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Interoperability
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Distributed Intelligent Devices and Controllers



Other provisions of interoperability?

 Generic communication models, e.g.:
— PUBLISH-SUBSCRIBE
— CLIENT-SERVER

* Event-driven, so good chance of being tolerant
to different execution models of IEC 61499



FB Synchronous Execution Semantics

Lever CruiseController Throttle
INIT ~{INIT INITO}—{INIT INITOHINIT ThrottleChange]- ThrottleChange
AccelHold -JAccelHold SetDesiredSpeed SpeedChange ThrottleUP[HThrottleUP
AccelRelease —JAccelRelease ~—|DesiredSpeedChange ThrottleDown [HThrottleD OWN
CCOff |Off ThrottleOff [-{Throttle Off
Resume ~|Resume
CruiseController Throttle
CruiseControlLever s—CurrentSpeed ThrottleValue [~ ThrottleValue
Desiredspeed| Desiredspeed -
SpeedoGauge
INIT ~{INIT SpeedChange}—
Clock-|Clock
SpeedMeasure
Distance —{Distance CurrentSpeed
INIT —{|INITO|

INITProc|INITO accelHold —»{accelHold—AccelHalding[setDesiredSpeed|

INIT |START|
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CurrentSpeed=DesiredSpeed

SpeedChange

[Throttieup|—{[Throttieup)|

CurrentSpeed=DesiredSpeed

CurrentSpeed:DesiredSpeed —»{ThrottleDown —[ThrottleDown|

DesiredSpeedChange&DesiredSpeed=-1
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[ DesiredSpeedChanged&DesiredSpeed=-1

DesiredSpeedChange&DesiredSpeeds-1
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Synchronous Execution

Lever Cruise Controller

INITProc |INITOJ accelHold —®{AccelHold—{AccelHolding[SetDesiredSpeed| INIT[—{[imiTo ]
1

DesiredSpeedChange&DesiredSpeed=-1

elRelease —wAccel —Accel [SetDesiredSpeed|
I

CurrentSpeed=DesiredSpeed
Off
1 SpeedChange

[ThrottleUP}—{|ThrottieUP|

Resume

|~

[cCDisable —{[Throttieofr]
[ResumeCC—{Resumecc[setDesiredspeed| [Disable[—{Disable [SetDesiredSpeed|

1

Lever CruiseController CurrentSpeed<DesiredSpeed {ControlThrottle [#--DesiredSpeedChange&DesiredSpeeds--1
INITO NIT _ _
SetDeslredSpeed] | J_%peed(hange Thr DesiredSpeedChange&DesiredSpeed=-1
15e |DesiredSpeedChange Thrott CurrentSpeed=DesiredSpeed —{ThrottleDown — [ThrottieDown| DisabledWait
Inputs events: Outputs events:
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Synchronous Execution

Lever Cruise Controller
INITProc |INITOJ accelHold —®{AccelHold—{AccelHolding[SetDesiredSpeed| INTf—{[INITO)

DesiredSpeedChange&DesiredSpeed=-1

elRelease —wAccel —Accel [SetDesiredSpeed|
I

CurrentSpeed=DesiredSpeed
Off
1 SpeedChange

[ThrottleUP}—{|ThrottieUP|

Resume

|~

[cCDisable —{[Throttieofr]
[ResumeCC—ResumeCC[setDesiredspeed|  [Disable[—{Disable SetDesiredSpeed|

1

Lever CruiseController CurrentSpeed<DesiredSpeed .. DesiredSpeedChange&DesiredSpeed=-1
INITO INIT ) )
SetDesiredSpeed - fspeedChange Thr DesiredSpeedChange&DesiredSpeed=-1
1se —|DesiredSpeedChange Thrott CurrentSpeed=DesiredSpeed —»{ThrottleDown |—[ThrottleDown| DisabledWait
Inputs events: Outputs events:
AccelRelease
Sample inputs logical tick logical tick
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Synchronous Execution

Lever Cruise Controller
INIT [T o

DesiredSpeedChange&DesiredSpeed=-1

CurrentSpeed=DesiredSpeed

Resume

1 SpeedChange
[ThrottleUP}—{|ThrottieUP|
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[cCDisable —{[Throttieofr]
[ResumeCC—{ResumeCC[setDesiredspeed| [Disable[—{Disable [SetDesiredSpeed

