School of Electrical Engineering
Department of Electrical Engineering and Automation

ELEC 8201 Control & Automation

Programming in IEC 61499

Valeriy Vyatkin

m Aalto University
=




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
1996 — 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)



Example: FLASHER

Consider a simple product Flashing Lights

Components of the physical system:

1.
2.
3.

PLC (CPU)
START/STOP Button
Mode Selection Switch

= All lights on, count up, count down, chase up and chase down

Time Delay Nub
= Delay between 2 consecutive light flashes
4 LEDs

CPU

IN-Log

IN-Num

1,2,3,4,5

0..32767

OUT-Log

|

0000

LED3

L

R 7

™ )




FLASHER modelled in software

%Start

(@) Stop

FLASH_ALL

St




FLASHER application

P
<

STARTSTOP
INIT INITO p—.
CNF b RS GATE LEDS ]_]
IND b—F— &L El ECO FLASHGEN — L INIT INITO
L] — EO1 INIT CNF P—— REQ CNF o
RADIOBOOL ] Dt PERIODIC )/—I—E REQ @@
Ql Qo [ E_SWITCH < — LEDHMI
LABELT  OUTp oG FLASHER4 TRUE Ql Qo p
LABELO MODE LED3 ——C LED3
INV LED2 b——— LED2
—( LED1 p—— LED1
LEDO P—— LEDO
DT MODE /\
INIT INITO P O INIT INITO [
CNF 11— CNF —
£+ CHQ p
INTIME @@
TRUE | @l QO b INCHOICE
200 4 MINMS ouT p TRUE —— @l Qo ¢
1000 4 MAXMS ALL — CHOICES QuUT
| —
1
| REQR(MGDE=
REQ&(MODE=4) 1
/ START
B 1 >&(MODE=U
- \ 4 REQ&(MODE=3) 1
‘%»L{}Stan @) Stop FLASH_ALL v /
CHASE_UP 1
v

COUNT_DOWN

The core functionality is

captured in the FLASHER4 FB
in a form of state machine



Model and simulate control logic with IEC 61499

HMI
Runs on a computer

q&Start @ Stop FLASH_ALL v

300 5000

Physical system

v

LED3  LED2 LEDL LEDO
Ne

S

CPU || INiog | INNum [OUT—Log -




Distributed FLASHER

* It is beneficial to model the functionalities in a hardware independent way.
* Same block diagram can be executed on different types of controllers or even on a distributed
hardware architecture (running on a network of PLCs).

STARTSTOP
INIT INITO |
CNF )
IND | FLASHGEN
" INIT CNF )
RAmgaou[: REQ
[RUE} - al Qoyp Qer—
Start |« LABEL1  OUT FLASHER4
Stop | < LABELD < MODE LED3
FALSE || INV LED2
|—l LED1 f
: LEDO {
i 1
| L \ H
I il ‘ - :
1 —INT INTO | v TN INITO b :
| CNF p— . I
| G¢ — | !
INTIME (e g I
TRUE}- @l Qof INCHOICE I
200 1-<{MINMS  OUT {- ‘ TRUE t‘ ja Qop :
1000 |- MAXMS ALL |4 CHOICES  OUT ,
T et /NN
I I | :
: K e o > | lm?_ !
" ~ =0
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I
I
I
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I
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LED3  LED2 LED1 LEDO




Motivation: Extensibility

= R < ‘
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E; Z . ¥ ]
M 0600+ sece +HEEHN
CPU || IN-Log | IN-Nu m || OUT-Log €03 1ED2 e LEDO LED3 LED2  LED1  LEDO
il ) )

3
Old system Extensions




Function blocks - Part 1: Architecture

Basic FBType

Composite FBType

SIFBType

NE

SubapplicationT ypeleclaration

e

DataT ypeleclaration

FBTywpeleclaration

LibraryElerment

AdapterT ppeleclaration

SyztemConfiguration

7

R ezourceT ypeleclaration

DeviceT ypelleclaration




3 kinds of Function Blocks in IEC 61499

Basic, Composite, and Service Interface Function Blocks

Execution
Control Chart

|
Application Resource

INIT(+
startService
INITO(+
STATUS]

readlnputs

/74

IND(+)| |

= > Algorithms,

STATUS
e writeOutguts

INIT(-
endService
—
INITO(-
STATUS

Internal
Variables

Basic FB Composite FB Service Interface FB



Function Block of IEC 61499: Interface

Event Inputs Event Outputs
Iy Iy
EVENT —LH INIT INITO ({LH—— EVENT
EVENT — REQ CNF EVENT
Event—data @ --—----mmmemmeememoeoee > | FBlype L
association: if the
event occurs, only the BOOL A Q0 500
: g . REAL - IN1 OUTT STRING
associated data will |
UDINT IN2
be updated.
ﬁ Body ﬁ

