ol

i)

Wb

it

oo, i
o 10
g0 o)
o

UNIVERSITE DE NANTES SAAAM

A Model Driven Approach for automated
generation of Service-oriented Holonic
Manufacturing Systems

Mohammed El Amin TEBIB, Pascal André, Olivier Cardin
LS2N lab, University of Nantes, France




Outline

e Context
* Problem Statement

* Proposed Approach

Ongoing works

(%2
=
I
@)
(Vs
G
o
c
©)
=
©
S
]
c
]
oo
©
]
)
©
=
o
o+
-
(q0)
| -
@)
4
<
()]
=

® Conclusion




Context:
Manufacturing in industry 4.0

Mechanization, Mass production,
water power, steam  assembly line,
power electricity
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Context:
Manufacturing workshops

MDA for automated generation of SOHMS



Context:

Manufacturing Systems Architectures
———
Database

Database

N
: Sock g

soner <<Application>> ;\
- MODBUS TCP

% SOHMS < I >
| MODBUS TCP ]

BECKOFF  ScERsisiii Robot

WRERHEARAS Controler
! sedFRsRASA (x3)

[Gamboa Quintanilla et al., 2016b]
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Context:

Manufacturing Systems Architectures
———
Database

Database

P O N\
saL saL
% / N £
socket| Virtual Logic Controller
E et

<<Application>>

MODBUS TCP ;‘\

!
ROHMS > < | MODBUS TCP ] >

BECKOFF  ScERsisiii Robot

WRERHEARAS Controler
! sedFRsRASA (x3)
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Context:
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Context:

HMS Architecture
o dzssi;.:mur(e | - Pyoht

= name : EStrin = id: Eint

: b description :

@ technology : EString = EString

o description : EString = x: Eint

< inputPorts : EString = y: Eint

3 outputPorts : EString = Color : EString
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Context:

Service Oriented Holonic Manufacturing Systems

Directory
Text ~ Facilitator

Register & Publication

Process Aknowldge
SIL <—{Resource HolonL { Product Holon}
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Context:
Manufacturing Systems Architectures

Database

N
: Sock g

soner <<Application>> ;\
MODBUS TCP

% SOHMS < I >
| MODBUS TCP ]

BECKOFF  ScERsisiii Robot

WRERHEARAS Controler
! sedFRsRASA (x3)

<
| Database

[Gamboa Quintanilla et al., 2016b]
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Current system:
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Problem Statement:
Application Architecture

X

manfger expert

160 classes,
1240 methods,
14802 lines of code

'/" Manufacturing ‘—\|
Application
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Problem Statement (2):

Software Construction Process

Y

prograrrging

1

| 7 SoHMs ™\
i\ JAVA Program

testing

..............

e No Abstraction

©)

O

©)

Face these challenges ...

Hard Reconfiguration
Hard Revolution

Hard Verification
(Proving system
properties at
implementation level is

too expensive)
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New Vision:

=k
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Proposed Approach:
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Proposed Approach:

Software Construction Process .
e Modelling Layer
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New Vision:

After
i Modelling Laver
Workshop Manufacturing
(Resocurces) (product, orders
— S
— Abstract. S\

Models

Engineering Layer

( g y Correctness
\ Model ~ul Properties & :
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QoS .

\ ! g
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Ongoing Works:

Generic SOHMS Framework (More details ...)

=
T
(@)
(Vp)]
< <Interface> > G—
‘ ROH_Bheavior | & <
| Generic A : g
SohMS_Framework impiements .2
Implements . S
) | | . c

- N i
( c
RH (ROH /= SImpIe_ROH_BehavlorJ ' O
\__,/ J L : [SY0)
AN : b
‘Extends: : 8
——————— e e e e e e e e e e e e e Em Em g o = = ©
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Simple_RH (roH S
- I S
\ . =
' ™ : 6
P:-:;gr::n Router RH ROH< Router_ROH_Behavior - —: Y

e '
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) . S

“~— BufferedRH [ROH. Buffered_ROH_Behavior —

. T '
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Example of generic use and implementation of resources




New Vision:

After
i Modelling Laver
Workshop Manufacturing
(Resocurces]) (product, orders
= =
P .
— Abstract 3P
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New Vision:

After
i Modelling Laver
Workshop Manufacturing
(Resocurces]) (product, orders
— S
— Abstract S\

Models

’/K“

Engineering Layer

( N y Correctness
\ Model “~al Properties c i
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Ongoing works:

GUI engines & Code generation (More details ..