1

Lever CruiseController CurrentSpeed<DesiredSpeed .. DesiredSpeedChange&DesiredSpeed=-1
INITO INIT ) )
SetDesiredSpeed " fspeedChange Thr DesiredSpeedChange&DesiredSpeed=-1
pse —|DesiredSpeedChange Thrott CurrentSpeed=DesiredSpeed —»{ThrottleDown |—[ThrottleDown| Disabledwait
Inputs events: Outputs events:
AccelRelease
logical tick logical tick
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Synchronous Execution

Lever Cruise Controller
INIT [T o

DesiredSpeedChange&DesiredSpeed=-1

CurrentSpeed=DesiredSpeed

Resume

1 SpeedChange
[ThrottleUP}—{|ThrottieUP|
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[cCDisable —{[Throttieofr]
[ResumeCC—{ResumeCC[setDesiredspeed| [Disable[—{Disable [SetDesiredSpeed

1

Lever CruiseController Currentspeed<DesiredSpeed {ControlThrottle (#-DesiredSpeedChange&DesiredSpeeds-1
INITO INIT ) )
SetDesiredSpeed | {speedChange Thr DesiredSpeedChange&DesiredSpeed=-1
15e DesiredSpeedChange Thrott CurrentSpeed=DesiredSpeed —{ThrottleDown — [ThrottieDown| DisabledWait
Inputs events: Outputs events:
AccelRelease

logical tick logical tick
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Controller Controller
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Synchronous Execution

Lever Cruise Controller
INIT [T o

DesiredSpeedChange&DesiredSpeed=-1

CurrentSpeed=DesiredSpeed

Resume

1 SpeedChange
[ThrottleUP}—{|ThrottieUP|

|~

[cCDisable —{[Throttieofr]
[ResumeCC—{ResumeCC[setDesiredspeed| [Disable[—{Disable [SetDesiredSpeed

1

Lever CruiseController CurrentSpeed<DesiredSpeed .. DesiredSpeedChange&DesiredSpeed=-1
INITO INIT ) )
SetDesiredSpeed " fspeedChange Thr DesiredSpeedChange&DesiredSpeed=-1
pse —|DesiredSpeedChange Thrott CurrentSpeed=DesiredSpeed —»{ThrottleDown |—[ThrottleDown| Disabledwait
Inputs events: Outputs events:
AccelRelease
logical tick logical tick
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Synchronous Execution

Lever Cruise Controller
INIT [T o

DesiredSpeedChange&DesiredSpeed=-1

CurrentSpeed=DesiredSpeed

Resume orr SpeedChange
1 -
| A . * . _ FhrottieUp—{[rhrottieur] [ccpisable}—{[Throttieotr]
[ResumeCC—{Resumecc[setesiredspeed| [Disable[—{Disable [SetDesiredSpeed )
Lever CruiseController CurrentSpeed<=DesiredSpeed .. DesiredSpeedChange&DesiredSpeed=-1
INITO NIT _ _
SetDesiredSpeed - fspeedChange Thr DesiredSpeedChange&DesiredSpeed=-1
1se —|DesiredSpeedChange Thrott CurrentSpeed=DesiredSpeed —»{ThrottleDown |—[ThrottleDown| DisabledWait
Inputs events: Outputs events:
AccelRelease SetDesiredSpeed

Emit outputs logical tick

Cruise Cruise

Controller Controller

Logical time



Synchronous Execution

Lever Cruise Controller
INIT [T o

DesiredSpeedChange&DesiredSpeed=-1

CurrentSpeed=DesiredSpeed

Resume

1 SpeedChange
[ThrottleUP}—{|ThrottieUP|

|~

[ResumeCC—{ResumeCC[setDesiredspeed| [Disable[—{Disable [SetDesiredSpeed
Lever CruiseController Currentspeed<DesiredSpeed {ControlThrottle (#-DesiredSpeedChange&DesiredSpeeds-1

