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Introduction

Hierarchically structured
components

® hierarchical component structure

® hierachical coupling

Hierarchical control solutions

B hierarchical master-slave
arrangement of components

® higher-level and lower-level
components

1st level component

C
C1
A B
B1
B2 ;
Highest component
C
A
A NN
——— Interface FA | | Interface IF B |

1st level component

B

2nd level comp

A1

2nd level comp

A2

IF_B1

2nd level comp

B1

IF_B2

2nd level comp

B2

M Sept. 9, 2011 m E I] III Supervisory Control of an Injection Molding Machine

3



Straight Forward Solution in IEC 61499

Hierarchically
structured
components

L RSP_A

RSP B
|
C

---{ DATA_FROM_A
(]
[}

DATA FROM B
(]
]

CMD_A
CMD_B

L

DATA TO_A
]
L}

DATA TO B

CMD_C RSP C
RSP_A1l CMD_A1
RSP_A2 CMD_A2

| L

-

A

DATA FROM_C  DATA TO C
] [}
L} [ ]

DATA FROM_Al DATA TO Al
L} [ ]

RSP_A

DATA TO_A

h?vor,

] [ ] A2
e-{ DATA_FROM_A2 DATA_TO_A2 |-it----- DATA_FROM_A  DATA_TO_A |~
[ ] L} ] L}
[} ] [] ] E
H
H
(]
LAan] cMmD C RSP_C
RSP_B
L1 RSP_B1 CMD_B1
L1 RsP B2 CMD_B2
] [ ot
DATA FROM_B  DATA_TO_B }---
B [ ]
0
DATA_FROM_C  DATA TO_C
[ ] (]
’ ' RSP_B |—&
---] DATA_FROM_B1 DATA _TO BI
[ ] [ ]
[ ] (] Bz
DATA_FROM_B2 DATA_TO_B2 |-4----- DATA_ FROM_B  DATA_TO_B |-

Mescnsccsncssscns
[]
[]

esccaccnss

e

Sept. 9th, 2011 E I] III Supervisory Control of an Injection Molding Machine

4




Component Decoupling with Adpaters

Plug
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Hierarchization with Sub-Applications
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Resulting Design Guidlines

m Adapter for component decoupling
Sockets -> Component Provider

Plugs = Component Requester
m Sub-Applications for the system hierarchy
m Composite FBs for component encapsulation

m Lowest level components are Service Interface
Function Blocks
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Starting-Point Supervisory Control in Monaco

Monaco:

® Domain specific language for

supervisory control

®m Devloped at Christian Doppler
Laboratory for Automated

Software Engineering,
Johannes Kepler
University, Linz

Praehofer, H., Hurnaus, D., Schatz,
R., Wirth, C., Mdssenbdck, H..
Monaco. A DSL Approach for
Programming Automation Machines.
SE 2008 - Software-Engineering-
Konferenz 2008, Munich, Germany,
February, 2008
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Overall Application Structure
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Supervisory Control of Low-Level Components
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Supervisory Control of Several Components

Mold_0

Supervisor_0.moldControl» -Pj
MoldCtrl_0

MoldCtrl
0.0

=movementStarted Timeout
=moldOpenTimeout
mmoldCloseTimeout
mslowOpenTime
minjectionPressure
=pressureBuildTimeout
»moldControl

T#150ms
T#2s
T#2s
T#1s

165.0

T#500ms

MoldUI 0

ErrorStarthMovingTimeout | startovingFErior | erar |
{HOT clinsStart AND {position< = corelinsertPos)) | | %ji stophiald | | | |
r: 5 ch stopTimer 3 = cl stopTimer
7 b startC =B tart0 . -
/' \‘\ B ‘ | startCloseTimer | // \~ 1-\\\\ 57—@ | | startUpenTlrner|
. - - ' 2
//isﬂp:rl e \'x\ /J- close = tir'r-eout/ safetyGatelnError \\‘ Sirnaik 1/ .1 INOT clRem5tart AND (pesition<=corel RemovePos)|
2 SRR R o AR E / Lo WY I p/ By
‘ corellnsert H cl L | corellrsert ‘ _’I startClosel If_ — \\ / startlpend isClosed
L - safetyGatelnErro \\ =3 > W e W prET————" -
e W o fafetys or [lemor i R [orelRemove - < 1Rem5tarial 6 [ corel Remave
= ] - 0T isClosed
(NOT cllnsStart AND (position<=corellnsertPos)) - / \\ \\ ‘w ErrarSafetyGatelnEror — l. a1 e /’ AT i eraitd \j{/ /‘
\ -~ MNOTiOpen ., k % | <topAll T
(o il - T e B T T P
>./ / \\ / 2 - mer / / 7 mjp'ﬁmer\ -] /
maT r”n%“m AND (r_‘nﬁi'im;c:%sertpns:-] T | ‘ stopTimer . 22 7 | cpemgg??’mal\l / (MOT cZRemStart AND [position< =core2RemavePos))
| ] 7 ClasingTimer \>/ safetyGatel:Open saferyGatelsOpen P s
| / 4 & \\ \ = MNOT cl;rﬁbtal‘t AND (p:smorm cort—lPernc:LePos]
sOpen = - stop_in
s i ! sefetyGe Y'F]ﬂFr'r'r Smp fo - - 1 H
Y 1 A S e NOTisClosed e : e
[earinsest | c2incstartal c [ coredirsam, | s _ X : . 5 coresRemove | ~2temstarial [ care2Remave
¥ : % { i . ol T sefetyGatesOpen ™~ cafetyGatelnError 1 et
\\ NOT icOpen e 1 /< // : = - P G _/\ / NOT isClosed
\ =S A e N \
(NOT c2InsStart AND (position<=core2InsertPas)] =& safelyGatelsOipen == m{%Gaﬁ;Opeﬂ_ 7 BBl 0 “
i - - H"“"—_
J j,,_rf"_ / ) “\\\\ / s | 55’6"‘” (MOT cZRemsStart AND (position< = core2RemoveP os))
NOT isOpen . // timeout P \Y/ \ stop.in b =
- g stopin | / TN
A L / stop_in
= s /
S 7 ™™ 4 %

| EnrorlinexpecteckOpen |

\,

w\\\\,

/

(isOpen AND clRemStart AND c2RemStart)

/.

/

J
/
/

e,

T | Error

S |
ErrornexpectediClosed |

stopMold

TU

WIEN

Sept.

oth 2011

=|e

Supervisory Control of an Injection Molding Machine

11



Conclusion

® Hierarchical structuring and the use of Adapters greatly reduces
application complexity

®m Resulted in improved Adapter support in 4DIAC ->FB interface designer
and ECC

®m |dentified shortcomings of IEC 61499

Handling of timeout in ECCs
Adapter connections across composite FB boundaries
Error-handling complicates ECCs

—> hierarchical state machines could improve situation

m Next Steps

Improve
User Interface
Error and emergency stop (e.g., safety gate) recovery mechanisms

Identify reoccurring supervisory control application patterns
Verification of components to defined adapter interface behavior
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