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Multi-Model Approach for Discrete Event Systems : Application to operating mode management. O. Kamach, L. Piétrac, E. Niel Laboratoire d'Automatique Industrielle Institut National des Sciences Appliquées Bat St Exupéry 25 av Jean Cappelle-69621 Villeurbanne CEDEX-France [email protected] Abstract : In this paper, we propose an approach which considers different models of a process (multi-model approach) where controller result on the supervisory theory control of Ramadge and Wonham [Ram, 87] [Ram, 89]. Our contribution on one hand, enables us to take different views for modeling. In fact each model will represent an operating mode of the process (plant). And on the other hand for each process model we express the associated specifications for the attempted behavior. Our work aim is to manage the operational control of process submitted to failure and the management of operating modes. In this approach, we assume that only one attempted operating mode is active while the others must be put into their respective inactive state. The problem of commutation and tracking between all the designed models is formalised by a proposed framework. I. INTRODUCTION Discrete Event Systems (DES) are a special type of dynamic system. The “state” of these systems change at discrete instants in time and the term “event” represents the occurrence of discontinuous change. Different DES models are currently used for specification, verification and synthesis. DES formalism insures the analysis and the assessment of different qualitative and quantitative properties of existing physical systems. Therefore if technological development extends the functionalities of embedded control and their safe functioning, it can steadily increase the complexity of the modeling and synthesis processes. In fact, DES controls are more and more coupled with technologies whose main objectives are to get the best performances. Having this in mind, the supervisory control theory of Ramadge and Wonham [Ram, 87] [Ram, 89] [Ram, 87] is very helpful. Firstly by proposing the synthesis of controlled dynamic invariant systems by means of feedback and secondly by proving properties such as controllability and non blocking. However, in this theory, the plant result often in a product of a number of the simple components. Thus, the resulted size of the obtained model increases exponentially with the number of components and synthetising a controller becomes a laborious process. But from an operational point of view if this theory gives the best attempted control, it does not directly allow the management of different operating modes. In fact :
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assuming that all the elements which compose the global process are not needed in each operating mode, additional specifications resulting in active/inactive mode must be defined. • the defined specifications in each model can be conflicting and could lead to the blocking of the system. Regarding the verification of the classical properties of supervisory theory control (controllability, blocking...), the management of operating modes requires alternating the modes and tracking the evolution of the models. The above reasons (complexity, management of operating mode,...) lead us to develop a multi model approach. Multi-model approach consists of representing the complex systems by a set of simple models, where each one is a description of the system in a given operating mode, therefore problems such as mode alternation and model tracking must be evoked. By studying mode alternation, we will define the condition where the commutation is allow, the connection between the modes, the model tracking of the process, and how to activate the corresponding specifications. The model tracking of the process localises the states where the commutation events occurs.. The paper is organized as follows : section 2 is devoted to formalizing the problem of commutation between all designed models of the process. In section 3 we will study the mechanism which activates or inactivates the accommodation specifications according to the changes in situations. This mechanisation is based on the tracking of the process models. In section 4 we will present a simple example. Conclusion is expressed in Section 5. •



II. COMMUTATION PROCESS Guaranteed functioning under failure causing downgraded production, yet still allowing continuity of the service, represents the aim of this section. Reactive systems are subject to failures. This type of system must be flexible in order to behave under controlled risks. This flexibility is expressed by different operating modes. In this section we are interested in modeling these operating modes by applying a multimodel concept which consists of designing a model process for each operating mode. We define Λ as a set containing indices of all models composing the global system. Card(Λ) represents the



number of models to be designed. The commutation process is shown in figure 1 for card(Λ) = 2. The commutation is investigated as a channel transmiting information that define the starting state (respectively return state) for each process operating in one specifical mode. The commutation will be ensured by defining the projections and . 1 2 2 1 channel information πλ1,λ2
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Fig 1: The information channel in charge of the commutation process.
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Fig.2: Scheme of Production unit
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At the occurrence of the commutation event f1 the nominal specification will be switched off but the degraded one will be switched on. Respectively, with the occurrence of r1 the degraded specification will be switched off and the nominal one will be switched on. The extended nominal specification and the degraded one are represented in figure.7 and 8.
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Fig.4: Extended model of Gn and Gd.
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Fig.6: Specification for the degraded mode Initially the specification of the nominal mode has 0 part at the initial state. However the specification of the degraded model contains two languages
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Fig.9: The extended Specification for the degraded mode. V. CONCLUSION The proposed approach ensures commutation between different models of a global system reacting to exceptional situations such as a failure event occurrence. The major contribution of this paper considers reactive systems with different objectives. Each objective (i.e. operating mode ) is represented by a model of the process. Assuming that the different models involve independently, the main problem is then to inactivate the model Gλi and to commute to a model Gλj. Gλj will be considered as the model of the process until the occurrence of an exceptional event. A formal framework based on tracking events is proposed in order to ensure the commutation. This framework introduces a new definition of the projection function.. Proposition 1, 2, 3 and 4 constitute the main result of this paper. They formally define starting and return state of a model after commutation. REFERENCES [Ram, 87] P. Ramadge and W. Wonham, “Supervisory control of class of discrete event processes”, SIAM Journal of Control and optimisation, vol. 25, n°1, p. 206230, 1987. [Ram, 89] P. Ramadge and W. Wonham, “Control of discrete event systems”, IEEE transaction on automatic control, vol. 77, n°1, p. 81-98, January 1989. [Ram, 87] P. Ramadge and W. Wonham, “Modular feedback logic for discrete event systems”, SIAM Journal of Control and Optimisation, vol. 25, n°5, p. 1202-1281, 1987. [Lin, 87] F. Lin and W. Wonham, “Decentralised supervisory control of discrete event systems”, Information sciences, vol. 25, n°5, p. 1202-1218, 1987.
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