currently more and more
important for PLC programming. Modular code offers greater efficiency
and time saving, especially for medium- and small-sized businesses.
Productivity is much more improved thanks to the introduction of IEC
61499 function blocks. Small companies will be able to incorporate their
intellectual property collected in IEC 61499 functional blocks into
components libraries used in the future.

For configuration according to IEC 61131-3, the program

implementation is processed by periodical or non-periodical events. When
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activated, function block instances are performed in a pre-defined order.
Function block instance activation in the distributed system can be carried
out according to a predefined cyclical plan as well. However, IEC 61499
supports a more generalized model, where the central mechanism provided
by the activation under the plan, cannot exist at all. Function block
execution is controlled by events and is very fast, but can be cyclical as
well. This is important for many control programs in modern devices.

Communication and input-output functions in the IEC 61131-3 model
are only loose-bounded to the variables, which are called in program by the
"access channels" mechanism and "global and direct represented variables".
There are no communication function blocks available between systems for
industrial fieldbusses. OPC (Object language embedded for Process
Control) is used to create communication links independently from the
application. IEC 61499 contains communication function blocks, which can
be implemented very easily and support different network access, so the
function blocks can be easily distributed to network devices. Function block
model according to IEC 61499, allows the existence of several alternative
algorithms in the function block body, which are selected according to
defined external events or conditions (e.g. initialization algorithm, standard
algorithm and algorithm called when failure or defect occurs). All this is
possible because, IEC 61499 function blocks can be designed by different
programming languages. There is only limited flexibility in the case of
fieldbus, because only basic function blocks can be used.

As the production management becomes more and more distributed,
the attributes like encapsulation and the function block reusable possibility

by end users, device suppliers and system integrators, become increasingly
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important and widespread. As an extension of the programming languages
IEC 61131-3 supports, IEC 61499 not only uses the algorithm
encapsulation, but subprograms or even system applications as well. The
system designer, without any programming experience, is able to design
applications and use them again in the future. Such technology does not
exist for use of industrial fieldbus.

Because of adaptation to frequent changes in product composition and
volume, as well as the frequent introduction of new technologies, the
industrial processes will offer more opportunities for physical reuse in the
future. There are no doubts that thanks to the use of the IEC 61499 [58]
concept, the technical costs will be reduced and systems will be more

flexible and better maintained.

2.1 IEC 61131

As defined in IEC 61131-3 [6], standard programming languages for
PLC are: Structured Text (ST), Ladder Diagram (LAD), Instruction List
(IL), Sequential Function Chart ( SFC) and Function Block Diagram (FBD)
[18]. PLC manufacturers implement programming languages on the base of
IEC 61131-3 standard, but not equally. This causes compatibility problems.
For example, a program in LAD language from a certain manufacturer,
although seeming similar, cannot be imported to PLC from another
manufacturer.

Function block IEC 61131-3 is a subprogram with parameters and
local data. But the syntax of specific implementation [1] can contain many
different details. Function block does not need to contain all programming

languages (e.g. SFC is not supported in add-on instructions of Allen-
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Bradley, Implementation of Rockwell function blocks). Access to memory
also varies between individual manufacturers. Some PLC support only
variables (attributes) assigned to a block (local attributes), while others can

access the global variables as well.
Languages IEC 61131-3 [12]:
a) text

= Structured Text Language (STL) — high-level programming
language supporting structured programming. It has strong

language structure similar to PASCAL.

il TF SFEED > 100.0 THEN

Flow Fate := 50.0 + Offset Al:
ELZE
Flow Rate := 100.0; Fteam := ON:
iy ENL_IF:

Fig. 3 Partial program record in STL

= Instruction List (IL) — low—level programming language similar to

languages used in modern PLT controllers.
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LI 300.0

AT LOOP1. 3P
LD  %IWz0
ADD 10

AT LOOPL.FPW
CalL LOOFP1

Fig. 4 Record of program function block call in IL
b) graphic

= Ladder Diagram (LAD) [59] — graphic language based on relay
logic, technique used for programming in present generation of

PLC controllers.

OVR1 START
| | SR
1 NS

xs4_
EN ENO {5 J
X85 —1SWB | speep

SWi1

Sw2

PUMP1 ENABLE %Q100
| | | | PR
11 | A

Fig. 5 Program flow record in LAD

=  Function Block Diagram (FBD) — language describing signals and
data flows through functional block links — reusable software

elements.
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OnDelay 1

TOM
High_Press I Alarm Ind12
k] = Over_Press
T#30s ———PT RS
=
Enable AND N Q1 p— Alarm_P12
Alarm_Clr—

Fig. 6 Program flow record in FBD

= Sequential Function Chart (SFC) — graphically illustrates
sequential behaviour, control program sequence running. It is used

to define time or event based control sequences.

1| F—N| Initialization |
I—I N | Loading |
I—I N | Heating |

|—|N| Fermentation |

wn

|—|N| Unloading |

I—I N | Cleaning |

<[ HsHeHsH k-

,

Fig. 7 Record by using SFC
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One of the main features of this standard is to use function blocks -
parts of the control program [14], which are limited so they can be used in
different parts of the same program, or in other programs or projects as
well. Function blocks can store data or algorithms. That is a great advantage
over other similar concepts in programming languages (e.g. FORTRAN, C).

The function block describes the data flow as well as its structure.

-< FUNCTION BLOCK HYSTERISIS

— VAR_INEUT
Hysterisis ¥INl, XIN? : REAL;
REAL  —|wmt EPS : REAL; (* Hysterisis band %)
Q (— BOOL EID VAR
REAL  —XIN2 VAR _OUTEUT
Q : BOOL := 0
REAL ~—|FEPS END_VAR
IF ( THEN
IF XINl < (XIN2-EPS) THEN

g :=0 (* XINl decreasing ¥)
END _IE;
ELSIF XINL > (XINZ + ERS ) THEN
g += 1; (* XINl increasing *)
END_IF;
* END_FUNCTION_BLOCK

Fig. 8 Example of function block definition

Main parts of the IEC software model are pictured in Figure 8. These
parts are needed for the PLC software environment. The model consists of

several layers, each layer absorbs features located inside of it.

23



Conﬁguration

Resource Resource

Task Task Task Task

| \ |
Program Progra Program Program
=

Global and local variables

1

t Y

Access channel

* Communication function

— =

Variable Function Variables Control

access block implementation
channel channel

Fig. 9 [EC 61131-3 software model

The main elements of the IEC software model are:

Configuration — is a top layer defined as a language element, which
corresponds with a programmable control system.

Means — in each configuration are one or more resources, which
provides support for all elements needed for program execution.
Program — can be created by multiple different software elements,
each of them can be written in one of the different languages listed in
IEC. Program consists of a number of interrelated function blocks,

which enable data exchange through software connections. Program
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d)

e)

2

h)

)

can read and write the input-output variables and communicate with
other programs.

Task — can be configured to control the program group or function
blocks, which are executed, based on periodicity or event.

Function block — This concept is one of the most important elements
of IEC 1131-3 standard for software support of the hierarchical design.
Using the function blocks, it is possible to create a program from
smaller, easily controlled blocks. Each block can be programmed
through using other function blocks - clear, hierarchically structured
programs can be created this way. Function blocks in distributed
systems form the base for the IEC 61499 standard. Function blocks
consist of two parts: data, which defines the inputs and outputs and the
part where the algorithm is defined; code time, which always runs
during function block execution.

Functions - are software elements that provide one result based on
required inputs.

Global and local variables — standard allows declaring of variables in
different software elements. Global variables are available to any
software elements inside the program, while the local variables are
available only for included software elements.

Accurately representing variables — enables the data to be recorded in
and read from known memory area in PLC.

Access channels — are the last element of the model. They provide
resources for data and information transmission between different
configurations. Each configuration contains variables that are

accessible to other remote configurations.
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The concept of the application itself [1] [27] [31] [38] is not defined
by the standard. Application must contain all control requirements for
activation, control and finish. Control is necessary for physical sensors and
actuator handling, event scheduling, and interaction with operating
terminals. Because the standard allows the resources to be activated
independently, large-scale PLC system can handle multiple independent

applications simultaneously (Fig. 10).

Configuration

source

Program

Fig. 10 Assigning application to resource

Standard [25] describes programs, function blocks and functions as
program organization units — software elements, important attributes that
could be called in different application parts. Behaviour and structure of
such program organization units is defined by type declaration. The
function blocks copies made from particular types are identified as function
block instances.

One of the important characteristics of IEC 61131-3 standard is
a strong emphasis on the hierarchical design of the application. A program
can be seen as a network of function blocks and functions. Each function

block is a copy or an instance of the type definition. (Figure 11).
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Program instance Al of program type A

Function block,
instance R1 type R

VA

/ \\ AN
\ Function block type R,
\ definition
% <=7
\

Function block,
instance X1, type X

7\ Function block type X,
/ \/ definition

Fig. 11 Hierarchical structure decomposition
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2.2 IEC 61499

IEC 61499, IEC introduced in 2005, is considered to be the next
generation in improvements for PLC system engineering. The basic
principle of IEC 61499 consists of event controlled function blocks (FB),
which are called only if some of their event inputs are activated. Relevant
data inputs are updated at the same time. FB stays inactive during the
remaining operating time. This will significantly improve efficiency,
reducing energy consumption and workload of the communication channel.
Also, use of function blocks as atop-level representation provides
a complete system overview of all devices, communication layers and
programs. It is very easy to transfer the project with function blocks to other
devices. Function encapsulation into function blocks increases the
possibility of reuse. As aresult, the library of standard component
completed from function blocks maximizes the efficiency during project
revision.

There are three types of function blocks [15]: basic, composite and
service. Basic function block is an elementary component in the IEC 61499
function block system. Basic block must contain Execution Control Chart
(ECC) [60] — state controller with conditional jumps and relevant
algorithms running on conditions. IEC 61499 function blocks have two
kinds of input and output based on event or data. Function block is
performed only if the event input is activated. All associated data inputs and
outputs (assignment is marked as a vertical line connecting event and data
input/output) are updated at the same time. According to the definition

in [EC 61499, function block inner algorithm can be written in several
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languages, for example in languages included in IEC 61131 (ST, LAD, IL,
SFC, FBD) [55] and in high-level languages as well (e.g. C or Java).

A network of basic and composite function blocks creates a body of
composite function blocks. Hierarchical structure, which assures the code's
reuse, can be built in this way. The composite blocks have their own
interface as well as the basic function blocks. Inputs and outputs of the
composite function block can be directly connected with inputs (outputs) of
the composite function blocks.

The result is an application formed by a network of basic and
composite function blocks. System configuration combines application
logic with the device topology, abstract definition of communication
networks and accurate assignment of function blocks to the devices. Service
interfaces [6] are designed to cover hardware dependencies of the
applications. Service interface is a "Black Box". Internal logic definition of
the service interfaces is not limited much by the standard. Service interface
is defined by multiple sequence of event specifications, which describe
interaction between hardware resources and function blocks. This method of
specification can be useful for documenting the service interface operation,
especially if this interface is hidden, or created in low-level programming
languages. Service interfaces can be used for implementation of various
communication protocols, database interfaces or Human Machine Interfaces
(HMI).

IEC 61499 standard defines the basic model and methodology for a
function block describing in form, which is independent from
implementation. Standard is the first step in providing design methodology

for distributed application development and modelling. Methodology can be
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used by system designers to build distributed control systems. System is

defined in terms of logically connected function blocks running on different

process resources. Use of the IEC 61499 standard consists of two stages in
distributed control system designing:

e function design phase — function requirements are represented as
a series of blocks, defining the basic features of software components
and their main connections.

e  functional distribution phase — is necessary to define distribution
management to process resources. Standard provides models and
concepts to define the distribution functionality of the function blocks
into connected function blocks.