Data Inputs Data Outputs



Basic concepts of IEC 61499

e Event Event of
. crossing the » p ~ -
* Event variables line
* Boolean A
* Oand 1
. . o/ -
* No duration (short duration) - -
A A
* [EC 61499 function block Hventvariabic

can only be activated by an event Brivlear variahle



Function Block: Header and Body

Upper part of FBis — | _ Event |
called Header i EI:::EEE 1 1 Output i
' Data T B Data |
| Input & L Output !
Lower part of FBis  — | - E
called Body i =5 i

13



Motivation: Intelligent Automation Component

Cylinder Software Component

11 O1
L] [ ]
12 >
L] [ﬁz

|
fm 93




Communicating components

Cmpl
VAR
a: typel; Cmp2
b: typeZ2;
c: type3; 11
L: packet; [j
L.form(Cmp2.1I1,a,b); 0]| -
Ol.send (L) ; LJ
L.f (Cmp3.1I1 ) 02
.form(Cmp3.I1,a,c);
Ol.send (L) ; I::I cmp3
03
[ ] 11




Communicating IEC 61499 function blocks

Cmp2
EO1 .
-
> K
EO2 i—
———] |
] C
a |-m
b [-H—— Cmp3
C 8 > -—>|:|E|2 J
>—a_— m




Types, instances, and connections

°FB fype declaration EVENT INIT INITO EVENT
* like objects and classes =VERT i o =VERT
—]
* FB type — class BasicFB
. . BOOL Ql QO BOOL
* FB instance — object INT d a |—{1— INT
INT e b INT
* Two instances FB1 and FB2 INT f c [0 INT
* Suppose event FB1.CNF is emitted
* FB1.a is updated and value is sent Instance Name

to FB2.d. / T
* FB2.d is sampled

. JINT INITO | JINTINITO
* FB1.b is not updated (no Jrea  one b Jreq  onF
association). Therefore FB2.e will @ 1@
not receive the updated value.
al Qo [ il QO
Ood a It Od a
O e [} 1 e b
Orf c Of c

| |

[ R S I R I



Function block: Event-Data Association

It is used to transfer data between FBs

» Event output “eo” of FB1 is connected by an association line to the event input “ei” of FB2.

» Once FB1 emits “eo”, it triggers the execution of FB2.

» The values of input parameters “d” and “e” will be updated before the execution starts because they are

associated with the event input “e

2- associated data outputs
are updated "on the line”

7 ~

1- FB1 emits event

FB2

.‘\2- event input is triggered

-——

L eo 0 £
FBTypel :f FBType2 |
a =0 G—d |
b o e
¢ f

3- associated data inputs are sampled to FB2



Data Types

* Standard data types (IEC 61131)

* Integer types: Byte, Word, Int...

* Floating types: Real...

* Boolean: BOOL

* String types: String, Wstring

* Date and time

* User defined data types (not supported in nxtStudio)



3. Basic FB



Internal structure of a Basic Function Block

e

Internal variables

There are no global variables in IEC 61499!

Algorithms

- Internal variables of the function block are shared between all algorithms

Execution control chart (ECC)
Execution Control Function

Internal storage for

. Internaf storage for
input events and data get

output events and data

Execution Contral Chart

= (11

%¥7]-» Algorithms =
¢ A
Internal
variables




Basic Function Block Algorithms

Event Event
Input Qutput

imer
e ALGOAITHN ALGL in TL
Execution Control Chart 2 TNPUTI
— REZET AND  INPUT2
& J_ OR, NOT INPUTI
— ST OUTPUT1
A 4-» _
. 40

—>

<&—— Data
Output
Data__>

Inpul

Internal

— / — +— variables l
L ALGORITHM COUNT UP IN ST
— LEDO :#NOT LEDD:
. ’,"' IF NOT LEDO THEIN
‘ LED1:=NOT LED1
fay

IF NOT LED1 THEN
LED2:=NOT 1lED2;
NOT LED2 THEN
LED3:=NOT LED3:

F:

Basic function block encapsulate algorithms in the languages
traditional for industrial automation.



