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What is IEC 614992



Example: Assembly system model

Mechatronic modularity

Layout changes during the production process to flexibly accommodate new order
Wireless comunication

Totally distributed hardware control architecture
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Object-based design

Each function block type

corresponds to a mechatronic Jack|
component type. e Jack2
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Each function block type implements basic control
services for the mechatronic component.
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Programming with Function Blocks

Jackl
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Programming with Function Blocks

Placing Jack]
HaceDSennoes' Pne\l?a‘tits Jack?
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Programming with Function Blocks

Placing Jackl
Pla DEDSEI'\ ricss Plﬂ.?\atlﬁ Jack?
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Layered services architecture

Product Fecie
description —

Jacksz i~/ £
layer Deliveryss o/ diiad
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Execution
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Recipe

Distributed deployment

O
Product
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What is IEC 6149972
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Viater_Level
Stop.

What is IEC 6149972
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How does IEC61499 address the needs?

Open Distributed Automation Architecture

CAN BE DEFINED IN

Extends IEC 61131 PLC programming with a component design COMPLIANCE
PROFILES

language for distributed automation systems —w—— S
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IEC 61499 International Standard
International Electrotechnical Commission IEC TC 65B/ WG7/ MT15

A component-based, open reference architecture for

Distributed Industrial - Process Measurement & Control Systems (IPMCS)
which can meet both current and future requirements for intelligent automation
1992 — project started
2005 — first edition
2011 — second edition

Based on and
extends the

standards

PLC Function Blocks (IEC 61131-3) DCS Function Blocks (IEC 61804 project)
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IEC61499 ingredients

» Extends PLC programming languages of IEC 61131-3 to
dustributed systems design

» Uses visual block-diagram representation for component-based
design

» Uses state-machines for defining components’ logic
« Components communicate via message passing

* All these features are common in engineering of automation and
embedded systems, in IEC 61499 they are brought making
powerful engineering framework for modern automation needs
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Architectural Co-Evolution

IEC 61499
* Parent organization: IEC
* Working group: TC65/WG6

e Goal: Standard model (function
blocks) for control encapsulation &
distribution

* Started: 10/90

* Active development: 3/92
* Trial period: 2001-03
 Completion: 2005

T Requirements

Holonic Manufacturing Systems (HMS)

Control architecture

Parent organization: IMS
Working group: HMS Consortium

Goal: Intelligent manufacturing
through holonic (autonomous,
cooperative) modules

Feasibility study: 3/93-6/94
First phase: 2/96 - 6/00
Second phase: 6/00-6/03

Intelligent Automation architecture
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Block diagrams as a programming language

» Block diagrams is a convenient abstraction for representing
component-based engineering

* It is used widely in Industrial Automation, Embedded
systems, Cyber-Physical Systems, including automotive and
aerospace
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Block Diagram Programming in Automation

Eile Edit View Insert Project Tools Window Help

B H S| i 2RXS| Lo BHE| S|
orkspace %]
(23 Programs

Blinker - STRATON Demonstration project

(C) 2002 by Copalp - Version 1.00

This project demonstrates 3 simple use of the "BLINK function block for generating 3 blinking output signal. The "bFast” variable is used for
changing the blinking pericd.

:'E PControl (*th

— Diont execute this program if bCommand is FALSE

bCommand
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EEREREE

=
=

— Blink main command is always TRUE - Sslect fast or slow period for blinking (fast is 2 times fastar)

o
I_
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Matlab / Simulink

- ~
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Block diagrams is a
convenient way of defining
systems’ functionality.

It is quite standard in control
systems engineering and in
modelling.
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Ansys Scade
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Lego MindStorm
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Rubus: embedded systems programming

LPORT_STATENEW.-10/
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Ptolemy II

e Ptolemy and pTides is a semantic framework for

distributed CPS that uses a uniform time
concept for both physical and computational
parts developed at UCLA Berkeley.

