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ABSTRACT
A supervision system has to analyse the process current state and the way it will evolve after a
modification of the inputs or a disturbance. It is proposed to base this analysis on a hierarchy of
models, which differ by the number of involved variables and the abstraction level used to
describe their temporal evolution. In a first step, special attention is paid to causal models
building, from the most abstract one to the most detailled one. Once the hierarchy of models
has been build, the most detailled model parameters are estimated. Several models of different
abstraction levels can be used for on line prediction. These methods have been applied to a
nuclear reprocessing plant. The abstraction level could be choosen on line by the operator.
Moreover when an abnormal process behaviour is detected a more detailled model is
automatically triggered in order to focus the operator attention on the suspected subsystem.

KEY-WORDS
Causal reasoning, hierarchical modelling, process supervision, causal simulation

I INTRODUCTION
The safety of large industrial processes at the global level is nowadays guaranteed by teams

of human operators supervising the behaviour of the plant and the local control loops. Operator's main
objectives are principally to maintain the process close to its nominal steady state in spite of disturbances
or technical failures, sometimes to bring it to its nominal state or on the contrary to proceed to a complete
shut-down when a dangerous situation is suspected. Operators are helped in these tasks by alarm
handling systems whose sophistication relies generally on the presentation through friendly interfaces of
a large amount of data rather than on the relevance of the presented information.

Therefore, operators generally manage very well normal operating conditions or well
experienced abnormal situations. But in the case of an unknown situation or when the alarm handling
system provides a great amount of data to analyse in a small amount of time, they can have a reverse
reaction and worsen the problem instead of curing it [Bainbridge 83]; this leads inevitably to a costly
automatic emergency shut-down. Thus there is a great need in control rooms of supervision systems
assisting intelligently the operators in their current tasks : data observation, data validation, partial
informations correlation, and action on the process.

It is clear that a human team will still for a long time be the chief manager of a plant, so
supervision systems have to be conceived as operators assistance systems and decision support systems
rather than fully autonomous systems [Johansen 91]. It is thus very important that these systems be able
to explain the actual situation of the plant to the operators, because if they clearly understand what is
occuring, they can generally manage the problem. Disturbance diagnosis for instance allows to
understand the process drifts from its nominal behaviour. It is also useful to locate a non measurable
disturbance through its effects on measured variables, allowing therefore to discriminate between normal
and abnormal situations, serious or minor troubles. The ways to react may be very different, sometimes
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very simple (let the control loops do their job, which is not always the operators' first reaction) and
sometimes rather complex (drive the process manually).

It is also very useful for the supervision system to be able to predict how the actual situation
will evolve because operators are therefore prepared to trouble occurence. In this way, wrong decisions
and mistakes due to surprise or panic might be prevented. From a different viewpoint, expecting a
forecast situation, without seeing it occur, might also be very meaningful.

Finally, it is useful to explain by which succession of events the process has come to an
unwanted situation in order that this will not to happen again. So causal reasoning, as defined in
Rasmussen, 1993, seems to be a very solid basis for operators decision support systems : "Causal
reasoning depends on regular connection of events in time; causal representations are found in term of
the propagation of events in the environment".

In order to supervise a complex process, a reference behaviour is needed. This reference
behaviour is provided, in classical alarm handling systems, by fixed thresholds ; these are convenient
only in case of stationnary conditions, which are very unusual; otherwise thresholds have to be loose,
so that detection will always be possible, but then it will often occur too late. Teh reference behaviour
could be provided by classical numerical simulators of the plant. But these present several drawbacks :
firstly they are difficult to obtain and they are tuned only for normal operating conditions; the process, in
case of a large disturbance or a small technical defect, diverges quickly from these conditions, without
being in an unsafe situation; secondly, these simulators give precise numerical values for all the process
variables, which is not only useless but also prejudicial from the explicative point of view, as this
precision is not relevant to the majority of the situations; finally, these simulators mask completely the
causality of the phenomena, as they provide at each sampling time the value of every variable without
any link between them.

