2008 American Control Conference
Westin Seattle Hotel, Seattle, Washington, USA
June 11-13, 2008

FrBl102.5

Reconfiguration through a Component Oriented Hybrid Architecture

Ahmed Guadri, Nathalie Dangoumau, Etienne Craye

Abstract— In this article, we present a new methodology for
the reconfiguration of a hybrid system that relies on component-
oriented hybrid architecture. Each component is described
through a hybrid behavioural automaton, and is controlled
through continuous and discrete entries that are injected by the
controller. The latter is used until the objectives specifications
are not respected. In this case, a central reconfiguration module
updates the controller according to a components description
database. This architecture is applied in the case of a system
of communicating tanks.

I. INTRODUCTION

Fault tolerant hybrid control has been investigated in
scientific literature through a number of approaches such as
hierarchical hybrid control ([4], [3], [7]), global qualitative
modelling and abstraction ([2], [1]) or component oriented
qualitative modelling ([S] or [8]). These models can be
exploited for the control and supervision task by supervisory
control([2], [6]), reachability analysis...

A major problem arises in controller synthesis for hybrid
controllers is the controller synthesis task complexity. Having
in mind this obstacle, we propose a control and reconfigura-
tion architecture that relies in initial models of the controller
and the interface. These models could be synthesized by
several methodologies (for example : the partition of the
continuous space state through natural invariants [2]). The
reconfiguration task is triggered when the system fails to
met some specified objectives, and is achieved in two steps :
finding a qualitative inputs sequence so that the current ob-
jective could be met, and finding the discrete and continuous
controls that will be implemented in the interface according
to the generated qualitative sequence.

We applied in the case of a two communicating tanks
(figure 1).

II. THE SYSTEM ARCHITECTURE
A. The process and control architecture

We propose a reconfiguration architecture (see figure 2
for the particular case of the two tanks system) com-
posed of three main parts : The hybrid system, the control
modules (controller+injector+generator) and the Reconfig-
uration modules (main reconfiguration module+description
database).
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Fig. 1. The three tanks system
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Fig. 2. The global system architecture

This architecture relies in a component oriented beav-
ioral model, where each component dynamics are described
through a variant of hybrid behavior automaton and fault
automaton (see figure 3 for the particular case of the valve
V).

For each component, a variant of hybrid automaton spec-
ifies the component variables evolution through a set of
algebraic differential equations and discrete switches and
resets. For example, V7,.x is the V7, internal dynamic contin-
uous variables, V7.Y,.qq is the read only shared variables,
Vi5,.Yyrite 18 the read/write shared variables, V.Y is the
discrete control events and Vj.X is the continuous state
space of the component (An empty state space means that
there is no internal continuous dynamical variable).
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Fig. 3. the behavioral model of Vg,

The objectives and the controller are quantified through
finite state deterministic automata (figure 4 for the case of the
2 tanks system). The first automaton specifies the prohibited
system modes (R;), and the acceptable temporal succession
of system modes, whereas the controller automaton describes
the controller mode evolution according to the received
symbols from the hybrid process.
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Fig. 4. the objectives and initial controller for the two tanks system

If the controller and the interface are well designed, the
hybrid system evolves according to the objectives automaton
until a fault causes a failure.

B. The Reconfiguration Architecture

The system design task includes a generation step
of a temporal description database of the components
evolution. For each component, we specify a function
A(r1,72, Tneight, v,0) = (A7, AT). This expression is
intended to give an upper and lower bound for enabling the
evolution from 77 to 7o with a control event ¢ when the
environing components are in the modes set rpeignp, and
when the component receives a continuous input from the
v € V € PU, with PU an initial partition of the input
continuous space U.

The update reconfiguration is then :

Algorithm 1: 1) Use the controller and interface as
initial control architecture until the system does not
meet the objectives automaton. Go to 2

2) Let @[n], 6[n] be the current controller and objectives
state, the reconfiguration module computes a hybrid
control sequence I' in order to reach an invariant of one

of the successors of 6[n], or to return to the invariant of
o[n] itself. This sequence must reach this region within
the maximal duration that is specified for the current
objective state, which could be achieved thanks to the
description database. Go to 3

3) Insert a succession of control states to the controller.
The injector is updated in order to associate for each
new control state its corresponding generated hybrid
control.

The second step of the algorithm 1 updates the controller
automaton through a breadth first search of the feasible tran-
sitions thanks to the temporal descriptions. As A specifies an
upper and lower bounds of the transition duration, finding a
control sequence such as the sum of its temporal descriptions
is within the [A~,A"] insures that we could reach the
wanted modes within the objective acceptable duration.

For example, suppose that the valve V; in the figure 1 is
blocked opened. Let n be the step when this fault occurred,
with 7[n] = =w[2], 6[n] = o01. The reconfiguration mod-
ule performs exhaustive exploration of the possible system
evolution according to the temporal evolution database in
order to generate a new controller. In practice, this is done
by exploitation of the description database in order to find
qualitative solutions of the reconfiguration objectives.

III. CONCLUSION AND FUTURE WORK

In this article we have shown an architecture that achieves
the reconfiguration of the system continuous and discrete
inputs in order to satisfy the objectives specifications. There-
after, we plan to introduce hierarchy to enable a complex
modeling and to exploit available incomplete information for
the reconfiguration task.
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