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Example: FLASHER

Consider a simple product Flashing Lights

Components of the physical system:
1. PLC (CPU)

2. START/STOP Button
3. Mode Selection Switch

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

down
4. Time Delay Nub
= Delay between 2 consecutive light flashes
5. 4 LEDs

START STOP

|___MODE___| TIME |
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CPU
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FLASHER modelled in software

%Stan @® Stop FLASH_ALL v

JTlo.1 12345  0.32767 f" »\
— - @

200 5000
¢ Q000
CPU || IN-Log | IN-Num [OUT—Log (LED:% LED2 LEPL g}
L
L o~ )
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FLASHER application

STARTSTOP
CINIT INITO B—-
CNF B RS GATE LEDS j_]
IND -——F— & ElI EOQ0 FLASHGEN — INIT INITO
) EO1 INIT CNF '— REQ CNF 2
RADIOBOOL —] Dt PERIODIC —a— REQ @
al Qo | E_SWITCH = ger— LEDHMI
LABELT  QUTp G FLASHER4 TRUE aQl QO P
LABELO ~—4 MODE LED3 b——O LED3
INV LED2 b—+—————1C LED2
—————— 1} LEDT1 B——C LED1
LEDO B——C LEDO
DT MODE /\
INIT INITO 15 O INIT INITO =
CNF — CNF —
=] CHQ ¢
INTIME ]
TRUE | QI QoI INCHOICE
200 4 MINMS ouT p TRUE 5 qQl Qo o
1000 1 MAXMS ALL | CHOICES ouT ¢ (INT]CNF
I P—
)
\1 REQ&(MODE=0)
REQ& (MODE=4) 1
- 1 }&(MODEﬂ)
Y \ 4 REQ&(MODE=3)
%%Start @® Stop FLASH_ALL v T o
CHASE_UP |CNF 1

300 5000

P
<

The core
functionality is
captured in the
FLASHER4 FB in
a form of state

machine
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Model and simulate control logic with IEC 61499

HMI
Runs on a computer

FLASH_ALL ~

\ 4

CPU

Physical system

! IN-Log

IN-Num [OUT—Log
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Distributed FLASHER

* ltis 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).

LED3  LED2 LED1 LEDO U N I V E R SA I.
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Motivation: Extensibility

— MoDE | TIME | I
ALL

D=

gcris_up
\_CHS_DOWN

O +

CPU || IN-L

NNNNNNNNNN

0,12

0..32767

Old system

Extensions
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Distributed deployment

START RUNSTOP
NIT  INITO PERIODIC
N —
RS_GATE TART EO
| EOQOD TOP
EO1 |:
E_CYCLE
_SWITCH T
LIGHTS LEDS4
"STOP"
~—{MODE LED3 ED3
LED2 ED2
A KNOB LED1 ED1
MODE
LN sl NIT INITO HEDe =0
W OUT BITN ICO
EQ IND N -
"TIME" —|TYPE A
t#250ms v AL A
A 1
"alLL CHASE_UP,CHASE_DOWN"
Contrcb;
\ 4 v |
[ MoDE | ;
ALL
® ) oe @e® O e
\_CHS_DOWN LED3 LED2 LED1 LEDO o
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Extended system

START RUNSTOP . i
T Mo} decentralized logic
REQ CNF
RS_OATE PERIODIC \
IND - LOGIC
: | v INIT INITO LEDS1
E_RESTART SWITCH2 oT NEW  CNF INIT INITO =,
Ql Qo INIT INITO E CYCE REQ CRf— REQ CNF
"RUN"—{LABEL1 OUT REQ IND oT tl |:
"STOP" —|LABELD P LIGHTS LED_HMI
IN ~MODE LED3 \ LED3
CURFREQ
1 — LED2 LED2
A INIT INITO \
LED1 LED1
REQ CNF|—" \
PUSH_BUTTON "TIME" LEDO LEDO
#250 BITN co
Ql Qo e NUM_DISP A
"UP" —{LABEL al 20 MODE &
L
N INIT INITO \
ol REQ IND |— LOGIC2 \
) e | INIT  INITO
"DOWN" VAL SWITCH3 NEW  CNF[—
'y 1-ai Qo REQ CRI—
A "FLASH_ALL,CHASE_UJP,CHASE_DOWN"—-{CHOICES OUT :] |
| ﬁ LIGHTS LED_HMI
MODE LED3 I LED3
LED2 I LED2
LED1 / LED1
LEDO / LEDO
Controller BIT co X
v \4 = — 1
W —— )

o= |

. added physical et
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Parts of IEC 61499 Standard
e |[EC 61499-1:2012

o Function blocks - Part 1: Architecture

o |[EC 61499-2:2012
o Function blocks - Part 2: Software tool requirements

o I[EC TR 61499-3:2004
o Function blocks - Part 3: Tutorial information (withdrawn)

o |[EC 61499-4:2013
o Function blocks - Part 4: Rules for compliance profiles
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Function Block Model: IEC 61131-3

DB_TIME

BOOL
TIME

ON_TMR

TON

DEBOUNCE
IN ouT
DB_TIME

— BOOL

External Interface Specification

:

Control Algorithm Specification

e

DB_FF

IN Q
PT ET
OFF_TMR s1

TON R

SR

Q1| —

O|IN QJ—

PT ET

™~

IN
1/1

OFF_TMR

our

DB_TIME

TON

Q

'PT ET

ON_TMR

DB_TIME

TON

our

(R) —

our

(s) —

UNIVERSAL

AUTOMATION.ORG



15
5/21/24

IEC 61131-3 and 61499 Data Types

Signed Integers:
Unsigned Integers:

Floating Point:
Bit Strings:

Character Strings:
Duration:
Time;

Derived Data Types:

SINT(8), INT(16), DINT(32), LINT(64)

USINT(8), UINT(16), UDINT(32),
ULINT(64)

REAL(32), LREAL(64)

BOOL(1), BYTE(8), WORD(16),
DWORD(32), LWORD(64) (TRUE, FALSE,
1,0, 255, 16#FF, etc.)

STRING(8)
TIME (t#2s, t#1500ms, etc.)

TIME_OF_DAY or TOD DATE
DATE_AND_TIME or DT
(TOD#17:32:55.678 D#2005-06-07
DT#2005-06-07-17:32:55, etc.)

array, enumerated, structured, ...