For the supervision task, there is no need to know precisely the values of the variables at
each sampling time. So, qualitative reasoning is a very active research area. The reference algorithm in
the field of qualitative simulation is QSIM [Fouche 92], where variables are represented by landmarks (a
particular value as zero or an interval). But with this algorithm, it is possible to obtain several behaviours
of a physical system with the same initial condition. Thus the interpretation of a qualitative simulation is
difficult because many of the behaviours predicted by the simulator will never occur, some of them are
globally equivalent and as a consequence, it is difficult to find out which of the predicted behaviour is
really the actual one. The proliferation of behaviours is partly due to the fact that the simulator is able to
detect the arrival at a landmak, but not to date it. A numerical simulator is far more efficient to deal with
time, but it does not contain explicit causality.

As neither the numerical nor the qualitative simulators present the required specificities for
supervision, we present in the second section of this paper original modelling and simulation tools,
based on causal links between variables, on a numerical but very crude representation of the links
between the variables and on an event based representation of the variables. A more detailed presentation
of the discussion between qualitative versus quantitative models can be found in [Dziopa 93b],

The model proposed to supply the reference to the supervisor has to be the most general as
possible. Nevertheless, a single model cannot describe all the different operating modes. For instance,
the start-up mode may be described by very few continuous variables increasing up to their nominal
values, together with discrete variables representing the control variables used in this operating mode
(valves completely open or shut, maximal heating power,...). The critical modes represent the transition
between the nominal mode and some forbidden modes (which will never be reached thanks to the
operators action or eventually to a complete shut-down). Simple models are sufficient to describe these
critical modes, as they are just used to lead the process back to the normal operating conditions.

The nominal mode needs much more variables to be described precisely (regulation loops,
measurable disturbances, ...). All these information is useful to analyse a process state suspected to be
abnormal, because it may allow to detect soon a defect and to prevent the process to go to a critical
phase. But when the process behaviour is completely normal (which is the case most of the time), it is
not very useful to overload the operators with information about hundreds of variables. Thus, what is
needed to supervise the process in the nominal mode is a very global point of view about the actual state,
with the possibility to obtain a detailed description of a subsystem if it is suspected. These detailed
descriptions may involve subsidiary measurements used by the operator for sensors reconciliation ; they
may also describe carefully control loops (set-point, control variable, controlled variable) while in a
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normal mode only the controlled variables (identical to the set-points) have to be checked ; they may
describe intermediary phenomena which may be relevant for the operators in some case.

We consider in this paper a hierarchical organisation of models allowing a global or detailed
descriptions of a process. To be useful for industrial applications, the building of the hierarchy of
models must not take a great amount of time so it must not involve supplementary modelling work. Thus
we highlight in the second section modelling tools allowing a completely automatic construction of the
model hierarchy.

The consistency between the simulations obtained by the several levels must be guaranteed
each time the model is changed. We describe in the third section the simulation algorithm allowing this
consistency maintenance, and we present an industrial example : two coupled pulse-columns used as
liquid-liquid extractors by the French Nuclear Agency CEA.

The commutation between the several models is discussed in the forth section. It can occur
when the operator asks for it : this is the simple case. But, it may also occur automatically when the
supervisor itself suspects a bad operation in the process.

In the last section, we present our conclusions and the future development of our work.

2. MODELLING TOOLS

2.1. Basic modelling
A causal modelling method has been developped to represent the normal behaviour of the

process.

Amplitude
Evolution of A

Events of G

d+63 time

0 d X \

Figure 1 : A causal graph

0 d d+9i d+92 d+03

Figure 2 : Aperiodic Qualitative Response to a step

A representation which seems to be suited to the mental model of the operator is a causal
graph, based upon commonsense explanations of the physical phenomena propagating in the process.
The model is made of nodes and arcs. The nodes ( A, C and G in figure 1 ) represent the variables
relevant for the operator and the arcs are causal links between these variables ; the variables are
represented by numerical time functions and the arcs bear numerical parameters.