INITO NIT _ _
SetDesiredSpeed | fspeedChange Thr DesiredSpeedChange&DesiredSpeed=-1
pse DesiredSpeedChange Thrott CurrentSpeed=DesiredSpeed —»{ThrottleDown |—[ThrottleDown| Disabledwait

[cCDisable —{[Throttieofr]
1

Inputs events: Outputs events:
AccelRelease SetDesiredSpeed
DesiredSpeedChange
Sample inputs logical tick

lever Cruise Other Cruise
Controller blocks Controller

Logical time



Synchronous Execution

Lever Cruise Controller
INITProc |INITOJ accelHold —®{AccelHold—{AccelHolding[SetDesiredSpeed| INTf—{[INITO)

INIT

DesiredSpeedChange&DesiredSpeed=-1

CurrentSpeed=DesiredSpeed

Resume

1 SpeedChange
[ThrottleUP}—{|ThrottieUP|

|~

[ResumeCC—ResumeCC[setDesiredspeed|  [Disable[—{Disable SetDesiredSpeed|
Lever CruiseController Currentspeed<DesiredSpeed {ControlThrottle (#-DesiredSpeedChange&DesiredSpeeds-1

INITO NIT _ _
SetDesiredSpeed | fspeedChange Thr DesiredSpeedChange&DesiredSpeed=-1
pse DesiredSpeedChange Thrott CurrentSpeed=DesiredSpeed —»{ThrottleDown |—[ThrottleDown| Disabledwait

[cCDisable —{[Throttieofr]
1

Inputs events: Outputs events:
AccelRelease SetDesiredSpeed

DesiredSpeedChange
logical tick logical tick

Cruise Cruise

Controller | Controller

Logical time



Synchronous Execution

Lever Cruise Controller
INITProc |INITOJ accelHold —®{AccelHold—{AccelHolding[SetDesiredSpeed| INTf—{[INITO)

1
INIT !
aleTant)

START]

DesiredSpeedChange&DesiredSpeed=-1

CurrentSpeed=DesiredSpeed

Resume

SpeedChange

|~

[cCDisable —{[Throttieofr]
[ResumeCC—ResumeCC[setDesiredspeed|  [Disable[—{Disable SetDesiredSpeed|

1

[ThrottleUP}—{|ThrottieUP|

Lever CruiseController CurrentSpeed<=DesiredS 4 DesiredSpeedChangedDesiredSpeed=-1
INITO INIT
SetDeslredSpeed] | fpeedChange Thr DesiredSpeedChange&DesiredSpeed=-1
1se ‘_IDCS"CGSDCCUCHMQC Thrott CurrentSpeed=DesiredSpeed —»{ThrottleDown |—[ThrottleDown| Disabledwait
Inputs events: Outputs events:
AccelRelease SetDesiredSpeed
DesiredSpeedChange

logical tick logical tick

lever Cruise Other
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Synchronous Execution

Lever Cruise Controller

INITProc |INITOJ accelHold —®{AccelHold—{AccelHolding[SetDesiredSpeed| INTf—{[INITO)

1
INIT !
aleTant)

START]

DesiredSpeedChange&DesiredSpeed=-1

CurrentSpeed=DesiredSpeed

Resume

SpeedChange

[cCDisable —{[Throttieofr]

|~

ThrottleUP ThrottleUP
[ResumeCC—ResumeCC[setDesiredspeed|  [Disable[—{Disable SetDesiredSpeed| | M I
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Lever CruiseController CurrentSpeed<=DesiredS 4 DesiredSpeedChangedDesiredSpeed=-1
INITO INIT
SetDeslredSpeed] | fspeedChange Thr DesiredSpeedChange&DesiredSpeed=-1
1se ‘_IDCS"CUSDCCUCHMQC Thrott CurrentSpeed=DesiredSpeed —»{ThrottleDown |—[ThrottleDown| DisabledWait
Inputs events: Outputs events:
AccelRelease SetDesiredSpeed
DesiredSpeedChange

logical tick logical tick
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Controller Controller
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Synchronous Execution

Lever Cruise Controller
INITProc |INITOJ accelHold —®{AccelHold—{AccelHolding[SetDesiredSpeed| INIT[—{[imiTo ]