PridesPatforml

Nelwork Fudesl Ltformi
erwOr kp—p

PrdesDirecior  Local clock represents Logical time stamp
platform time (which drifts specifies a deadline
relative to oracle time), but (in platform time) for
actors Inside see logical time.  producton of an outpu

Computaton  TimeDelay ‘

;m:vvon Seloy of Actuatorfort
'| r '|dl 1 '

‘ l Netwark TrassmitierPory
I ‘
Uses platform time
PocesDirector i
to assign a logical  Logical time delay - ::3-:;1. z:‘;‘\::n:.
time stamp to (only modifies the {in platform tme) for
input events. logical time stamp). production of an cutput.|
Compstation TmeDelay2 ‘
NetworkRece verPorl ek of ActsatorPort
+ Lhs
Logical time stamp Logical time delay
Is received along {only modifies the
with the data from the time stampl.
remote platform.
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AUTOSAR
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ReactiveBlocks

Compiled to Java

File Edit Navigate Search Project Run Window

v

Help

B Qv HFOviaSv B vH ve e vy

Quick Access ‘

®
o

1 Blocks 33] [# Package Explorer = B

&/l @ QA& v
Building Blocks & B

= Projects | Jf\ Librariesl Q Searchl @

= && Timelapse Recorder 1.4.0 (1)

= Timelapse Recorder

< Create a new project...

-

[= Timelapse Recorder 331

Grabber

Recorder

nitParameters!

itAndStarnt: InitParameters]

Overview | Documentation

Behavior

& Tasks % ’ER Problems @ Error Log B console

0 items

v ! Description Resource

B Analysis [=1[a][x]
v Timelapse Recorder -] ‘ N3 ‘ o
]
Syntax looks good. Start further analysis.

Path

Location

Type
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UML State Charts

p

AGV

A

Negotiator

s1.*requestTransport(i) [order = true] / send s1.rejectRequest(i)

{

o >

s2.MacceptBid(i) [s2 = s1 and i = currentltem] /order := true

WaitingForOrder Wf s2.MrejectBid(i) [s2 = s1 and i = currentltem]
/\

agv.vacate(p) [p = self.pos]
/ dest := getParkPos()

s1.~requestTransport(i) [order = false]
/dest := getinputPos(s1)

4 ComputingBid
entry/ currentitem :=i
\go/ bid := computeBid(dest)

/send s1.bidding(currentltem, bid)

WaitingForAcknowledgement
- 4

T 1

s2.*requestTransport(i) / send s2.rejectRequest(i)

( MovingToLoad w

do/ move(dest) ’
exit/ pos := dest

/" when (order = true)
[ ] > Idle

Transport

( Loading

( MovingToVacate \I \ do/ load(currentltem)
exit/ dest := currentltem.nextDest()

)
)

do/ move(dest) \

exit/ pos := dest.pos \L
( MovingToUnload \
‘ do/ move(dest) J

exit/ pos := dest.pos
\ 4 Unloading \
1 dof unload(currentitem)
\_ exit/ order := false

J

» An important supporting tool for Model-
Based Engineering in software and
embedded systems engineering.
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Matlab/Symulink StateFlow
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¥ [in(Fail.One Single_F ailure [tin(F il Multi)] v
2 1 L= S 1—1"'L'r— -
@ - e T
r ' TN
Normal in(Fail.One [in(F ail. Multi) :.ﬁ
L= A
B » enter(Fail. Multi) N Shutdown
N [in{Fail. None - B

exit{Fail Multi)
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CoDeSys State Charts

Project fuld QOnine Debug Tools Window Hep

Ele  Edt View
hed & e N A%%% R IS-0 8 <%
Devices » % X [§ xaffemaschine - X
=9 l.IMI._Kaﬁeemm =3 DevApplication Kaffemaschine
= (@ Dev[connected](CoDeSys ControlWinV3)
= @) PLCLogic Expression Type Value Prepared value Comment B
" © hophcatonrm) » bikecorie so0. o —— g
UMLDiagram_1 # bShutDown BOOL E
@ Library Manager # bPowerUp 8oOL O
= 3 Kaffemaschine (PRG) # nGrind INT 30 &
jl ActDo + % _UML_SC_Kaffemaschine _UML_SC_7cc42ed0
(B actentry
[ﬂ ActShutdown
[BR CoffeeReady
= E Task Configuration -
Task
@ - [bPowerUp]
3
nGrind >= 1 TRUE]
) CoffeeReady L
Milk 2
[TRUE]
Water 1Y EXIT/
[TRUE]
| POUs « " »

Proaram loaded - Force activa

Proaram unchanaed

V Filter ~

v B x]
¥$ Sortby ~ £} Sortorder

Property Value

Description

ToolBox

UML - StateChartdiagram

R Selection

5 State

/" Transition

/" CompletionTransition

."' ExceptionTransition

@ Start State

@ End State
G, Junction Point

< Choice

Composite

& History State

:‘» Fork/Join

[ Action: existing behaviour
& Action: new behaviour
¥ Condition: existing propety
¥ Condition: new oroerty
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Control Control Control Control Control Control

Structr of the course |
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