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Abstract: In this paper, an extended color Petri net method is presented. The
presented control and integration net(CIN) method is supposed to solve the problems
of uncertainities, resource sharing as well as dynamic interaction with external
application programs in manufacturing system operation. An example of production
system modeling using CIN is given. The CIN method is suitable to be used in the
modeling of manufacturing system. It can also be used as basis for the development of
cell control software platform kernel and the implementation of business process
control of the integrating infrastructure (IIS) of computer integrated manufacturing
open system architecture (CIMOSA).
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1 Introduction

Computer Integrated Manufacturing (CIM) system provides a very promising future for
manufacturing industries. The successful implementation of CIM system requires the development
of an integrated model of the overall system architecture, its control and information system. In
order to design and implement a flexible, open integrated CIM system, generalized model and an
open system architecture are required to reduce the system complexity to a manageable level.

Petri nets have been widely used in CIM system design, analysis and implementation. It
provides valuable insight into the operation of the complex manufacturing systems. In the recent
research of computer integrated manufacturing open system architecture (CIMOSA), Petri net
method provides an approach to verify, simulate and execute CIMOSA models. Kotsiopoulos“]
has pointed out that Petri net can be used in the theoretical justification of the CIMOSA modeling
environment. A Petri net based meta tool-McCIM!?! is developed and used for rapid prototyping
of CIMOSA systems. The researchers of Loughborough University of Technology!®! have
translated the.CIMOSA model into Petri net and simulated the resulted Petri net model. But these
works do not solve the problems for CIMOSA model execution. Our work is focused on
developing a method which can solve the problems in CIMOSA model execution.

A Petri net is a directed bipartite graph composed of four parts: a set of places P, a set of
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transitions T, an input function I and an output function O. The input and output functions relate
the transitions and places. If all input places are marked, the transition is enabled and can fire.
Rules can govern the firing. When a transition fires the markers in the input places are eliminated
and markers are created in the output places. The ordinary Place/Transition net as described
above will become large and complex as the modeled system scale growing. So a high level Petri
net called color Petri net (CPN) is introduced. A CPN is a compact description of the ordinary
Petri net. The conciseness is achieved through merging analogous elements of the ordinary Petri
net into a single place/transition and associating colors with tokens to distinguish among various
elements. A transition can fire with respect to each of its color.

In our effort of modeling and controlling of manufacturing systems and in the representation
of CIMOSA models using Petri nets, it is finded that the above defined CPNs are not sufficient
enough to cope with the problems raised from the practical system operation and control, such as
uncertainties which exist in the practical system operation, resource sharing and message transfer
among different subnets and the dynamic interaction with external programs.

Uncertainty can be caused by the failure of machine breakdown, database query error,
human intervention which is used to give new user decisions to the system, adjust system
behavior, or make system error recovery. Interactions of Petri net' model with external programs
are also the sources of uncertainties. Because the feedback message or the new instruction from
external programs is uncertain. The control system based on CPN must act according to the
feedback message, i.e., it must have the ability to cope with the uncertainty problem. In our CIN
definition, we introduce uncertainty arc which can cope with the uncertainty problem. The
uncertainty arc is defined to appear with a special kind of transition called procedure transition.
The definition of subnet transition is also extended.

Because there may exist uncertainties in the subnet, so the one to one mapping of the subnet
transition is not valid any more. In order to solve the uncertainty problem, we extended the
definition of subnet transition into two group of input-output mappings. The first is the
relationship from input places of the subnet transition to input place (A special kind of place in the
subnet used to receive tokens from parent net) of the subnet. The second is the relationship from
the output place (A special kind of place in the subnet denotes the ending status of the subnet and
is used to send tokens to the parent net) of the subnet to the output places of the subnet
transition. There also exists resource sharing among different subnets. According to the normal
definition, places of different subnets are distinct. This is useful in making a clear and simple level
dividing. But it is hard to divide those parts which share some common resources and have some
interactions among different subnets. This in fact made the hierarchical modeling a difficult task,
because in practical system the different subsystems have more or less interactions among them.
We introduce the definition of Global places to solve the problem of resource and information
sharing among different subnets. All the Global places with the same name will be considered as
the same place and the state change in one Global place will refresh all Global places with the same
name.

