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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FUNCTION BLOCKS FOR INDUSTRIAL-PROCESS
MEASUREMENT AND CONTROL SYSTEMS

Part 3: Tutorial information

FOREWORD

Thq International Electrotechnical Commission (IEC) is a worldwide organization for sta prising
all |national electrotechnical committees (IEC National Committees). romote
intdrnational co-operation on all questions concerning standardization in the electyical*and~e idlds. To
thi§ end and in addition to other activities, IEC publishes International Standakds igations,
Tedhnical Reports, Publicly Available Specifications (PAS) and Guides s “IEC
Pullication(s)”). Their preparation is entrusted to technical committees; an brested
in the subject dealt with may participate in this preparatory work. k d non-
governmental organizations liaising with the IEC also participate in this p closely
with the International Organization for Standardization (ISO) in a€co \ ined by
agreement between the two organizations.
Thg formal decisions or agreements of IEC on technical matte ational
cornlsensus of opinion on the relevant subjects since eac rom all
intdrested IEC National Committees.
IEQ Publications have the form of recomm ational
Cornhmittees in that sense. While all reasenable ef of IEC
Pulylications is accurate, IEC cannot be | or any
miginterpretation by any end user.
In prder to promote international uniformif iications
trarjsparently to the maximum extent possible rgence
betiveen any IEC Publication 4 idated in
thellatter.
IEQ provides no marking or any
eqyipment declared to b
All psers should
No [liability shall { rts and
mefnbers of its technical i 3 Mational Committees for any personal injury, property danjage or
othger damage of a e ether direct or indirect, or for costs (including legal feqs) and
expenses arising\ out\ of\the ublitlon use of, or reliance upon, this IEC Publication or any other IEC
PuBlications.
Attg¢ntion is \drawn ative’ references cited in this publication. Use of the referenced publications is
indispenss iCati i icati
Attgntion a he possibility that some of the elements of this IEC Publication may be the subject of
patgnt righ ke held responsible for identifying any or all such patent rights.
The main task of I[ECtechnical committees is to prepare International Standards. Howejver, a
techn|cal committee may propose the publication of a technical report when it has col|ected
data ¢fradifferent kind from that which is normally published as an International Standard, for

example "state of the art".

IEC 61499-3, which is a technical report, has been prepared by working group 6: Function
blocks, of IEC technical committee 65: Industrial-process measurement and control systems.

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

Enquiry draft Report on voting
65/308/DTR 65/321/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IEC 61499 consists of the following parts under the general title Function blocks for industrial-
process measurement and control systems:

Part 1: Architecture

Part 2: Software tools requirements

Part 3: Tutorial information

Part 4: Communication requirements

NOTE RParts 1 and 2 are under consideration

The gommittee has decided that the contents of this publication will rerqain uncha@nged until
the maintenance result date indicated on the IEC web site under "kitp://Webstone.ec.ch" in
the data related to the specific publication. At this date, the publicaf i

* reponfirmed,;

* withdrawn;

* replaced by a revised edition, or
+ amended.

A bilingual version of this publication ma
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INTRODUCTION

The following gives a description of the contents of the various parts of IEC 61499.

a)

Part 1 contains

general requirements, including an introduction, scope, normative references,

definitions, and reference models;

rules for the declaration of function block types, and rules for the behaviour of

instances of the types so declared;

. rules for the use of function blocks in the r‘nnfigllrafinn of distributed indllc’rrial-pr cess
measurement and control systems (IPMCSs);

e | rules for the use of function blocks in meeting the communigad nts of
distributed IPMCSs;

* | rules for the use of function blocks in the management of applica ces and
devices in distributed IPMCSs.

Part 2 defines requirements for software tools tg stems

erngineering tasks enumerated in 1.1 of IEC 61499-1:

« | the specification of function block types;

« | the functional specification of resource typ

« | the specification, analysis, and

« | the configuration, implementatior, op CSs;

* | the exchange of information amng soft

Part 3 has the purpose c and

damain-specific appli ing the

rejguirements of th

* | answers to Freque

. example 2 f J constructs to solve frequently encountered
problems iAo 3 i i ing.

Part 4 defines ent of compliance profiles which specify the features

ofl IEC 614991 a 4 to be implemented in order to promote the following

atfributes 6 ed systems, devices and software tools:

| in of\deviegs from multiple suppliers

« | portabi e between software tools of multiple suppliers; and

» | configurability \of devices from multiple vendors by software tools of multiple suppliers.
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FUNCTION BLOCKS FOR INDUSTRIAL-PROCESS
MEASUREMENT AND CONTROL SYSTEMS -

Part 3: Tutorial information

1 Scope

This part of IEC 61499, which is a technical report, is intended to provide a simple shorthand

for common funbtiuna“ty mabroadmumber-of appicatronmrdomainst—andtothatexteny, may

be cgnsidered a "language". It should be noted that IEC 61499 is prograrnming
methqdology per se.

2 Normative references

The f ment.

For d dition

of the

IEC 6

IEC 6[1804-1:2003, Function blocks (F : ystem

aspedts

IEC 6[1804-2:2004, Function blocks ( ¢ of FB

conce '

3 Frequently asked que

3.1 [General

What|is this clause

This g ses to FAQ about the various parts of IEC 61499.

What

IEC 6 s industrial-process measurement and control syptems

(IPM( ices, and their associated life-cycle support systems will be able to deljver a

numb nt benefits to their owners and system integrators, including:

a) IBC.61499-compliant life-cycle support systems will be able to reduce engineering [costs
through—imtegrated—acititres—for —configuratiom, —programmmming —and—data_nramagement.
Additional engineering cost savings will result from the ease of system integration
provided by IEC 61499's simple yet complete model of distributed systems. This model
provides hardware- and operating-system-independent representations for all functions of
the system, including control and information processing as well as communications and
process interfaces.

b) Engineers and technicians will be able to reduce system implementation time by

applying a common set of concepts and skills to all elements of the system. Further
reductions in implementation time will result from the elimination of software patches and
"glueware" formerly required to integrate incompatible system elements and software
tools.

1) The elimination of patchware and glueware, the availability of interoperable software
tool sets, the portability of engineering skills, and the ease of integration of system
elements, will yield higher reliability and maintainability over the system life cycle.
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2) IEC 61499 provides an abstract, implementation-independent means of representing
system functions. This common "target" will lead to simplified migration from
existing systems to IEC 61499-compliant systems, and from older to newer
technological platforms (operating systems, communications, etc.) in IEC 61499-
compliant systems.

3) Economies of scale from uniform application of common software and firmware
technologies will provide lower hardware cost per function, since the most
significant cost items in modern control hardware are its firmware and supporting
software.

Is IEC 61499 a "stand-alone" document?

No. Ip order to realize the benefits listed above, distributed industrial-pr0 bment
and cpntrol systems (IPMCSs) will need

« cgmpliance profiles following the rules given in IEC 61499-4, ions of

the communication protocols utilized;

« stpndard programming languages such as those r the
specification of algorithms in basic function block type

» liQraries of standardized and customized functio dyp evice
types and guidelines for their application in specific demai

How ¢an IEC 61499 function blocks be\distj 51131-3 function blocks?

Unforfunately, the term was already used diffe 31-3 and in the process gontrol

domaln as reflected in IEC 61804. |IEC, he term most generically in termfs of a

distrijuted, event-driven architecture [ centralized, scanned archit¢cture

underlying IEC 61131-3 apth\the distrib\ nned_ architecture underlying IEC 61804 may

be co E 3 61804 may, in future, choose to specify

their i ¢s of IEC 61499-4 in order to provide full

harmg 3

3.2

Why ted model?

The ¢ Qn used in |IEC 61499 is necessary in order to achievye the

required | ility of encapsulated, reusable software modules (function blgcks).

The bject-oriented development, and the extent to which IEC $1499

realizes these B its, are discussed in Annex B of this document.

Is thif not-very expensive to implement?

Not necessarily; a full object-oriented implementation is not required by the IEC 61499 model
— only that the externally visible behaviour of function blocks and compliant devices conform
to the requirements of IEC 61499 and possibly of compliance profiles as defined in
IEC 61499-4.

Why not use a general-purpose distributed object model, like DCOM or CORBA?

Implementation of the features specified for these information-technology models would be
too expensive, and their performance would almost always be too slow for use in a distributed
real-time industrial-process measurement and control system (IPMCS).