These parameters are those well known in classical control theory for aperiodic systems :
delay, gain and settling time. So the term qualitative transfer function (QTF) [Feray 91] is used to
summarize the information relative to an arc. A QTF enables to compute the evolution of the output node
of an arc thanks to the evolution of the input node. For a given QTF the shape of the response to a
known excitation is defined a priori by a piece wise linear function, the qualitative response QR; each
linear piece of the function is named an event. Only QR to steps and ramps are used. These QR are
approximations of the well known classical transfer functions responses. Figure 2 gives the step QR of
a first order QTF ; it is described by four events, d is the delay, 93 is the settling time, 9, and 02 are
internal parameters for calculus. The dynamic part of the response [d, d + 03] is here split in three
intervals : the comparison between this QR and the first order transfer function response to the same
input signal proved that the difference remains <5% if 0, and 02 are conveniently chosen [Leyval 91].
This QR is described by four events. In this representation an event is defined by its slope variation
according to the previous event slope and by its magnitude variation in the case of discontinuity. It is
represented by the triple (t, Am, As), where t is the initial time, Am is the magnitude variation, and As is
the slope variation. Am will be ignored afterwards to simplify the explanations. An event is a dated
information which enables to build an orthogonal base for the piece wise linear evolution. Each
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evolution can thus be uniquely described by a succession of events. The Qualitative Response to one
event is a succession of events, as in figure 2, and the global evolution of the variable is a superposition
of qualitative responses to steps and ramps.

The QTFs are quite similar to the constraints used by Kuipers [Kuipers 84]. We have
elaborated a small QR library (first order system, integrator, pure delay, derivator). There was no need
to use complicated submodels in all industrial applications undertaken until now in regard to the accuracy
requirements.

As the modelling is based upon causality, none of the circuits in the graph can correspond to
a zero delay : a variable cannot influence itself instantaneously. In the case of circuits with simultaneous
evolutions ( control loops ), specific techniques are used to maintain a global causality in the graph
[Feray 91].

To prevent the creation of too close events, a temporal granularity is used. An event is
compacted with the previous one if its occurring time is closer than the granularity to the occurring time
of the previous event [Leyval 91].

The evolution of each source variable of the graph has to be described by piece wise linear
functions to be consistent with the representation of the Qualitative Response (QRs). So the problem is
to segment the real data measured on the process into linear functions. The behaviour of the process is
observed by sensors at sampling times. Only evolutions which are relevant for supervision must be
taken into account: an adequate signal processing ( filtering, thresholding, ... ) [Montmain 90]
defines on-line an asynchronous sequence of points ; the evolution of a variable is approximated
between these points by a piece-wise linear function and thus easily transformed into a sequence of
ordered events.

The simulation of the evolution of all the variables of the graph thus consists in the
propagation of events along the graph and the superposition of their influences when several arcs are
connected to the same variable. At present, several influences on the same variable are summed up ; it
means the graph represents a linear model of a process in an operating area (see section 3.1 for details
about the simulation algorithm). Non-linearities could be taken into account by changing the model or by
changing the parametrization of an arc. The influence of a node on a successor node is called a
contribution. When several events are propagated on the same variable by several arcs, the complete
evolution of the tail variable is deduced by summation of their respective contributions.

The storage of each contribution enables to explain the predicted evolution of a variable by
the influences from the variables which come before. In order to deal with explanation, if requested by
the operator, every event relative to a variable is stored in the variable history together with its cause ( an
event occurred previously on another variable of the graph). This storage, even with an optimal
granularity, demands a lot of memory after a long simulation time. Building a hierarchy of graphs
reduces highly this problem.