UNIVERSAL
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Function Block Type System

Library contains FB type definition

FB types can be instantiated later

Each FB instance can have its own
configuration/setting

Changes in FB types cause
automatic changes on
all instances

FBInstancel

FBType

FBInstanceZ

FBType

FBInstance3

FBType
4
I

FBType
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Motivation: Intelligent Automation Component

Cylinder Software Component

o1
[

m—
103
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Communicating components

Cmpl
VAR
a: typel;
b: type2;
c: type3;
L: packet;

L.form(Cmp2.1I1,a,b);
Ol.send (L) ;

L.form(Cmp3.I1,a,c);
Ol.send (L) ;

o
L]

02
]

O3
L]

Cmp2

Cmp3
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Message=Event + associated Data

Cmp2
Cmp1 = Ell
EOI1 - |
—m
m— k
EO2 ?
‘ — |
a-—m
b= Cmp3
Cr— >—m—> EI2
|
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Events

 Event
« Event variables
« Boolean

« Oand 1

« No duration (short duration)

« IEC 61499 function block

can only be activated by an event

20

Event of
crossing the
line

I

L)

-
~
”~

Event wvariable

Boolean variable
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Function Block: Header and Body

Upper part of FB
is called Header

Lower part of FB
is called Body

—_—

——

i Event —& 5 Event i
| Dk Output
i Input 5 i
== e
| Data i T Data |
i |nput H e OUtpUt i
| disch |
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Function Block of IEC 61499:; Interface

Event - data

association: if the
event occurs, only
the associated data
will be updated.

22

Event Inputs Event Outputs
a Head g
EVENT —H INIT INITO F-{3— EVENT
EVENT - REQ CNF EVENT

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, . | L
FBtype
BOOL —LHLH Ql QO BOOL
REAL INT OUT1 STRING
UDINT - IN2
ﬁ Body ﬁ
Data Inputs Data Outputs

UNIVERSAL
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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 “ei”.

1- FB1 emits event FB? 3—. event input is
~ triggered

ei
[ FBType2 [
d

1
1

— € )
~_7

2- associated data outputs 4- associated data inputs are sampled to

23 are updated "“on the line” B2 UNIVERSAL

AUTOMATION.ORG
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EVENT

EVENT

BOOL

INT

INT

INT

FB1
INIT INITO 2
REQ CNF &
— O°—
BasicFB

Ql QO I
d a !
= b
f c [

Event-data association

INIT INITO
REQ CNF
BasicFB
Ql QO
d a
e b
f @

1 r

1 _r1

EVENT

EVENT

BOOL

INT

INT

INT

FB2

INIT INITO
REQ CNF
— O°r—

BasicFB

Ql QO
d a
e b
i o

Eye—rs)

L T
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» Two instances FB1 and FB2 of the same FB type
« Suppose event FB1.CNF is emitted
* FB1.ais updated and value is sent to FB2.d.
« FB2.d is sampled

« FB1.b is not updated (no association). Therefore FB2.e will not receive the updated

25

Event-data association

value.

Instance Name

EVENT
EVENT

BOOL
INT
INT
INT

o T

FB1

O

nnnn
~ 0 oD

o INIT INITO

REQ CNF

— A%=
BasicFB

I QO
a
b
c

FB2

| R

1 r

1 _r1 [

T Te—

INIT INITO

REQ CNF

—1 9=

BasicFB

I QO
a
b
c

~0 oD

]

| R S [ I B

INIT INITO
REQ CNF
BasicFB
Ql QO
d a
e b
f C

EVENT
EVENT

BOOL
INT
INT
INT
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IEC 61499 Function Block Kinds

« Basic, Composite, and Service Interface Function Blocks

Execution
Control Chart

Internal
——=  Variables

T

1 T T

BFB

LJLJLlJLJI_llll

—1 —
Application Resource
—] —
INIT(+)
PARAMS > startSeryice
(+)
] gt C
IND(*) readinputs
— RD_‘,...,RD_n/ =
STATUS
e P ~JvriteOutguts [o—
= INIT() |
endService
INITO(-) >
— s —|—
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XML Exchange Format

> LiftingluggageFull > 1IEC61499
Name
) InRange.fbt
7 integEC.fbt

[ LiftingControl.doc.xml

N -~ . I T

- — O X
= InRange.fbt X +

File  Edit View £83

<?xml version="1.0" encoding="utf-8"?>
<!DOCTYPE FBType SYSTEM "../LibraryElement.dtd">
<FBType GUID="997C1FES9ESFA6CD" Name="InRange" Comment="Basic Function Block
Type" Namespace="Main">
<Attribute Name="Configuration.FB.IDCounter" Value="0" />
<Identification Standard="61499-2" />
<VersionInfo Organization="nxtControl GmbH" Version="0.0" Author="Horst
Mayer" Date="9/14/2008" Remarks="Template" />
<Interfacelist>
<EventInputs>
<Event Name="INIT" Comment="Initialization Request">
<With Var="pos" />
<With Var="SensorPos" />
<With Var="Range" />
</Event>
<Event Name="REQ" Comment="Normal Execution Request">
<With Var="pos" />
<With Var="SensorPos" />
<With Var="Range" />
</Event>
</EventInputs>
<EventOutputs>
<Event Name="INITO" Comment="Initialization Confirm">
<With Var="result" />
</Event>
<Event Name="CHG" Comment="Execution Confirmation">
<With Var="result" />|
</Event>
</EventOutputs>
<InputVars>
\MarNarlaratinn Nama-"nnc" Tuna-"REAI " /s

UNIVERSAL

AUTOMATION.ORG
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Basic Function Blocks

Event
Input

Data
Input

29

Execution
Control
Chart (ECC)

;Ili

Algorithms

Event
Output

Data
Output

INIT
/ 1
vt

G

1

REQ

Algorithms can be programmed
in PLC languages

« Structured Text

* Ladder Logic

* efc.

UNIVERSAL
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Execution Control Chart (ECC)

|

|

|

|

|

INIT
REQ

|
Ql

IN1
IN2

INITO |
CNF |

[
FBtype

QO
OUT1 |

+ —)Event

,{. INIT [INITO |
Input INIT /

Transitions

EC State

Boolean 1
Condition \ =t EC State
D (Feafo

EC State EC Action

/J \
1 Algorithm Event

Initial Output

UNIVERSAL
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Transition conditions

Event

+— Input NTTNTol A transition condition can be one of the
pul following:
Guard —7
Condition

) START |

Boolean 1 .