1
1 INIT
J—|_ZI

- 1 TART DesiredSpeedChange&DesiredSpeed=-1
AccelRelease —w{Accel —{Accel[SetDesiredSpeed| "/T ’ ? ’
I

START I

CurrentSpeed=DesiredSpeed

Resume Off
| A ! [ - | Speedthange %y [cCDisable —{[Throttieofr]
- - - ThrottleUP|—{[ThrottleUP [sable rotte
[ResumeCC—ResumeCC[setDesiredspeed|  [Disable[—{Disable SetDesiredSpeed| ~ —
Lever CruiseController Currentspeed<DesiredSpeed {ControlThrottle (#-DesiredSpeedChange&DesiredSpeeds-1
INITO iNIT _ _
SetDesiredSpeed| | peedChange Thr DesiredSpeedChange&DesiredSpeed=-1
15e DesiredSpeedChange Thrott CurrentSpeed=DesiredSpeed —{ThrottleDown — [ThrottieDown| DisabledWait
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BlokSynk: Generation of Deterministic Safe C code

Organize v o® Open ~ Share with E-mail

s

; Favorites Name

M Desktop
4 Downloads

1

| Dropbox

< Recent Places

Burn

P 3 R ae (3|

DistStnWithNetwork.c

New folder

v

DistStnArm.fb [HCECC] @

X

.~ Libraries

j018|NWIS

(Unknown Scope)

- -

| Eile Edit View Qt Project Build Debug Team Dgtz_-: Tools Mono Ar;hiteQure Test Analyze Window ;elp
-2 d @ ‘ d DR - -8~ :_‘;| P |Simulation - |[E |availableInputs
FE(Z2)09PP:3@8Q:[ > uaaloa@ea| Qi %3- -0

DistStnPusher.c

(Unknown Scope)

X

-G

|

¥

. Documents
4. Music

=, Pictures
l Videos

{

DistStnWithNetwork.c

C Source
Date modified: 4/29/2

Size: 2.05 K§

/* Function block initialization function */ _
-lvoid DistStnWithNetworkinit(DistStnWithNetwork®* »

3

memset(me,® , sizeof(DistStnWithNetwork)); —
me->_input.events = 0;
SUBSCRIBE_5_1linit(&me->Inputs);
PUBLISH_5_2init(&me->OQutputs);
DistributionStationinit(&me->DistStn);
SUBSCRIBE_@init(&me->InitSub);
PUBLISH_@init(&me->InitConfirm);
strcpy(me->Inputs._ID, "127.0.0.1:6777");
me->Inputs. QI = true;

me->0utputs._QI = true;
strcpy(me->Qutputs._ID, “127.0.0.1:6888");
me->InitSub._QI = true;
strcpy(me->InitSub._ID, "127.9.0.1:6666");
me->InitConfirm. QI = true;
strcpy(me->InitConfirm._ID, "127.0.0.1:999¢

m

W Error List =7 Find Results 1 %& Find Symbol Results /8 Watch 1 B Tick Snapshot

Item(s) Saved

if (me->_input.event. PosChan\%
me->_state = 1; -
me->_entered = false;
continue;
H
}
break;
case 1:
// State: GoingForward
if (!me->_entered) {
DistStnPusher_GoForward(me); =
me->_output.event.PusherCtrl
me->_entered = true;

¥
else {
if (me->_input.event.PosChan
me->_state = 2;
me->_entered =
continue;

1210]dX3 UONINIOS 8y 21GE|IEAY 921N0S ON  Seruadold

false;

M Tick Stack
Col 28
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BlokSynk Plugin

SynchronousCompi

Genesal
Compiler Path: | C:ADocuments and Settingshshreniki\Desktopinatstudio\addinsiUo| ligal
InputPath:  [c:\p and Settingsshrenik\Desktop\natstudiotnatstudio F | [ |

Dutput Path: | C:\Documents and 5etlmgs\Ehren\k\Dusftopr\n@ugwc\ﬂdsﬂﬂicjf B

Options ———

Target Code Run/Simulatio Miscs
@ ccode (O] ruB I ksﬂ =K
O cpp O si o V; n th:

O st O None [] Add Seaich Directory:

O sysi S

o ync

[ Custom Build: [ nj-l-e‘r N 1
((Compie | Fgm Fun [(Cancel ]