2.2. Downward model building
The hierarchical structure has to contain different levels of abstraction to be suited to the

supervision. A model should be associated at each level of abstraction. The models that are used are
represented by causal graphs in which the arcs carry QTFs. To deal with a hierarchical organization, all
the needed graphs have to be built. However a completely independent building of each model would
not be possible, because at each level the model has to contain all the variables of the just upper graph,
and its own dynamics have to represent the dynamics of the just lower graph. This implies a two steps
construction of the models. Firstly the structure is built from the uppermost graph to the undermost one.
Then, the parameters of the last graph are identified. The last step is the "up welling" of the dynamics
through the hierarchy.

Following the terminology of Rasmussen [Rasmussen 85], the first model, the uppermost
one, has only to deal with the phenomena of greatest interest for the general function of the plant. This
model will be used nearly all the time to overview the whole plant. The variables to be represented
should be the major energy, mass and information flows. The arcs between these variables have to
represent the phenomena basic for an operator to understand easily and quickly the status of the
production at the plant scale. Figure 1 gives an example of such an uppermost graph with the three
variables A, C and G, and the two causal relations A-G and C-G.

The second graph is built from the uppermost graph. It has to be a little less abstract,
because it will be used to detail the phenomena occurring at the scale of the processes which are
composing the total plant. The construction of the second graph is made by adding new variables to the
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upper graph. In figure 3, the nodes B, D, E and F have been added. Three cases occur : a new source,
as B ( for instance, the set-point of a feedback loop) ; a new sink, as D ( for instance a subsidiary
measurement) ; or intermediary variables as E and F. These variables are not relevant at the former
level but become essential at the present one. The definition of the essential variables depends of the
needs of the supervision. These variables may be state variables, inputs or outputs.

Figure 3 : Graph built from the uppermost graph

For intermediary variables, E and F, an arc of the upper graph has to be considered as a path
in the present level. A path is defined between two variables belonging to the upper graph and may
contain new variables of the present graph. The path C-F-G is associated to the upper arc C-G.

All the arcs of the upper graph must have a corresponding path in the present level graph.
The opposite may not be true. It is possible to find paths in the present graph that are of no use in the
upper graph and thus that are not represented. A path may not be represented because the phenomenon it
points at has no relevance for the aim of the upper graph. No detailed knowledge of the process
dynamics is needed at this stage.

The next graphs in the hierarchy are built following the same method. That means that the
total number of variables and arcs always grows and that the final graph, the undermost one, is very
large. The undermost graph has to contain all variables that may be needed while the supervision system
runs. The number of nodes and arcs in the graph should be reasonably suited to the need of description
at the level of the devices making up the processes which form the whole plant.

In conclusion, the various steps in the modelling process are based on a thorough
knowledge of the physical phenomena in the plant and on the operator's needs for understanding the
plant behaviour.

2.3. Industrial application
The supervisor under development is presently applied to a nuclear reprocessing plant. The

plant is composed of two coupled pulse columns, their feed subsystems, and the buffer system
connecting the two columns. These processes are parts of the plant used to separate uranium and
plutonium from fission products, which are nuclear waste : figure 4 represents the operating diagram of
the two coupled pulse columns and figure 5 represents the most detailed associated causal graph.

Figure 4 : The coupled pulse columns

Pulse columns are liquid-liquid extractors : they mix and then separate an aqueous phase
and an organic phase. The first pulse column in figure 4 is used to extract the uranium and the
plutonium from the acid load solution ( Q0500) using the organic phase ( Q1010 ). The outlet acid
solution ( QE120 ) only contains the fission products which can be afterwards confined in a glass
matrix. The organic phase containing uranium and plutonium ( QG600) is injected into the second
column so as to be washed again by water ( Ql 120 ) and acid ( Q1520 ). The second column is used
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to wash the uranium and plutonium solution so as to clean it up from fission products. These fission
products are carried back to the first column in an aqueous solution ( QG100). At last the outlet
organic solution ( QG800 ) contains only the uranium and the plutonium. To increase the efficiency of
the extraction, both columns are submitted to pulsation pressure ( PRE801 and PRL801 ) ; the
efficiency of the whole process is best symbolised by the retention ( BETAL and BETAE ) which are
unmeasurable variables.