Expression\ / Event Input
ek Boolean expression over data

QI Event input {&}[Boolean expression over datq]

Examples:
1. REQ
2. ((Input Var=1) OR (Internal Var=0)) AND (NOT QO)
3. REQ AND (Input Var=0)
4.

REQ [Input Var=0] v\

New syntax

31
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How does Basic Function Block work?

@ ..» Execution Control ...
Function

4

@ , ?gonrgn @

@@@@

32

Schedullng 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.

UNIVERSAL
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How does Basic Function Block work?

—A,>EVENT — INIT INITO H EVENT —\>
—A\/>EVENT £ REQ CNF |- - EVENT—\ >
] LOGIC C
a BOOL 3 al QOHH
2 INT £ PARAMS RES1 HE=F— BOOL
BOOL -3 A RES2 HpH=fg— BOOL
BOOL - B
BOOL -3 c
SHUT SHUT| CNF
4 |
1
1
' ' ACTIVE:=0
1 1 RES1:=0
“~» RES2:=NOTB
QO0:=0
A B RES1
— [ 11 ()
STttt Tt T > C
Y : ——
INIT INIT | INITO MAIN MAIN | CNF
7 A B RES2
1 1 i | [ 'Y
| 1 1 \J
I RES1
. ACTIVE:=1 ——
\_, RES1:=0
RES2:=0
QO0:=1

33
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Basic FB - execution control chart (ECC)

EVENT —1
EVENT

BOOL
REAL
REAL

INIT INITO | O—— EVENT
REQ CNF | EVENT
= O F

X2Y2_ST
Ql Qo0 BOOL
X ouT REAL
Y

Each state of ECC can have one or more

actions.

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

34

Execution Control Chart

REQ

ALGORIT]N ST

OUT = (X-Y)*(X+Y);
END_ALGORITHM

UNIVERSAL
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Lifetime of Event Input

EAE stops ECC execution when:
— There are no enabled transition conditions which have not been executed already in this run

OF ._ event (BB —o{wT  WmO|o— S0 pyenT
INIT
event () of{REa  onF{o- EVENT
1 al = 21 EVENT
82 ‘21 EVENT
REQ - D -
@ (= ==
BOOL al Qo [OH+
1 INIT

Trick: assign an algorithm, ALG1, to STATE1, within which set
INIT:=False. This workaround is not portable.

35 UNIVERSAL
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Lifetime of Event Input
)

REQ

REQ[QI<=3] .
neh  REQIGR3
REQ
REQ[QI=3]
[ )
REQ[QI=2]

Qs 2[E08]

EVENT
EVENT

INT 1

36

The first transition with a true condition is executed
and the corresponding ECC status of the block is
occupied.

The recently used transition is marked so that it
cannot be used a second time.

Once there are no transitions to other ECC states
left to be fired, because they are already marked
and thus executed, or none of the remaining,
unmarked transition conditions proves to be true,
the markings of the transitions is reset.

FB is waiting for next input event

I — INT INITO HO— EVENT
I —{REQ CNF |+ EVENT
EO1 EVENT
EO2 EVENT
EO3 EVENT
EO4 EVENT
EO5 EVENT
EOS8 EVENT
— 2
executionTest
—HH Ql QO OH+ BOOL

UNIVERSAL
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Lifetime of Event Input

1
REQ
REQ[QI>3)] 3 REQ[QI<=3]
REQ 2
REQ
@& [
\ 7
4
- REQ[QI=3]
6 REQIQ-T]

EVENT
EVENT

REQ

INT 1

37

Qs 2[E05

=]
=

INIT
REQ

—1

executionTest

al

e

INITO
CNF
EO1

EO2
EO3

EO4

EO5

EO6

—
Qo

EVENT

vent 1 4 7
EVENT 5
EVENT 2

EVENT 3

EVENT

EVENT 6
EVENT

BOOL
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Example: A Basic FB that adds two redl
numbers

EVENT —{1q REQADD CNF T1— EVENT

©

XPlusY

REAL X SUM {{— REAL
REAL Y

UNIVERSAL
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A Basic FB to add Two Real Numbers

X

Test Container

Coursesln - EcoStruxure Automation Expert - (m | b 4
File Home View Help Debug
D D ‘f Step out
NFBTCompiler 3.08s ¥
Run Stop
Settings A
Solution Explorer v & X ot XPlusMinusY © XPlusY X | & Deploy and Diagnostic v
Search (* and ? allowed) 2 2 <. Neme I.T.YP
?E E: TE? EET ?El | f> B e Eventinputs
=-J$%& Solution (Course) {7 REQADD
..... IC] Libraries (external) .
=-J(3] Course g,ﬁ’ =4 EventOutputs
@ ¢ References L3 CNF
-] System =3
w-§& CAT =] InputVars EVENT
@& CATlInstances Lx RE/
..... I'&) SubApp v RE/
vvvvv J@ Composite REAL
Basic
= OutputV.
.. XPlusMinusY L Do
= [ sum RE
it 108 XPlusY
...... ©F  Adapter
. [3 Canvases InternalVars
..... JB3 Graphics
..... IuhA) Data Type = ;D Sockets
‘Eg Solution Explorer 'Eg Process View 2
Message Log vaXx
farare Il ... - il ... 1
@ Message Log Q Search Results
Output v X
Build - %= 5
= Output &E Watch Trend @ Log View
Build successfully finished In5 cold ch4

39
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A Basic FB to Add Two Real Numbers

1

START

REQADD

SUM

CNF

SUM

b

Vi B wN

(8)]

ALGORITHM SUM IN ST:

(* Add your comment (as per IEC 61131-3) here

Normally executed algorithm
3

SUM: =X+Y;

END_ALGORITHM

UNIVERSAL
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Running the basic FB to Add Two Real Numbers

% Test Container Course:sln - EcoStruxure Automation Expert = o x
File Home View Help Debug
> [z
E . v