In order to simulate and control the practical manufacturing systems, it is also necessary to
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introduce time, priority and inhibitor arc into Petri nets. The association of priority with all kinds

of transition and the association of time with timed transition are adopted in our CIN definiton.

2 Control and Integration Net

In this section, we present the definition of CIN. Our defined CIN is a timed color Petri net
including additional elements of input place, output place, Global places, subnet transitions,
procedure transitions associated with uncertainty arc.

Definition 1 A CIN is composed of a set of extended CPN(ECPN). Each ECPN is defined
as a 6-tuple (Name, P, T, C, IO, My)where

1) Name is the name of the ECPN,

2) P=(PI, PO, GP,NP)is a set of places where

+ Pl is a unique place called input place,

- PO is a unique place called output place,

« GP=(Gp ,Gp 5 ", Gp,)is a set of places called Global places, I =0,

* NP=(py P2, Pm ) is a set of normal places m =0,

« T=(IT, TT, ST, PT)is a set of transitions where

« IT=(1t , It 5 -, It, )is a set of immediated transitions n =0,

* TT=(T¢ , Tt 5 -, Tt; )is a set of timed transitions, & =0,

* ST=(St |, St 5 **, St, )is a set of subnet transitions, g =0,

« PT=(Pt ,Pt 5 -, Pt ,)is a set of procedure transitions, r =0,

4) PUT# @ ,PNT= &

5) C( p )and C( ¢ ) are the sets of colors associated with place p € P and transitions ¢t € T,

6) 10=(NIO, TIO, SIO, PIO)is a set of transition’ s mappings from input places to
output places of the transition, where

* NIO= (Nioy, Nio,, ***, Nio, )is a set of mappings of immediate transitions, = is equal to
the count of IT.

* TIO= (Tio,, Tio,, -+, Tio, )is a set of mappings of timed transitions, k is equal to the
count of TT.

+ SIO=(SI, SO)is the input and output mappings of subnet transitions, where ~

1) SI=(Si, Si,, -+, Si, )is a set of input mappings of subnet transition from input places
of subnet transition to the input place of the subnet, g is equal to the count of ST,

I) SO=(So;, So,, -+, S0, )is a set of output mappings of subnet transition from output
place of subnet to the output places of the subnet transition in the parent net. ¢ is equal to the
count of ST,

* PIO= (Pio,, Pio,, ***, Pio, )is a set of input-output mappings of the procedure transitions,
r is equal to the count of PT,

T Me=(m o PI), m o(PO), m oGp), oy m oGp ), m o P D), m P .))is the
initial marking of P. -

It is better to describe Petri net in a graphical form, we give a set of graphical notation of the
elements of our ECPN in Fig. 1 before we go further into detailed discussion about the ECPN

properties.
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The graphical interconnection of

S - -
these symbols in Fig. 1 is quite simple. O é @ @

The place and transition symbols are

Normal Input Output Global
nodes, the directed arcs are used to place place place place
establish connection between places and It Te St P
transitions. The normal arcs have two | || E]
kinds: 1) direction from place to  Immediate [lined Subnet Frocedugs

transition transition {ransition transition
transition arc which denotes that the
place is the input place of the transition, 3 —_— iy =
2) direction from transition t6 place  Nommal arc Inhibitor arc Uneertainty are
which denotes that the place is the
output place of the transition. The C ©

. ’ e . Normal token Color token
direction of Inhibitor arc is from place to
transition. It is used to constrain the il S T e e

fire of the transition. The enabling

conditions of a transition with a Inhibitor arc are:1) the input place of the transition have the
token colors required by the transition occurrence color, and 2) the origin place of the Inhibitor
arc do not have the token colors which effect the Inhibitor arc. The direction of the uncertainty
arc is only from procedure transition to place.