Standard enables the function blocks, which include software
functionality and algorithm to be defined in a standard form. Standard
defines the range of the communication blocks as server and client blocks,
which are used to formalize data exchange between blocks in physically
different process resources.

Programming using this standard requires similar use of function
blocks as objects in object-oriented software programming, which model
entity and concepts behaviour in real-world settings. That is why they share
many advantages from software object use:

e  objects reflect the real world - during design the applications are more
natural and intuitively display the real world entities associated with
applications as objects.

e Objects are stable - objects demonstrate software elements that are not
changing significantly. In many cases identical object classes within a

wide application range are developed and used.
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Objects reduce difficulty — programmer can work with objects without
knowing and understanding how these two objects operate from the
inside. Application is being developed through creating and linking
references — it is not necessary to understand the objects in detail,
specifically their inside.

Objects are reusable — immediately after object development and
testing, it can become a part of the implementation tools, or library.

It is a great advantage [16] for system developers and end users

because function blocks share many of these features:

control software range developed for the application is reduced by
functional block usage

time needed to develop management systems is minimized

control system using identical types of the functional blocks shows
more consistent behaviour

control system quality improves

Usage of the tested and validated blocks speed up the application

testing in FAT or SAT.

2.2.1System design

Designing the software for any project can be very difficult and it

includes multiple aspects of distributed management, including the software

running on different software resources. There is a requirement for multiple

graphic design previews, which allow it to be defined and analysed in terms

of other aspects. Some of the previews express abstract design aspects,

some are needed to see the system's physical structure, or its software

31



organisation. The most complex design requires at least four different
design previews and set of scenarios. This architectural form is known as
4+1 preview model, which is used for design previews of object—oriented
software and is equally applicable for creating the same design previews

used for distributed control systems (Figure 12).

DEVELOPMENT | Software system control
PREVIEW (e.g. function block
libraries)

User system LoGIC
functionality PREVIEW

Functionality

distribution by , A Systemktt])pology -
displaying the control ROCESS HYSICAL network layout,
PREVIEW PREVIEW devices, controllers

context (IEC 61499
function block)

Fig. 12 4+1 System development preview model
Logic preview

This design view is used to show function requirements of the system. It
expresses the software functionality requested by system user. Major
software function blocks and major interfaces between them are reproduced

in distributed system design.
Process preview

Process preview contains many non-functional system requirements,
including performance or system distribution. During application of IEC

61499 standard, which provides the architecture showing the
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implementation preview of the distributed system, anetwork of

interconnected function blocks is created.
Development preview

Preview shows the organisation of developed software integrated into
a larger system, relations between software components. Creating a large
scale distributed control system includes a number of software libraries and

modules.
Physical view

It shows physical devices in distributed systems and controllers within the
system and reflects different network communication connections between

them.

2.2.2 Models and concepts

The main objective of IEC 61499 is not the programming
methodology, but the architecture and model for distributed systems. The
standard provides concepts and a set of models describing distributed
systems programmed by using function blocks, which describe the
implementation of such control systems in an explicit and formal way. To
have aformal and standardized approach for system description allows
systems to be verified, compared and understood.

The standard uses few models which together form the architecture of

a distributed system oriented on function blocks.
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System model

Defines relations between communication devices and applications.
Application can exist on a single device or can contain functions distributed
for a larger number of devices. Distributed application is shown as

a function block network.
Device model

Device is able to support one or more resources. The resource of IEC 61499
has similar features as resource defined in IEC 61131-3 standard. The
resource provides independent performance and function block network
control. The model contains the device interface which provides services
that allow resources to exchange data with input-output points on the device
and communication interface providing communication services for data

exchange through external networks with remote device resources.
Resource model

The resource provides equipment and service for performance of single or
multiple function block application fragments. Function blocks of
distributed systems are placed into device resources, which are
interconnected. Resource provides interfaces for communication systems
and for specified process devices. Important feature of the resource is its
support for independent execution — resource can be recorded, configured,
activated or stopped without influencing other resources in the same device,

or network.
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COMMUNICATION INTERFACE

Working
interface
FB

Working
interface
FB

Algorithm
FB

PROCESS INTERFACE

SCHEDULING FUNCTION

\
Local application or distributed
application fragment

Fig. 13 Resource model
Application model

IEC 61499 application is defined as a network of interconnected function
blocks depending on event or data flows. Application can be divided and
distributed in multiple resources. Further decomposition is possible inside
of the application by using the subprograms. The application defines
relationship between events and data flows, which are required between
different blocks. The resources on which the function blocks are distributed
must ensure that the events are used for particular algorithm timing in
function blocks with correct priority and time. Resources are responsible for
accumulation of variable values in function blocks between application
callings. The application contains function block instances and connection

definitions.
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Event flows

Data and events transmitted between

applications through operating interface

RESOURCE 1

L

RESOURCE 2

ork
block
interface

Subprog.

Data flows

Application — distributed
through resources

RESOURCE 2

Function block model

Definition of the function block type provides formal description of the data

structure and data assigned algorithms, which exists in different instances.

Subprogram — distributed
through resources

RESOURCE 3

RESOURCE 2

Function block consists of two parts:

e  "Execution management" — top part of the function block records

events in algorithms, provides information about the status between

Fig. 14 Application model

input, output and algorithm execution events.

e  Bottom part of the function block contains algorithms and internal

data, which are hidden inside of the function block. Function block is
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a software component type and if it is properly developed, it should

not request detailed understanding of its internal design from the user.
e  Function block operates in connection with its resource, which

supplies resources for algorithms scheduling and requests recording

for communication and process interfaces.

An important concept in IEC 61499 is the option to define the function
block type [24], which determines the behaviour and function block

instance interfaces, which are built of that type.

Event inputs Event outputs

Instance name

Event flow Event flow

(hidden in FB)

FB type name

Data flow Data flow
—> (hidden in FB) —>
/ (hidden in FB) \

Data inputs Data outputs

Resource abilities

(scheduling, communication, process recording)

Fig. 15 Function block model
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2.3 PROFINET CBA

It can be described as a transfer of the IEC 61499 standard elements
into the world of traditional PLC systems. The main element of PROFINET
CBA [2] [35] [36] [37] [60] is a component. Component represents control
functionalities and communicates with other components through its
interface. In the PROFINET environment, each component equals the
control device. PROFINET CBA enables the creation of component
interfaces and relations between them. Individual components are
programmed with tools supplied by device manufacturers. Although several
companies adopted PROFINET CBA (Hilscher, KW Sotfware), the market
accepted PROFINET CBA only on a limited scale, mainly because this
system is complicated to use and some key features of IEC 61499 are
missing (e.g. application model and composite function blocks).

PROFINET is an open standard for automation based on industrial
Ethernet. PROFINET CBA is a part of this standard and is based on IEC
61499-1 — describes technologies for modular and distributed system
implementation on the base of pre-defined components.

"Architecture Description and Profibus Specification" issued by
Profibus International, defines the communication between devices from
different manufacturers, automation and design model based on IEC 61499-
1. The aim is to implement the solutions of distributed management by use
of unified communication on Ethernet network and industrial networks
using the open standards.

Distributed control systems in accordance with IEC 61499-1 standard
have a hierarchical structure and are not based on components. Basic terms

are "System", "Device", "Resource", "Application" and "Function block".
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Specification of PROFINET CBA is largely in line with the model
described in IEC 61449-1.

BASIC EXPRESSIONS IN IEC 61499-1

AND PROFINET CBA Table
IEC 61499-1 PROFINET CBA
System System
Device Physical device
Resource Logic device
Function block Object/Control function
Application Application
Conjunction Connection
System

System model describes distributed control system as an entity. System is
the top level in architecture hierarchy. It consists of physical devices that
are interconnected through communication network. Current process is
controlled by several applications, which are located in a single device
(Application C), or are divided among several devices (Application
A and B).
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System System

Communication network Communication network
Device 1 Device 2 Device 3 Physical Physical Physical
Appl A device 1 device 2 device 3
[ App A
Apritim Application B |
Appl. C Appl. C
| Controlled process | | Controlled process

IEC 61499-1

Profinet CBA

Fig. 16 System model according to IEC 61499-1 and PROFINET CBA

Device

Device performs within the complex control task as an independent
function. It is a general term for various device types, starting with PLC,
from personal computers to strong programmed devices (embedded
regulators), or intelligent fieldbus devices with specific firmware. All of
them contain a process and communication interface. Devices consist of

single or multiple resources.
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| Communication line / lines | | Connection / Connections |

Device Physical device
| Communication interface / interfaces | | Communication interface / interfaces |
Resource 1 Resource 2 Resource 3 Log. device 1| |Log. device 2 Log. device 3
|— Application A |— Application A
Appl.B | Appl.B |
Application C | Application C |
| Interface / process interfaces | | Interface / process interfaces |
I I
| Controlled process | | Controlled process |
IEC 61499-1 Profinet CBA

Fig. 17 Device model according IEC 61449-1 and PROFINET CBA
Resource

The resource performs local applications, also known as function blocks.
These represent the wrap around software needed to run the equipment.
This software includes firmware as well as the control program, which can
be freely programmable. Functional blocks are capable through the
connection of exchanging data with other function blocks. Communication
partners can be in the same device, or located in other devices in the

communication network.
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Device 1 Device 2 Physical device 1 Physical dev. 2

Resource 1 Resource 2 Resource 3 Logic Logic Logic
device 1 device 2 device 3
1 Function [T7] Function [TTT1] Function [ Function a[T7] Function ¢ [TT]T]Function d J
block a block ¢ 11| block d _| | |
Function |_ Function b
block b
IEC 61499-1 Profinet CBA

Fig. 18 Resource model according to IEC 61449-1 and PROFINET CBA
Function blocks

Function blocks are the basic architecture elements of IEC 61499-1. They
contain interfaces for data receiving and transmitting, as well as containing
internal data and executable algorithms invisible from the outside.
Technological functions of PROFINET CBA are based on the application
oriented Service Interface Function Blocks (SIFB ) described in IEC 61499-
1 standard.

Function blocks [32] have a fixed structure, or they are freely
programmable.

As a result of that, these devices can have either:
- fixed functions (e.g. fieldbus devices, drivers, sensors), or
- programmable and recordable functions (e.g. PLC, personal

computers).
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2.4 Future development of IEC 61499 standard

Considering the entire life cycle of the automation systems, current
work on IEC 61499 deals with solving only its small part, which are the
creating and activating aspects. These are very important aspects, but for
pioneers of industrial automation technology it is also important that this
system is fully functional, being easily kept in operating status and in case
of any problems (e.g. breakdown ), the system can return back to operating
mode immediately. To overcome these problems, research and development
will be necessary in the following areas:

e How to perform the activation and deactivation phase of the
distributed system.

e  Distributed control systems monitoring and debugging — how to gain
data, how to present them in the tools and how to detect defects.

e  So far, all sample applications have from one up to four devices. How
will the system behave with many nodes (thousands of nodes)?

e  Analysis, behaviour tests and system stability tests (e.g. one node will
always be inactive).

e  Managing the complexity of distributed systems. Distributed systems
are more complex than centralized systems. They need methods and
tools to help the system designers manage their complexity.

Not completely related to the device operation are the intended
heterogeneous targets of the IEC61499 system. Subject to the requirements
of accuracy, interoperability and configurability appear as a problem of how

to activate control programs on devices from different producers. The
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reason for these gaps and deficiencies in the standard can be interpreted
differently.