Continue Stop =

D A
Solution Explorer ¥ B X| @ XPlusMinusY ©F XPlusy X Jp Deploy and Diagnostic s
Search (* and ? allowed) L0 A v o e Defaults
WEE R OE S
BI% Solution (Course)
ID Libraries (external) A
=) Course -
@ ¢/ References
@ System & EVENT EVENT
w-J& CAT [£9)
@&} CATInstances 1 REQADD
-J'8, SubApp _ REAL 4 7 REAL
-] Composite REAL 3 —
G @ Basic -_ CNF
] XPlusMinusY m-
Ll XPlusY
[ Adapter
@ 4 Canvases
-J& Graphics
-|°4  Data Type
'Eg Solution Explorer T:E.' Process View 2
Message Log vax
€ 0Errors l I ! 0Warnings I Io 0 Messages
! Line Description File Path
@ Message Log Q Search Results
Output vax
Build B = =
e’ Output &,E Watch Trend @ Log View
Build successfully finished In6 col 14 ch 14

41

UNIVERSAL

AUTOMATION.ORG



A Basic FB to Add and Subtract Two Real Numbers

EVENT —1{ REQADD CNF {1 EVENT
EVENT REQADD CNF EVENT @ENT —{ REQ—@
l: st ':I m o
REAL X SUM REAL XPIusMimsY
L REAL X SUM ﬁ REAL
REAL Y CDFF [o— REAL >

42
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A Basic FB to Add and Subtract Two Real Numbers

X

Build | %

&3 Output Watch Trend @ Log View

w

Build successfully finished

Test Container Course:sln - EcoStruxure Automation Expert = X
File Home View Help Debug
D B= Step into = Step out
G = ’
Continue Stop
Deb & A
Solution Explorer v & X| 1@ XPlusMinusY X || 10 XPlusY JP Deploy and Diagnostic 5
Search (* and ? allowed) J& 5 <- Name ‘T_Ype ‘Aﬂa...‘ Initia
W EE R OE - = %7 Eventinputs
@- & CATInstances 4% REQADD
], SubApp - 47 REQSUB
I@ Com posite ‘gs, EVENT REQADD CNF EVENT
21 @_ Basic = 4% EventOutputs EVENT REQsUE
g =3 L CNF :!xnusrglimsY
Ll XPlusY £9) REAL X Sum REAL
L Adapter =] InputVars REAL Y DIF REAL
@ [;d Canvases [ REAL
-.JB Graphics v REAL
|°ls  Data Type
'Eg Solution Explorer ‘Eg Process View » -
Message Log v X
€ OErrors | | ! 0Warnings | IOO Messages
! Line Description File Path
@ Message Log Q Search Results
Output v X

IRL

In 45 col10 ch 10
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A Basic FB to Add and Subtract Two Real Numbers

e I

—REQSUB

START

@

SUM

CNF

2

ALGORITHM SUM IN ST:
(* Add your comment (as per IEC 61131-3) here

Normally executed algorithm

SUM | DIF
1
4 =)
5 SUM: =X+Y;
6 END_ALGORITHM

S5
S~
S~

(* Add your comment (as per IEC 61131-3) here

SUM | DIF
1 ALGORITHM DIF IN ST:
4 *)
5 DIF:=X-Y;
6 -END_ALGORITHM

UNIVERSAL
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A Basic FB that Adds and Subtract 2 Real Numbers

% Test Container Course:sln - EcoStruxure Automation Expert - m] X

File Home View Help Debug

>

Continue Stop

Debug

4

Solution Explorer ¥ 3 X 1 XPlusMinusY X || [oF XPlusY.fot ¢ Deploy and Diagnostic
Search (*and ? a ed) 0 Al - E’w‘ g . | Defaults

WEE W A oo
E\I@ Solution (Course) (1___/._

IC) Libraries (external) A

B.NI@J Course
- ¢/ References - REQADD
052 System =3 1 i s T e
||

£
wje car © EVENT REqsue
@ &> CATInstances —J e =

3

SubApp XPlusMinusY
Composite REAL 5 X SUM 8 REAL
Basic .’_ REAL 3 Y DIF 2 REAL
L XPlusMinusY
L.l XPlusY
| Adapter
. [J Canvases
JBs Graphics
-|°ls  Data Type

‘ES Solution Explorer IEE Process View

(=]

G

0!
O

-

g

Message Log v aXx
€ 0Errors | | ! 0Warnings I |00 Messages

! Line Description File Path

@ Message Log ,O Search Results
Output v ax
Build v | = -

« -

C—’ Output Watch Trend @) Log View
Build successfully finished In 63 col 10 ch 10
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Composite Function Block

« Network of interconnected FBs

 No internal variables

* Latches storing the values of input and output events and data
* Nested composite-in-composite

Latches to store ...

input events and data

-+

InstName?2

InstName3

Type3 |——

N

Network of function block instances

“Latches to store

output events and data

UNIVERSAL
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Composite Function Block: Example

Computing OUT = X2 - Y2

Interface
EVENT —JINIT INITO }— EVENT
EVENT REQ CNF EVENT
L
USE_X2Y2
REAL X ouT REAL
REAL Y

48

Event

X: REAL

Y: REAL

Data

FB1

Implementation

REQ  CNFf—
@
— aop — | FB2 FB3
1Nt ourh —{REQ CNF REQ CNF NE
IN2 - — @ — &8 —
. sue MUL
4INT  OUTP— —INT  OUTp—,
e | e | —{(COuUTREAL >

OUT (X-Y) * (X+Y);

UNIVERSAL
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Hierarchical composition

Composite Function Block

Event =4
Inputs —

1

Data

v

ik

Inputs __ A

1 I:

— Event
Output

 Data
__ Outputs

Another Composite Function Block

Network of function block

instances

UNIVERSAL
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Composite Function Block

Supervisor
° 1 I: »> /IF START o
Execution Contro \ |
e No ECC —)—J\/\\—Trans 1 L

* No internal variables
B

Trans 4\>Trans 2

« To ensure a particular order of execution, user can
implement a supervisor basic function block

| _Event 2

| ['
50 UNIVERSAL
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Rules for event connections

Event split is equivalent to using E_SPLIT standard library FB

FBO FB1 FBO SPLIT FB1
El EO - EO EO1 El EO
EO2 |
DI DO DI DO DI DO
E_SPLIT
]
| ]
FB2 FB2
El EO
El EO
DI DO
DI DO
o1 UNIVERSAL

AUTOMATION.ORG



Event merge

Event merge is equivalent to using E_MERGE standard library FB

FB1 FB3 FB1 MERGE FB3
El EO 7 El EO El EO
DI DO DI DO ‘ DI DO

E_MERGE
|

FB2 — FB2
El EO El EO
DI DO DI DO

52 UNIVERSAL
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Data connections

Data connections - cannot be merged, but data split is allowed.