Basic FB — Execution Control Chart (ECC)

Example: An FB that can calculate OUT = X?-Y?

FB Interface ECC for X2Y2 ST
EVENT —{3{ INIT INITO | {3— EVENT
EVENT — REQ CNF |
— O
X2Y2_ST
BOOL Ql QO
REAL X ouT
REAL Y S IGE Ouput event
1 s‘mt; \ Algorithm calls
- REQ - *
In order to do the calculation, the i 'N'T\._
' ,\ [ALG1[INITO
FB needs values of X,Y and to ‘ state, ‘"[—’ .
. _  Transition '
receive the REQ event Transition condition Action




Basic FB — execution control chart (ECC)

OQuput event
EVENT INIT INITO EVENT —
EVENT REQ CNF | EVENT _ \ -
= 3 = m.rﬁ 1 _Algorithm calls

X2¥2_ST REQ
BOOL Ql Qo BOOL
REAL X OuT | REAL o INT<
REAL Y ECCinitial ,

state,

Transition

Transition ; ‘condition Action

How to Interpret the Execution control chart for X2Y2_ST function Block:

» When FB is in START State, if INIT event is triggered FB’s state will change to INIT then
1- Algorithm ALG1 will be executed
2- INITO output event will be triggered
3- State will change back to START state

» When FB is in START State, if REQ event is triggered FB’s state will change to REQ then
1- Algorithm ALG2 will be executed
2- CNF output event will be triggered
3- State will change back to START state



Basic FB — execution control chart (ECC)

EVENT —O1
EVENT '

BOOL
REAL
REAL

Each state of ECC can have one or more actions.

INIT  INITO | O—— EVENT
-|REQ CNF [ EVENT
_ S S
X2Y2_ST
Ql Qo BOOL
X ouT | REAL
Y

An action may have an algorithm call and an
output event emission, or both.

Execution Control Chart

START
REQ

A]gp'rithms
U

-

OUT = (X-Y)F(X+Y);
END ALGORITHM



Basic FB — execution control function

The Execution Control function specifies:

» the algorithm that must be invoked after a certain
input event

» a certain state of the execution control function. It is
specified by means of the Execution Control Chart

(ECCQ).

Execution Control Chart




Transition conditions syntax

'I' —> |nput INIT]INITO
INIT
Guard —7
Condition 1 . . .
ARt ¢ A transition condition can be one of the following:
/
Boolean \ 1
Expression
REQ 1
REQ |CNF

Event input
Boolean expression over data

Event input & [Boolean expression over data]

Examples:

1. REQ

2. ((Input_Var=1) OR (Internal Var=0)) AND (NOT QO)
3. REQ AND (Input_Var=0)



Execution control function of Basic Function Block

@ ..» Execution Control ... @,,

Function
4

4

@ , Algorithm @ Y

®®@@

Z Scheduhng Functlon

Step 1. The input variable values relevant to input event
are made available

Step 2. The input event occurs, the execution control of the
FB is triggered.

Step 3. The execution control function evaluates the ECC
and notifies the scheduling function to schedule algorithm
for execution.

Step 4. Algorithm execution begins.

Step 5. The algorithm completes the assignment of values
for the output variables associated with the event output.
Step 6. The resource scheduling function is notified that
algorithm execution has ended.

Step 7. The scheduling function invokes the execution control
function.

Step 8. The execution control function signals event at the
event output.



Working of a Basic FB

SHUT SHUT| CNF
> A |
1
| ACTIVE:=0
1 i_y» RES1:=0
J\,;EVENT - INT INITO H EVENTJ\,> RES2:=NOT B
_J\fe>EVENT &= REQ CNF - EVENT
] LOGIC C 1
aQ BOOL =F=F3 QI RESL [HH=fH=— BOOL
2 INT £ PARAMS RES2 [q=fiq— BOOL \ A B RES1
BOOL =1 A ][ ][ ()
BOOL = B 1 S > c
BOOL =F3 c Y 4 ! i
INIT INIT | INITO MAIN MAIN | CNF
: A B RES2
1 1 1 [ ()
1 ] 1 \)
I ACTIVE:=1 RES1
'-» RESL:=0 —I—