Additionally, there is no standard, easily understood graphical model for representing the
interconnections of events and data among these kinds of objects in distributed applications.
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Are data connections and event connections a kind of object?

The declarations of data and event connections contained in library elements can be
considered objects to be manipulated by software tools, as shown in Annex C of IEC 61499-1.
Additionally, data and event connections are regarded as managed objects within
resources, as shown in Annex C of IEC 61499-1.

Why are there no GLOBAL or EXTERNAL variables?

All variables are encapsulated. There is no guarantee that there will be an implicit global
distribution mechanism available. When such mechanisms are available, they can always be
mapped to service interface function blocks

How ¢an "contained parameters” be accessed?

Exterpal access to internal variables of function blocks is contrar good
software design. Nonetheless, to accommodate exceptional cas ice, the
READO and WRITE services and associated access paths to i ined for
manapgement function blocks. However, this practice ma ystem
perfofmance, reliability, maintainability and safety, especially nste of the stajndard
PUBLISH/SUBSCRIBE or CLIENT/SERVER services 5s to

variahles.

Why use function blocks to model deyice or
The benefits of this approach are

* a gonsistent model of all applicatiorfs in the sys

%reu'n

the definition of required new data typep and

icluding management applicatigns;

* a |consistent means of~encapsulating
fupctions;

Il functions, including management

* repse of existing d

e ude of existi sts
specification@a

of an
more
pliant

How ¢an.a change in a data value generate an event?

E_R TRI G and E_F_TRI G function block types, defined in Annex A of IEC 61499-1, propagate
an input event when the value of a Boolean input rises or falls, respectively, between
successive occurrences of the input event. Instances of this type may be combined with other
function blocks to produce rising- and falling-edge triggers, threshold detection events, etc.

What are event types? What are they used for?

An event type is an identifier associated with an event input or an event output of a function
block type, assigned as part of the event input or output declaration, as described in 2.2.1.1 of
IEC 61499-1. It can be used by software tools to assure that event connections are not
improperly mixed, for instance, to assure that an event output that is intended to be used for
initialization is not connected to an event input that is intended to be used for alarm
processing.
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Event types cannot be detected by execution control charts (ECCs), which control the
execution of algorithms in basic function block types as defined in 2.2 of IEC 61499-1, so the
type of event cannot be used to influence the processing of events in such function block
types.

IEC 61499 does not define any standard event types other than the default type EVENT.

How can this model accommodate sampled-data systems?

The major issues in sampled-data systems such as those used in motion, robotic and
continuous process control are

* hdw to achieve synchronized sampling of process or machine inputs;

* hdw to assure that all data has arrived in time for processing by copfrol

« hdw to assure that all outputs are present and ready for samgling™befoxe, Beginning the
ngxt cycle of sampling and execution.

Solutipns to these problems typically require specialized co ystem
servides, which can be represented in terms of the IEC4 S el by service interface

functjon blocks. The inputs and outputs to be sa ed by
servide interface function blocks, while the algorit ly be
encaf input
and o ctions
and d

What

This i n; for
exam edge-
ment otification of abnormal operation vjia the
| ND-, STATUS output of service interface fuhction
blocks.

Is th i between "process events" and "execution scheduling
even

Thesg i i rom each other by the event type mechanism. Thegy can

be us 3 show only the event types of interest and to restrict connegtions
to be 3 (i

How

In the| IEG61499 model, faults and exceptions are modelled as event outputs and assotiated
data |odiputs of service interface function blocks. These outputs can be connected to

appr riate _event inpnfe and associated data inpnfe of any function blocks, whichl must

respond to the fault or exception, for example, by changing their operational modes.

Where can event handling function blocks (E_CYCLE, E_RESTART, etc.) be instantiated?

The standard does not restrict the context for instantiation of event handling function blocks or
service interface function blocks in general. They can, in principle, be used wherever any
other function block type may be instantiated, for instance, as components of composite
function blocks or as part of a resource configuration.

Are there any mechanisms to prioritize execution of algorithms or events ?

There is just some description of priority attributes for algorithms in Annex H of IEC 61499-1;
however, this description is not normative.
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The rules for algorithm invocation given in 2.2.2.2 of |IEC 61499-1 provide a substantial
degree of control over prioritization by defining specifically the processing order of transitions
and actions of an Execution Control Chart (ECC).

How can IEC 61131-3 tasks with priorities and cycling time be converted to IEC 61499?

The E_CYCLE function block is intended to be used mainly for the control of cyclic execution
like the cyclic tasks of IEC 61131-3. See the previous question for a discussion of priorities.

3.4 Engineering methodologies

How ean
There are various formal and informal methodologies for the design of i ontrol
systems. A general outline of these methods and how IEC 61499 models 3 $ tools

can bg used is as follows.

a) Define the desired sequence of operations for the controllé is well

ag the abnormal sequences which may occur, if possible ally in
or 131-3
Se¢quential Function Charts (SFCs).

b) D nsors
th 5, and
th nction
bl vided
fo ces.

c) M 5 plus
dd k able time-dependent outputs (events
plbs data) from the s&qsors, Thi ing-may pe done formally using notations sych as
Petri nets, or info sing._ si i odels (which may be implemented with

d) Define the ari ine comrollers, typically as the ECCs and algorithms of

bgsic functiomptos NMethodotqgies for doing this step may be informal, based on
engineering expé ofmal, using for example Petri-net theory. The best
method is to i proven state-machine controllers from an IEC 61499 fupction
blpck library!

e) Validate \the - e-machine controllers versus the model of the confrolled
mpchi . \n order to catch possible design or specification errors, this would
ugua eusing) simulation; in addition, more formal validation methods mpy be
us

f) Fi e.the simulated sensor and actuator interfaces with the service interfages to
the actual machine or process to be controlled. This installation should normally be
cgrried out piecewise for testing purposes.

What is an ECC? Why should | use it and when?

An ECC is a specialized state machine to enable multiple events to trigger multiple algorithms
in a basic function block type, possibly dependent on some internal state. It should be used
when maximum flexibility in algorithm selection and scheduling or when a high-performance,
event-driven state machine is needed. Otherwise, the mechanisms in Annex D of IEC 61499-1
for converting IEC 61131-3 function blocks to IEC 61499-style blocks can be used.

Why can a composite function block not have internal variables?

Internal variables are not required in composite function blocks, since all possible sources of
data are accounted for as input or output variables of the composite function block or of its
component function blocks.
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Are extensible user-defined function blocks permitted?

IEC 61499 follows the usage of IEC 61131-3 and does not define a specific syntax for
specification of extensible inputs and outputs of user-defined function blocks. The use of the
ellipsis (...) and accompanying textual descriptions is considered adequate for the
specification of extensible inputs and outputs of standard and service interface function block
types.

Can alternative graphical representations be used?

Software tools can use alternative graphical, textual or tabular representations, as long as the
accompanying documentation specifies an unambiguous mapping to the graphical elements
and apsociated textual syntax defined in IEC 61499-1.

How ¢an "trend" and "view" objects be created?

In sone process control terminologies, a view is a collection of data prious
sources, arranged for remote access. This function is perf 51499
communication function blocks.

NOTE | This usage of the term "view" differs from the well-known Dbr user

interfage applications.

A trend is a sequence of data values from the s trend
data ¢an be implemented as an algorit to the
data $o collected can be provided bydtahdar i i . .1{1 and
4.1.2 for further information.

When| you are designing{ fungti K fy an
assodiation between ap _eve t input_and\g i i butput
and g set of output varia N 2 of IEC 61499- 1 states that this assogiation
meang that the ag 8 i i s are to be sampled at a particular transition pf the
ECC |state mac S are given for the WITH associations of [event
outpufs and outpyt 3 S ommended, but not required, that the following
interpretations be pla

e whicli j 0 sample when an event occurs at the associated event input| of an

¢ which outpd
change:

eveilts are used to indicate when values of associated output varjables

In eithec'case, it is expected that this information will be used by software tools to assist the
user to ensure that

* the data used by an algorithm in one function block is consistent with the data produced
by an algorithm in another function block and delivered over one or more data connections
associated with one or more event connections;

« the messages transmitted over communication connections between resources in a
distributed application carry consistent data and events between the function block
instances in the application in the way intended by the application designer.
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Are the "sequences" of service interface function blocks (SIFBs) only for documenta-
tion or can they be used for programming purposes?