FB1

—1

Event Output

-

Data Output

FB2

—1

Event Output

-

FB3

—1

Event Input

————Data Input

-

FB1

FB2

—1

Data Output

Incorrect

Event Output

C

Event Input
—1

Data Input

-

FB3

Data Output

Event Input
—1

Data Input

—

Allowed

UNIVERSAL
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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 vendor

 Encapsulation of IP

HP, DELL,

EPSON,

CANON,
drivers XEROX, Konika
Minoltq,
RICOH

UNIVERSAL

AUTOMATION.ORG
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Service Interface Function Blocks (SIFB)

* Modelled as sequences of service primitives per ISO TR 8509

56

EVENT INIT INITO EVENT
EVENT REQ CNF EVENT
- | —

INITIATOR
BOOL Ql QO — BOOL
ANY PARAMS STATUS — ANY

ANY SD_1
ANY SD_m

RD_1 ANY
RD_n E::[%} ANY

(application-initiated transactions)

application

INIT(#)

PARAMS
INITO+)

< STATUS

REQ(+)
SD_1....5D_m -

resource

startService
>~

-

writeOutputs

CNF(#)

_ readinputs -

-

RD_1...RD_n
STATUS

INIT()

—_—

INITO()
- STATUS

endService
~

-~

EVENT. INIT INITO{ —— EVENT
EVENT RSP IND{—=— = EVENT
—1 l"

RESPONDER
BOOL ——r} QI Qo — BOOL
ANY ——"1 PARAMS ~ STATUS E:_ ANY

ANYE. SD_1
ANY | SD m

RD_1 ANY
RD_n % ANY

(resource-initiated transactions)

application

INIT(#)

PARAM S
INITO(+)

< STATUS

IND(+)

-

resource

startService
>~

-

readinputs

RD_1...RD_n

STATUS
RSP(+)

SD_1....SD_m .

INIT()

—_—

INITO(-)

< STATUS

writeOutputs\

-

endService
>~

-~
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Operations with events

- E_SPLIT/E MERGE/E_REND—Event split, merge, rendezvous;

- E_ PERMIT—Permissive event propagation;

- E_SELECT—1 of 2 (Boolean) event selection;

- E_SWITCH—1 of 2 (Boolean) event demultiplexing;

- E_DELAY—Event delay (timer);

- E_CYCLE—Periodic event generation;

- E_ RESTART—Generation of COLD/WARM restart, STOP events;
- E_ TRAIN/E TABLE/E N TABLE—Finite trains of events;

- E_SR/E_ RS/E_D FF—Event-driven bi-stables;

- E_R TRIG/E_F TRIG—Event-driven rising/falling edge detection;
- E_SR/E_ RS/E_ D FF—Event-driven bi-stables;

- E_CTU—Event-driven up-counter.

FB4
El EOp
0O —
E_PERMIT
PERMIT

FB6

FB5

FB10
El EOf

3
E_R_TRIG
al

FB12

L= = |

57
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Process interface

: read inputs and write outputs

ChangerCTL
: INIT INITO
L REQ CHG
q INIT INITO START OWPC_L
IND STOP OWPC_R
s I - N = IWPC_L
J KL1408 IWPC_R
KBUS = busld di0p——— O =
0 | slotNo dil p—— | ChangerControl_Demol
di2 p— < RD_AtLeft DriveToLet
S p— SOF ] RD_AtRight DriveToRight
did p— 8 B —% WP_Sucked VacuumOn
disp— o | C_IWP_Ready L VacuumOf
dis E_R_TRIG d C_IWP_Ready R C_OWP_Ready L
“ﬂ i : al C_OWP_Ready R

58

D4

— @&

INIT INITO p
REQ CNF p

KL2408
busid  nextSlotNo P

g

(-3 Solution (TutorialSandeep)

-] Runtime.Base (Version:2.0.0.1)

[-§3) IEC61499.Communication (Version:21.0.0)
[],..é:l nxtControl.Beckhoff (Version:2.0.0.1)
D,v.@ nxtControl.Standard (Version:2.0.0.0)
[_j@ nxtControl.loEthercat (Version:2.0.0.12)

o CAT

- Hardware

=-1.5 Beckhoff

> o T

- EL3024

- EL3054
-y EL3062
(- EL3064
-y EL3162
-y EL3202
- EL3204
-y KL3022
-y KL3052
-y KL3062
- KL3064
- KL3162
-y KL3202
-y KL3204
- KL3228
- KL3312
- KL3454
-y KL3464
-y KL3468
(- AnalogOut
-3 Common
(-3 Coupler
-3 CPU
[
[
[

1 Digitalln
1-1 DigitalOut
1 Functions
- Master
-3 BuR

-3 Wago

[-{w ECMaster

- Application
@-gg Composite

[-¢3 Basic

- Adapter

UNIVERSAL
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Resource Model

e The main execution container of FB network
e Each Resource is independent of other Resources in the device
e Access to Communication and Process interfaces via SIFBs

e Responsible for the scheduling of FBs

60

FB Network

J1]

UNIVERSAL
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Resources - scheduling functions

» Schedule algorithms for execution

* Determines sequence
» Of FBs execution
» Of algorithms execution

INIT[INITO
. | i LINT FB1INITO OuT INIT
INT INTO} — INT _ INTO}
T P LA e |
— O .
|®w = :I&:g:: USE_X2Y2 Diga, — o
Ql i ouT —1. o Ql Qof l——:E é OUT 1—. Var
Variable . / -
. 4 4 ALGT]| |
:;‘IE'L 'T:'LIF’ INIT INITO \
R
- 5 ) &0 o
- et [ALG3[INITO
Ql ouT al out
\ariable Variable

61
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Device Model

* An abstract model represents a physical instrument
interacting with automation systems or process information,

e.g.
o PLC, CNC, microcontroller, etc.
Automation Devices
|
1 1
Programmable Computer Numerical
Logic Controllers Controllers (CNC) of
(PLCs) Machine Tools
l . E
_Remote Embedded On-Chip
Input/Output A Controllers
Modules  wem s mes .
62