The world of industrial automation and management has changed a lot
since works on the IEC 61499 standard began. Distributed devices,
programmable input/output modules and intelligent drives are more used in
the field of automation systems. Increasing their computing power and
increasing memory allows the control programs to maintain a reasonable
size. Ethernet in industrial and automation practice is another popular
technology of recent years. This technology allows any member of the
communication system to communicate with another. Another element is
the growing complexity of the control programs. Large modular devices
consist of 60 or smaller control devices (such as woodworking and printing
machinery). There are even more devices in the case of the building
automation. Currently available development methodologies and tools
cannot handle such a complex device. The main reason is that the IEC
61131-3 standard is designed for central tightly- bound control systems.
Therefore, it is difficult to build and keep the distributed systems in
operation. Software costs grow rapidly and exceed the price of mechanical
parts of the device.

IEC 61499, as an architecture focused on distributed control systems,
can solve the majority of such problems. Basic knowledge of IEC 61499
must be put under constant technology change and development in area of
industrial automation and control systems. Otherwise the IEC 61499
standard would be a nice concept without longevity. Vyatkin came to the
same conclusion in his essay on the use of IEC 61499 [57]. He also

mentioned the large increase in the number of published works on this
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subject in recent years. This may be a sign of future recognition of the IEC
61499 standard.

One possibility for how to get the products supporting IEC 61499 on
the market is to help the producers integrate this technology into their
products. As a result, an open source initiative named Open Distributed
Embedded Control Environment (ODECE) [60], currently operating under
the auspices of the OOONEIDA society, was founded.

The next chapter lists the best known programming tools
implementing the IEC 61499 standard, as well as their brief descriptions

and future development prognosis for this standard.
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3. PROGRAMMING TOOLS SUPPORTING IEC 61499

IEC 61499 has been practiced in research projects for years. Several
research groups [55] around the world participated in case studies research
as well as supporting tools prototypes.

Several programming tools are used according to IEC 61499 standard

(e.g. FBDK, ISaGRAF, Fbench).

3.1 FBDK

FBDK is the first programming tool which follows IEC 61499. It is
written in the Java language and function blocks are implemented as Java
classes.

FBDK [40] consists of a development environment (FBEditor) and
tool for triggering (FBRT). However, usage of Java, even if it is beneficial
for portability, is not in any way conditioned by actual standards. FBDK
was developed by one of the main suppliers of the industrial automation
systems, Rockwell Automation, and played a very important role in the
evaluation, development and teaching of the IEC 61499 standard. It was
never intended to be used in "field" and it’s missing many functions of a
modern automation tool. FBDK is mainly used in academic environments
and development communities.

This development software [52] allows a management engineer to
create and test data types, function blocks types, resources, devices and
system configurations according to IEC 61499 standard. It also offers
application—oriented development, has an extensible component software

library and allows the recording of the control program to different devices.
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FBDK is at present managed by the company, Holobloc Inc., which
provides user training, references and industrial process, measuring and

regulatory systems based on IEC 61499 standard.

3.2 ISaGRAF

The last [ISaGRAF 5 version was in addition to its opportunities
with IEC 61131-3, ISaGRAF [55] is the first full-valued automation product
that supports the entire design process. The vendor of this product, ICS
Triplex ISaGRAF, actively promotes this product on the market. It is based
on a well-known IEC 61131 approach.

ISaGRAF was the first development environment that supported all 5
programming languages [30] following the IEC 61131-3 standard for
Windows. Moreover, to achieve the highest performance and flexibility, it
supports ISaGRAF functions and function blocks written in C language and
languages listed in IEC 61131-3.

Extended to support the first set of IEC 61499 models. We speak about
basic and composite function blocks. These blocks can be used in programs
that are present in resources of various ISaGRAF devices [52] within
a distributed automation system. While offering so-called application
overview that shows where the individual application parts are located in
the system, these must be programmed directly on individual devices.
Communication between the program parts is done by using network
variables. Another issue is that the events triggered function blocks of IEC
61499 are executed at the end of the cyclically triggered IEC 61131-3
system, resulting in long delays in triggering and that is why the IEC 61499

application performance is rather low.
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3.3 FBench

FBench [6] is an open source project initiated by the Canadian non-
profit organization, OOONEIDA. FBench is able to design, develop, debug,
activate and verify the IEC 61499 application. The research group at the
University of Auckland continues with the project. FBench aims to be
a complex tool, which supports programming languages of both IEC 61131
and IEC 61499 standards.

As defined in IEC 61499, to program the function block internal logic
any high-level programming language may be used.

In contrast to design and simulation functions contained in FBDK,
FBench contains tools for local and remote program debugging and project
environment to accelerate function blocks development. In addition,
FBench project development architecture contains the possibility of using
plugins [9], which allows third party developers easily expanding on
FBench abilities without knowing details of its implementation. FBench is
developed in Java as an open-source project according to CPL (Common
Public Licence).

The aim for the future is to add new functions in FBench [8], which
will create a research environment of an industrial scale. Among them is
a possibility of a formal validation of the designed function block system by
using NCES (Net Condition/Event Systems). There is no function block
editor so far that would be supported by this technology.
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3.4 Tool implementing PROFINET CBA

Component Based Automation is an implementation of Profibus CBA
[32] for control systems Simatic S7 and Simatic NET. These are the
products according to the configuration:

- Simatic Step7 as adevelopment tool for configuration and
programming of Simatic S7 and Simatic NET control systems and also
for creating PROFINET components.

- Simatic IMap as adevelopment tool for distributed systems
configuration and integration for specific program devices,
configuration and diagnostic tools into the PROFINET CBA
development environment.

- Simatic NET OPC Server PN for access to process and HMI data by
using OPC interface.

Engineering tool Simatic IMap is designed for communication
configuration between components from different manufacturers. This
means a great advantage for distributed automation solutions with smart,
programmable fieldbus devices. Program encapsulation or their parts is
performed by Simatic Step 7. Simatic IMap meets the PROFINET standard,
which means it can be used by different manufacturers. PROFINET
components, which were created by programming tools from other
manufacturers and which communicate through ethernet, can be imported
by using open interfaces.

Characteristics of Simatic IMap:

e Simatic IMap built on an open component-based PROFINET

architecture.
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Each intelligent machine/operation is represented by PROFINET
component in connection editor. It appears in software function form.
Simatic IMap combines elements of technology - oriented libraries,
regardless of the manufacturer or functionality.

On-line functions and communication function diagnostic possibilities
make the startup more simple.

PROFINET components can be used several times in Simatic IMap
(library components reuse) but only once, if they were designated as
so-called "unique".

Machine/operation can be hierarchically structured to any depth.

All variables which are necessary for general data access (e.g.
visualisation requirements) are generated automatically from technical

information.
Simatic IMap in principle includes the following views:

Project tree — is used to manage all project resources (technological
functions and devices) and to navigate within automated hierarchy of
the operations.

Technological library — technological software functions, which are
necessary for the project. Library elements must be supplied by device
manufacturers.

Connection editor — is used to specify the data exchange between
individual technological modules.

Network and topology view — is used to assign each hardware devices
in typology and for system diagnostics (communication and device

status diagnostics).
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Project view — is used for project management and survey of software
features used in the project.

Graphic view — structured representation of the configurated operation.
Procedure for project designing and launching with IMap [41]
proceeds as follows:

Creating the software components for each module of
device/operation.

Linking of the technology software components using the link editor.
Configuration of assigned devices in the network typology.

Recording the control programs and communication data into devices.

Future development of tools implementing IEC 61499

The first commercial implementations of the IEC 61499 standard raise

the question of their subordination to the standard. Here are the outlines of

the issues [55], which need to be cecked:

1.

3.

Syntactic consistency can be proved by direct comparison of standard

syntactic elements with individual implementation structure.

Semantic consistency can be demonstrated by comparison with
standard definitions, and if they are not sufficient, then with reference

implementations.

Compliance with the design model application and workflow.
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Although the IEC 61499 standard was implemented almost
exclusively in research laboratories, a number of design models were
designed and examined.

At the present time, a majority of these tools is used mainly for
research purposes [6] and not for commercial use because they do not have
sufficient support and are not compatible with most of the PLCs.

Because each implementation of the IEC 61131 or IEC 61499
standards has some weak points for distribution control system designing
(IEC 61131 was primarily not intended for distributed systems designing
and implementation of the IEC 61499 standard are still almost exclusively
intended for research purposes), it is necessary to consider all important
aspects and decide, which standard would be better to use for a particular
distributed system. The issue of choosing the suitable standard is discussed

in the next chapters.
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4. METHODOLOGY PROPOSAL FOR COMPARISON OF THE
APPLICATION STANDARDS AND CRITERIA SELECTION

IEC 61131 standard is still a base, on which all previously used control
systems are built. This does not include creation of distributed control
systems. Although individual producers solve communication between their
own control systems, it is not afinal solution for the problem with
distributed systems design. Although such systems can be created, the
programmer must solve many actions during software creation through
creating their own program blocks and must monitor many aspects [3] [4]
[19] [21] [22] [23] [29], which are ordinarily solved by the IEC 61499
standard, and increase demands on used components and provide much
more work for the programmer.

The IEC 61499 standard is directly dedicated to creating distribution
systems. But this is a new standard (work group, which started with the
standard development was established in year 1990), which is not
implemented in many cases by hardware manufacturers. Some companies
have already started with the implementation of this standard, but so far we
speak only about a few attempts, which do not solve all problems, and can
occur during distributed systems creation. Also the use of software tools
according to the IEC 61131 standard will increase total costs for system
creation because the software tools of IEC 61131 are widespread and long
used. This raises a question of which approach to use when creating the
distributed control systems. By comparing various criteria from both
systems, it is possible to determine which individual approach is suitable for
distributed systems creation of different types and sizes. This chapter is

focused on methodology constitution, which enables the comparison of both
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mentioned approaches during creation of distributed control systems and

following a selection of suitable approaches for a particular system.

Platform selection

v

Criteria selection for comparing

v

Physical system criteria

v

IEC 61131 software system creation

v

v

IEC 61499 software system creation

IEC 61131 system criteria testing

v

IEC 61499 system criteria testing

| |
v

Comparing the tested criteria

v

Generalization of the suitable approach

selection methodology

Fig. 19 Procedure for methodology formation

4.1 Platform selection

One basic condition for an objective parameter assessment of the
designed system is to use the same hardware components for both systems.
That will assure that parameter can be influenced only by using different
approaches during distributed system designing and programming. The

majority of the tools for system development according to IEC 61499 are
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still dedicated to research purposes only and are not compatible with the
devices operating under the IEC 61131 standard. It is necessary to choose
system components, which are able to operate under the IEC 61131

standard or under the new IEC 61449 standard.

4.2 Criteria selection for comparing

Since identical devices and communication networks are used for both
cases, the assumption is that the hardware performance of an entire
distributed system will be the same (whether IEC 61131, or IEC 61499).
Selection of programming approach will influence the communication
speed and difficulty and amount of work as well, which must be carried out
by the programmer in order to design the system. The following criteria will

be influenced by approach selection for system creation:

a) Response time of remote system - response time represents the time

when the remote station responds to a call from a local station.

Request

Station 1 Station 2

A 4

Response

d
l

Fig. 20 Communication between stations

Can be expressed as a sum of communication time and time at which

the remote station processes the request:

Tcelk = Tpoz + Tsprac + Tadp (1)
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b)

It is an important data piece, which corresponds with fast system
response to the status change. It is affected by various hardware
aspects, such as network complexity, used transmission medium,
network utilization influenced by other devices, distance between
stations, line speed and others. In addition, response time can be
largely influenced by used programming approach and selection of
software tools and technologies.

