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Abstract

A method of analysing diagnosability of discrete time hybrid systems (DTHS), which are similar to the simple n-rate
timed automata [R. Alur, C. Courcoubetis, T.A. Henzinger, P. Ho, Hybrid automata: an algorithmic approach to the spec-
ification and verification of hybrid systems, in: Hybrid Systems, LNCS 736, Springer Verlag, 1993, pp. 209–229], has been
proposed. A state based fault modeling formalism is used. The properties of the DTHS model, under measurement lim-
itations due to inadequacy or non-availability of sensors, are discussed. A definition of diagnosability for DTHS models
has been adopted from the one proposed in [M. Sampath, R. Sengupta, S. Lafortune, K. Sinnamohideen, D. Teneketzis,
Diagnosability of discrete-event systems, IEEE Transactions on Automatic Control 40 (9) (1995) 1555–1575] for discrete-
event system (DES) models. Based on the measurement limited DTHS models, an algorithm for construction of a
diagnoser is presented. It is next demonstrated through an example of a chemical reaction chamber that the diagnosability
condition (over the diagnoser), which has been shown to be necessary and sufficient for DES diagnosability, fails to hold
for many systems. This is so because the abstraction employed in DES modeling obliterates an important feature of the
transitions namely fairness. Exploiting the explicit continuous dynamics of the DTHS models, the fairness of transitions is
identified and used to demonstrate diagnosability. The diagnosability condition over the diagnoser is suitably modified to
encompass the situations typified by the example.
� 2006 Elsevier Inc. All rights reserved.
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1. Introduction

The analysis of fault diagnosability of a system comprises modeling its normal and faulty behaviours using
a set of observable and unobservable events or a set of normal and fault states. The analysis consists in iden-
tifying whether the occurrence of faults can be inferred within a finite time of their occurrences based on obser-
vations of the system behaviour. The fault detection and diagnosis (FDD) problem for industrial processes has
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been studied using untimed and timed discrete-event system (DES) models [15,16,21,8,6,12,14,10,4,13], asyn-
chronous DES [3], distributed diagnosis [17], stochastic automata [18], and hybrid dynamic system (HDS)
models [7,19,11,2,9]. Usually industrial processes involve continuous variables which pure DES models cannot
capture. DES modeling surmounts this problem by partitioning the continuous state space and capturing each
subspace in the partition as a discrete state. It is, however, found through the example treated in this work that
failure diagnosis using DES, with continuous dynamics completely abstracted out, leads to erroneous infer-
ences. Hence, a discrete time hybrid system (DTHS) modeling framework is used in this work to develop a
diagnosability analysis formalism. Decision problems for general hybrid system models are undecidable; sim-
plifying restrictions are incorporated to achieve positive decidability results [1,5]. The framework adopted in
this work is similar to the simple n-rate timed automata for which the emptiness problem is decidable [1].

Conventional design starts with constructing a detailed process model encompassing all the normal and
faulty conditions by means of some hypothetical status variables; such variables obviously do not exist in real-
ity. Moreover, in many real life situations, it may not be possible to provide sensors for even some process
variables. Thus, the general problem of state estimation and the particular problem of FDD have to be
addressed under some measurement limitation. The limitation can be captured either as a partition of vari-
ables into measurables and unmeasurables or a partition of events as observables and unobservables. In this
work, the problem has been addressed using the partition of variables, which, in turn, induces a binary relation
of indistinguishability of transitions. The diagnosability definition proposed in [15] for untimed DES models is
adopted for DTHS models. A diagnoser construction algorithm using the indistinguishability relation over the
transitions is then presented. The DES diagnosability condition (of absence of Fi-indeterminate cycles in the
diagnoser), reported in the literature [15,20] as a necessary and sufficient condition for diagnosability, is then
shown to fail for the diagnoser of a temperature and pressure controlled chemical reaction chamber. It is
argued here that the failure is due to the fact that the abstraction employed in DES modeling obliterates
the continuous dynamics. This, in turn, suppresses an important feature of some transitions called fairness.
Specifically, transitions are said to be fair if they occur infinitely often in a model trace if the states they ema-
nate from occur infinitely often in the trace.

The remedy suggested in [15] consists in associating indicator events to faults. The notion of indicator events
is not formally defined. In the present work, a more intrinsic notion of PFi-diagnosability is formulated. The
method associates each fault Fi with some component process model P. Any Fi-uncertain diagnoser cycle is
categorised as PFi-uncertain if some state of the cycle changes any discrete variable of the component P. A
continuous variable can change its mode (from a positive rate to a negative rate of change, or vice versa) only
if there is a change in some (discrete) controller output fed as an input to the component. Now, in a cycle,
which is not PFi-uncertain, there is no change in any discrete (input) variables of P; hence, in such a cycle,
some continuous variable changes unidirectionally and finally reaches a threshold whereupon the controller
output changes forcing the diagnoser out of the cycle. Therefore, the presence of diagnoser cycles, which
are not PFi-uncertain, does not impair the model diagnosability, even if they are Fi-indeterminate. A suitable
formalism including the diagnosability condition for PFi-diagnosability is developed in this paper and dem-
onstrated for the chemical reaction chamber example.

The paper is organized as follows. Section 2 presents the DTHS model. Section 3 discusses the character-
istics of the process model under measurement restriction. Fault modeling and a formal definition of diagnos-
ability, referred to in this work as Fi-diagnosability, are presented for such a model in Section 4. A diagnoser
construction algorithm is discussed and the DES diagnosability condition involving Fi-indeterminate cycles
over the diagnoser is reproduced in Section 5. In Section 6 an example of a chemical reaction chamber is intro-
duced; the diagnoser is shown to violate the DES diagnosability condition. The notion of PFi-diagnosability is
introduced in Section 7 to alleviate the problem. It is finally shown how this new notion captures the diagnos-
ability of the chemical reaction chamber of Section 6. The paper is concluded in Section 8.

2. Discrete time hybrid system model

The discrete time hybrid system (DTHS) model M is defined as M ¼ hV ;X ; t;I; hi, where V = {v1,v2, . . . ,vn}
is a finite set of continuous and discrete data variables, X is a finite set of activity states similar to control loca-
tions of [1], t is a clock variable, I is a finite set of transitions and h is the initial condition.
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