Motor and Drive
Controllers

Human-Machine
Interface Devices

ol
o
=

|
|
LI
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Device Model

e A Device is sFecified by it
process interfaces and
communication interfaces

o Process interface is the
mapping between the
physical entities (sensors,
actuators) and the Resource

e Contains multiple
Resources

e All Resources use the
same Communication and
Process interfaces of the
Device

Application A

Application B

Application ¢

UNIVERSAL
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64

Add Device

Device model: example of use

B

Logical Device Name

[EZIM251_Section6
[} 1B_Section1

[} 1B_Section2

[} 1B_Section4

[} 1B_Section5
[Emsso
[Ellm251_T
[ETIM251_Seca

E9DEVT

Add Device CAT

®

Add Folder Delete

I
m
I

Y Device Type v
SE.DPAC.M251_dPAC
nxtControl.Standard . ECORT
nxtControl.Standard . ECORT
nxtControl.Standard ECORT
nxtControl.Standard ECORT
SE.DPAC.M580_dPAC
SE.DPAC.M251_dPAC
SE.DPAC.M251_dPAC

SE.DPAC.Soft_dPAC

Info Physical Device

#H  M251_Sectionb

M580dPAC_1\BME D58 1020 #0

M251dPAC_1
M251dPAC_2

(None)

= @ System *» Devices » M251_T »

RESD

EMB_RES_ECO

12 System X d\) Deploy and Diagnostic

+ -/ seach QY @ QQQ@

=
=

4

YyVvvYyvYyvyvyey

Identifier Versiol
Automation Devices -
Distributed automation con
Harmony

Machine controllers

Modicon PAC controllers
Network infrastructure devi

Workstations & Servers

192.168.1.16
M251_Sectioné

M251

00

BME D58 .0 192.168.1.17

M580dPAC_1

D58
1020

L
O

Switchf_

NIC_2: 192.168.1.107
Workstation_2

192.168.1.13
M251dPAC_1

M251

—
0g

192.168.1.20
M251dPAC_2

M251

B
00

64

UNIVERSAL

AUTOMATION.ORG



Device classes

Class O:
*  Preprogrammed FB
Instances
 FBs connections can
be changed
Class 0 - Simple

-L-» >Q ¢ Create connections between FBs-w:

. e Start/stop applications
—

, ' » Provide definitions of function
4 | block external interfaces

EIEE

Pre-loaded Instances of FB types

65

<:: e Answer queries about data types, function
blocks, and connections;

Class 1

« New instance of FB library

Class 1 - Simple

_) e Create new FB instances and ------==========
connections;

i J
—\> e Start/stop applications;

> e Delete FB instances and connections;--

Class 2

Fully reprogrammable
Can create FB types

Library of FB types |

T e

E ﬁ ) + Add new FB types to the library

Class 2 - User- Programmable Devices

Class 1 Functionality

3L

: Library of FB types \
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Device type definition

Interface of the device may have only data inputs.

Example: SE.DPAC.M251_dPAC
« Deployment IP Address:Port
« HMI IP Address:Port
+ Watch IP Address:Port
« Archive Service IP Address:Port

New Device X

Name DEV

[

Count

Type SE.DPAC:Archive_Database v

SE.DPAC:Archive Database
SE.DPAC:Archive_Link
SE.DPAC:ATV_dPAC
SE.DPAC:M251_dPAC
SE.DPAC:M262_dPAC
SE.DPAC:M580_dPAC
SE.DPAC:Soft_dPAC
SE.DPAC:Soft_dPAC_RDNT
SE.Standard:HMl_NET

Bysossn il fpHed oo

Add Device Add Device CAT

Logical Device Name

[EZIM251_Section6

X
Add Folder Delete

Y Device Type

SE.DPAC.M251_dPAC

@ IB_Section1 nxtControl.Standard ECORT
@ I1B_Section2 nxtControl.Standard ECORT
[} 1B_Sectiond nxtControl.Standard. ECORT
@ IB_Section5 nxtControl.Standard. ECORT
[Emse0 SE.DPAC.M580_dPAC
| [Elm251_T SE.DPAC.M251_dPAC
Service Name Y Interface
Deployment
HMI Any
Watch
Archive Service Any

[EIIM251_Seca

DEV1

SE.DPAC.M251_dPAC

SE.DPAC.Soft_dPAC

Y Info Physical Device

]

M251_Section6

# | M580dPAC_1\BME D58 1020 #0

= M251dPAC_1
IP Address
All local IPs
All local IPs
#H | M251dPAC_2
(None)

Network Profile:
(Default)

Logical Port v

51443

51496
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Resource type definition

« EMB_RES_ECO, PANEL_RESOURCE, VIEW_RES
 Default function block START of E_RESTART

RESO

EMB_RES_ECO

Resource > Project: Runtime.Base, 23.0.0.15 > EMB_RES_ECO

Frame >

Go To System
Go To Definition

Attributes...

Redraw connections

UNIVERSAL
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Device management

By default, devices contain resource MGR
KERNEL of TYPE DM_KRNL

Executes received management commands
Configuration tool manages the device

MGR_D STATUS
ER0LDCASTINGD
NT NTO

DEVD [ / @
NXT_RMTDEV -
localhost614% || MGR_ID
localhost614% || HMI_ID RESD
localhost61497 | WATCH_ID I NXT_RMTRES
MGR ID.V/STRING > | MGR_D
i [ HMI ID:WSTRING _>———<| HMI_ID EMB_RES
< [ WATCH ID: WSTRING WATCH_ID

UNIVERSAL
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Device management

« Dev_MGR receives commands in XML
- Replies back with confirmation or errors

MGR CcLY SVR MGR
INIT  INITO INIT INITOFINITO INIT  INITOFINITO INIT ~{INIT INITO
SP INDs REQ  CNF |- IND "e— P IND REQ CNF
L L. I
DM_CLT CLIENT_2_1 SERVER_1_2 DEV_MGR
Ql Qo Ql Qoo —Q1 Qo Qo Qial Qo0
STATUS DST -ID STATUS|STATUS I0-ID STATUSFSTATUS DST RESPY
s s oo FOTT rt ro_ e hast
1T S0 _2 RD_2

Device Management Proxy
(in Software Toolset)

Device Management Kemel
(in Device)
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Device management