Network utilization — Network utilization will vary depending on the
selected system. It represents amount of data transmitted through the
whole network in one second. It is expressed inkB. Various
technologies use various communication transmission protocols that
are reflected in the data frame composition and in the quantity of
transmitted data. Desired status is to reduce network utilization to a
minimum possible value.

Program influence on the PLC cycle time - as visible in Figure 21,

PLC executes all operations [7] cyclically.

Cycle time PLC = time needed for one cycle
execution
Typically 3 -100 milliseconds

Input scan, Program Actual output
input table = execution, |- status update
update output table
<

Fig. 21 PLC cycle time
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First it sequentially scans input devices and updates the image of their
status in the memory. Then all program blocks will be executed. After
processing the PLC program blocks, the output device status image is
updated in the memory. Finally, it will use the output status image for
a real change in the status of outcome devices.

Cycle time can be expressed as:

Teyete = Tinpur + Tprogram + Toupue (2)
Cycle time is an important piece of data that the programmers try to
reduce to the lowest possible value. This is the time in which PLC will
process all its inputs, program blocks and outputs. If this time is
increased to too high of a value, PLC would not respond soon enough.
It could even be possible that it does not respond to the input state
change [33], when this change takes place during program block

processing in one PLC cycle (Figure 22).

Input signal 1 2
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Fig. 22 Processing the PLC input signals
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The assumption is that all blocks and service communication blocks

will increase the processing PLC cycle time.

Program influence on the size of PLC consumed memory — PLC

memory [39] consists of three basic parts :

1. Program memory — is used to save programs without any
associated names or comments.

2. Work memory — contains all data needed for program running.

3. System memory — contains memory elements, which provide

processor for user program.

PLC Memory
Program memory Work memory System memory
Programs without Data necessary for - binary memory
associated symbolic program running - counters

names and comments - timers

- program buffer
- interrupts buffer
- local data buffer

Fig. 23 PLC memory organization

Total memory consumption PLC can be expressed as:
Ptotal = Pprog + Pwork + Psy:t (3)

Because the memory PLC is limited to a few hundred kilobytes [34]
and also any unnecessary program code prolongs the PLC processing
cycle time, it is important to reduce the program size to a minimum

possible value. This data also represents the amount of the program
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code that was necessary by the programmer to generate and implement

within the system.

4.3 Creating the distributed system

The first step is a physical creation of the control system consisting of
individual stations and creation of the communication network. First, each
station must be compiled from required modules, then correctly
interconnected and physically configured. If necessary, other devices can be
used during creation of the communication network, such as control
stations, which ensure network functionality. Then follows the software

project setup, in particular the programming tool.

4.3.1 Creating the distributed IEC 61131 system

When creating the software project, the following steps are necessary:

- insert all stations into the programming tool,

- set hardware configuration of all stations and all their modules,

- configuration of the communication network and station
communication interfaces,

- creating the communication program blocks [13] and review of all
events that can occur when communicating,

- creation of station control system itself .
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4.3.2 Creating the distributed IEC 61499 system

Steps for software project creating:
- Putting a station in the programming tool,
- Setting of the hardware configuration of all stations and their modules,
- Creating the function blocks of IEC 61499,
- Compiling the control program ,
- Interconnection configuration of individual function blocks ,

- Communication network configuration.

4.4 Testing of the selected criteria

4.4.1 Procedure for response time measuring

Measurement is based on transfer of 1000 values between master
station and each of the slave stations. Transmission time of one value is
calculated as an arithmetic average of the total transmission time. To ensure
the most accurate results, each measurement is repeated 10 times. During
this measurement, blocks must be implemented within PLC, which ensure
data transmission between master and slave stations and blocks. These will

record the number of transmitted values and transmission start and end.
4.4.2 Procedure for measuring network utilization

Measuring consists of measuring the device connection within the
distributed system. This device will detect the amount of transmitted data
between master system and slave. PLC stations will have implemented

program blocks to ensure continuous data exchange between stations at the
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maximum possible speed. Each measurement must last a certain time in
order to evaluate the results as an average value transferred over a period of

time. This excludes short-term deviations from the standard status.
4.4.3 Procedure for measuring the program impact on the PLC cycle time

Measuring proceeds as follows:

- Each PLC will be recorded with a program with the number of active
connections — stations will communicate continuously.

- Only necessary communication program blocks will be located in
PLC, so the processor is not loaded with any other processes.

- Stations will be restarted.

- Master system cycle time will then be read from the programming tool
through connection to the master station (because it is mostly loaded

by the communication).

4.4.4 Procedure for measuring the program impact on the size of PLC
consumed memory

Measuring will run as follows:

- Program with number of active connections will be recorded into each
PLC, stations will communicate continuously.

- Only necessary communication program blocks will be located in
PLC, so the processor is not loaded with any other process.

- Stations will be restarted.

- Memory consumption of PLC will be then read from the programming
tool through connection to the master station (because it is most loaded

by the communication).
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4.5 Comparing the tested criteria

Based on the results of performed tests, it is necessary to compare the
impact of important system parameters on the monitored criteria change.
Among the important parameters that influence the selection of more
suitable programming approaches are mainly the number of stations and
number of communication channels between the stations. Therefore, it is
important to carry out the tests for various numbers of control stations and
corresponding communication channels. The suitability of each standard
will largely depend on the nature of the designed system. There are systems
for which the most important parameter is speed of communication between
individual stations and processing speed of the control program. In some
systems these parameters are not so important, where more importantly is
the time, or the financial costs necessary to design the control system.
Therefore, it is necessary to consider all these aspects and the selection of

a better approach subject to these aspects.

4.6 Generalizing the methodology for suitable approach selection

The results of the comparison will serve as a basis for methodology,
establishing use for suitable approach selection. This methodology is
designed to recommend the programming approach, thanks to which the
final system meets the requirements for distributed control system

parameters.
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5. METHODOLOGY VERIFICATION

5.1 Platform selection

One of the first companies that enables the creation of systems in
several ways is Siemens. Programmable logic controllers Simatic S7 were
originally able to only program according to IEC 61131 standard (Simatic
Step7), but Siemens extended the programming tools offered by supplying
iMap, which implements PROFINET CBA based on the principles of IEC
61499. Accordingly, it is possible to use PLC Simatic S7 to design
distributed systems based on the IEC 61131 platform, or on the PROFINET
CBA platform. Although PROFINET CBA does not implement all features
of IEC 61499, basic philosophy of the communication and perception of

individual devices as function blocks, is maintained.
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| Physical system creation |

IEC 61131 | PROFINET
v v
Software station adding | | Software station adding
v 4
Hardware configuration Hardware configuration
setting setting
v v
Communication network PROFINET function block
creation creation
| Creation of communication | | Creation of control program |
| Creation of control station | | Communication network |
v v
| System response time | |System response time testing|
v v
| Network utilization testing | | Network utilization testing |
v v
Testing the program Testing the program impact
impact on the PLC cycle on the PLC cycle time
v v
Testing the program Testing the program impact
impact on the PLC on the PLC consumed
consumed memory size memory size
| |
v

| Comparing the tested criteria |

Creating the methodology for
suitable approach selection

Fig. 24 Procedure for methodology establishment based
on Siemens Simatic platform
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5.2 Creating the experimental control system

Model system consists of four identical PLC Siemens Simatic S7-300

that are connected through PROFINET network.

Fig. 25 Model system

PLC Configuration:

power supply PS 307 5A,

CPU 315F-2 PN/DP,

memory card 512 kB,

digital input module DI16xDC24V,

digital input module DI32xDC24V,

digital input / output module DI16/DO16x24V/0,5A,
digital output module DO16xDC24V/0,5A,

analog input / output module AI4/A02x8/8Bit.
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Each station contains interface PROFINET and ProfiBUS. One station
acts within the system as a "Master" (transmits requirements and processes
responses), while three remaining stations act as a "Slave" (responds to
requests from the Master station).

The initial project design phase of the distributed system is identical
for both approaches. First, you need to create a project by using Step7, to
where all the stations and their hardware sets are configurated. This is done
using the component of Step7 [48], Simatic Manager. The common

procedure ends are discussed in the coming sections of this paper.

5.3 Creating IEC 61131 system

The entire system is created within a single software package Step7.
First, it was necessary to start a new project in Simatic Manager tool. All

four stations were sequentially added to the project.

K simaTIC Manager, - [Shadow -- C:\Program Files\...\iMap\projects\retrieve\test2\Step 7\Shadow]
@) i Edt Insert PLC Wew Options Window Help

-2 & g 2 % % - < NoFiter > - EE BEM W
=39 Shadow Dbject name: | Symbolic name | Type | sie[auhor [ Last modfied

£ ﬁm ) Hardware - Station corfigualion
=l CPU 31SF2PN/OP | [ cpy s PNDP tPU

= & S7 Piogram(2)
(B Sources
Blocks
= CPI 215F-2 PN_DP_1
= Slavel
=l & S7 Piogram(3)
(B Sources
Blocks
B CPU 315F-2PN_DP_2
= CPU 315F-2 PN/DP
= 57 Program(3]
(B Sources
Blocks
E CPU 315F-2PN_DP_3
= CPU 315F-2 PN/DP
= 57 Program(4)
(B Sources
Blocks

06/03/2010 (01:30:39 P
03/23/2010 04:30:23 PM

Press F1 to get Help. TCR/TRAuko) - Atheros LL Gigabit Eth,

Fig. 26 Project with added stations
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5.3.1 Creating the hardware configuration

Each station is a modular system, which base consists of a metal frame
[46], known in English as a "rail". All remaining modules are fixed on this
frame. During design of the hardware configuration, the frame was also
created, and gradually all station modules were added. Subsequently, each
station was assigned an IP address and configuration was saved and
recorded into particular PLC. Hardware configuration is created in HW

Config tool.

[ Hw Config - [CPU 315F-2 PN_DP (Configuration) -- Shadow]
Eﬂ] Station Edit Insert PLC  Wiew Options twindow Help E

D& 5B | & s gl | (B398 N2

EouR — 1 A

PS 307 BA
CPU 315F-2 PN/DP

MALOR

ﬁ‘:ff;"’j’w e | CBAEthemet: ip147-175-132-091 [100]

D16 24
DIGZA0C24

DITE/D 07624 /0.58
DO E:DC24v/0.58
/4/80 248/8Bit 3

e

.Oowmm#-whﬁémA
]
P

~
w

&= o R

Firmware | MPI address | | address | O address

& CPU 315F-2 PN/DP [6ES7 315-2FH13-0ABO
A7 ([ e K T
i | [ ke o7 ™ 757 2005 AW
KA A7 A
3
q DI1ExDC24Y BES7 321-1BH10-0440 0.1
5 DI324DC24Y BES7 321-1BLO0-0AAD 4.7
5 DI16/D016x24V/0 58 [BE57 323-1BLO0-0AAN 6.9 (3]
7 DO16-DC24V/0.58 GES7 322-1BHOT-0440 12.13
8 Al4/A02%8/8B1 BES7 334-0CEDN-04A0 320..327 [320..323 3
T

Press F1 to get Help,

Fig. 27 Master system hardware configuration
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5.3.2 Creating the network interface system

NetPro tool is used to create the network interface system according to
IEC 61131. In this case it was necessary to create individual connections
between stations by using this tool, it means one in each connection. Six
connections were created in total (3 in Master—Slave direction and three in
Slave—Master direction). The maximum you can create are 16
communication channels, so in the case of two-way communication, the
number of stations limited is to 8. Of course, final configuration was

recorded in all system stations.