FB Model in
NxtStudio

5 Makefie PLCT |

hc = /opt/eldk/usr/bin/arm-linux-gcc
CFLAGS = -Wall -02 -g
LIBS = -1m

== - Compiler Specific
weenes - e Niakefile(s)

PLC1_RESO_EMB RES.c \
E_MERGE.c \
Cylinder.c \

Switch.c \
ManControl.c \
E_RESTART.c \
Cylinder HMI.c \
integEC.c \

W N e

“ Standard ‘C’
source FiIe_is

'y

1o
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BlokSynk Deployment Model

XML
Run-time Synchronous
approach @ Compiler approach
Sync
1 <= NxtStudio =—> Compiler
Plugin
Cross
Compiler
7 Cr:' Libraries
Function Block - <: UTILS.LIB
Intermediate Linker HIOS.LIB
Code <]:
7 1
Deployment
Tool

Devi i
eVIe® ["NxtFORTE Device
runtime JIT
compiler
Platform Platform
dependent dependent
code code




Demo

® nxtSTUDIO - Solution: ETFADemo  (C:\Documents and Settings\XPMUser\My Documents\nxtStudioProjects\TA\ETFADemo) *** DEMO ***
File Edt View Buld Debug Search Tools Window Help
LD A Gk DD o 0[] s 8| vetekioyor gl B S OSSO [
E - | 0% Bt BLlEle o oo ) T B BT
Solution... & X! cjnder HMLenv.cs Demy §‘| 4bx |lERX
c il 4 0.5ys* | Cylinder_HMI.fbt
() —— = STA
System | Devices | XML | Source | e
®=
& X ||PLC1:RESO Mg FE-Network
= £ Solutiona || |; I DD:U e
& g mt o T You are running a dame version. Soma functionality will be disabled.
o W En + £ Applications i nutControl GmbH L
=R = "B Demo I
= WyPLCH
+ g mMer B
= QRESOD 100
=% SSESTART 100
] st
. = &iapp1
=z
Hswi
=M
=z
e 5 '5m2
+ WyPLC2
R
a
< 3| - B
|| —_————————————
il S { Editor IVDncumentallon; " I —— D 00
ouput B ] I] u 4 ‘
Build = a
O ————— Linear Movement |
_“dEnors :lOUtpt.tIﬁTasLLwt :SearchResults iHMlLugVnew
[NDCT EETIET Build finished successfully.

CYL1 CYL2
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Deployment view

* nxtSTUDIO - Solution:

File Edit View Buld Debug Search
e e I S s X |4 | Installed Libraries 2B =0 BB S| R |
P . I 100% o= ’;. 0 | Syhvermn i v ek
Solution... & X Cylinder HMLcnv.cs Del Synchronous Compiler CtriShift+s q
s System [Devices [ |'s{ 4l Optons
L \ 2 x [Demo
= @Sdutima 1
[ LI You are running  demo varsion. Seme functionality will be disabled
= + £ Applications nxtControl GmbH b
a¢ = °E pemo www.nxtcontrol com nxt
= ifpLCl @ 1 FBN
+ MGR | PLC
| - B reso |E | Nwt
=% &EsTaRT | | Res
14741 i | — | laz0
[ e e 114
x"

ot P

Ot Pan ]
e
o
Tooe ol s
=
v’ [NSr——y— - PLC1 P
Mourt Port  Garesc L #dd Sewch Dovciey

NXT_RMTDEV NXT_RMTDEV
127.0.0.1:61433 |- MGR_ID 127.0.0.1:62439
127.0.0.1:61438 [~ HMI_ID 127.0.0.1:62438
127.0.0.1:61497 |- WATCH_ID 127.0.0.1:62497

(O ==

‘c‘ 3 s

M= —
ag ,;‘ Editor | Documentation
Output s

Buld =

| R ———
3Erro|s _lOoutput | & Task List |[DSearch Results | GHMI Log View
NDIT EEIEE Build finished successfully.