The use of service sequences for SIFBs was intended for documentation purposes and
especially to show a direct mapping for well-specified services which follow the ISO 8509
conventions. Even in documentation terms, however, they should be considered as imposing
constraints on the externally observable operational sequences of the corresponding SIFBs.
Software tools may, but are not required to, use these specifications to generate skeleton
code for an implementation language such as IEC 61131-3 ST, C++ or Java.

How is IEC 61499 related to conventional methods of object-oriented development?

See Annex B.

3.5 |Applications

Why does IEC 61499 not define applications as instances of appli

It wag determined that an implementation-independent specKication\of.\an “qp type
would be identical to a composite function block type; howe is viey ed to
that df a sub-application type. The configuration of apph 3 €X d out

accorfling to the following process.
a) Cifeate and interconnect one or more instance icati ssibly
additional function block types) repr j

b) Create instances of the service
interfaces of the application.

pCcess

c) Create appropriate event conneftions a connections between the process

inferface function blocks and the s b—a presenting the application.
d) Reémove the encap théels plications, exposing their component
fupction blocks (wkich Ib-appli¢ations) as distributable elements ¢f the

application.

e) Reémove the ap e/newly exposed sub-applications, repeating as
ngcessary.

f) Distribute the nap its function block instances to appropriate
resources.

g) Create arid>cohfighfeNa Qpriate instances of communication function block typges to
mApintaj ataflows of the application.
NQTE yaxe tools would typically provide means of automating many of the operations in this pfocess,
especiallywi S

application~¢ontain "sub-applications"?

Can gn
Yes. 1ee the above description as well as 2.4 of IEC 61499-1.

Can an application interface with other applications?

Not directly, since there is no application type within which an interface could be defined.
However, applications may communicate with each other by means of communication
SIFBs. Also, sub-applications may interface with each other via event connections and data
connections.

How is the loading and starting of applications managed?

Software tools for this purpose will take as input a system configuration and generate
sequences of commands to management function blocks to perform loading and starting of
applications, either locally or remotely via communication function blocks. Details of this
functionality will typically be contained in compliance profiles following the rules given in
IEC 61499-4.
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4 Examples

4.1 Applications of SIFBs
411 Views

Some system architectures define unique objects to provide specified functions. Such objects
may include "transducer blocks", "views", "trends", "alerts", and remote "links". The purpose
of this subclause is to illustrate the use of SIFBs to replace such specialized objects.

This example illustrates the use of communication function blocks to provide controlled

remote—access—toreat-time—data—andparametersof functionblocks—Fhe—generatapproach is

as follows.

a) Mpdel the desired functionality as a function block with all D neters
externally visible.

b) Use appropriate SIFBs, for example, SERVER, to model the ¢ trol to

parameters.
c) E
mechanisms.

Figur¢ 1 shows a partial configuration of a resourc i " view"
via thE block labelled OP_VI EWand an "engmee J\Vie Vi : > VI EwW of
the data associated with an instan i hmple

descr|bed in 2.3.1 of IEC 61499-1. Tt
and the HOLD variable to the PI block,
returns the PV variable (provided by g'remote p
variahle of the PI block.

parameters
oek supplies the SP variable and
via the PV_SUB block) and thel xoOuUT

NOTE [ The XOUT parameter would\typically s onne>ed to4 PUBLI SH block or a local output point t¢ effect

the dedired control; this conhectioh.i iln\this_example.

NOTE R The naming of the comfynigati es in this subclause shows a useful convention. The block is
named| XXXX_NI _NO ‘where XXXX i3 tf L service, for example, SERVER; NI is the number of|inputs,
for example, 2 and NQ mple, 1. In this example, the block type is SERVER 2| 1; the

servicq interface at the
outputg, for example,

unjeation connection then has the reversed number of inplits and

OF_WIEW
ka INIT IHITO
F | RSF IND

[ ] [
SURSCRIBE_1 SERVER_Z_1
Qo al oo
FARAMS STATUS PARAMS STATUS
RD_1 S0_1 RO_1
L ) SD 2
ENG_WIEW MIT  IMITO
IHIT IMITO EX0
RSP IND :| [
] [ FI_REAL
SUBSCRIBE_3 HOLD X0uT
al Qo Y
PARAMS STATUS —sP
RD_1 P
RD_Z | Kl
RD_3 I i

Figure 1 — Views of a PI_REAL type block
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Figure 2a illustrates a partial resource configuration for a simple remote operator interface for
the remote resource shown in Figure 1. An instance of a specialized version of the CLI ENT
function block type described in Annex F of IEC 61499-1 provides the remote interface for
setting the SP (set point) of the Pl algorithm, and reading the PV (process variable) input and
XOUT output of the algorithm. A similar configuration could be used for an engineering
interface; if these two interfaces are placed side-by-side, a display such as that in Figure 2b
could be obtained.

START al OF _WIE
caLc IMIT IMITO IMIT B IMITO E%PI—HHI !IEI
A B BESE N[ BED CHE Restart
STOP 1 [ ] [ Sp
I FI_OF_HMI CLIENT_1_2 PV
ERESTART| Fu 5P al oo out & (}a\
SOuUT FARAMS STATUS
504 RD_1

RD_Z —|

Figure 2a - Partial resource configuration

Figur¢ 3 shows the external interfaceg and in
functipn block type used for the simple\huma
displgy of the three values SP, PV and is typica

P HM
chart

REAL

BEAL EAxOouT
N4 _
e 3a — External interface

Pu_LBL Py_OUT HOUT_LBL HOUT_OUT
INIT INITD INIT INITD INIT INITO INIT INITO | IN[TO
RSF-REQ CNF RSF-REQ CNF
FH_LABEL 1 [ FH_LABEL 1 [
oo OUT_REAL 4o oo OUT_REAL
LABEL 140l 00| " OUT'HLABEL 1Ho oo
ITET OUTF 5P L AL
PN XOUT—{IN

Figure 3b — Implementation

Figure 3 — Function block type PI_OP_HMI

4.1.2 Trending

Figure 4 shows a 16-sample trending function implemented in a TREND_16_REAL_VS function
block. The function block provides an RD/ RDO pair to assure that data being read is properly
synchronized. The input data is of type REAL_VS providing both value and status of the data,
as given by the declaration
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TYPE REAL_VS: (* REAL Value with Status byte *)
STRUCT
Status: BYTE; (* Inplementation dependent encoding *)
Val ue: REAL;
END_STRUCT;
END_TYPE

Information encoded in the St at us byte may include

 good (cascade) — variable value may be used for control;
« good (non-cascade) — the value may be used in operation;

. u I = e varliable vVdlue IS SUSpecCt,

« bgad - the variable value does not reflect the true measurement,
value;

e additional status attributes (i.e., attributes whose interpretatio
status enumerated above) and limit attributes (for examplexhi
may also be encoded.

Each [piece of input data is stamped with the current date
possible non-uniform sampling intervals. The stamped datatyp

TYPE STAMPED_REAL_VS: (* Time-Sta
STRUCT
Val ue: REAL_VS;
St anp: DATE_AND_TI ME;
END_STRUCT;
END_TYPE

Remdte access to the
SERVER block as describ

EWENT
EWENT
RCO EWENT

NTREND_16_REAL WS
UM TREND —B—STAMPED_REAL_VWS[16]
TS W UINT

fanl

Figure 4a — External interface

[roo] INIT INT—{IMT[INITO|

1

of a

I
1

Ex

1 ¥
\1MAIN|—|MNN|EXD|

Figure 4b - ECC

Figure 4 - TREND_16_REAL_VS function block type
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4.1.3 Remote sensing

Figure 5 shows a resource type, which publishes the data obtained from a thermocouple
interface represented by an instance of the SIFB type TC | NTFC shown in Figure 6. The
PARAMS input of the TC I NTFC block would contain data appropriate to characterize a
thermocouple interface, including such items as channel number, thermocouple type,
calibration data, engineering units and scaling. The RD_1 output of the TC_I NTFC block would
typically be of data type REAL_VS, representing a temperature in appropriate engineering units
and associated status. The STATUS output would indicate conditions specific to the interface
type such as open circuit, short circuit, etc.

