School of Electrical Engineering
Department of Electrical Engineering and Automation

ELEC 8201 Control & Automation

Design of Automation Applications

Valeriy Vyatkin, Pranay Juhnjhunwala

m Aalto University
=




Plan

1. Develop complex applications with function blocks
2. How to implement continuous control in function blocks?

3. Object-based design
4. Service-oriented design
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Start with interfaces

Plant inputs and outputs

Human-machine interfaces
_ Buttons and switches
- Display process variables and trends
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Model-View-Control design pattern
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Example: Tank

Level Set
Point
PID Current
CONTROLLER 1 < Level .
Level Sensor
Level Set
Point
Required Flow PID Curent

Rate T |
i CONTROLLER 2 emperatire A T

Temperature Sensor

Required Heat
Power

Fast inlet
valve

9 Aalto University C\HZE“EET
-



Simulated tank and HMI
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Requiremets?

Maintain water level
Maintain certain temperature
Maintain temperature while increasing water level

More general:
- Apply a recipe to a batch of product
- While ensuring bumpless change of water level and temperature
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Application structure

+ Model of the Plant

MI: Buttons
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Continuous control of level and temperature

EVENT REQ  CNF EVENT
.
PID_Leve
REAL KP out REAL
REAL TR NEG ROOL
REAL D REQ
REAL sP
REAL DLT
REAL Py
vl o 1

|ALGORITHM REQ IN ST:

| (* Add your comment [as per IEC 6£1131-3) here

PID with Bumpless Transfer and Anti-Reset Windup, REAL PV+ICUT
Y

ERROR:=FV-3F;

|IF FIRSTTIME THEHW
ITERM:= (ERROR-X0) /KP;
DTERM:=0;

ELSE
ITERM:=ITERM+ERROR* DL T/ TR
DTERM:=(3* [PV-X3) +X1-XZ | *TD/DLT/10;

-END_IF;

OUT:=-KEP*ERROR-ITERM-DTERM;

X3:=XKI;EZ2:=X1;¥1:=PFV;

ITEFM:=ITERM-ERROR*DLT/TR;

NEG:=0;

|IF oUT<0 THEH
NEG := 1;
A ouT:=0;
ELSTIF oQUT=100 THENW
QUT:=100;
EHD_IF;
FIRSTTIME:=FALSE;
-END_ALGORITHM
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KP: Proportional constant

TR: Integral constant

TD: Derivative constant

SP: Setpoint. The target for your process variable
DLT: Cycle time constant

PV: Process Variable, the value you want to control
XO0: Default initial value.

OUT: PID output

NEG: Flag indicating that OUT<0
e de
Xopr =—(K, e+ [ —dt+T, =)
T, dt

e=PV-SP;

* The manipulated variable XOUT, the process
variable PV and the proportionality constant KP are
of type REAL, as are the internal terms ERROR,
ITERM and ETERM.

* The inputs PV, SP and X0 are assumed to be

limited to the range 0 to 100 per cent of full scale,
and the output XOUT is limited to the same range.
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How to deploy this code to control a real Tank?

FB1

Substitute the plant model with interface to PLC 1/O
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How to connect application with PLC 1/Os?

Watch the lesson:

3 Adding Symbolic links to controller 10's and IceBlock HW configuration

3 maSTUDIO - Solution: Liftingluggage (C:\Users\Screen Caster\Documents\ndSTUDIOProjects\LiftingLuggage!

File Edit View Build Device Debug

[+ S = )

&-| ¥

| Solution Overview

[l

Al

=3 Solution (LiftingLuggage
+ @ Runtime Base (Version300.2)
+ §) mtControlStandard (Versio
+ ) mControlDCSmini (Versio
+-& nxtControl.lceBlock (Version:3.0.0.0)
& LiftingLuggage
T System
@ LiftingluggageApp
B8 FRAMET
B8 FRAME2
b8 FRAME3
& 184842
@ REso
& 180C42
@ RSO
5@ NMD3DD
§ Reso
5@ CAT
5 @ CAT Instances
'G SubApp
& Composite
& Basic
5 Control
{3 CentralControl
O LiftContrel
3 PusherControl
4 (3 Model
@ Service
@ Adapter
[ Canvases
=@ 590680
) Comves
E Without resolution
Graphics
= Pou
(3] Data Type
@ Function