Remark 1 Input place in an ECPN can only be used as input place of transition and output
place in an ECPN can only be used as output place of transition. Both the input place and output
place can not be defined as Global place. It is only necessary to define input place and output place
for subnet.

Remark 2 Every ECPN is a part of the CIN. The whole net is connected through subnet
transitions and Global places. In the subnet transition case, Name, Input place and Output place
of the net are the hooks linking a subnet transition with a subnet.

Remark 3 The uncertainty is introduced through uncertainty arc. Different from immediate
and timed transition which have a definite input-output mapping for a transition occurrence color,
the output of a procedure transition through uncetrainty arc is uncertain. The created token color
in the destination place of a uncertainty arc is determined according to execution result of the
procedure invoked by the fire of the procedure transition. The execution result is uncertainty, so
the input-output mapping for the procedure transition can not be defined as a one to one mapping.
For a Procedure transition, the input-output mapping is an uncertainty mapping which is shown
as follows:

fire with an one of (output places token colors)

(input places token colors) ]
occurrence color from a set of (output places token colors)

Remark 4 For every color of place, a data structure is associated. This is used to enable
token to carry messages, data values, as well as pointers to the outside data block.
3 Example

Consider a production system shown in Fig. 3. It consists of a Load/Unload station, two
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machines, a robot, an inspection station
and two common buffers. Load/Unload
station has two fixture platforms and six
available pallets. For every machine,
there are an input buffer, an output
buffer and a working platform. Assume
there are two type of parts to be
produced, wp,, wp, -

Part wp, has one step of machining

which is performed either on machine 1

Machine 1

or on machine 2. Part wp, has two
steps of machining, first step is on
machine 2 and second step on machine 1.

The inspection station works only when
the machining process has given an error
message. On this condition, the produced
part will be sent to the inspection station to
be checked for its quality. A fault handing
procedure will also be called when the
machine reports an error message.

the the

production, there are six raw parts (three

Assume at beginning of
wp,, three wp,) on the LU station. A new
raw part will be sent to the LU station when

a finished part or a bad part leaves the

Load/Unload station

Buffers

Robot

EN ST .'
o YR, t!
ph i

Inspection station Machine 2

Fig. 2 Layout of a production system
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Fig.3(c)

system. The type of the new part is given by scheduling system. In our CIN model, it is modeled

as a procedure transition with an uncertainty arc.

Assume the moving time for the robot to move part from one place to another place is fixed.

Due to the length limit, the color set, transitions mappings and the token associated data

structure are omitted. The interested readers can contact the first author for them.

The net structure of the CIN model of Fig.3 is unchanged in the following cases:
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1) Increasing of machine

number from current two to three, Subnet : Machining-process Iy ‘

AP
four or many; P Pt T 7| T—__ PO
2) Increasing of part types 9 }— - )B:}( )/__;,IZl:)? BN
from current two to many; Pi -

3) Increasing of machining
steps for part from two to many. Fig.3(d)

The decomposition of the CIN Fig. 3 CIN model of production system
model into a set of partial nets and subnets make it clear to see and distinguish different functional
role of every part. It also simplifies the modeling process and makes the net easy to understand,
because the user and designer of a partial net do not need to be forced to know those irrelevant
partial nets, they can concentrate all the focus on the subject they are modeling. The modeling
process for a complex systems can be done by many designers in parallel according to the
functional and structural decomposition of the system.

It is an easy job to handling uncertainty through procedure transition and uncertainty arc.
The introduction of procedure transition provides an natural interface to external application
programs. The internal messages(event, request, error, **)among partial nets and subnets are
transferred through Global place, the working principle of Global place is similar to that of DDE
in real time programming and procedure invoking is similar to the subroutine call.