—

Manufacturing Modellin g Editor

11

workshop
B <aall

- - =
SSSSS gJar N
Miatching XMLZArena at >l 2T NA atl

= f =By =
anufacturing = Een Y = e ‘ =
3 -4 — e e
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MME (Modelling Manufacturing Editor)

)

(%2
=
I
@)
(Vs
G
@)
c
@)
e
©
S
]
c
]
oo
©
]
)
©
=
o
o+
-
(q0)
| -
@)
4
<
()]
=

N
N




GUI engines & Code generation (More details ...)

- —
=] ——
. - Sy
1 ot erad
= 1 e
: CEE S B = e
. o> wn 3 St scmoces 3 chirs
= —

Manufacturing Miodelling Editor

workshop
_xml

l -

-
> >
SoHMS jar ' nes
Matching XMLZArena atd XMIZTINA atl

|\

\
/

(%2
=
I
@)
(Vs
(T
@)
c
@)
=
(1Y)
S
]
c
]
oo
©
]
o+
(g%}
=
@)
o+
-
©
| -
@)
4—
<
()]
=

et it ==
anufacturing p— —_ = 23
Softvware =~ = I*.ﬂ =
Simulation Verification

MME (Modelling Manufacturing Editor)



New Vision:

% 3=

manager expert
|
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After
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Ongoing works:
Code generation (More details ...)

D @

SoHMS. jar

' Describe Physcial |
Components
(MME)

l

- o= o

| Assign <<import>> Behavioral UML
| MServices N H " , Models
(WebGUI) . L’

'
'
-~ '
~
o
]
o
-~

N td U
<<generatp>> ~ , <<ge:ne rate>>
'
'
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Petri net generator (Example...)

query XML2PN = MM!Layout->alllnstances()->
asSequence()->first().generatePN().
write To('/XML2TINAPN/ws.net");

helper context MM!Layout def. generatePN() : String =
let ports : Sequence(MM!Ports) = MM!Ports.allinstances() in
'net generatedPetriNetFromManifacturringEditor\n'+
self.nodes->iterate(station; places : String ="| places +
station.generatePlace()+'\n')+
ports->iterate(port; chain: String =" | chain +
port.generate Transition()+\n');
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Generated Petri Net (Example...)
net generatedPetriNetFromManifacturringEditor

pl loop2

pl loop1

pl loop3

pl loop4

pl agv1(1)

pl agv2(1)

pl Post1

pl poste2

tr t1 poste2*1 ->loop2*1
tr t2 loop2*1 ->agv1™1
tr t3 loop1*1 -> poste2*1
tr t4 agv2*1 ->loop1*1
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Generated Petri Net (Example...) (2)

T C\Users\tebmed\Desktop\sohms-dev\Transformation\X! | 7 C:\Users\tebmed\Desktop\sohms-dev\Transformation\.. = =

File Edit View Tools Help e Fils v Toos = Heln

net generatedPetriNetFrombd anifacturingE ditor | = 3 &I B @ e E([E ~ D @ l

pl loop2 1
loop1 11

pl loop1 -~ a2

pl loop3 t15 t4 %}
pl loopd / 13 \-\
poste \ 12

pl agv2(1) 74 nd warning / l o

pl agv1(1)

pl Postl syntax check successfull

pl poste2 0K v 16 /
tr t1 poste2*1 -> loop2*1 I \

b t2 loop2*1 -> agvl*l 15
tr t3 loop1*1 -> poste2*1
tr t4 agv2*l -> loop1*1

tr t5 Post1*1 -> loop3*1 N Pokt1
tr t6 loop3*1 -> agv2*
tr t7 loopd*1 -> Post1*1 t9
tr t8 agvl*1 -> loop4*1

tr t3 loop2*1 -> agv1*1 t2 agvl t7

tr t19 agv1*1 -> loop4*1 /
tr t11 agve*1 -> loop1*1

loopd
tr 112 loop3*1 -> agv2*1 bl Y / t13
tr t13 loop4*1 -> Post1*1 A /_,.O/
t19
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Conclusion

After
i Modelling Laver
Workshop Manufacturing

(Resocurces) (product, orders

=

e a5
Models o 20
e / \ Engineering Layer

Correctness
\ Model .| Properties b= :
\ Refinement Verification onsistency
QoS .

\ l >
\\ -

N -

\ Refine- ~ad

Models SoHMS
e Framework
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Generation <»—————/ :
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Thank you for your attention
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