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1. INTRODUCTION

Complex robotic systems such as flexible 
manufacturing systems require sophisticated 
distributed real-time control systems. A major 
problem concerns the definition of the user tasks 
and the cooperation between the subsystems, 

especially since the intelligence is distributed 
at a low level (machine level). Controlling such 
systems generally requires a hierarchy of control 
units corresponding to several abstraction levels. 
At the bottom of the hierarchy, i.e. machine con-
trol level, are the programmable logic controllers 
(PLC). The next level performs coordination of 
the PLCs. The third level implements scheduling, 
that is, the real-time assignments of workpieces 
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and tools to machines. At the machine level, 
PLCs perform local logical control operations of 
flexible, modular, high-speed machines through 
the use of multiple independent drives (Holding, 
et al. 1992). Implementation languages can be 
based on ladder diagrams or more recently state 
machines (Silva, et al. 1982). However, when the 
local control is of greater complexity, the above 
kinds of languages may not be well adapted. The 
development of industrial techniques makes a 
sequential control system for robotic manufactur-
ing systems larger and more complicated one, in 
which some subsystems operate concurrently and 
cooperatively (Neumann, 2007).

In the area of real-time control of discrete 
event robotic systems the main problems that the 
system designer has to deal with are concurrency, 
synchronization, and resource sharing problems. 
Presently, the implementation of such control 
systems makes a large use of microcomputers. 
Real-time executives are available with com-
plete sets of synchronization and communication 
primitives. However, coding the specifications is 
a hazardous work and debugging the implementa-
tion is particularly difficult when the concurrency 
is important. It is important to have a formal 
tool powerful enough and allowing developing 
validation procedures before implementation. 
Conventional specification languages do not al-
low an analytical validation. Consequently, the 
only way to validate is via simulation and step by 
step debugging. On the other hand, a specifica-
tion method based on a mathematical tool may 
be more restricting, but analytical procedures 
can strongly reduce the simulation step. Rapid 
prototyping is an economical and crucial way to 
experiment, debug, and improve specifications 
of parallel applications. Increasing complexity of 
synchronizing mechanisms involved in concurrent 
system design makes necessary a prototyping step 
starting from a formal, already verified model. 
Petri nets allow to validate and to evaluate a 
model before its implementation. The formalism 
allowing a validation of the main properties of the 

Petri net control structure (liveness, boundedness, 
etc.) guarantees that the control system will not 
fall immediately in a deadlocked situation. In the 
field of flexible manufacturing cells, the last aspect 
is essential because the sequences of control are 
complex and change very often.

When using Petri nets, events are associated 
with transitions. Activities are associated to the 
firing of transitions and to the marking of places 
which represents the state of the system. The 
network model can describe the execution order 
of sequential and parallel tasks directly without 
ambiguity (Silva, 1990). Pure synchronization 
between tasks, choices between alternatives and 
rendezvous can be naturally represented. More-
over at the machine level Petri nets have been 
successfully used to represent the sequencing of 
elementary operations (Yasuda, et al. 1992). In ad-
dition to its graphic representation differentiating 
events and states, Petri nets allow the possibility 
of progressive modeling by using stepwise re-
finements or modular composition. Libraries of 
well-tested subnets allow components reusability 
leading to significant reductions in the modeling 
effort. The possibility of progressive modeling 
is absolutely necessary for large and complex 
systems, because the refinement mechanism al-
lows the building of hierarchically structured net 
models. Furthermore, a real-time implementation 
of the Petri net specification by software called a 
token player can avoid implementation errors. This 
is because the specification is directly executed by 
the token player and the implementation of these 
control sequences preserves the properties of the 
model. In this approach, the Petri net model is 
stored in a database and the token player updates 
the state of the database according to the operation 
rules of the model. For control purposes, this solu-
tion is very well suited to the need of flexibility, 
because, when the control sequences change, only 
the database needs to be changed.

Some techniques derived from Petri nets have 
been successfully introduced as an effective tool 
for describing control specifications and real-
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