In most cases, the adding of new devices into the modeled production is a simple process. It
can be done by two steps: 1) adding a new partial net for that device, 2) connecting the new net
into CIN through Subnet transition and/or Global places.

For the modeled production system, the data information associated with the material flow
(parts) and information flow(error message, inspection results) can be transferred with tokens
through the associated token data structure. This will convenience the use in practical
applications.

4 Conclusion

As the example shows, the CIN method has the following advantages in modeling and
controlling of production system.

1) clear and easy extended net structure, 2) easy integration of new partial net, 3) natural
interface with external applications, 4) uncertainty handling, 5) easy event message and data
information transfer.

The above designed CIN model can be simulated through the CIN simulator and can be
executed through CIN interpreter. The implementation of a simulation and execution tool based
on CIN is our next step work. The CIN simulation and execution tool will be used in the
construction of the execution and management kernel for a cell control platform as well as in the

implementation of business process control of CIMOSA 1IS.



312 CONTROL THEORY AND APPLICATIONS Vol. 14

References

Kotsiopoulos, I. L.. Theoretical aspects of CIM-OSA modeling. Proc. of CIM-EUROPE Conference, Amsterdam, 1993

2 Didic, M. F. and Neuscheler, et al.. McCIM: execution of CIMOSA models. Eds. C. Kooij, P. A. MacContail and J.
Bastos, Realization CIM’s Industrial Potential, ISO Press, 1993, 223 ~232

3 Aguiar, M. W, C.and Weston, R. H.. CIM-OSA and Petri nets for CIM systems modeling and simulation. Proc. FAIM’®
93, Ireland, 1993

BT HER GRS HIFE LR A %

T EIR
(ER CIMS TEH.L, HHEKA2H 3k & - 4L, 100084)
B AR
(RRIE R 4 = R B AR BFIE 7 - BE M)

W AXLHT MR Petri 8 77 3 X RO M5 2 0 T #6092 B ) 185 28 49653 170 428 100 ob 72 45 10 7S
%&ﬁﬁ%ﬁ&ﬁ%%ﬁmﬂﬁm%ﬁﬁﬁ%ﬁ@iﬁ%&T“¢ﬁﬁﬁﬂ%&@ﬁ%@ﬁ%$?%ﬁ
ﬁﬂﬁ&&&%Eﬂﬁ%&mﬁ%ﬁ%mTﬁﬁ%ﬁ%@ﬁiﬁ#ﬂumWﬁﬁ$iﬁ%ﬁﬁ¥ﬁﬁb
FIZHE CIM FF Rk REEH PRGN B8 L RIS T M 2R

XK@IT: Peuri M; BHMBRM; £ E5; Bl

AAFH @A

TEEM 1962 4. 1984 ERBLE I F AL M S MR A2, 1987 EWMA A FEEREALE, 1990 €7 gtk
VFEERZBNERE. MEEE KL A L RER CIMS IRBLIE B 863/CIMS LHER G L LHER. §
RHENRE SESHEERBRASER.1993 49 HZ 1994 4 3 RAEBER P& /RRSEHTHE SR, 1994 £
KBBEEE T 199454 BE 199547 A FEFRBRE R A= RGBT BRI R AT ST, TN 3 B S,
5 FCAE R, Petri I, CIM FF 3 5 G4k R G WA AR 8 V-6 F WO HF 92 TAE.

R - KBHR 1928ﬁ&t.iﬁi.&&.zfi*@%ﬂk%%z#ﬁiﬂﬂ&ﬂﬁmnaﬁﬂag*ii‘t%ﬁfﬂ&ﬁ&*ﬁ
FEBR I % AR Al K 2 WA B0 R B AT BT I A . 4 M S8 2 4 R, B R, HLE AR CIMS 5 #i B BRI T 4.