Etherret 1
Industrial Etherret

MPIC1)
MPI

IMaster
=T MPLIDP | PNIO
(S|
z

ive connection p

DF 5
3 1 Slave3 [ CPU IISF-2 PIJDP 57 comnection

Fig. 28 Network designed by NetPro tool

5.3.3 Creating the communication blocks

Communication in Step7 is not cyclic, and is realised by using system
functions PUT and GET. Function PUT [44] allows data to be sent to

aremote system. It is called with the parameters such as communication
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channel number, data address in local system and data address in remote
system. After calling the function, the system waits for a response, it can be
sending a confirmation or an error message. GET function is used to receive
data from a remote system and similar parameters are being called, like for
PUT function. Each of these system functions occupies one communication

channel.

[ LAD/STL/FBD. - [FB100 -- ucebna\Master\CPU 315F -2 PN/DP]

i3 Fle Edit Insert PLC Debug Yiew Options Window Help BEES
DEFeH & & i o %5 6 nm e K2
EE Contents Of: 'Enviromment) Inte
= @@ Interface ~ [Hame A
B ews network i IN [T
I ) Bt logic @ ouT @ ouT
(] Comparator
IN_OUT
(a5 Converter o i) | [z_oum b
# (2A) Counter Hetwork 2 : Invoke GET function ~
# (@8] DE cal
(5] Jumps Comment :
#-(z3) Integer Function
) (8] Floating-point fct.
(2 Move
-3 Program control
&g ShiftjRotate MO.1 e
(@) Status bits _
(@ Timers EN ENO
51 E Word logic
+ IgH FE blacks HPLC1_COM. #PLC1_COM.
5 C blacks GET_REQ—REQ NDR[—GET_NDF
! [gH SFB blocks
s FC blocks WEL1E#1—ID #PLC1_COM.
i ultiple instances ERROR[-GET_ERROR
#- ¥ Libraries P¥DB1.DBX0
.0 #PLC1_com.
Temporary STATUS -GET_STATUS
placeholde
r variable
DEL.prem—ADDR_1
P#DB1.DEXD
-0
Tenporary
placeholde
r variable
DEl.prem—RD_1
‘ -

L Hetwork 3: Title: 3
B Program slemerts | BE Call stucture " s
bl N L3 L) Z Infa 3, Cross-teferences 4 Addiess inlo, 5. Hodiy £ Diagnostics 7.0

Press F1 to get Help. @ |offine Abs <5.2 Insert

Fig. 29 Calling the GET function
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Measuring program in master station consists of:

- Program blocks

o OBl — within this block all function blocks ensuring the
communication are cyclically called; it also monitors the
achieved required number of transmitted data,

o  OBI100 — initialize the communication by system startup.

- Function blocks

o  FB14 - GET communication function,

o  FBI100 — function block provides data sending and receiving from
the first slave, station, it also provides counting of transmitted
data and saving the information about transmission start and
finish,

o  FBI10I —identical to FB100, supports the second slave station,

o  FBI102 —identical to FB100, supports the third slave station.

- Functions
o  FCI1 — function detecting actual system time,
o  FC8 —system time conversion.
- System function blocks
o  SFBI14 — GET communication function,
o  SFBI5 - PUT communication function.
- System functions

o  SFC20 - BLKMOV, called by function GET and PUT,

o  SFC51 - RDSYSST, called by function GET and PUT,

o  SFC58 — WR_REC, called by function GET and PUT,

o  SFC59 - RD_REC, called by function GET and PUT.
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- Data blocks

o

o

o

DBI1 - store transmitted data values,

DB2 — store time values for transmission start and finish,
DB100 — instance data block automatically created for
communication purposes with first slave station,

DB101 — instance data block automatically created for
communication purposes, with second slave station,
DB102 — instance data block automatically created for

communication purposes with third slave station.

Slave stations contain only two blocks:

- program block OB1 — cyclically called, must exist in PLC,

- data block DB1 — save values of the transmitted data.

Blockisymbol), Instance CB(symbal) Local | Langua
=-(1 57 Program

= 0 CBI[maximum: 230 26

E-O0 FB100 [34] LAD
=-0 FB14 (GET),DB1 [230] LAD
O SFC20 (BLEMOW) [230] STL

O SFCS1 (RDSYSST) [230] STL

0O srei4 [2307 STL

0O SFCS8 (WR_REC) [230] STL

O Ce? [230] STL

0O SFCSE (WR_REC) [230] S=TL

0O SFC59 (RD_REC) [2307 STL

O SFC20 (BLEMOY) [230] STL

0O SFCS9 (RD_REC) [230] STL

0O SFCSS (WR_REC) [230] STL

O SFC20 BLEMOY) [2307 =TL

_ 0O SFB15 (PUTY [34] LAD

Fig. 30 Blocks called by GET system function
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5.4 Creating PROFINET CBA system

The first steps when creating PROFINET CBA system are identical to
creating the IEC 61131 system. The project was designed by using Step7
[42], four stations were added and their hardware configuration set. Unlike
the connection NetPro, the PROFINET CBA works differently. First step is
to create function blocks of PROFINET CBA [41] and particular shared
data blocks. One PROFINET CBA function block was created within each
station, which was associated with a shared DB3 data block. Master station
is in DB3 three input and three output variables (Slavelln, Slave2In,

Slave3In, SlavelOut, Slave2Out, Slave3Out). Slave stations store only one

output variable in DB3.

PROFINET Interface - New/Open K

Storage path (ST Project):

il

Cancel

‘E \Program Files\Siemenshit ap\projectstretiieveitest2\StepP\ShadowhShadow. s7p Browse
=P shadaw Assigned PN blocks
= [l CPU315F-2 PH_DP Block | Syrabolc name | ssociatedFe | A.. | PROFINET property |
= [@ cPuatsF-z PufoR & Inou
A Add function
=l Function_1
= 423 PH blocks
43 Add PN block
I DB3
e

# [l CPU3ISF-2 PN DP_1

+ CPU 315F-2 PN_DP_2 =

+ [l CPU3ISF-2PN_DP 3

® - Available blocks

Block Symbalic name | Associated FB ‘ i ‘ PROFINET property
£ BI0t FB101 m] m]
i pBloz FB102 O O
D200 O O
o DB201 O O 3
< b4

Fig. 31 Creating PROFINET function and communication interface
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Master station contains following blocks:
- program blocks
o OBI1 — communication variable status is cyclically monitored
within this block, change of their values will increase the value of

transferred data counter. Measuring startup and end time is also

recorded here;
- functions
o FC1 — function detecting correct system time,
o FC8 — system time conversion;
- data blocks
o DB3 - save values of the transmitted data,

o DB2 — save time values of the transmission start and finish.

I PROFINER feface B3 - Shadow(PU 3152 P PPU 315F-2 NP

Inteface- ol Contnts OF: PROFINET IneFace PN Joput
= 3 FOPIET st
ot le}
B Jarelln @ Sl

TiFuncto |

St B0OL BOOL el

Sanedln BO0L BOOL 20t
L

Inial Vaue:

0 S BOOL BOOL S|aye30ul
Bheh (@ [l D2 [ I
B Gaelln il 0 i 0 0
=B N Ot
B Sel0nt

B Javel0ut

B Yo
1157 Vel
ot i

Fig. 32 Variables assignment for the communication interface

As seen, compared to the classic style of programming [45] without

using iMap, the number of program blocks is much smaller.
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Slave stations contain the following blocks:

program block OB1 — cyclically called data generator FC1,

function FC1 — ensures cyclical values change of transmitted date,

data block DB3 — save values of the transmitted data.

HE# LADJSTLIFBD - [FC1 - "obvod” -- Shadow\CPU 315F-2 PN_DP_1\Slave1\...\FC1]

{0 Fle Edit Insert PLC Debug Wiew Options Window Help -8
IR dln [ | 25 6t mj=1E x?
SE Contents Of: 'Enviromnenth Intert
= &F Interface ~ [ [wame ~
B New netwaork, o In I
+-[gh FB :I‘u(k'; o ouT 2 out
: ZEB ook @ IN_OUT @ I _ouT
v v
. SFC blodks #-4@ TEMP @ TEME
All Multiple instances ~
M Libraries Fel : Title:
Comment :
Hetwork 1PETAEN
Corment :
A "Inout".5lavelout DB3.DEX0.0
R "Inout".Slavelout DE3.DEX0.0
Jc Mool
Hetwork 2: Title:
Cormment :
AN "Inout".Slavelout DEZ.DEX0.0
= "Inout".5lavelout DB3.DEX0.0
Jc Mool
Hetwork 3 : Title:
Conment :
Mool
‘ ¢ Htewp #tenp
|
I
= = v
Ej Program elements EE Call structure: < 3
AR T Er % Info 3 Crosseferences 4 Auldiess nfo 5 Modiy & Disgnostics 7 Cor
Press F1 to get Help. 2 |offine Abs €5.2 Insert

Fig. 33 FCI function
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PROFINET components [47] were subsequently created from
PROFINET CBA function blocks, which contain inputs and outputs

(elements of shared data blocks ). These were later implemented into the

Simatic iMap tool. Individual components are in iMap [43], graphically

connected, and that created anetwork interface for distributed system.

Cyclic communication of each channel with minimum refresh time was

adjusted, which is 8 ms. Then, communication of the whole system was

recorded into each station.

Per [test2 - C:\Program Files\Siemens\iMap\projects\retrieve *] - SIMATIC iMap

Project  Edit View Insert Onine Lbrary Options 2
ODSE8| &%
* Project tree X
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B I B ? e | ] & oz
2 chart view Pt chart

Netwotk chart | * gi *
B Disconnested dovioes 2 ~} v < ~)
I CPU315F-2PN_DP_3 &5 Plant chart Slavez Siavel Slave3 Waster

I CPU315-2PN_DP_2
I CPU 52PN DP_1 !

M CPU 315F-2PN_DP L 1 1
= [omes | i stoves —cns

: o =

C|
@ | 3| Master (v0.0.02)
——
W plant view | Networkview | sl Project view Pl chart| | Component type: Standar
~
DEE 21| Time stamp: 9. 4. 2010171002
£0OL Shveiou
on _ PROFINET Runtime version: Y2210
— 7l Master
i slave 2 Slavelln BOOL  BOOL Slavel0ut Humber of functions contained: 1
200L Slvezou oL Slvezou
U Utesats Slavedln BOOL  BOOL Shvezou omment: Conner
= UIL Lifestate © it rt
i Slave_3
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L
< | >
= info Outputs x
2 & #* Online;/0ffline comparison | &
Reference object || Time stamp [=

New interconmections: acyclk, medium (500 ms)

EEX

Fig. 34 Project iMap with added components and formed links

5.5 Comparing the response time of the remote stations

The time in which the remote station transferred the information about

system status change was determined in this measurement.
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5.5.1 Measuring the system response time by Step7 and NetPro

When measuring the response of one slave station, FB101 and FB102
were block calls excluded; when measuring the response of two slave
stations, FB102 block call was excluded. When the measuring started,
current start time was written to DB2 block, when the data transmission
finished, finish time was written individually for each station. The last time

is considered to be the total time of communication.

23

N
N
I

Time [ms]
N

20 -

Fig. 35 Response time for communication with a single station,
one binary value

Time [ms]

Fig. 36 Response time for communication with two stations,
one binary value
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Fig. 37 Response time for communication with three stations,
one binary value
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Fig. 38 Response time for communication with three stations,
20 integer values

o

E

[]

£

iy

Fig. 39 Response time, two-way communication with three stations,
20 values

As can be seen in Figure 39, the system measurement summary of the
Step7 system, during transmission of one value through one channel, the
average response time was nearly 22 ms. When another communication

system was added, response time raised by 7 ms. Change of the transmitted
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data types from binary values to integer values did not influence the

response time.