In typjcal operation of this resource, the arrival of an event at the | ND output of the TR] GGER
block |would trigger the sampling and subsequent publication of the assof d\data from the
TC blgck.

A soffware tool as described in IEC 61499-2 would typically initi ource
via the following sequence of operations.

a) Establish a communication connection to a SERVER blaCk g block
fof the resource.

b) Establish values of the PARAMS inputs of the TRI GGER [ , Usi TE or

CREATE management commands.
199-1,
ia the

c) Force initialization by issuing a
which will cause an event at the
| II T/ 1 NI TO chain of the TRI GGER,

d) Verify that correct initialization h ¥ Using the READ command to quefy the
vdlues of the STATUS gutputs of the and PUB blocks, and take apprgpriate
cqrrective action if ne€essary.

e) The software tool ishzits.own/ SUBSCRI BE block to the publish/subgcribe
channel estab ished in order to monitor the status of the published
vgriable.

STAHT
COLD TC FUE
WA bt INIT INITO INIT INITO
TRIG_PERMIT —pEq CNF REQ CNF
TC_INTFC FUBLISH_1
[ 19l oo| 1 20
PRRAMS STATUS FARAMS STATUS FARAMS STATUS
RD_1 SD_1

Figure 6—Resource-type FCXMIR

EVENT B—IHIT INITO EVENT

EVENT —H REQ CHF £ EWENT

TC_IMTFC

BOOL—E-E— ol oo - BOOL

STRING B—FARAMS STATUS —EHH BVTE

RD_1 B—REAL_WE

NOTE See 4.1.2 for a discussion of the data type REAL_VS.

Figure 6 — SIFB type TC_INTFC
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4.1.4 Remote actuation

Figure 7 shows a resource type, which subscribes to the data required to operate a valve
interface represented by an instance of the SIFB type VALVE_| NTFC illustrated in Figure 8.
The PARAMS input of the VALVE_ I NTFC block contain data appropriate to characterize its
operation, including such items as channel number, forward or reverse valve action, and
scaling. The SD_1 input of the VALVE_I NTFC block would typically be of data type REAL_VS,
representing a scaled valve position and associated data status, while its STATUS output
would indicate conditions such as sticking, over-travel, etc. A block PUB of type PUBLI SH_1 is
also provided in this resource type to publish the valve status upon occurrence of an error
condition as indicated by a CNF- primitive of the VALVE_| NTFC service.

In typ|cal operation of this resource, the arrival of an event at SUB.I ND woy ig VALVE
block|to begin the motion of the valve to the position commanded at SUB\ by an

event| at VALVE. CNF with appropriate values at VALVE. QO and VA error
occurg as indicated by a FALSE value of VALVE. QO, the VALVE. CNF ¢ ed to
PUB. REQ via PUB_SW EQ0, causing the publication of th bn  at
VALVH. STATUS.

A soffware tool as described in IEC 61499-2 would typic ource
via the following sequence of operations.

a) Establish a communication connection to a block

for the resource.

b) Esgtablish values of the PARAMS inpiis of\th d PUB blocks, using WRI TE or
CREATE management commands.

c) Force initialization by issuing a START(To 3 ich will cause an event at thel WARM
oUtput of the START blgCk ated\vi eM NI T/ I NI TO chain of the SUB, NVALVE
and PUB blocks.

d) Verify that correct|initializati 2 y ed/by using the READ command to quefy the

vdlues of the STATUS outpu VALVE and PUB blocks, and take appropriate
cqrrective ac if
e) The software todl alsole H its own SUBSCRI BE block to the publish/subgcribe
channel estabtis forthexPuB block in order to monitor the valve status.
START /N
'IZ'I'L\Es\S~ N VALVE PUB
N NITO INIT INITO
| | SUE_FERMIT FUB_Sw —[INIT INITIC
IND REQ CMFLfET Eoo REQ CHF
[ ] [ eo1| ]
E_ CRIBE_1 WALVE_INTFC j |: FUBLISH 1
e Lo = I1':'—| E_SwITCH| 1ol oo
PARAMS STATUS PaRAMS STATUSH| L T
RO_1 S0_1 ap 4

Figure 7 — Resource type VALVE_XCVR
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EVENT B INIT INITO ——— EVENT
EVENT —E——RER CHF E—EVENT
— [
VALWVE_INTFC
BOOL B0l 0 HEB— B0oL
STRING BPaRAMS STATUS —E-EB—BYTE
REAL W5 —B—sD 4

NOTE See 4.1.2 for a discussion of the data type REAL_VS.

Figure 8 — SIFB type VALVE_INTFC

4.1.5 Remote control

Figurj 9 shows a resource type which subscribes to the data require point

(SP) and process variable hction

block|type PI D, and publishes its manipulated variable OUT, ag . The

PARANS input of the PID block contains data appropriate Yo c ation,

including sampling time, proportional/integral/derivative Cons etc.

A blo¢k STATUS PUB of type PUBLI SH 1 is also provided i h the

block|status upon occurrence of an error condition as ihdica e e PID

servide.

In typical operation of this resource/ th xr the

operation of the PID algorithm, followed ban event@t)\CTRL. ONF with appropriate vallies at

CTRL.|QO, CTRL. STATUS and CTRL. OUT. 3 will be propagated to PUB. REQ or

STATUS_PUB. REQ via PUB_SW EQ0 or RUB_SW EO actively, depending on whether the

value|of CTRL. QO is TRUE or FALSE respecti

The slet point will be change » i of an jgvent at SP.I ND and corresponding data at

SP.RO_1.

A soffware tool i . would typically initiate operation of this regource

via the following seq S(ati

a) Establish a commu nettion to a SERVER block connected to the MANAGER| block
for the re

b) Establish \values<0f"the RA SP, CTRL, STATUS_PUB and PUB
blpc WRl TE \or CREATE management commands as described in 3.3.2 of
IHC 61499-

c) Force initialization’ by issuing a START command as described in 3.3.2 of IEC 61499-1,
which(wjll cause™an event at the WARM output of the START block to be propagated Via the
I I‘III T/ ¥ NI TO chain of the PV, SP, STATUS_PUB and PUB blocks.

d) Verify that correct initialization has occurred by using the READ command to query the

values of the STATUS outputs of the Pv, SP,

appropriate corrective action if necessary.

STATUS_PUB and PUB blocks, and take

The software tool may also establish its own SUBSCRI BE blocks to the publish/subscribe
channels established for the STATUS_PUB and PUB blocks in order to monitor the PI D block
status and output value, respectively.
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START

P STATUS_PUB
IMIT IMITO[ PY_PERMIT PUB_SwWi —IMIT IMITO
RSP IND El E —lEl EQN REQ CHF
] [ j E01h
SUBSCRIBE_1 E_FERMIT 1 [ FUBLISH_1
E_RESTART ol Qo PERMIT E_swiTeH| | |19 Qo
FPARAMS STATUS L PARAMS STATUS
RO_1 CTRL S0 _1
s INIT INITO
—INIT INITD REDD CHF
RSP IMC: %HED |:
] [
SUBSCRIBE_1 FID
=l oo ol Qo
PARAMS STATUS FARAMS STATUS
RO_A1 P ouT
sP

Figure 9 — Resource typ

51 BOOL
B BY'TE
REAL_WS

NOTE [ Specificati i ity uf this function block type is beyond the scope of this telchnical
report.
NOTE p
4.1.6
Figure 1 we-a resource type which combines the control, actuation and diagphostic

functipns illus

A soffware_tool as described in IEC 61499-2 would typically initiate operation of this reqource

via the'folowing sequence of operations.

Establish a communication connection to a SERVER block connected to the MANAGER block
for the resource.

Establish values of the PARAMS inputs of the Pv, SP, CTRL, STATUS_PUB, VALVE and
VALVE_PUB blocks, using WRI TE or CREATE management commands.

Force initialization by issuing a START command as described in 3.3.2 of IEC 61499-1,
which will cause an event at the WARM output of the START block to be propagated via the
I NI T/ I NI TOchain of the PV, SP, CTRL, STATUS PUB, VALVE and VALVE_PUB blocks.

Verify that correct initialization has occurred by using the READ command to query the
values of the STATUS outputs of the Pv, SP, CTRL, STATUS_PUB, VALVE and VALVE_PUB
blocks, and take appropriate corrective action if necessary.
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e) The software tool may also establish its own SUBSCRI BE blocks to the publish/subscribe
channels established for the STATUS_PUB and VALVE_PUB blocks in order to monitor the
status of the PI D and VALVE blocks, respectively.