RES2:=0




Example: A Basic FB that adds two real numbers

KPlusY

REAL A our
REAL Y

EVEMNT REQ CMF EVENT
Svlg

REAL




A Basic FB that adds two real numbers

—
3 nxtSTUDIO - Solution: Tutoriz
e —

File Edit View Build Device Debug Search Toels Window Help

M EEHA X0 © @ | B | G NFBTCompiler3.02 ~ | Default layout | = | £ - £l
.“' %Y 'IE | &1 /3;" F I-— i —-I i+ 0 u ?3 3 = El
| solution Qverview 7 x| = XPlusY* Properties q X
All o O [E- | | | XPlusY MNxtCont
’—' Interface |ECC | Algorithms
LA l Name |T e |Arra |Ir1|'t|'a| v |W|'th Attr Co Ll | j
-3 Selution (Tutorial) — L — B — — B Misc
: {3 Runtime.Base (Version:2.1.0.0) = §% Eventlnputs Attribi <none>
G-f] maControl Standard (Versien:2.1.0.0) : & REQ XY <nonex Mo Comn Basic Funct
-8 Tutorial Identit
[T System = g EventOutputs Versio VersionInf
- CAT & CNF out <none> Exe
(- CAT Instances b
..... % SubApp =& InputVars
..... = Composite REAL <none> Ing
23 Basic REAL <nonex>
e Th XPlusY
""" @ Service =[2 OutputVars
..... = Adapter i BouT REAL <none> Ou
-y Canvases )
..... Graphi
@ Graphics = InternalVars
€| T 3
Editor |Ducumentation
|Output R % |
- | 5 =2
Attribute
- | Informations to
- - support the use of...
@Errors EOutput| @Prup...“ﬂﬂve..J
Inl

L4 PCONTROL]

coll chl INS .




A Basic FB that Adds 2 Real Numbers

d L

| Interface | ECC Algerithms

zl {} XPlusY*

—I' | Interface | ECC | Algerithms

1 ATLGORITHM REQ IN 5T:

I 2 iH{* aAdd your comment (as per IEC 61131-3) here
REQ :

Normally executed algorithm
_1-(].
5
cur = X + ¥;
-END ATGORITHM

[

1 oy LN




Running the basic FB that Adds 2 Real Numbers

—
39 nxtSTUDIO - Sol
e

File Edit View Build Device Debug Search Toels Window Help
B EEHO XD n Q =5 |NFBTC-:.mpi|er3.ﬂz -| > 0 L= % 4= | Debuglayout = - 8
@- %-| T 100% -RAPPLIIE L ST kR R(EAEE
Solution Overview oo 3 XPlusY 4 b x
All o 9 E-
||| | Interface | ECC | Algorithms
- P || =
. . N . gar -
-3 Solution (Tuterial) ‘fou ara running a damo varsion. Some functionality will ba disabled.
ﬁ:l Runtime.Base (Version:2.1.0.0)
ﬁj rxtControl.Standard (Version:2.1.0. H ]
-9 Tutorial
-9 System B .
- CAT EVENT (= o {rE@  CNF @  EVENT ~ feversk
-y CAT Instances 1 — O =
..... % SubApp KPlusY
..... & Composite REQ REAL  § X our 9 REAL !
-3 Basic ._ CNF REAL 4 Y
L. XPlusY FEOISS \
..... @ Service I
..... @ Adapter |
[]...m Canvases
..... (g Graphics
4 1 i
Editar | Docurnenta‘iionl
[ Cutput 3%
.| 5% =
|
4| n | » [BErrors = Output |EHMI Log View | @] Breakpoints | Bl Watch |
N T EELEETI Build finished Inl chl INS .t




Example : A Basic FB that Adds and Subtracts two real numbers

EVENT
EVENT

REAL
REAL

Add AddOE [ L1}——
Sub SubOE [ ]
{J
XPlusSubY
X AddOUT (L1
Y SubOUT — 1+

EVENT
EVENT

REAL
REAL



asic FB that Adds and Subtract 2 Real Numbers

DIO - Solution:

File Edit View Build Device Debug

Search Tools Window Help

B EEHI XODD © @ B | F NFETCompiler3.02 ~ | Default layout = # - §
@& 2 @ afp|E st STl R @ @EHE
Solution Ovenview 1x T XPlusSubY* 4 p x || Properties 1%
Al Q O3 XPlusSubY NxtCor +
2 ’— Interface | ECC | Algorithms]|
s ||yn I Arra...| Initial v... | with At
-39 Solution (Tutorial) L |—"' = | = |'”' e |—' 2o
) Runtime.Base (Version:21.0.0) = 5 Eventinputs Attribul <none>
&) nxtControl.Standard (Version:21.0.0) g Add Y “none> Comm Basic Functi
-8 Tutorial & sub L dentifi
£-“C System Version Versionlnfol
o CAT = 4§ EventOutputs
7] EAJAIHS':EHCES é:d;gg ':d:étl: “nonex ‘fou are running a dema version. Some f lity will be disabl
ul £
? Compasite S S EVENT Add AddOE EVENT
=3 Basic InputVars EVENT Sub SubOE EVENT
MY XPlusSubY -] X REAL <none» D
{} XPlusY
& Seice oy REAL <none> XPlusSubY
@ 'édﬂPtE' - [ Outputiars REAL X AddOUT REAL
- anvases
02 i [3 AddouT REAL REAL Y SubOUT REAL
P [ 5ub0UT REAL
=+ InternalVars
q .
Editor | Documentation
[ Output q x|
Build started &
Compiling XPlusY.fbt
Build finished
Active state changed to '"START 7
Aotive state changed to "REQ S
Transition from 'START' to 'REQ' [1] cleared Attribute
Active state changed to '"START .
- ~ | Informations to
Trams=itionm from 'REAY +a 'STLRT' 121 ~leared
) b support the use of a ...
@Errors ||§Output‘ @Pmp... |E(}ver\r.‘.|
NXT LT Inl coll chl INS

1

2015-09-01



A Basic FB that Adds and Subtract 2 Real Numbers

{} XPlusSubY
. I XPlusSubY

| Interface| ECC |A||gmi|thms

|Interface | ECC | Algorithms

Add__> Sub

- ATLGORITHM Sub IN ST:

U:.— (* Add your comment (as per IEC 61131-3) here
START
-- 1
W
1 ;
SubCE = X - X;
Add

END ATGORITHM

3 XPlusSubY
|Ii$acel ECC | Algorithms
Add Sub |

ATLGORITHM &dd IN ST:
(* Add your comment (as per IEC €1131-3) here
Normally executed algorithm

*)

r
RAdOUT := X + ¥;
END ATGORITHM

37



A Basic FB that Adds and Subtract 2 Real Numbers

’
3 nxtSTUDIO - Solution: Tutorial (C:\Users\arader\Documents\nxtSTUDIOProjects\Tutorial) *** DEMO ***

File Edit View Build Device Debug Search Tools Window Help
[~ | % 3 0 Q| T I |NFBTCompiIer3.02 .| | BE = E | Debuglayout - =E |8 - 5
@- - | T |100% -RP(L|E £ ST A kR R B A E
. Solution Owverview 7 x| T XPlusSubY 4b X
! O D et e o
||| | Interface | ECC Algorithms
PR Cl
. N AT . ear ~
-39 Solution (Tutorial) ‘You are running a dema version. Some functionality will be disabled.
ﬁ] Runtime.Base (Versiom:2.1.0.0)
ﬁ] nxtControl.Standard (Version:2.1.0.0)
Bﬂ Tutorial Sub
-9 System ._SUhOE
-5 CAT 1
- CAT Inst
i = g o A:p anees EVENT EVENT ~ Novem
..... 1 .
q ..... = Composite EVENT @ EVENT
\ Add
| REAL 10 17 REAL
i REAL 7 3 REAL
..... = Service
..... @ Adapter m
- Canvases
..... (&g Graphics
ﬂ 4 LI} r
L Editor | Documentation|
[Output ax
.| x =
Lctive state changed to '"START it
4 ¢
@Errors |E0utput |EHMI Log View | @]Breakpoints | E&lWatch |
N{T EECELT Build finished Inl coll chl INS .2

38




4. Composite FB and FB Networks



Composite Function Block

* Network of interconnected FBs
* No internal variables

* storing the values of input and output events and data

* Hierarchy

Variables to store

X Variables to store
input events and datra

output events and datca

|

InstName®
InstName1 Typez

 Type1 &

InstName3

T

Nerwork of function block instances

Event
Inputs

Data
Inpuis

Composite Function Block

- Event

Ol

=
': = Duata

:_[: | Ouipas

Another Composite Function Block

M_£

19

y

Network of function block
nstances



Composite Function Block: Example

Computing OUT = X? — Y?