D
S

W
S
\

[SSI N
S O O
I

\

Time(ms)
)

N% |

™ Response time for communication with a single station, one binary value is transmitted

—_
(=R
I
\

Response time for communication with two stations, one binary value is transmitted

& Response time for communication with three stations, one binary value is transmitted
B Response time for communication with three stations, 20 integer values are transmitted
B Response time for two-way communication with three stations, 20 integer values are

transmitted

Fig. 40 Overview of the average response times by using Step7 and NetPro

5.5.2 Measuring the system response time by iMap

When begun, current start time was written into DB2 block, when
finished with data transmission, finish time was written for each station
individually. The last time is considered to be the total communication time.

Cyclic communication with cycle time of 8 ms was set for the system.
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26

Time [ms]

Fig. 41 Response time for communication with a single station,

one binary value

Time [ms]

Fig. 42 Response time for communication with two stations,

one binary value

Time [ms]

Fig. 43 Response time for communication with three stations,

one binary value

As possible to see from measurement results for the iMap system,

change in the number of communication channels has no major impact on
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response time, as it still fluctuates around the value of 24 ms. Set cycle
value of 8 ms was not reached, PLC reached for both communication types,
minimum time 22 to 24 ms. This is probably the lowest communication

cycle time reached with this type of processor.

26
251

& Response time for communication with a single station, one binary value is transmitted
@ Response time for communication with two stations, one binary value is transmitted
& Response time for communication with three stations, one binary value is transmitted

Fig. 44 Overview of the average response times by using iMap

As seen in the results, a distributed system created only by using Step7
is influenced by number of active connections. Any additional connection
increased the response time of about 8 ms. Changing the transmitted data
type does not affect response time. Number of connections is limited to 16.

A distributed system created by using iMap is not affected by the
number of active connections.

Response time is kept to a limit of 24 ms and number of connections is

not limited.

5.6 Comparing the network utilization

Since individual stations are connected to the network by a network

switch, which operates on the principle of sending the address data to the
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end device, it is not possible to determine the utilization through connection
of measuring device (in our case, computer with installed software for
network monitoring and catching of data packets) to the network by the
same way. An alternative is to replace the network switch by hub, which
sends received data to all connected devices, but PROFINET CBA network
cannot communicate when using a hub. One functional solution offered was
to connect measuring computer between computer and switch and master
station as a transparent bridge. For this role, it is necessary to equip the PC
with two network interfaces.

To catch the packets, clear operation system Windows XP with all
unnecessary services turned off and Wireahark software, was used. Each

measuring lasted 5 minutes.

m

Fig. 45 System scheme with connected transmittance meter
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First measuring was performed with distributed system, which was created

by Step7.

ey
(=)

Thoughput [kB/s]
S )
(=] (=) f=] (=)
L L L

31 61 91 121 151 181 211 241 271
Time [s]
—— Thoughout for communication with a single station

Thoughout for communication with two stations
= Thoughout for communication with three stations

—

Fig. 46 Measuring the network utilization by using Step7 and NetPro

As confirmed by measurements, network utilization during master
system communication with one of the slaves was about 25kB/s. When
adding another communication channel, utilization raised to approximately
29kB/s and stayed stable afterwards. Based on response speed measuring,
the addition of each communication channel was increasing the response
time, therefore, with each channel, data was transmitted with less frequency.
From this we can conclude that utilization of 29kB/s is probably the
maximum reachable value. When reaching this value it is compensated by
decrease in number of transmitted data by increasing the remote system
response time.

Another two measurements were performed by distributed system

created using Simatic iMap.

82



25 1 AMAA p SAAA. A

20

15 + P TS W W T W WU WY Brreritidlss b Bl

Throughput [kB/s]

1 31 61 91 121 151 181 211 241 271
Time [s]

Thoughout for communication with a single station

Thoughout for communication with two stations

Thoughout for communication with three stations

Fig. 47 Measuring the network utilization by using iMap, 8 ms cycle time

As seen in Figure 47, network utilization was increasing linearly when
adding more communication channels, each channel caused a utilization
increase about 8kB/s. When communicating with three stations, the
utilization was approximately 24kB/s when using iMap, when using only
Step7 it was approximately 29kB/s. However, the response time of the
system created by iMap was approximately 24 ms and for the system
created by Step7 it was approximately 35 ms. This shows that a system
created by iMap can transmit smaller data packets. For that reason, another
measurement was done by using a system designed by iMap, and the cycle

time increased to 32 ms.
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Fig. 48 Measuring the network utilization by using iMap, 32 ms cycle time

As seen in Figure 48, change of the cycle time radically decreased data
transfers between the stations, and the actual response time was
approximately 50 ms. Every communication channel to follow increased the
data transfer by 2kB/s.

Because of the apparent difference in number of transmitted data, an
analysis of transmitted packets was performed by using both
communication methods.

There is arecord of transmitted datas between two system stations
created in Step7 on Figure 49. As shown, two-way communication TCP/IP
is running between the stations. Master system is cyclically sending data
packets to the slave system. The slave system responds, and after successful
sending of the whole data frame, it confirms by sending ACK packet to the
master system. Then the master system confirms that the frame was

received.
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Fig. 49 System communication record generated in Step7

The record of transmitted data between two system stations, created in
iMap is shown in Figure 50. As shown, it is a one-way communication.
When the network communication is created and recorded in all PLCs, data
are automatically sent in specified intervals to the end stations. In this
particular case, the slave system is sending the information to the master

system every 8 ms. They do not have to communicate using TCP/IP

protocol, but rather PROFINET CBA protocol.
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flo. - ‘ Tine ‘ Souree ‘ Destination ‘ Pratocol ‘ Infa

10.000000 Siemensh 8a:0ciea SiemensA 8a:Oczel PN-CBA RTCZ, I0:0xB002, Len: 40, Cycle:17664 (valid,Primary,ok,Run), oC (G:1,0:0,8:0)
20.008113 Siemensd 8a:9ctea Slemens 8a:0cted PN-CBA RTC2, ID:0vB00Z2, Len: 40, Cycle:17920 (valid,Primary,ok,hun), o (5:1,U:0,8:0)
30.009829 Siemensd 8a:9ciea SlemensABa:9cied PN-CBA RTCZ, ID:0xB00Z, Len: 40, Cycle:dBL76 (valid,Primary,ok,hun), o (5:1,U:0,8:0)
40.023984 SiemensA_Ba:Bciea SiemensA8a:9cie2 PN-CBA RTC2, 10:0xB002, Len: 40, Cycle:18432 (valid,Primary,ok,Run), OC (G:1,0:0,8:0)
§0.031707 Slemensd 8a:Bcrea Sfemensh_Ba:Bcied PN-CBA RTCZ, ID:0x80Z, Len: 40, Cycle:18688 (valid,Primary,ok,Run), C (5:1,0:0,8:0)
60039860 Siemensd 8a:9ctea SlemensABa:cied PN-CBA RTC2, ID:0vBOOZ, Lem: 40, Cycle:18%M4 (valid,Primary,ok,hun), o (5:1,U:0,8:0)
70.048010 Stemensd_8a:9ciea slemensABa:09ciel PN-CBA RTCZ, ID:0xB00Z, Len: 40, Cycle:19200 (valid,primary,ok,hun), o (5:1,U:0,8:0)
80055784 Siemensi _8a:9ctea SlemensA8a:0c:ed PN-CBA RTC2, ID:0vB002, Len: 40, Cycle:1%456 (valid,primary,ok,hun), o (5:1,0:0,8:0)
90063042 Siemensd 8a:0ctea SlemensA8a:0cied PN-CBA RTC2, ID:0vB002, Len: 40, Cycle:19712 (valid,Primary,ok,hun), o (5:1,U:0,8:0)
10 0.072086 Sfemensa Ba:0ciea SiemensA 8a:0ciel PN-CBA RTC, 10:0xB002, Len: 40, Cycle:19968 (valid,rimary,ok,Run), o€ (a:1,0:0,8:0)
110079768 SiemensA Ba:9ciea SiemensA_Ba:0c:ed PN-CBA RTC2, ID:0xB002, Len: 40, Cycle:20224 (valid, primary,ok,Run), C (G:1,U:0,8:0)
12 0.087962 Sfemensa Ba:0ciea SiemensA 8a:0cied PN-CBA RTC, 10:0x8002, Len: 40, Cycle:20480 (valid,primary,ok,Run), o€ (5:1,0:0,8:0)
13 0.006130 Sfemensa Ba:0ciea SiemensA 8a:0ciel PN-CBA RTC, 10:0xB002, Len: 40, Cycle:20736 (valid,primary,ok,Run), o€ (a:1,0:0,8:0)
140.203848 Sfemensa Ba:0ciea SiemensA 8a:fciel PN-CBA RTC, 10:0xB002, Len: 40, Cycle:20992 (valid, Primary,ok,Run), o€ (G:1,0:0,8:0)
15 0.111977 Sfemensa Ba:9ciea Siemensd 8a:9czel PN-CBA RTC2, 10:0x8002, Len: 40, Cycle:21248 (valid,primary,ok,hun), o€ (G:1,0:0,8:0)
16 0.120047 Sfemensa Ba:0ciea SiemensA Sa:0ciel PN-CBA RTC, 10:0x8002, Len: 40, Cycle:21504 (valid,primary,ok,Run), o€ (a:1,0:0,8:0)
17 0127878 SiemensA_Ba:Bc:ea SiemensA_8a:9c:e2 FN-CBA RTC2, 10:0xB002, Len: 40, Cycle:21760 (valid,Primary,ok,Run), OC (G:1,0:0,8:0)
18 0.136030 Sfemensa 8a:0czea SiemensA_8a:9c:ed PN-CBA RTCZ, 10:0x8002, Len: 40, Cycle:22016 (valid,primary,ok,Run), o€ (6:1,0:0,8:0)
190.243748 Sfemensa Ba:0ciea SiemensA Sa:0ciel PN-CBA RTC2, 10:0x8002, Len: 40, Cycle:22272 (Valid,primary,ok,Run), o€ (a:1,0:0,8:0)
200191899 Siemensa_8a:9c:ea slemens_8a:9c:el PN-CBA RTCZ, ID:0NB00Z, Len: 40, Cycle:22528 (valid,Primary,ok,hun), o (5:1,U:0,8:0)
20 0.260010 SlemensA 8a:9ciea SlemensA §a:9c:e2 PN-CBA RTC2, ID:04B00Z, Len: 40, Cycle:22784 (Valid,Primary, Ok, Run), o€ (5:1,0:0,8:0)
22 0168161 Siemensd 8a:9ctea Slemens_8a:0cied PN-CBA RTC2, ID:0¥B00Z, Len: 40, Cycle:23040 (valid,Primary,ok,hun), o (5:1,0:0,8:0)
23 0.173885 Sfemensd_8a:9ciea Siemens_Ba:9c:el PN-CBA RTCZ, ID:0xB00Z, Lem: 40, cyde 23296 (valid, primary, ok, hun), o (=:1,U:0,8:0)
4 0.194M1 stenensh Ba:9ctea Siemensh Ba:bciel  PN-CBA RTCZ, ID:QuBOZ, Len: 40, Cycle:23352 (Valid, Primary,Ok,Run), OC (5:1,0:0,8:0)
N A0TA clomanch RatOrroy Ciomanch RatQread  ONCCRA DTED TROOVANAD tant AN rurlaed280R Anl4d ordmame b ond ac £ 00 remy

Fig. 50 System communication record generated in iMap

The system created in Step7 communicated in a bidirectional manner
in each processor cycle. This time is not affected by number of operations,
which must be executed in one cycle by PLC. This value range is standardly
from 1 to 10 ms. That is why the amount of transferred data in this way is
higher, even though the response times are higher than by the iMap system.
In contrast, iMap system transmissions are executed only at specific times,
therefore the total data flow is lower even for lower response time.