START STATUS_FUB
Py FUB S —INIT INITO—
INIT INITS| | P _FERMIT —lEl _EDI:I REQ CHF
—RrsF IND ECQ1 [ :| |:
] [ 1 [ PUBLISH_1
E_RESTART SUBSCRIBE_1 E_FERMIT E_SwiTCH 14Q Qo
14l QO—FERMIT — FARAMS STATUS
FARAMS STATUS SD_1
RD_1 [
CTRL (\\IA@T\

L SF IMIT IMITO I IO~
AINIT IMITO SP_PERMIT | |RERQ CHF [~ S(RE A Y
HR=F IND SP_REQ
] [ ] [ Nl PRI

SUBSCRIBE_1 PID 14 Qo
1 a0 14 (n]a] 74/_\ PARARE STATUS 1
FARAMS STATUS PARAMS STATU{ 5D
RO_1 P
_ |_ \>
)
V VALVE_FUB
INIT INITD
REQ CHF
] [
FUBLISH_1
al ao
FARAMS STATUS
S0_1

4.2 |[Syster con

FigurI11 i tes: haw spme of the elements defined in 4.1 may be combined into a gimple

system configs ra fon\Fedtures of interest in this configuration are as follows.

a) For the purposes’of declaration and parameterization, communication connections nay be
mpdelled as function blocks which exist at the system or resource level, dependipg on
whether the connection end pnin’rQ are in different devices or the same dkvice,
respectively.

b) In this example, it is assumed that either some sort of "directory service" exists that
enables the service interfaces at the connection end points to locate the communication
connections by a name given at the PARAMS input of the corresponding service interface
function block, or that a software tool as described in IEC 61499-2 is able to use this
information to set up appropriate communication connections in an implementation
dependent manner. This is the only additional information that needs to be included in the
resource configurations in order to integrate this application.

c) A simple periodic scheduling scheme can be set up for the system by adding an E_CYCLE

block to issue periodic events, as shown in the configuration for resource TC. LAS. The
resulting timing diagram is shown in Figure 13, assuming a function block execution time
of 10 ms, data transmission times of 5 ms, and valve and thermocouple interface
execution times of 5 ms.
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A software tool as described in IEC 61499-2 would typically initiate operation of this system
via the following sequence of operations.

a)

Establish initial values for parameters in the TC. TCX and VALVE. V resources using the
procedures described for the TC_XMIR and PI D_VALVE resource types in 4.1.2 and 4.1.5,
respectively. In this example, this would include, among other actions, setting a value of
" CLK_CNXN" for TC. TCX. TRI GGER. PARAMS and a value of " PV. CNXN' for
TC. TCX. PUB. PARAMS and VALVE. V. PV. PARANS.

Establish a communication connection to a SERVER block connected to the MANAGER block
for the TC device and use the CREATE management command to add the LAS resource and
the CLK_CNXN block to the TC device.

Establish a communication connection to a SERVER block connected tothe MANAGER|block
for the TC. LAS resource and then

1) use CREATE management commands to populate the resourcew CLK and
the CLK_PUB blocks;

2)) use CREATE commands to establish the event and/data . 5. within the
resource;

3) use WRI TE or CREATE commands to establish para v § n the
resource.

be/derived directly frbm the
igurations, as illustrated in

NOTE The sequence of commands in the steps d S a
sequence of textual declarations of the associateg—deyvicesand¢esouxce co
Annex B. @

Force initialization by issuing START C propriate devices through their

mpanagement blocks. The exact order © ands will depend upgn the
rejquired initialization services of thg" commuxicati unction blocks used.

ntefface application by establish|ng its
gtor interface blocks for monitoring and
)Nappropriate communication conneftions
vice interfaces available in the various

The software tool could also create
own communication i i

of
ar
re
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APPLICATION MAIN
CONTROLLER
TEMPERATURE INIT INITD WALWE
CLOCK INIT INITO J—HED CNF INIT INITO
START EOF—{REQ CHF |sP_REQ REQ CHF
STOP 1 | | | | [
] [ TC_INTFE FID WALVE_INTFE:
E_CYCLE | 140l ooF—al Qo al Qo
#100 ms—{D T PARAMS STATUS|  |[PARAMS STATUS FARAMS STATUS
RD_1 —Fv ouT 5D_1
SE
AN
SYSTEM TC_LOOP
PY_CNXN
TC VALVE
FIELD_DEVJBE
2
DEVICE TC
CLK_CHXM
LaS
FIELD_RESOURCE| |rc QMT é
P
CLK_PUB
START INIT INITO
el cLbe . REQ CNF
N w\) |
T@
FUBLISH_O
1@ Qo
b N CLK_CHXN' —PARAMS STATUS

K CNXN

MAI' N. TEMPERATURE

@s \2\,8</stem configuration TC_LOOP

PV_CNXN

MAI N. CONTROLLER

MAI N. VALVE

elapsed time, ms

5

10 15

25

Figure 13 — Example system timing
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4.3 Use of communication function blocks

When an application is distributed across resources, those data and event connections of the
application that cross resource boundaries must be mapped onto communication connections
among the resources. In order to assure proper synchronization of application operations, a
unidirectional communication connection comprising an instance of the PUBLI SHER function
block type and one or more instances of the SUBSCRI BER function block type described in
F.2.1 of IEC 61499-1 must be provided for each event output and its associated data outputs
whose connections cross resource boundaries; or, if pairwise linking of two event connections
can be identified, a bidirectional communication connection comprising a CLI ENT/ SERVER
pair, as described in F.2.2 of IEC 61499-1, may be used.

The required communication function blocks may be generated in severa
example:

erent ways, for

a) the application developer may specify them explicitly, espe ing and

mpnitoring purposes;

b) sqftware tools may generate them automatically for an regource
bqundaries.

4.4 |Contained variables in process control fun

For spme application domains such as those address E @ined
variables are defined as variables wh0sge valde higher
level fevice, or calculated. Access toNcontai i paths

as illystrated in the following example © Y c path PATHA in the devicg type
MOTOR_CONTROL.
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Type declarations Parse of PATHA in MOTOR_CONTROL
TYPE MEASUREMENT: STRUCT Breaker A -- fb_instance_nane
V: VOLTS; .TOC -- fb_instance_nane
A: AMPERES; .MX -- variabl e_nane
END_STRUCT; END_TYPE .A -- field_selector
.PhsA -- field_selector
TYPE VOLTS: STRUCT
PhsA: REAL;
PhsB: REAL;

END_STRUCT; END_TYPE
FUNCTI ON BLOCK PROTECTOR

VAR

MX: MEASUREMENT;
BND_VAR

END_FUNCTI ON_BLOCK
HUNCTI ON_BLOCK BREAKER

ABs
TOC: PROTECTOR;
H\D_FBS
HND_FUNCTI ON_BLOCK
ESOURCE_TYPE MOTOR_CONTROL

ABs
Br eaker A: BREAKER Q

ol

BND_FBS
VAiQ_ACCESS‘
PATHA: B Rerd
EN'D'_VAR
END_RESOUR
NOTE Nppres dé@li theAbove example is indicated by the ellipsis (. . . )

hism in the dbject-
pedfunetion-of two

variables of type I NT.