NXT GEEID Ready

- 68 X
Window  Help
304 *|| Customlayout | = | P a
1
T System* c Links 2 x|
&
Topology Network Applications Devices
e Symbolic linkname ~ Connected to
184842 : RESO | FHW Configuration | Mappins >
) 9 [SELOut
@ B8 YT RE (¥ BRLOut
Name Value Watch  Type Comment Zﬁt;‘"
) LEIn
= BICEBLOCKIO nxtControllce... {MW
Feusip IBGPIO' STRING Sitin
3 busCycleTime T250ms TIME =
3 autoStart TRUE BOOL
2010 BOOL
2o BOOL
o2 p BOOL
Soz ¥ BOOL
000 BOOL
[E2:L0 BOOL
3002 BOOL ——
®oo3 BOOL Properties
System NxtControl Automation. Engineering Library
on 8l
v Misc
Attribute <none>
Comment System Configuration
Identification
Versioninfo Versionlnfo[] Array
Editor Documentation
Ermors — px
@ 0rrors | [ 0 Wamnings | [ ) 0 Messages
Line Description File Path
Attribute
Informations to support the use of a function block,
connection, ... during the course of its software life cycle
a 2 e Properties |[:

In1 coll ch1
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Distributed Control System
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Object-based modular design: EnAS lab demo

Assembly system consists of
Six conveyors

pallet

two identical jack stations

Two sledges

two grippers
ten sensors.
Controlled using seven PLCs
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EnAS control application
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Hierarchical Composition

FStorage:
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How to apply Model-View-Control Pattern
when integrating objects ?
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Block Diagram Modelling: Composition

Pump Valve
View View
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Model-View-Control-HMI Design Pattern
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Service-oriented Architecture in Automation
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Message exchange between services
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-
REQ, “100" -
RSP, “pop,100”
<
-
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A

Implementation in function blocks
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- e 4 i /"- Y
/- ™ WP\a, , 4 [ Start ‘.l l." End \.l
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Interface to workpiece ~ Controller of cylinder Interface to
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alwPS1 INIT INITO
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>>MTXIN SREQ1>> 1 >>SRSP
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Two independent processes

DS

OSTART QEnD

push [ pop—[X
]

WPS

DS

QOSTART QOenp
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Mutual Exclusion

] >>CTL

HorCyl

CylHA

N

Mutex based interlocking
(Ring Token protocol)
implemented via adapter

connecllonsvercvl

@
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S INIT INITO f/—— 1 INIT INITO —\
IND
O
BUTTON CControlTRAP
Ql QO >>TRIN PLT>> [l
TROUT>>
event connection
N P
k N
WPV CTLV
INIT INITO INIT INITO p
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Four processes

WPS1

rc]
\WPSensor

5 —H ﬂ* ACTIVATE>>

WPS2

o

FB1

@

WPSensor
ACTIVATE>>

INIT INITO

O
CControl TRAS

>>SREQ PLT>>
>>MTXIN - MTXOUT>>

Cih

@
CylHA
>>CTL

1=

WPS3

rc)

WPSensor
ACTIVATE>>

1=

FB2
INIT INITO
O
CControl TRAS
>>SREQ PLT>>

>>MTXIN ~ MTXOUT>>

C2h
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>>CTL

WPS4

@

WPSensor
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1=

FB3
INIT INITO
o
CControl TRAS
>>SREQ PLT>>

>>MTXIN - MTXOUT>>
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@
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d >>CTL
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FB4
INIT INITO
o
CControlTRAS
>>SREQ PLT>>