EVENT —
EVENT

REAL
REAL

Interface

INIT INITO
REQ CNF

1 O [
USE_X22

A our
Y

—— EWVENT
EVENT

REAL

Implementation

NN

M1
INZ

FEZ

REQ CHNF
—1 & —

SUB
our

FE3

REQ CNF T
—1 & —
MUL
e
OUT := (X-Y)*(X+Y);



Composite Function Block

Supervisor

* Execution Control: 5
* No ECC

* To ensure a particular order of

execution, you can implement a
1 i

supervisor




Rules for event connections

Event split is equivalent to using E_SPLIT standard library FB

FBO FB1 FBO SPLIT FB1

El EO El EO El EO1 El EO
EO2
DI DO DI DO DI DO
E_SPLIT
[ ]
[ ]
FB2 FB2
El EO
El EO
DI DO



Event merge

Event merge is equivalent to using E_ MERGE standard library FB

FB1 FB3 FB1 MERGE FB3
El EO y 3 El EO El
DI DO DI DO DI

E_MERGE
[ ]

FB2 o FB2

El EO El EO
DI DO

DI DO



Data connections

Data connections — cannot be merged, but data split is

allowed.

FEB1

—1

Event Qutput

—

Data Output

FB2

—

Event Qutput

-

Data Output

FB3

Event Input

—1

A Data input

FB1

—

X

Incorrect

Event Output

—

FB2

Event Input

—1

Data Input

FB3

Data Ouiput

Event Input
—1

Data Input

-

Allowed



5. Service Interface FBs



Service interface function blocks (SIFB)

* Mechanisms for interacting with hardware resources

* PC and different vendor printers — need drivers to command printer to print and get
status information

* Similar with SIFB — to get data from sensors and PLCs, and control actuators
* SIFB implementation requires low level knowledge of particular hardware
* Provided by device vendor

* Used for encapsulation and protection of IP

HP, DELL, EPSON,
CANON, XEROX,

Konika Minolta,
drivers RICOH




SIFB example: Operations with events

FE4

E SPLIT/E MERGE/E REND—Event split, merge, rendezvous; de Ep ]

E _PERMIT—Permissive event propagation; — reri ]

E SELECT—1 of 2 (Boolean) event selection; = q

E SWITCH—1 of 2 (Boolean) event demultiplexing; frr

E DELAY—Eventdelay (timer); E;D Pm _ i
E_CYCLE—Periodic event generation; ||

E RESTART—Generation of COLD/WARM restart, STOP events; i §

E TRAIN/E TABLE/E N TABLE—Finite trains of events; P e _ 3t
E SR/E RS/E D FF—Event-driven bi-stables; =g |
E R TRIG/E F TRIG—Event-driven rising/falling edge detection; Ja L GEG;
E SR/E RS/E D FF—Event-driven bi-stables; - E_DEMUX
E_CTU—Event-driven up-counter. 5 STOP FE1Z

—/ & — CLKk EO®R
E TABLE O

Cvu ERNNEE
] Qun

0O
]
—

|‘|
=




SIFB example: Process interface

Read inputs and write outputs of a PLC

.12 i

mm -
13 ;’. 0 00 60 00 60

A

ChangerCTL
01 P10 ki ;
CHG | 1
dinm INTO OWPC_L} | REQ :J;
NO | OWPC F
: G ', RY NJGIB ;
T K408 q jbosid  nextSloth
 busid &0p — I stotho
 slotho &l p- -u-ucgu.o.m = }@
d2p DeiveTolek dot
a3p— DriveToRight j)"‘z
P VacuumOn P "]“’3
b—. | i < dod
::: : ~— C_IWP_Ready L VacuumOf p—— =
el C_IWP_Ready R C_OWP_Ready L % b
§ C_OWP_Ready R [ i
oo e ez [ ea \A T os| o

B’)’ Solution (TutorialSandeep)

E]---@ Runtime.Base (Version:2.0.01)

E]---@ IEC61499.Communication (Version:2.1.0.0)
[]...@ nxtControl.Beckhoff (Version:2,0.0.1)
EJ"'@ nxtControl.Standard (Version:2.0.0.0)
E—]@ nxtControl.loEthercat (Version:2.0.0.12)
= CAT