As shown in Figure 14b, the normal operation of this interface may be considered to consist of
sending a message from an acceptor function block, which may be considered a client of the
mathematical function, to a provider function block, which may be considered a server
providing the mathematical function. This is followed by sending another message from the
server to the client consisting of the results of the function evaluation. Figures 14c and 14d
respectively represent the messages sent when evaluation of the function is inhibited and
when it results in an error, respectively. Detailed textual declarations of these service
sequences are given in Figure 14e.
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normal_sernice

EWEMT REQ CHMF EWEMT
CLIENT SERVER
MATHZ_INT REQ+
pooL—H—o QOE—pooL REQ+
INT tH—{IM1 STATUS UIMT CHF+
INT = o (103 ouTrH& INT
T CHF+
Figure 14a - Interface Figure 14b — Normal service sequence

. Lo Senwice_arrar
senvice_inhibited -

TLIENT TERTER CLIEMT SERVER
RELQ- REQ+
RE-
CHF-
CHF- CHF-

Figure 14c — Service inhibited

SERVI CE CLI ENT/ SERVER

SEQUENCE normal _service
CLI ENT. REQ+( | N1, | N2)
SERVER. CNF+( OUT) -> Ck

END_SEQUENCE

CLI ENT. REQ () -> SER
SERVER. CNF- ( STATUS)

CLI ENT. RE RVER. REQ+( I N1, | N2) ;
SER . ENT. CNF- ( STATUS) ;
END_SE
END_SERVI
iguré\{4e ~Texfual declarations of service sequences
igure 44 ~Polymorphic adapter type declaration

e client" acceptor function block type shown in Figure 15 may ¢

bct-oriente rggramming terms, this polymorphic behaviour is provided th

xhibit

epending on the functionality that is plugged into the socket Si.

rough

= ) 1 OO0 L OTATLIC (R H AT 4 ' " : " faX IY) " "
1 'S vdiuto Ul T diTU OTATUS ditc PpdassTUu UITTULy 1TTUTIT UTT aUaplTl Mmisialitt oL U UITS UULPULS

of the

"parent" function block since the particular implementation of FB_ADD_| NT shown does not provide these values.

51 ADDER
EVENT REQ CHF EVENT  |REn
MATHZ_|_ACC FE_ADD_INT
BOOL Hal QOH—BooL al IN1
INT BT STATUS —B——UINT | [N INZ
INT B INz ouT & IMT | Nz
INT BINz
MATHZ_INT -1

Figure 15 — Polymorphic acceptor ("client") function block type
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Figures 16a and 16b show a "server" provider function block type which provides | NT multi-
plication through a MATH2 interface, while Figures 16¢c and 16d show the provider of an I NT
division function.

NOTE 2 In the function block body shown in Figure 16b, the value of P1. QI is passed directly to P1. QO, and the
value of P1. STATUS is set to O (f al se) since the particular implementation of FB_ADD_MJL shown does not
provide these values.

F1 INTOF

MATHZ INT
(mlu] (]|
STATUS M1
ouT INZ

FB _MUL_INT

1M aOuT -
&A
MATHZ_INT

< \
Figure 16a - Multiplication provider interface Figure 16b ultipli m p viMody
1 NDP
MNF R F CHMF

FE_DM_INT
] Qo
N1 STATUS
Nz OuT

EVERT —RIL]

MATHZ_I_hLIL
Fiss

Figure 16c — Division _prowider interfa

f the
ces of

Figur¢ 17 sho
MATHZ | _ACC type. k
the MATH2_| _ADD &

Figur¢ 18a sho a test of the configuration with the MATH2_I _DI V ingtance

(DI V_PRO¥ prowder, giving the result OUT = IN1/IN2 + IN3. The top half of
this example™st ormgl operation and the bottom half shows QO=FALSE with STATUS=4,
indicgting valde of OUT due to division by zero as specified in Annex| D of
IEC 6[1499-1. 8b shows the result of a test of the configuration with the MATH2_| _MUL

instanice (MJL_PROW acting as the provider, giving the result OUT = [IN1*IN2 +| I N3.
The bpttom” half of this figure shows the result of operation with Q =FALSE; in this| case
QO=FALSE but nao reasan is gi\/pn in the STATUS output since this output is not gi\/pn h)y the
particular implementation of the MATH2 | _MJUL block. In the case of the MATH2_ | _DI V block,
the STATUS output would have a value of 1 as specified in Annex D of IEC 61499-1.

Management function blocks may be utilized to modify the behaviour of a polymorphic
acceptor instance, for example, by moving the adapter connection start point from
DI V_PROV. P1 to MUL_PROV. P1 in Figure 17.
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START ]| 1M1 INZ N3
INIT IMITO INIT INITO INIT IMITO INIT IMITO

REQ  CMF REQ [N REQ IMD REQ [IMD

:| E: :||N _AN|Y:: ::IlN_ANL’:: ::I|N_A NL:

E_RESTART IN_BOOL al (wln] @l 2o Ql (wln]
o] (n]u] W OuT [ OUT W ouT ALC
naP—LABEL OUT [ "INT"{T¥FE "NT"TYFE "NT"TYFE REDQ CHF

IN IwaL [waL AL
MATHZ | ACT
L a0 ( ] Wu) o
IMIT |N|T|:|_\|\_ STATUS N 1M1 STATLE
— drea enr INIT INITO _out | T
:| :LRED chFb. ——{iMIT INITO e
———REQ CMF
OUT_BOOL Sy
OUT_ANY :| |:
al el = mu( FR0 DI _FRO
ol Qo OUT_ANY

"QO"—LABEL o o0 1M THE_|_DI
1IN " " ﬁ Fir=
i

P
£0
- "INT" 4 TvFE FW ) G
— AL LI qFP
N

1 [~ N

F=3 TEST_MUL —[O] %]
Restart
o |4 2 | ¢
[Hao| o | 14
F=3 TEST_MUL —[O] %]
att Restart
" |5 0 | 4 [Tal |5 2 | 4
Foo[ 4 B [Jao| 0 [ 14
Figure 18a — With DIV_PROV Figure 18b — With MUL_PROV

Figure 18 — Test results

4.6 Initialization algorithms

Subclause 2.2.2.1 of IEC 61499-1 states:

“The function block type may also specify an initialization algorithm to be performed upon the
occurrence of an appropriate event, for example [an] | NI T algorithm.... An application can
then specify the conditions under which this algorithm is to be executed, for example by
connecting an output of an instance of the E_RESTART type defined in Annex A to an

”

appropriate event input....”.
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Figure 19a shows the configuration of a Human/Machine Interface (HMI) resource illustrating
the above principles. This resource contains instances of three HMI service interface types:

« the I N_EVENT type, which provides a push-button for input of events;

« the CHO CE_I N type, which provides a WSTRI NG output from a drop-down list of choices;

- the OUT_ANY type, which provides a text field for output of the literal value of an arbitrary

data type.

The operation of the initialization algorithm of each of these types upon the occurrence of an
I NI T+ service primitive (i.e., an occurrence of an event at the | NI T input when the value of

the Q _input is TRUE) is as follows.

a) If the graphical user interface (GUI) element does not exist, it is creafed and to the

HMI panel.

b) The GUI element contents are then initialized from the input p . The
particular initializations are:

« | the I N_EVENT label is initialized from the LABEL input;

* | the OUT_ANY width in characters is set from the | from
the 1 VAL input, and any ambiguity in the actua htents
of the TYPE input (for instance, " Ul NT").

¢ | the choices presented by the CHO Ck & jare given as comma-sepTrated
substrings of the CHOl CES input; a pal ¢ oires ted is the first element of
the list.

c) AN I NI TO+ service primitive (an eveh accompanied by a QO vajue of

TRUE) is emitted.

The nprmal operation of thies®

* | N_EVENT: When theN\yse

e CHOCE_IN T £ O % _input service primitive or user selection of a|value
causes OUT t of the cyrrent choice, and an | ND+ then occurs.

e input service primitive or user-pressed Entgr key

causes OUT to entered, and a CNF+ then occurs.
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a
START CHOICE_IN CHOICE COUNT
INIT INITO INIT INITO) INIT INITO
REQ IND REQ CHF REQ CHF
I 1 L 1 L
IN_CHOICE OUT_ANY OUT_ANY
E_RESTART 1-al (n]u] 1-al Qo 1-al (n]u]
"ab,c,d"-{CHOICES OUT IN IN
I i i
TvPE TvPE
"iaiting..." —lvAL "Waiting..." AL
RESET CTR
—IMIT INITOD cUcuo
IND R RO
%_EUEE :E|_I:TL|I:
1-al 2o P é\
"RESET"—|LABEL N
b c f
Lo | [EEE | EO F=3HMI =] B
Regtart Restart Restart
a |-| RESET
Witing. ..
Virditing...

a) Th
b) In
c) St
d) St
e) St

5 State _chart implementation with ECCs

The implementation of state-machine control via ECCs can be simpler than more general-
purpose state-machine models. For instance, the state chart shown in Figure 20 for
(simplified) control of a hypothetical Video Cassette Recorder (VCR) motor contains the
following features not included in the ECC construct:

e a"superstate" RUNNING containing two "substates" FWD and REV;

« a "history" node to which return can be made from an external state; for instance, if
the RUN state is active upon the occurrence of a PAUSE event, the RUN state will be
re-activated upon return from the PAUSE state in response to a RESUME event.