An interesting fact is that although the slave station is sending
information every 8ms, they are processed by the master system
approximately every 24 ms. Also, the minimum response value reached by
the Step7 system was 22 ms, although the processor processed the program
every 3 ms. This difference of about 16-19 ms is probably the time required

for processing the processor network interface data.
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5.7 Comparing the program impact on the PLC cycle time

Data were collected through the Hardware Config tool. This enables

the monitoring of current PLC status, including the cycle time.

Module Information - CPU 315F-2 PN/DP

Path: |ucebna\Mastet\EF’U 315F-2 PN/DP Operating mode of the CPU: @ RUM
Status: O Mot a force job
Perfarmance Data ] Communication I Stacks ] Identification I
General ] Diagnostic Buffer Memary Time Spstem I

{4 L » i mE
012 ” 150
a
Scan Cycle Time Assigned as Parameter Scan Cycle Times Measured
Minimum Scan Cycle Time: 0 mg Shortest: 0 ms
Scan Cycle Monitoring Time 150 ms Curent/Last: 1 mz
Longest: 2 mz

Cloze | Update | Frint... | Help

Fig. 51 Cycle time for Step7 system, communication with a single station

During communication of Step7 system with one station, the longest

cycle lasted 2ms, average was 1 ms and lowest value was 0 ms.

87



Module Information - CPU 315F-2 PN/DP

Path:  Jucebnaitdastet\CPL 315F-2 PN/DP Operating mode of the CPU: <> RUN
Statuz: OK Mot a force job
Performance Data ] Communication ] Stacks ] |dentifization ]
General ] Diagnostic Buffer ] Memony Time Sypstem I
L 1 Ly inms
0 ” 150
Scan Cycle Time Assigned az Parameter Scan Cycle Times Meazured
Minimum Scan Cocle Time: 0 mz Shortest: 1 mz
Scan Cycle Monitoring Time 150 ms Current/Last: 2 ms
Longest: 3 mz
Cloze | Update | Frint.... | Help

Fig. 52 Cycle time for Step7 system, communication with two stations

During communication of Step7 system with two stations, the longest

cycle lasted 3ms, average was 2 ms and lowest value was 1 ms.
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Module Information - CPU 315F-2 PN/DP

Path:  |ucebna‘Master\CPU 215F-2 PN/DP Operating mode of the CPLI: @ RUM
Status: DK Mat a force job
Performance D ata ] Communication Identification ]
General ] Diagnastic Buffer I Memary Time Spstem ]
6 P 45 L inms
2
Scan Cycle Time Azsigned as Parameter Scan Cycle Times Measured
inirmum Scan Cycle Time: 0 mz Shortest: 2 mz
Scan Cycle Monitoring Time 150 ms Current/Last: 2 mz
Longest: 4 mz

Cloze |

Update | Print.... |

Help

Fig. 53 cycle time for Step7 system, communication with three stations

During communication of Step7 system with three stations the longest

cycle lasted 4ms, average was 3 ms and lowest value was 2 ms.

The results show that each active

increases the cycle processing time by approximately 1ms; this means for

PUT or GET communication block

maximum number of connections it can be up to 16 ms more.
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Module Information - CPU 315F-2 PN/DP

Bath:  |ShadowsCPU 315F-2 PM_DPSCPU 315F-2 Operating mode of the CPU: @ RUN

Status: DK Mot a force job

Performance Data ] Communication ]

Identific:ation ]
General ] Diagnostic: Buffer ] M emony

Scan Cycle Time l Time System I

=N =N EEErr
P - --

Ie Ly inms
i 4
150
Secan Cycle Time Azsigned as Parameter Scan Cycle Times Measured
Minimunn Scan Cycle Time: 0 ms Shortest: 0 ms
Scan Cycle Monitoring Time 150 ms Current/Last: 1 ms
Longest: 2 ms

Cloze | Lpdate | Frint.... | Help

Fig. 54 Cycle time for iMap system, communication with a single station

During communication of iMap system with one station the longest

cycle lasted 2ms, average was 1 ms and lowest value was 0 ms.
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Module Information - CPU 315F-2 PN/DP

Path: |5hadowtCPU 315F-2 PN_DPWCPU 315F-2 Operating mode of the CPU:  <i» RUN

Status: OK Mot a force job
Performance Data ] Communication ] Stacks ] |dentification ]
General ] Diagnostic Buffer ] bemory Scan Cycle Time Time System ]

o0 p------
o
P p------

4 L inms
” 150

Scan Cycle Time Assigned as Parameter Scan Cycle Times Meazured

inimum Scan Cycle Time: 0 mz Shortest: 0 mz

Scan Cycle Monitoring Time 150 ms Current/Last: 1 ms
Longest: 2 mz

FErint.... | Help

Close

Fig. 55 Cycle time for iMap system, communication with two stations

During communication of iMap system with two stations the longest

cycle lasted 2ms, average was 1 ms and lowest value was 0 ms.
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Module Information - CPU 315F-2 PN/DP

Path:  [ShadowhCPU 315F-2 PN_DPACPU 315F-2 Operating mode of the CPLU:
Status: DK Mot a force job
Performance Data ] Communication ] Stacks ] |dentification ]
General ] Diagnostic: Buffer ] Memory Scan Cycle Time l Time System ]
I N i
012 ” 150
a
Scan Cypcle Time Assigned as Parameter Scan Cycle Times Measured
Minirmunn Scan Cycle Time: 0 mz Shortest: 0 ms
Scan Cycle Manitaring Time 150 ms Current/Last: 1 ms
Longest: 2 ms
Claze Frint.... | Help

Fig. 56 Cycle time for iMap system, communication with three stations

During communication of iMap system with three stations the longest
cycle lasted 2ms, average was 1 ms and lowest value was 0 ms.

The analysis results show that communication interface and channels
created by using iMap do not affect program processing speed in PLC. This
is because PLC is not burdened by communication function blocks, as was

the case for a system created by Step7.
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5.8 Comparing the program impact on the PLC memory size

Data was collected using the Hardware Config tool. It allows for the

monitoring of the current state of PLC, including the size of memory

consumption.

Module Information - CPU 315F-2 PN/DP

Path:  |ucebnaM astersCPL 315F-2 PN/DP Operating mode of the CPU: <> RUN
Status: 0K Mot a force job
Performance D ata ] Communication ] Stacks ] | dentification ]
General ] Diagnostic Buffer Scan Cycle Time ] Time Spstem ]
Agsighment;
4 0.01% 14
Isizes in bytess] Load memary Rakd + EPRORM wiork Memomy|  Retentive memony
data
Free: 262 106 131 072
W Assigned: 38 1]
Total: 262144 131 072
Largest Free Block: - -
Max. Pluggable: S S
LCompress Detail: Memorny Area... |
Cloze | Update | Frint... Help

Fig. 57 PLC Memory consumption without the program, only with recorded
HW configuration

As shown in Figure 57, even PLC in basic status contains information
saved in memory. It is mainly about the device hardware configuration
(Load memory RAM + EPROM). Also, an empty block QBI1, which is
necessary to activate PLC, takes few bytes (38 bytes of work memory).
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Module Information - CPU 315F-2 PN/DP
Path:  [ucebna\tdaster\CPL 315F-2 PN/DP

Operating mode of the CPL: @ RUN

Status: O Mot a force job
Performance Data ] Communication ] Stacks ] |dentification ]
General ] Diagnostic Buffer Mermory l Scan Cycle Time ] Time System ]
Assighment;
10% 7 I 0.61%

[sizes in bytes] Load memary Rak + EFROM wiork Memory|  Retentive memany

data

Free: 254148 130 270

W Assigned: 7 995 802

Tatal: 262144 131072

Largest Free Block:
ax. Pluggable:

LCompress

Close |

Details Memory Area... |

Help

Fig. 58 PLC memory consumption programmed by Step7, one connection

Creating one communication channel using NetPro and all necessary
program blocks in Step7 increased the memory consumption EPROM to
10% (13672 B), work memory to 3% (7996 b) and retentive memory to

0,61% (802 b).
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Module Information - CPU 315F-2 PN/DP

4%

Bath:  JucebnattastersCPLU 315F-2 PN/DP Operating mode of the CPU: @ RUK
Statuz: OF Mot a farce job
Performance Data ] Communication ] Stacks ] |dentification ]
General ] Diagnostic Buffer Memary l Scan Cycle Time ] Time Spstem ]
Assignment;

1

P

12%

Retentive memary

[sizes in bytes)

Free:

B 2asigned:
Tatal:

Largest Free Block:
Max. Pluggable:

LCompress

Load memary RAM + EPROM ‘whark Memory

252 900
9244
262 144

Details emory Area... |

data
129676
1396
131072

Close

Help

Fig. 59 PLC memory consumption programmed by Step7, two connections

Creating two communication channels using NetPro and all necessary

program blocks in Step7 increased the memory consumption EPROM to

12% (15598 b), work memory to 4% (9244 b) and retentive memory to 1%

(1396 b).
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Module Information - CPU 315F-2 PN/DP

Path:  |ucebnatMastersCPU 315F-2 PN/DP Operating made of the CPU: i RUM
Status: Ok Mot & force job
Perfarmance Data ] Communication ] Stacks ] |dentification ]
General ] Diiagnostic Buffer I emory l Scan Cycle Time ] Time System ]
Azsignment:
13% 4% 2%
[sizes in bytes] Load memory Fak + EFROM ‘work Memory|  Retentive memory
data
Free: 251 652 129 082
W Assigned: 10492 1890
Total: 262 144 131072
Largest Free Block: - -
Max. Pluggable: e e
LCompress Dretailz Memory Area... |
Cloze | FErrint... | Help

Fig. 60 PLC memory consumption programmed by Step7, three connections

Creating three communication channels using NetPro and all
necessary program blocks in Step7 increased the memory consumption
EPROM to 13% (17524 b), work memory to 4% (10492 b) and retentive
memory to 2% (1990 b).
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Module Information - CPU 315F-2 PN/DP

ShadowhCPU 315F-2 PN_DPACPU 315F-2

Operating mode of the CPLI: @ RUMN

Largest Free Block:
ax. Pluggable:

LCompress

Path:
Statuz Ok Mat a force job
Performance [ ata ] Communication ] Stacks ] |dentification ]
General ] Diagnostic Buffer Memory Scan Cycle Time ] Time System ]
Agsighment: [
4% 0.37% 0.06%
lsizes in bytes] Load memary Rak + EFROM ‘wiork Memory|  Retentive memany
data
Free: 261170 130988
W 2sigred: 974 a4
Tatal: 262 144 131072

Details Memory Area... |

Close

Help

Fig. 61 PLC memory consumption, iMap, one connection

Creating one communication channel and all necessary program

blocks in iMap increased the memory consumption EPROM to 4%
(5560 b), work memory to 0,37% (974 b) and retentive memory to 0,06%

(84 b).
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Module Information - CPU 315F-2 PN/DP

Largest Free Block:
Max. Pluggable:

LCompress

Bath:  |ShadowsCPU 315F-2 PM_DPSCPU 315F-2 Operating mode of the CPU: @ RUN
Status: 0K Mat a force job
Performance Data ] Communication ] Stacks ] |dentification ]
General ] Diagnostic: Buffer Memary Scan Cycle Time ] Time System ]
Aszignment: [
A% 0.41% 0.07%
[sizes in bytes] Load memory RAR + EFROM ‘wiork Memory|  Retentive memony
data
Free: 261 072 130984
B 2asigned: 1072 a8
Total 262144 131 072