>>MTXIN - MTXOUT>>

C2v

@
CylVA
>>CTL
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Orchestration

FB1

INIT INITO p—.
WPS1 INTKN
& o — s4cth
WPSensor CControl TRAS 'vC ot
ACTIVATE>> fi==sy = >SRSP  MTXOUT> p— SCyH
>=MTXIN SREQ1>> J—J- d >>SRSP
' 4
) FR2
INIT INITO ———
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e o — 34c2h
WPSensor CControl TRAS &
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>>MTXIN SREQ1>> Pl >5ADP1
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Example of SOA application: EnAS




Modular Mechatronic Software Engineering

Each function block type
corresponds to a mechatronic Jack]

component type. - - Jack2
o ==lmput 3
Pneumatics
S o ==Input

C1

a
Conv
==lnp Qut=>

==Comlp

—_‘_, ce
L} D -
Conv <«
==lnp Cut=> 0
==Comlp
e e e
Ch
3
Conv
==inp Qut=>
R = ==Comlp
=
\ Each function block typeimplements
3 basic control services for the

mechatronic component.



Programming with Function Blocks

Jackl
L |

P i Jack?
o =xInput O
Pneumatics
o ==|nput
C1 c2
] ]
Conv Conv
o~ ==inp Qut=> 0 ==Inp Out=>
O ==Comlp g ==Comlp
C3
]
Conv
==lnp Outz
g ==Comip




Programming with Function Blocks

Flacing Jackl
F’lac:eaSenrm' . PI'H.I?EIEDS Jackz
>»0dp_Jack  Jackls> o #=input G -
JackZw neumat
Schedule =, N
3
DeliverySens
=xinput  Command:3 0=,
C1 cz2
G o
Conv T
==inp Outzs D ==lnp Qut=>
==Comlp ==Comlp
C3
a
Conv
Ce =xInp Qut=
L ] ==Comlp
Conv
=3lnp Out=> b
=>Comlp
C5 C4
O ad
Conv Conv
=zlnp Qut=> ==Inp Cut=>
==Comlp ==Comlp




Programming with Function Blocks

Jack?

Pneumatics
==nput

Placing Jackl

I a

FlaceServices Preumatics

Recipe >Adp_Jack  Jackls g L
Schedule Jack?s D=, :
D 1
Delivenysens :
Delivery== s=lnput  Commandss [-, |
N 1
:
1
C1 1
1
a :
Conv 1
=>Inp Outs> p :
T =>Comlp !
j T h !
!
E_OpConfimat . \4

==lnp Qut=s
=>Comlp

Cz2
O
Conv
==Inp Cut=>
==Comlp
C3
[
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==lnp Out=>
""""""" ==Comlp
C4
O
~ Conv
==lnp Quts
==Comlp T




Layered services architecture

Flzcing
i
Flzceservices
224dp Jack — Jacklzs
JackZz>

Product
description layer

Jack?

Planning services

-3
I 0)’ er zxpput  Commandz> o/ >3input y
Cc1
o
Conv
>>inp Out>>
>>Comip
Execution
. cé
services layer o
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>>inp Out>> [
/ >>Comip
5
o
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>xlnp Out>>
o >>Comip




Distributed deployment magic

Placing Jackl
F"Iac:eﬂSer"m' = PI'H.I?IE‘EDS Jack2
s»Adp_Jack  Jackls 5 ==Input = -
JackZ=s RN
Schedule H=, Input
O
Delivenysens
Delivery== =xinput Command>> p=,
N\
C1 Cc2
8 =
Conv T
=2gp Out=> p ==Inp Out=>
==Lomlp =>Comlp
N c3
s S s
= B
) ; < Conv
Ce | | 4 ==np Out=>
L ] ; =»Comlp
Conv > 1 =
==Inp Out=> pe’ ‘f
==Comlp r
Cch C4
] O
Conv Conv
=>Inp Out=> ==Inp Out>>
==Comlp ==Comlp




What to remember?

How to control continuous process with PLC?
Batch process: combination of discrete steps
(recipe) and continuous processes.

Object-oriented architecture
— Benefits: re-use of code, flexibility

Service-oriented architecture
— Benefits: re-use of services, flexibility of loose
coupling, relience on Cloud and Fog services
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