Dev_MGR receives commands in XML
Replies back with confirmation or errors

svr R
(Wit TOFmITO T it WITO)
P mof o e
vER_1_2] V_MOR
a1 eof-ao aal Qo
1040 STATUS|STATUS FosT RESH

ro_tf——— asT

RD_2]

Management commands

<Request ID="3" Action="CREATE" >
<FB Name="DIAG" Type="SUBL 2" />
</Request>

<Request ID="4" Action="CREATE" >
<FB Name="LOG" Type="DIAG LOG" />
</Request>

<Request ID="7" Action="CREATE">

<Connection Source="DIAG.IND"
Destination="LOG.REQ" />
</Request>

<Request ID="8" Action="CREATE" >

<Connection Source="DIAG.RD 1"
Destination="LOG.SRC" />
</Request>

<Request ID="10" Action="WRITE" >
<Connection Source="700"

Destination="LOG.W" />

</Request>

e —
EVENT S—{INIT INITO |- EVENT
EVENT —&3 REQ CNF H— EVENT

DEV_MGR
BOOL S—al Qo BOOL
STRING DST RESP—8—STRING
STRIN RQST

Management —

commands
START ® DIAG @ LoG

INIT INITO INIT INITOD
IND CDREQ CNF
sSuUBL_2 _ |plae_Loe
@
1D RD_1 SREC
RD_2 COND
700 —{w
®
300 -1H

Device Management Proxy
(in Software Toolset)

Device Management Kemel
(in Device)

il -

v

&
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Application

/1

Application is a design artefact
Consists of a network of FBs

Designed independently from hardware where it will be deployed to

Deployment: mapped to one or several devices

4
Event flow
-
, 5L
: o
- » ¥
2
Data flow

UNIVERSAL
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Application: Example

Solution Explorer ¥ 3 X |8 system* X | ¢} Deploy and Diagnostic

Search (* and ? al

L2 A v B < - I System » Applications » APP1 » Default »
W E ¥ WY R
E}l& Solution (EnAS_Demonstrator_MiR_CtrlSwap)
= I[:, Libraries (external)
@-J(3] Flexbridge.lceblock
=-J(3] EnAS_Demonstrator MiR_CtrlSwap
-7 References

9
@
)
=-J&  System -
e
&
T_%

EM

E_START CNF b
E_STOP
E_RESET
E_VOLTAGE
INIT

I & Test
[ | APP1

@& App1_Dupl

ControlRoom Production_Recipe

INITO

—

i
EnergyMeasurement
START BATTERYCONTACTOR p
STOP CHARGECONTACTOR p
RESET MEASUREDCAPACITY p
ELECTRICITYPRICE
CHARGINGPRICE

-J®  1B_Section2 =
. |B_Sectiond

% IB_Section5 g
g M251_Secd e
B

Pneumatic_Services

M251_Sectionb
M251_T ©
48 RESO

B Mseo
CAT
CAT Instances
SubApp ]
Composite INITO
Basic
Adapter
Canvases

SUB_APP1

O O e O O o O e O
1 R e e Rl )

Graphics
Data Type
Function

BrEIEREEO0

SUB_APP3

INIT_P
INIT_S

.
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Subapplication

 Type definition, like for function blocks

* Interface, but without event-data associations
» Defined by a function block network, like Composite FB

EVENT
EVENT

BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL

73

INIT

ButtonFor0
ButtonFor1
ButtonFor2
AtFloor
AtFloorl
AtFloor2
DoorClosed)
DoorClosed1
DoorClosed?

DoorOpenedd
DoorOpened2

LT

No latching of events and data,
direct propagation

Floor)

FB4

Floorl

EN EO »—{INITO >
d EI2

©
E_MERGE

MRGCNF

ButtonFor2: BOOL
DoorClosed?2: BOOL

AtFloor2: BOOL

.-
"225.0.0.1:61500 -l
7225.0.0.1:61501" |
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System Configuration

e 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

A

pplication A

Eppl. C

[Device 3 Device 4
Application B

_I_I

I_I_

[ Controlled process/machines ]

74
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Distribution of Application

—
—
Event flow
. Applicati
« Application can be deployed to 1T 1 T 1 T ppicanen
several devices — — Function Block
Network
| / /
\\ / Data flow| /
|
\\ / C?mmumcat/ network
| ] /4 ]
01 |// System
Device 1| |Devide 2 [Devic Device 4 =. .
. . Communication
« A device in the system can Network
contain and execute parts of Application A H
different applications " Devices
Appl. C AppllTahon B Process/Machines
| | | [
[ Controlled process/machines ]
75 UNIVERSAL
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Distribution of Applicatic

— -

‘Lj/evicez

Points where the
Communication
Function Blocks

~ for inter-device

communi¢ation
are to be [nserted

j Tools usually insert
the communication

blocks automatically

Device 2

= -
& SUBSCRIBE

UNIVERSAL
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Example: Distributed systems configuration




Example: Distributed systems configuration

nnnnnnnn
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Composite Automation Type (CAT)

@ Object-oriented mechanism of creating visualisation for automation projects
» Object-oriented
» Self-contained
» Reconfigurable
@ Each CAT consists of:
» Visualization symbols
» Control logic
» Plant models
> HMI and 1/O connections
Supports:
» Direct hardware interaction

+ Automatic deployment of control logic

80 UNIVERSAL
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CAT

e Software representation of real
instruments/devices, e.g. pump

e Predefined control structure e TE]

(s ®

with abstract hardware
interface

e Automatic HMI configuration
and connection

UNIVERSAL
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System architecture with an implicit HMI device

=- @ Cylinders
E] ‘g System

swLEFT

INITO
CNF

mtLEFT  swRIGHT ‘ l

UNIVERSAL

AUTOMATION.ORG
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Application with CATs

CoLD
VARM
STOPf
L VPArrived HCH HorCyl
E_RESTART INIT INITO
INIT INITO INIT INITO
IND REQ CNF REQ CNF
= O — @w
BUTTON CylContrd HCylinderlS
TRUE | Ql qoy - Retracted  FWDp—. EXT  STARTh—.
WP | LABEL  VALp- Siziial b RETR ,  END ’

RP

UNIVERSAL
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Model of Composite Cylinder

EVENT REQ CHG EVENT
— @
HCylinderSA
REAL pvl StartS\/ BOOL
REAL pv2 EndS\w BOOL
STRING Label

21/05/2024

84
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CAT creation

Interface | Composite

M7 @B-A~C@INDI-UMFPBEBOE-BIOFFR-FADB-@
Name
= &% Eventinputs
& INIT
@ = & EventOutputs
ZINITO
= ﬂlnputVafs
R 3[e) a
= womputVars
®qo
[ sTATUS
& Sockets
BPIugs
« [m] ) v - i
UNIVERSAL
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How does a CAT work?