=-ffis Hardware

=5 Beckhoff

B vl

- EL3024

(- EL3054
[-{Tw EL3062
(- EL3064
-4 EL3162
- EL3202
- EL3204
- KL3022
- KL3052
-4 KL3062
(- KL3064
- KL3162
- KL3202
- KL3204
&89 KL3228
- KL3312
- KL3454
- KL3464
- KL3468
H- AnalogOut
i- 1 Common
i1 Coupler

i- Digitalln

i1 DigitalOut
#- 1 Functions
- Master
- BuR

-3 Wago

(- ECMaster

..... s Application
g3 Composite

[d-3 Basic
Adapter

£
£
£
- CPU
£
£
£




Particular case of SIFB: Communication interface
function blocks

* Publish/subscriber — uni-directional transactions

* Client/server — bi-directional communication

FE4 FES PUBLISHER SUBSCRIBER
o INIT INITO P o INIT INITO §
o REG CNF & d RSP IND 10 normal| service_establishment
G — —1 & = NS
PUBLISH_1 SUBSCRIBE_1 PARAMS >
d al Qop 4 al Qop
4 1D STATUS D 41D STATUSp < LILBEZE __INIT(+)
d SD_1 RD_1{ PARAMS
INITO(+) =
FE7 FE6 nofmal_data_transfer
o INIT INITO o INIT INITO 2 REQ(+) |
o REQ CHF & 5 RSP IND SD_1,..,SD_m \ IND(+) -
— & RD_1,..,RD_m
cuEﬁ_uj: SERVER_1 ¥ 2 -
4l Qoy 5l Qop < CNF() P
21D STATUSH q1D  STATUSE
2D 1k d 5D_1 RD_1p




6. Applications



Application and sub-applications

* Application does not have interface
* Network of FB instances
* No internal variables

* Abstract definition of the desired
behavior of the system

* Captures functional and structural
properties in a platform independent
way

Function block instances

\/ FB_ Inst2 Event flow
FB Inst1
l FB2
FB1 S FB_Inst2
FB3

-

Dyate flow



Application: Example

[ Solution Qverview q x|
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=
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7. Distributed systems



Device

* A model of a functional unit like a computer, microcontroller, or an

embedded ship

* Capable to interact with equipment and process information

Automation Devices

Programmable
Logic Controllers
(PLCs)

i

7 = |

Computer Numerical |
Controllers (CNC) of
Machine Tools

Remote
Input/Output

Modules s ¢ |

Embedded On-Chip
Controllers

Motor and Drive
Controllers

Human-Machine
Interface Devices




Device

*Abstract model

*Captures information processing
properties of a device

*Process interface

*Mapping between physical process and
resources

*As events, data or both
*Communication interface

*Mapping between resources and the
information exchanged via network

*Interfaces implemented as SIFBs

*Specific for a device
>0 resources
*Network of FBs

Device boundary

A Communication interface(s)
i i v :
'Resource 1 | ‘ . Resource 2 . Resource 3
v i i i
L ¥
o [ |
, I , :
P i * * ¥

Process interface(s)

A

Controlled process

o = Data & event flow



Device: Example

| Solution Overview 3o

L s
Solution (FaultManagemen A |
E rztControl.Base (Versil |
8] nxtContral, TutorizlHare
5] nxtControl.IoWago (Ve
5] nxtControl. Tutorial (Ve
8] nixtControl. IoBeckhoff
¥ FaultManagement2
=g System
g svst
& & CAT
i+ % CAT Instances
i SubApp
=4 Composite
® {3 CpC
= | iLhs
& iPDIF3
& iPDIF4
£+ iPDIFZoned
& Floc
£ IKCBR
£ FDIF
# [ N_DB
#= DifferentialUnit:
#= DifferentialUnit:
= Overcu‘rant?rc:i
@ hnd @

5YS1.sys* |

System |Devices | ¥ML | Source |

2 x| |[svst |
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+ £/arr
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+ B mer
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= Wy DEY1
+ B mer
= Brest
fEEsTART
+ L Communication.F
= EJAPPI
5rac22m&3
§rec120ns3
5!’8!;3201183
#%FBO

£ FB4

DEVD [&

NAT_RMTDEVY

localhost: 61498

— MGR_ID

localhost: 61458

—= HMI_ID

localhost:61497

—= WATCH_ID




Device: Examples

A Device can represent either a physical PLC, or a soft-PLC.
A soft-PLC is a computer program, which emulates a real controller.