NOTE An alternative approach to implementing the state machine in Figure 20, utilizing a separate function
block instance for each of the super-states RUNNING, STOPPED and PAUSED, is given in "An Object

Oriented Approach to Generate Executable Code from the OMT-based Dynamic Model", Journal of Integrated
Design and Process Science, December 1998, Vol.2, No. 4.


https://iecnorm.com/api/?name=7c32b5d95fffc8bc36d202c27f9453c8

TR 61499-3 O IEC:2004(E) -31-

=TOPPED
REY

FW 0
ST?F‘
RLIMMIMG
e o
FAD REY
FWD Q
™ NNy
RESUME |
Figure 20 — State machj

It is important to note tha ate. ma i in Figure 20 is a design notation,
whereas the ECC is an impler i : Figure 21 presents the interface and ECC
of a basic function block i i y otor control whose design is expresged in
Figur . & g\the Y s as the original state chart and uses an internal
varial] S bor while pausing. This saved state is then used
to reg effect
this fuy

3 RUE;
END_ALGORI THM
| ALGORITHM REV_ M-I N ST:
WAS_FWD; =FALSE;
END_ALGORI THV
ALGORI THM RUN | N ST:
MIR_FVD: =WAS_F\WD;
MIR_REV: =NOT WAS_FWD;
END_ALGORI THV



https://iecnorm.com/api/?name=7c32b5d95fffc8bc36d202c27f9453c8

-32 - TR 61499-3 O IEC:2004(E)

Interface ECC

EVENT —{FWil  IND—B—EWVENT STOFFPED
EVENT —[REV \
EVENT —{STOF .

EVENT —|PAUSE FuiD REY
EVENT —RESUME

|
[sToPPING —{sTOP|IND|

o

WCR_MCTL
MTR_FurD ——BO0L l_‘“ ¥

e —rwp [l =TnEe I 1| 1
MTE RETE— BT I—H‘E LD b Rt

6.1 Distributed.m
As shown in Fi €

as a
mana and a
“mand ces of

the DN

TOOL MR
INIT  INITO INIT INITO
—1RSP IND REQ CHNF[—
Dh_CLT DEY_MGR
w1} imim} w1} imim}
STATUS DST DST RESP

AT

(RESF‘ RQST RQST

Figure 22 — Device management application

Since the software tool is typically located in a separate device from the one being managed,
the management application will typically be distributed. Communication service interfaces
can be used to implement the necessary communications between a “remote device proxy” in
the software tool and a management resource in the remote device. Such elements can be
constructed as instances of the RMI_PRXY and DM RES types shown in Figures 23 and 24,
respectively.
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NOTE 1 The interface of the software tool with the management application is represented by an instance of the
DM _CLT type.

NOTE 2 The interface and functionality of the DM_KRNL type is described in 5.2.

NOTE 3 Suppliers of devices are responsible for providing the equivalent of the value of the MGR_| D input of
their instance of the DM_RES type shown in Figure 27. For instance, this may be the value of the host port element
defined in IETF RFC 1630 to be used for access to the device management services, such as
"l ocal host: 61499" . This value may be defined as part of a library element file for the device type or may be
configured through some means beyond the scope of IEC 61499, for instance, via a local serial port or
configuration file.

MG CLT
——iIT iTo INIT INITD)
REFP— e REG—ENF
T 9P
WSTRING DM_CLT CLIEWFS 1
TIME al 2o A
STATUS DST
ERESP RQST
WA T

Figure 23a - Interface

KERMEL

6.2
As sh ) h the
communication seryjce interface (an instance of the SERVER 1 _2 type) and the device

manapgement service interface (an instance of the DEV_MGR type) to support the distrjbuted
manapgement application illustrated in Figure 22, in conjunction with the proxy device shqgwn in
Figure 23, which is used by an appropriate software tool.
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Device management services are provided by an instance
Figurg¢ 26. The types and semantics of the inputs and outpu
corregpondingly named inputs and outputs of the MANA
with the following extensions.

a)
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SWR MR
——WIT O NITORNTO T T T ——
——RsF IND REQ CNF|—
EVENT IMIT IHITO EVENT :| |: :| |:
AH_W SERVER_1_2 DEV_MGR
Dh_KRHL Q@ Qo aea Qe Qo
BOOL B o0 BOOL DI STATUSFSTATUS ——DST RESF

WSTRING —BID STATUS FE—WSTRING fSDJ RD_1 r_RDST
I RD_Z

Figure 25a - Interface Figure 25b -
Figure 25 — Device management kerne

wn in

to the
199-1,

< | avalue containing an IEC 611343 ident desi 2 ithi ice;

: 5 (the
'.' character) indicates a resc R a pent hierarchy of resources, with the
leftmost identifier ge %
corresponding to the inrgrmostyesouree!

resource and the rightmost idgntifier

icates that the RQST input is destined |for a

. W NDI NG2' indicates that the RQST input is deptined
ed W NDI NG2 contained in a resource named MOTOR1

RESPR\ gutputs are encoded according to the Request and Response

$ illustratedNin Figure 26, a REQ+ primitive input always results in a CNF+ primitive qutput,
sipce the actualresult including failure conditions is encoded in the RESP output. Sinilarly,
a REQ,input always results in a CNF- output, since no management operation is attefnpted

in thic ~nocn  In nnrhn..lnr thic manane that ctannn ~Ff tha DMIRMN ﬁ.nn{— blOCk
tHs—ease—h—paftetar—tHS—means—thrat—Hh—anhstanee—e+the VRN eHeh

type shown in Figure 25, an | ND- primitive from the communication service interface will
neither cause a management operation to be performed, nor will a response message be
generated.

The sequences of service primitives for device management are shown in Figure 26. The
object denoted "manager" in these service sequences is an instance of class FBManager
described in Annex C of IEC 61499-1. This is the manager of the device or a contained
resource depending on the value of the DST input as explained above.
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naormal_establishment unsuccessful_establishment
DEV_MGR manager DEW_MER manager
INIT+ INIT+
EWENT EH—INIT INITO EWENT L. L.
init init
EVENT —H& REQ CHF H—EWVENT
::| |:: INITO+ INITO-
DEV_MGR normal_request
BOOL B oo & BOOL DEV_MGR manager
STRIMG —H 5T RESFP B— STRING REC+
S TRk — EOST

ENF+

request_inhibited
DEY_MER manager
REQ-

CHMF- ite

manager

terminated

Figure 26b — Service sequences

Figure 26a — Interfage

service interface

6.3 D)

The R ined in the FBMGT DTD shown in Table 1 represent
the X RESP output, respectively, of the DEV_MGR fuhction
block } i ? planations of the elements of this DTD and (here
applig I yntax for their attributes, are given in Table 2. Allowable
comb ions and sonstraints on their usage, are as described for various device
classgs i

NOTE i S gssaging, the prol og and M sc* components used in the XML docpment
producti MGT messages since these components are implicit in the management dontext;
thus, o Response element is transmitted as the management message.

Table 1 - FBMGT DTD

<?xm version="1.0" encodi ng="UTF-8"?>

<!-- REQUEST el ements -->
<! ELEMENT Request (FB| Connecti on| FBType| Adapt er Type| Dat aType) >
<! ATTLI ST Request
| D CDATA #REQUI RED
Action ( CREATE| DELETE| START| STOP| KI LL| QUERY| READ| W\RI TE) #REQUI RED >

<! -- RESPONSE el ements -->

<! ELEMENT Response (FB | Connection+ | FBType | AdapterType | DataType |
NanmeLi st | FBLi st | EndpointList | FBStatus)?>
<! ATTLI ST Response

| D CDATA #REQUI RED

Reason ( NOT_READY | UNSUPPORTED_CMD | UNSUPPORTED_TYPE | NO_SUCH_OBJECT |
| NVALI D_OBJECT| | NVALI D OPERATI ON | | NVALI D STATE | OVERFLOW #| MPLI ED >
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Table 1 - FBMGT DTD

<! ELEMENT NameLi st (#PCDATA) >
<! ELEMENT FBList (#PCDATA) >
<! ELEMENT Endpoi ntList (#PCDATA)>

<! ELEMENT FBSt at us EMPTY>
<! ATTLI ST FBSt at us

Status (I NI TIALI ZED| WAI TI NG EVALUATI NG| PROCESSI NG STOPPED| Kl LLED)
#REQUI RED >

<l - Commphn—el ements >

<! HLEMENT Byt eData (#PCDATA) >

<!
<!