Details bemary Area... |

Help

Fig. 62 PLC memory consumption, programmed by iMap, two connections

Creating two communication

channels and all necessary program

blocks iniMap increased the memory consumption EPROM to 4%
(5660 b), work memory to 0,41% (1072 b) and retentive memory to 0,07%

(88 b).
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Module Information - CPU 315F-2 PN/DP

Largest Free Block:
M ax. Pluggable:

Path:  |ShadowhCPU 315F-2 PN_DPWCPU 315F-2 Operating made of the CPU: <> RUN
Statys; Ok Mot a force job
Performance D ata ] Carn Stacks ] |dentific:ation ]
General ] Diagnostic Buffer Scan Cycle Time ] Time Spstem I
Aszignment; [
4% 0.44% 0.07%
lsizes in bytes] Load memory Rak + EFROM “wiork, Memary|  Retentive memory
data
Free: 260 952 130980
W Assigned: 1162 g2
Total: 262 144 131 072

Details Memany Area... |

LCompress

Claze | Update | Print... |

Help

Fig. 63 PLC memory consumption, programmed by iMap, three

connections

Creating three communication channels and all necessary program

blocks iniMap increased the memory consumption EPROM to 4%
(5752 b), work memory to 0,44% (1162 b) and retentive memory to 0,07%

(92 b).
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Fig. 64 Comparing the memory consumption

The comparing results show that a system created by Step7 is
substantially larger than a system created by iMap. iMap communication
system elements occupy the memory in size of bytes. Creating
a communication interface with a single connection required approximately
3 kb of memory, each additional channel increased memory occupation by
approximately 200 bytes. Communication elements and blocks of the Step7
system increase memory requirements by whole kilobytes. Creating
communication blocks and one channel increased the program by nearly 19
kb, every other channel by 4 kb. When using the maximum number of
channels, communication would need some 80 kb of the memory, only 6 kb
is needed when using iMap.

The next chapter takes into account all comparison criteria and
methodology generalization for selection of a suitable approach used for

distributed control system design.
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6. METHODOLOGY GENERALIZATION FOR SUITABLE
APPROACH SELECTION

When deciding which standard to use in designing of distributed
control system, it is necessary to consider several aspects. Very important

are required parameters of the designed system.

6.1 Size of the distributed system

Basic parameter during decision making regarding the use of IEC
61131 standard, or PROFINET CBA is the size of designed distributed
system. When using IEC 61131 approach and programming tool Step7, it is
possible to create a distributed system, which has a maximum of 16
communication channels. It means in practice:

e) Creation of the system with maximum number of 16 channels, which
are using one-way communication;

f)  Creation of the system with maximum number of 8 stations, which are
using two-way communication.

Each sizable system must be created by PROFINET CBA standard
and iMap tool.

Size of the distributed system affects other system parameters, which
are critical factors in choosing a better approach to design of the system.

These include:

g) remote system response time,
h) network utilization,
i)  program impact on PLC cycle time,

j)  program impact on PLC memory consumption,
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k) system hardware network resources,

1) costs.

6.2 Remote system response time

Remote system response time is data that describes station reaction
time to change of the system status. Systems designed by both methods
behave as follows:

- System designed according to IEC 61131 standard has minimum
reaction time (in case of single communication channel) of
approximately 22 ms. Any other communication channel increases the
response time constantly, approximately about 7 ms. When achieving
the maximum number of communication channels, the reaction time of
the stations will be approximately 120 ms. This time is not dependent
on the volume or data transmitted through the communication channel.

- System designed according PROFINET CBA standard has a reaction
time of the remote stations of approximately 24 ms. Reaction time is
not dependent on the number of communication channels. This time is
not affected by the volume or transmitted data type through the
communication channel.

When the system is small (consisting of max. of 5 stations), then the
system response time is according to IEC 61131, still on the acceptable
level. For a system with multiple stations, this time increases and therefore
it is better to design systems according to the PROFINET CBA standard. In

the case of any large distributed system, in which one of the most important
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parameters represents the system reaction time, it is necessary to use the

PROFINET CBA standard.

6.3 Network utilization

This is aparameter that determines the data amount transmitted
through the communication network. The aim is to minimize this quantity to
a minimum value. Smaller amount of transmitted data means less chance for
error occurrence during transmission (even if the transmission protocols
deal directly with the errors) and that shorten the system reaction time.

- System designed according to the IEC 61131 standard has the network
utilization on the level of 25 — 30 kB/s, which is low enough data, but
it is a maximal number of data that the system can transfer per second.
Every other communication channel represents more data to be
delivered to the end station. Because the transmission band is limited,
it will adversely affect the system reaction time.

- System designed according to the PROFINET CBA standard has for
comparable communication time much lower data transmission
(transmission of each channel is approximately 2 kB/s). Although the
data transfer is much lower than for a system according to the IEC
61131 standard, for both approaches we speak about relatively minor
data transfers. Increasing the number of communication channels for
the PROFINET CBA system by higher number of channels means
small data transfer. However, it does not negatively influence the

system reaction time.
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6.4 Program impact on the cycle time PLC

It is data that indicates the time for which the PLC process its entire

program only one time. Of course, increasing the cycle time means delayed

station reactions to system status change. By default, this time varies within

milliseconds. The following lines describe the impact of communication

method between the stations on the outcome PLC cycle time. That time

does not include the impact of the control program itself, for both systems it

is approximately the same time.

For a system designed by IEC 61131 standard the minimum
achievable time for one communication channel is approximately 1
ms. Every next communication channel will increase the response time
about 1 millisecond. For a system with the maximum number
o communication channels, the cycle time will be increased to about

16 ms.

Increasing the number of communication channels does not have any
impact on PLC cycle time for systems designed with PROFINET CBA
standard. Communication takes 1 ms for any number of stations and
communication channels in the system.

For systems where the cycle time is not very important, a system

designed by IEC 61131 is acceptable. For systems where the reaction time

is an important parameter, it is better to use a system designed by the

PROFINET CBA standard.
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6.5 Program impact on memory consumption for PLC

This is a parameter that determines how much memory of PLC will be

taken by program blocks, which are necessary for distributed system

designing. The more memory communication blocks utilize, the less

memory remains for the control program itself and obviously, the total

performance of the system decreases. The PLC memory capacity is usually

limited to a few MB and memory cards are standardly supplied in the size

of few hundred kilobytes.

Blocks necessary to ensure communication with one station and blocks
necessary for PLC running will take some 23 kB of memory for the
test system designed by the IEC 61131 standard. Each subsequent
communication channel increases the memory consumption by
approximately 4 Kb. For sixteen communication channels it will be
some 80 Kb of memory consumed only by communication blocks. For
example, using 256 kB of memory card means a significant memory

reduction for the control program itself.

Blocks necessary to ensure communication with one station and blocks
necessary for PLC running will take some 6 KB of memory for a
system designed by PROFINET CBA standard. Each communication
channel to follow increases the memory consumption by about 200
bytes. For example, for sixteen communication channels it is some 9
kB of consumed memory, which is roughly nine times less than by
using the IEC 61131 standard.

If it is a distributed system where the control program is simple and

takes only a small part of the station memory, or when large memory cards
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are available in the stations, it is possible to use the system according to the
IEC 61131standard as well. If it is a high-volume program, or where the
hardware memory size is limited, it is necessary to design the system under

the PROFINET CBA standard.

6.6 System hardware network resources

The decision of which standard to use in distributed system
development is influenced by hardware resources used in the system
communication network.

When using the IEC 61131 standard, the communication is through
TCP/IP protocol. This enables the building of such a system on any network

resource that meet TCP/IP criteria.

®  When using the PROFINET CBA standard, it is not a standard
communication under TCP/IP protocol, but the PROFINET CBA
industrial protocol is used. It has specially evaluated safety risks,
arising from the nature of the control systems (require maximum
possible system reliability), but it needs devices able to work with
PROFINET CBA for its running. This protocol is not supported, for
example, by network hubs. WiFi routers are functioning on the hub
principle as well. When the network is using such elements, the
PROFINET CBA system will not work. One option is to use either the

IEC 61131 standard or network element replacement.
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6.7 Costs

Using a different approach for system design means that financial

costs may vary:

When using IEC 61131 standard, it is necessary to buy a software
package, Step7, that has been used for many years and each company
working with Simatic devices must have already purchased this
package. Additional investments in other program packages are not
necessary. However, increased complexity of system design means

higher labour costs.

When using the PROFINET CBA standard, it is necessary in addition
to the Step7 package to buy another software package, iMap. Its price
ranges within hundreds of euros. Because this is a relatively new tool,
most companies do not own it as of yet. It must be remembered that
only a few people are skilled in using this tool and all others must be
trained. In contrast, the resulting program is much simpler and
therefore, the development costs are lower than those generated by a

system designed according to the IEC 61131 standard.

6.8 Selecting the suitable standard

The entire decision-making process can be depicted as follows:
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As shown, in most of the criteria the IEC 61499 standard achieves better
results. It is not always possible to use one of the latest approaches when
using some of the older network components. Also, in the case of small
systems, the financial costs related to purchasing of important development
tools and developers' training may determine if the IEC 61131 standard

should be used.
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CONCLUSION

This publication deals with norms and standards for industrial
automation, mainly regarding the IEC 61131 and IEC 61449 standards and
their application in practice by distributed control systems design. In the
beginning, these standards were described in detail and their further
development was indicated. Subsequently, the criteria for each standard was
looked at as it plays a significant role in determining which standard is
better to use. Based on the criteria proposal, the methodology for
application comparison for both standards used by distributed control
system design in practice, was formed. This methodology was verified on
areal control system that was created by using both systems. Based on the
system test results, methodology for suitable approach selection was
generalized and a procedure for suitable standard selection was determined.

The main criteria taken into account were: remote station response
time, network utilization, affect of the approach on consumed memory size
and processor cycle time. During the verification, another factor occurred
when hardware incompatibility was detected. It is the selection of hardware
network components. The last evaluation criterion was the costs of both
systems.

As amodel system of interconnected devices the Simatic S7-300
devices made by Siemens were chosen because these can work under the
IEC 61131 standard as well as under the PROFINET CBA standard, which
represents implementation of the IEC 61499 standard for Siemens. All
mentioned criteria were tested for the chosen system. IEC 61499 standard

showed better results in almost all areas. When older network components
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were used within the network, it was not possible to use this standard in
some cases. Differences were not great when small distributed control
systems were created. With the increase in the number of stations, the IEC
61131 standard still showed worse results. The disadvantage of the IEC
61499 is that it is still not widespread. System developers need to be trained
and gain experience, which requires considerable financial costs and a large
amount of time. Also, the majority of developers do not own the tools
needed for system development according to the IEC 61499 standard. That
is why it is necessary to purchase them and their prices vary from hundreds
to thousands of euros. Therefore, for small systems with low output
requirements, it still seems better to use the IEC 61131 standard. Once the
IEC 61499 standard is widely used on a global scale, use of the IEC 61131
standard for development of distributed control systems will taper off. This
is not expected to happen for several years.

This is just one view of the complex problem with distributed control
systems. To make the comparison more simpler, only components made by
single manufacturer were used. Distributed systems may be formed from
the devices made by different manufacturers and it does not necessary to
only be programmable logic controller. Also, robustness of the distributed
control systems can be much greater. Theoretically, it can consist of
hundreds of cooperating control stations located in multiple areas. This also
offers the opportunity for future research on this topic. For that reason, the
next activities should focus on:

- distributed systems consisting of devices from multiple manufacturers
and multiple types

- distributed systems consisting of more devices,
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distributed systems where individual stations are divided into multiple

communication networks.
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