Substituting Device On the Fly

START

';:m.nmmhu-v.n-mvr
nxtSTUDIO - Solutio Projects\TANETFADemo) *** DEMO *** Fle Edt Setwp Conuol Window Help

dramsetupdump fw printenv hello lcdtuner Pict -
File Edit View Buld Debug Search ools | Window  Help fdryz i img memdp—
o - — — - root@tgma28:~# cd /home/nxt/
E e T & S > | Installed Libraries E S = [ P, T o [ root@tqma28: /home/nxt# 1SThes; the Ubuntu Sy?Se@, NES boot has been setup to
E : bbuild.bat integEC.0ag) splitcoord.
P P | 100% W Subversion L ompare . Makefile splitCoord.h
— ompare.h Makefile. SplitCoord.o
Solution... B X || - uae HMIcnv.cs Demo.! Synchronous Compiler Ctrl+shift+5 {compare.o Makefile, 1 HMIServerConfig.c STFunctions.
a6 P . e (Cylinder.c Makefile. PLC1_HMIServerConfig.h STFunctiong
n i Cylinder.h Makefile. PLC1_HMIServerConfig.c STFunctjs#§.o
= ‘Systern | Devices || XML || Si ‘ edans.. C;.linder_H.MI.c Makefile.PLC1.old gl WXT RMTDEV.c 2 s
e 3 x [Derno cylinder HMI.h Makefile.PLCZ PLCT T msn Bwitch.h
= Solutiol A —J Cylinder HMI.o Makefile.PLC2.0ld PLCL_RESO_EMB_RES.C Switch_HMI.c
=4 Name | Cylinder.o ManControl.c PLC1_RESO_EMB_RES.h Switch _HMI.h
- “You are running a demo version. Some functionality will be dig [E_CYCLE.c ManControl.h PLC1 RESO_EMB_RES.o Switch_HMI.o
= oA ETE + £/ Applications ractControl GmbH [E_CYCLE.h ManControl _HMI.c Executable Switch.o
a4 = www.nxtcontrol com E_CYCLE.o ManControl_HMI.h PITZ_HMIServerConfig.c Valve.c
E_MERGE.C ManControl HMI.o PLC2_HMIServerConfig.h ValveControl.c
E_MERGE.h ManControl.o PLC2_HMIServerConfig.o ValveControl.h
E MERGE.O NxtCommunication.c  PLC2 NXT RMTDEV.C ValveControl.o
- RESOD E_RESTART.C Nxtcomnum:catl:.on .h  PLC2_NXT RMTDEV.o Valve.h
= az — E_RESTART.h NxtCommunication.c  PLC2 _RES0_EMB RES.c Valve HMI.c
o ISESTART E_RESTART.O NxtHMIData.c PLC2_RESO_EMB_RES.h Valve HMI.h
FEer fbtypes.h NxtHMIData.h PLC2_RESO_EMB_RES.0 Valve_HMI.o
[ e g T I integEC.c NxtHMIData.o pubsub.c valve.o
integEC.h NxtHMIServer.c pubsub.h
o root@tqma28:/home/nxt# ./PLCl & mun PLCL in
. 1] 1610 background
st root@tgma28:/home/nxt# NxtHMIServer ?istenjng on port: 61498.
Ot Par
Cotora root@tqma28:/home/nxt# ./PLC2 & Run PLC2 in
L Mecs [2] 1611 background
loe = Seax P2 B root@tqma28: /home/nxt# NxtHMIServer listening on port: €2498.
v g Varatis Largth
P [ wmey amgied K Sawch Domciry root@tgma28: /home/nxt¢ | ~

NXT_RMTDEV
127.0.0.1:62499 |-<| MGR_ID
127.0.0.1:62438 |- HMI_ID
127.0.0.1:62437 |-<| WATCH_ID

127.0.0.1:61439
127.0.0.1:61438
127.0.0.1:61497

0

A
Ihd
S

| 3 | ;:E;tnr.éooe”m*b“ I:I 00 u Rar u B I:l

I Linear Movement I

[@Erors Z]0utput | o Task List |[C]Search Results | @BHMI Log View

INDIT BRI Build finished successfully, d
CYL1 B «‘
= ]

STOP

22




Conclusion

e BlokSynk and Forte interoperate with each
other

e BlokSynk talks to Nxt HMI
 This is yet another benefit of IEC 61499!