LEMENT Versi onl nfo EMPTY>
TTLI ST Versionlnfo

k gani zati on CDATA #REQUI RED
er si on CDATA #REQUI RED

at e CDATA #REQUI RED >

O<L 0>Mm

A

LEVMENT FB EMPTY>
TTLI ST FB

ame CDATA #REQUI RED
ype CDATA #REQUI RED >

<! HLEMENT Connecti on EMPTY>
<! ATTLI ST Connecti on

Sour ce CDATA #REQUI RED

Delsti nati on CDATA #REQUI RED >
<! HLEMENT Var Decl arati on EMPTY:
<! ATTLI ST Var Decl ar a

NN

A
= >m

<! -
<! H
<I'A

\&erf aceli st, ByteDat a?) >
<!'H

( BV ? Qut put s?, | nput Var s?, Qut put Vars?, Sockets?, Plugs?)>

<!
<|
<!
<|
<!
<|

vent Ot puts (Event +) >

I'np ars (VarDecl aration+)>
LEMENT Out put Vars (Var Decl arati on+) >
LENENT Sockets (AdapterDeclaration+)>

Tt W et W Y LAl " B } — \
LTCWVENT Froys (AUdyl T oL di at T uUlrT)

MMM Mmm
[
m
ﬁ
4

<! ELEMENT Event EMPTY>
<! ATTLI ST Event
Nanme | D #REQUI RED
Type CDATA #| MPLI ED
W th CDATA #l MPLI ED >

<! ELEMENT Adapt erDecl arati on EMPTY>
<! ATTLI ST AdapterDecl arati on
Name | D #REQUI RED
Type CDATA #REQUI RED >

<l -- AdapterType elenents -->
<! ELEMENT AdapterType (Versionlnfo,|nterfacelist, ByteData?)>
<! ATTLI ST Adapter Type

Name | D #REQUI RED >
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Table 1 - FBMGT DTD

<!-- DataType el enents -->
<! ELEMENT Dat aType (Versionlnfo, ASN1Tag, (DirectlyDerivedType
| Enuner at edType| SubrangeType| ArrayType| StructuredType), Byt eDat a?) >
<! ATTLI ST Dat aType
Name | D #REQUI RED >

<! ELEMENT ASN1Tag EMPTY>

<! ATTLI ST ASN1Tag
Cl ass (UNI VERSAL | APPLI CATION | CONTEXT | PRI VATE) #| MPLI ED
Nunber CDATA #REQUI RED >

LEMENT DirectlyDerivedType EMPTY>
TLI ST DirectlyDerivedType
aseType (BOOL | SINT | INT | DINT | LINT | USINT | UNX
EAL | LREAL | TIME | DATE | TIME_OF_DAY | DATE_AND_J
D | DWORD | LWORD | WSTRI NG #REQUI RED
nitial Val ue CDATA #| MPLI ED >

ULI [NT

LEMENT Enumer at edType (#PCDATA) >
TLI ST Enuner at edType
ni ti al Val ue CDATA #| MPLI ED >

LEMENT SubrangeType (Subrange) >
TLI ST SubrangeType

aseType (SINT|INT| DI NT|LINY
nitial Val ue CDATA #| MPLI ED

uDI y #REQUI RED

LEMENT Subrange EMPTY>
TLI ST Subrange
ower Li mit CDATA #
pperLimt ?

LEVMENT SubrangeVar Decl arati on (Subrange?) >

TIM ST SubrangeVar Decl arati on

Nanme | D #REQUI RED

Type (SINT| I NT| DI NT| LI NT] USI NT| Ul NT| UDI NT| ULI NT) #REQUI RED
I nitial Val ue CDATA #| MPLI ED >
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Table 2 — FBMGT DTD elements

Element Textual syntax Explanation
attributes (IEC 61131-3, Annex B)
Request -- | An XML-encoded management request.
I D -- | A unique identifier for the Request / Response transaction.
Action -- | The requested operation to be performed as defined in Table 7
Response - - [ XML-encoded management response
D -- | Unique identifier for the Request/ Response tpfnﬁvs{ion
Reason -- | Reason for failure to perform a requested agtion ( Table 3). |If
absent, the action has been successfully/ffé\ rme

NafeLi st identifier A list of funstiompblogk type Mr
{*," identifier} data type<nam

U7

FBLi st fb_instance_nane A lisyof funatio Io\cki stance name
{*,' fb_instance_nane}

FBbt at us See Figure 24 of IEC 61499.1

By{ eDat a -- Implementation-w nt ftaﬁpﬁ%%oded in hexadecimal
format

D

Vel si onl nfo - - Currently\oaded ar to- e-IoWion of a function block typ|
or data typ

Dr gani zati on -- Organiz%tion Wpl}kkg\t@smyrary element

Dat e (/\ R(;Jeasekaite})f\tt}f ve}sion in YYYY- M\t DD format

FB N F ct%h b}o&kE\sturce)nstance
L .

Na me ij’eﬁﬁiﬁgr \ thion block or resource instance name
[ype Q > Iden@er \F/ﬁction block or resource type name

Copnection /\< \E/\k{t MM data connection or adapter connection
Sour ce Q \ \/ See Note 1

Dest i nél\cm\ \ x See Note 1

Va ch’l\s.@\i o&\ Declaration of a variable

Name \ \ ))nput_vari abl e_name| out put _vari abl e_name See Note P

[ype ) dat a_t ype_nane
\r ray.Si ze See Note 3
e Yalkte SeeNote—4
FBType Function block type as defined in IEC 61499-1
Name fb_type_name
Event Declaration of an event interface
Name event _i nput _name | event_out put _nane See Note 5
Type event _type
Wth (i nput _vari abl e_nanme {","input_variable_name}) See Note 6
| (output_variable_name {',' output_variabl e_nane})

Adapt er Decl ar ati on |Declaration of a plug or socket interface of a function block type

Name plug_name | socket_nane See Note 7

Type adapter_type_nane See Note 7
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Table 2 — FBMGT DTD elements

Element
attributes

Textual syntax
(IEC 61131-3, Annex B)

Explanation

Adapt er Type

Declaration of an adapter interface type as defined in 2.5 of IEC 61499-

1

Name Adapt er _type_nane
Dat aType Name of a data type as defined in IEC 61131-3
Name data_type_nanme
ASN1Tag ASN.1 tag as defined in ISO/IEC SSﬂ\
Cl ass ASN.1 tag class as defined in ISO/
Nunber ASN.1 tag number as defined in 60\{%({82}2\ \
Diyectl yDerivedType Directly derived type as ({{\sd\\n\ E\QN3\”§
BaseType el enentary_type_nane /\\ T \
nitial Val ue const ant \ \
Enymer at edType Same as NanelLi st |A comma (separ\k&\‘st\f 9umerated values
nitial vVal ue identifier If (p W alNhe one of the list elements
preseat. shajie one,
Subr angeType < “subrange(type s defindein IEC 61131-3

BaseType

i nteger _Qﬁe_ﬁs\%\

nitial val ue

Si gned&i nt@‘ge\r

)

Subr ange

\ \Sgbrap\géas defined in IEC 61131-3

lower Limt

C
N

S|g

Upper Li m t

Al

=

ayType \/

\\9”5%\ 55
N

Array type as defined in IEC 61131-3

BaseType /\\

no ge\n/e}i)\cft ype_nane

a}r\aﬁ—m{tialization

nitial)(ths\
RN

Upper Lgl\ql t

\/skgned_i nt eger

St u&%r}lﬁ\\)(p\a\ > Structured data type as defined in IEC 61131-3
A { ayVar Degfar ah on Declaration of an array as defined in IEC 61131-3
Name structure_el ement _nane
[y.pe array_type_nane

Initial Val ues

array_initialization

SubrangeVar Decl arati on | Declaration of a subrange variable as defined in IEC 61131-3
Name structure_el ement _nane
Type i nteger _type_name

Initial Val ue

si gned_i nt eger
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