IceBlock controller
compatible with nxtSTUDIO

@ nxtRT61490F:61499 [E=NEERx

IConnection at IP: 127.08.8.1:61498

.2815-A9-01-15:23:38.647 I: SecID: 253 SublID: 16: CPCSocketHandler::receiveData0
NnTCP: connection closed hy peer

. .2815-09-81-15:23:57.337 1: SrcID: @ SublD: 1: Checking type conszistency
2015-A9-A1-15:23:57.35@ W¥: SrcID: @ SublID: 1: Soft-PLC TEST mode, project will b
e unloaded after 1448 minutes

2815-09-A1-15:23:57.358 I: SpcID: 244 SublID: 1: Initializing persistent data fro
m FILE:GC:“Userssarader~ApplatasLocal~nxtGontrolsLocalTest~TutorialProjectsappdat

: SpclID: 244 SublID: 1: Initializing persistent data fro

: SprclID:= B SubID: 1: Project license: Demo:201001251817)
515625808 ;Demo ; Demo ; supportBPnxtcontrol.com
2015-89-01-15:23:57.353 I: SycID: 253 SublD: 16: CPCSocketHandler::receiveDataOn
: connection closed by peer
2015-89-81-15:25:43.937 I: SrcID: 253 SublD: 16: CPCSocketHandler::rec
eiveDataOnTCP: connection closed by peer
.2815-A9-01-15:25:48.834 I: SecID: 253 SublID: 16: CPCSocketHandler:: Opening TCP
—Connection at IP: 127.0.0.1:61497
2015-89-A1-15:25:48_.834 I: SpcID: 253 SublD: 16: CPCSocketHandler:: Opening TCP-|
Connection at IP: 127.8.8.1:61498
2015-89-A1-15:25:48_955 I: SycID: 253 SublD: 16: CPCSocketHandler::receiveDataOn
CP: connection closed by peer

A soft PLC created by nxtSTUDIO




Resource

An execution container
Independent control of its operation

Function of resource
* Accept data and events from interfaces
* Process data and events

* Return data and events to the interfaces

Physical means to run function blocks
e Store data and events, algorithms

* Execution control

Capabilities:

* Interfaces

* Scheduling function

S

A Communication interface(s)
Communication| mapping
Local application
v (or local part of distributed application)
Events
= Service = = — Service c

Interface

Interface
Function Algorithm Function
Block Block

Data ’\

Process mapping

Process interface(s)

Scheduling Function




Resource

* Scheduling function of resource schedules
execution

* Determines sequence
* Of FBs execution

* Of algorithms execution

X Button N =) N ouT
I INTO INIT  INITO {1 — g‘”T ”:':'LEF’ INT  INITO
o REQ CNF f CNF P~ E:EC‘ sl REQ
E=]
— lﬁ‘*’ — mﬁjl: OSE V3 Di?laj —
e al Qoo e our \ar
o al ouT | [ v
o Vanable
¥ z ]_]
—qINIT INTO F—L  Fing INITO
o REQ CNF i CNE b
— &° = — & —
Input Input
g Q| Gu-r I I ql DUT N
7| Veriable = Variable

algorithms for

INITO

REQ

CNF

ALGT

ALG2

CMNF

ALG3

INITO




System Configuration

® Represents the physical deployment of the design

e Consists of:
o Communication network
o Devices
o Controlled process and machines

Communication network

Device 1 Device 2

Device 3 Device 4

Application A

|

Appl. C

Application B

1

— T

[ Controlled process/machines




Distribution of Application

An application can be deployed to
several devices

A device in the system can contain and
execute parts of different applications

— T

4—
—_—
Event flow
_’ _>
/ /
// Data flow /
|
/ I Communj£ation network
| /i I
| [/ |
DeWice 1 Devf 2 Device Device 4
Application A
Appl. C Application B

Controlled process/machines

Application
Function Block
Network

System
Communication
Network
+
Devices
+
Process/Machines



Distribution of Application: Communication

Points where the
Conmmun

Some tools insert the

communication blocks
Device 1 automatically

Network




Conclusions and remarks

e Although the main power of IEC 61499 is distributed systems
design, it can be perfectly used for a central PLC programming

* |n this course we will use it this way

* Benefits of IEC 61499 include object-oriented design and
openness: easier portability, interoperability and configurability