= Canvas2 [E=n(Eon == HMI Device
INITO
% o f
3 = I
'BUTTON_I-M
EL  STATUSY
ENABLE [
1
l ]
i [
- ]
| ]
START | [This ]
COLD§ INIT > S0 INITO
WARM % REQ IND § IND
83
Rl BUTTON_HMI
— & T— Qop [ GO:B00L>
E_RESTART TRUE }| QEBOOL >, ) LABEL STATUS
TESTING LABEL.STRING > ENARLE
btn::BUTTON

DEVO::Nxt RmtDev

UNIVERSAL
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Normal establishment

At
é
@

TRUE
TESTING

r—C

normal_establishment

FB_BUTTON Button

Before @

btn
INT  INmo p——
INDP |\ (1) s
el
Ql QO FTRUE INITO® @ Button is created and activated
LABEL o i m |

Button is responsive
to a mouse click

UNIVERSAL
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Normal operation

normal_operation

FB_BUTTON

@

Button

f«-— actionPerformed

IND+

btn

INIT

INITO
IND

312

Event
occurs

TESTING

CD Button is pressed

UNIVERSAL
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Normal termination

normal_termination

FB_BUTTON

Button

Before

button was responsive
to a mouse click

Button is not responsive
anymore to a mouse click

UNIVERSAL

AUTOMATION.ORG
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Operation is inhibited

operation_inhibited

FB BUTTON Button
W -<— actionPerformed
= L e — o |
INIT INITO o '
CNF P

No events occur at the
outputs of the function block

CD Button is pressed

UNIVERSAL

AUTOMATION.ORG
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Count UP

BOOL
UINT

CULCV < 65535] v
START ~ag no temporary variables
1 CV := CV + 1
Q := CV >= PV
R Ccuo
R
R «—
no temporary variables
Cv := 0
Q :=0
RO “
UNIVERSAL
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Count down

cD
") cD
1
/ _‘H\no temporary variables
START Cv :=Cv -1
/ \ /q:= (CV <= 0)
cDo
UINT BOOL 1 cofev > 1
UINT \ LD
LD
LD
no temporary variables
CV := PV
Q := (CV <= 0)
LDO
?3 UNIVERSAL

AUTOMATION.ORG



Count UP/Down

Cu Co
— 1 HCD RO
— 1 1R LDO
] LD
—1

E
UINT PV BOOL
BOOL
UINT
94

cu
CountUp
no temporary variables CD
CV := CV + 1 CountDown
no temporary variables
UpdateQUQD CV :=cCV -1

no temporary variables == CDL(CV >= 1)]-_-“‘in‘

QU := CV >= PV UpdateQuQD
QD := CV <= 0 no temporary variables
co QU := CV >= PV
QD := CV <= 0

START ~

co
CUL(cv < 65535)//\\

\/

LD
Reset Load
no temporary variables no temporary variables
CV := 0 CV := PV
UpdateQuUQD UpdateQuUQD

no temporary variables
QU := CV >= PV
QD := CV <= 0

RO

no temporary variables
QU := CV >= PV
QD := CV <= 0

LDO

UNIVERSAL
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E_CYCLE

EO

E DELAY
"START "
1STOR 4

STARTF [
STOP

TIME

25 UNIVERSAL

AUTOMATION.ORG



Data latch

BOOL

96

BOOL

SET
LATCH
START = CLK[D] —» 1o temporary variables
Aa*”'—_—__—-__'h Q :=D
CLK[D] )
CLK[NOT D]

RESET /
LATCH

no temporary variables

Q=D
E0
CLK _t tt1
D
EO t 1t
Q

UNIVERSAL
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Event switch E_SWITCH

BOOL

EQOF—
S —

= START —

EI[G]

(

-

/\

EO1
El t t
G | 1
EOO t
EO1 4

EI[NOT G]
1\ GO

ECO

UNIVERSAL
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Event demultiplexor

— T NEL sl
EO1
E02
E03

98

M
.-

1//—"—"
State_1 State_2

EOO \K\\\\\\ EO1

[k = o] [K=1]

[K > 3]

START

EI

S
N\

State_3 State_4

E02 / EOQ3

[K = 2]

[K = 3]

N\

State

UNIVERSAL
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Boolean falling edge detection

BOOL

El
Ql

EO

t ottt

UNIVERSAL
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Boolean raising edge detection

E_SWITCH

BOOL

El _t tt1
Ql
EO t
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E_MERGE

START

/1

EI1 1 EI2
\EO

EO
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Train of events

. START EO
oP
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E_TABLE_CTRL

— A INES T

— T HCLK
—]

TIME[4] E;TAB

UINT N

In this example N<=4

103

INIT
INIT
————e N0 temporary variables
[N = 0] CV := 0
_—" b10 := DT[0]
INIT
/ I
[N > 0]

START

i

CLK[CV < MINC3, N - 1)]

\ /

STEP

STEP
no temporary variables
CV := CV + 1
DTO := DT[CV]

CLKO
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Table-driven sequence of events

/
START DD ]

STOP
TIME[4] INT
UINT [_nP
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Controlled Event propagation E_PERMIT

EI[PERMIT]

Ell EOF—
—] / \ EO
E_PER START
BOOL PERMIT A
1 —/

EO
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START - 1

C o
N4

EI2
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RS, SR triggers

:jR Eor—-f

s E0|’—'7
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SET
SET
START S - no temporary variables
Q := TRUE
EOQ
R
S
RESET _/
RESET
no temporary variables
Q := FALSE
EOQ
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Event selector

START

TN

EIO[NOT G] EI1[G]

N

EO

108 UNIVERSAL

AUTOMATION.ORG



Event splitter

/' EI '\ Srate
START E01
E02
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Event driven toggle of a Boolean output

—EK EO

E

CLK\ —
/ TOGGLE
BOOL START no temporary variables

\ _/Q:=NOTQ
1

EO
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