Figure 5 : The undermost graph representing the pulse columns

Figure 6 : The uppermost graph of the reprocessing plant

A two levels hierarchical organization of models has been built for this process. The
complete, undermost graph of the plant contains 55 nodes and 84 arcs ( figure 5 ). The uppermost
graph is reduced to 12 nodes and 21 arcs ( figure 6 ).

2.4. Upward parameter estimation
Once the structure of the undermost graph has been built, the next step in the elaboration of

the hierarchy is the identification of all the arcs composing this undermost graph. Only the arcs of the
lowest level are to be identified. This reduces the identification costs to the identification of a unique
model instead of identifying all the models needed by the hierarchy. This identification may be carried
out precisely through classical identification methods used in control theory or more roughly with order
of magnitude of the coefficients settled by the operator.

The QTFs relative to the arcs of a higher graph are automatically parameterised using the
parameters carried by the corresponding paths in the lower graphs. The behaviour of a path is evidently
more complicated than the behaviour of a simple arc (first order approximation), so we had to create new
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QTFs. Only first and second order representations will be studied. This translates the fact that if a man
may recognise a first order from a second order by the shape of their classical step responses, the
distinction is no more possible to the naked eye between a second and a higher order. The distinction is
even more difficult for ramp responses.

So it is proposed to search the paths in the lower graph which correspond to arcs in the
upper graph. This search is not difficult because the initial and final variables - or nodes - are the same
in both graphs.

For instance, when the path is uniquely made of cascade QTFs, it is obvious that the global
gain of the path will be the product of the gains of the individual arcs and the global delay will be the
sum of the individual delays. The global settling time depends on the order choosen for the path. To
choose the most suited order, the individual settling times are considered : if one of the settling times is
much smaller than the other, the step reponse will look like a first order, so the path order will be one ;
if the settling times are similar, the path order will be two.

The only difficulty of this operation is the occurrence of multiple paths from a variable to
another one. When parallel arcs are involved, fusion is only possible when the delays are similar. In this
case, the global gain is the sum of the gains of the individual paths. If the paths are not simultaneous,
there are two solutions : to modify the upper graph so that the ambiguity is raised, this is compulsory
when both paths have comparable gains ; to ignore the weakest behaviours, the derivators will thus be
neglected in regard to gains, as the small gains in regard to the large ones.

The simulation being event-based, the QRs are explicitly needed, corresponding to the
delays, orders, gains ant settling times involved in the QTF.

As shown in section 2.1, QRs are built on the piece wise linear approximations of the
transfer function corresponding to the QTFs step and ramp responses.

A simple class of transfer function is used to generate the needed QRs.

f(p) = g -e-d 'P (1)
(1 + T p ) n

where g is the static gain, 3*T the settling time, d the delay and n the transfer function order
n e {1,2}. If n=l, the QR described in the section 2.1 is used, and 3*T is the sum of the settling times
of the arcs being combined.

If n=2, a generic shape can be found using the step response of (1), that means that with a
scaling factor on the time axis and a scaling factor on the amplitude axis, it is possible to describe all the
responses of that type :

(2)
The corresponding QR is described by four events depending on the parameters

{delay, gain, settling time, order=2} of the QTF. The settling time 3*T is the mean value of the
settling times of the arcs being combined.

The full description of information fusion has been given in [Dziopa 93a].

The results obtained for our industrial application with the top graph and the bottom one
( Figure 5 and 6 ) are quite similar as can be seen in the following evolutions ( figure 7 ). The
continuous curve has been computed with the lower graph and the dotted one with the upper graph. The
lower graph includes 6 intermediary variables between QG600 and BETAL. The path of the upper graph
fusionning this information contains only a second order approximation.
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Figure 7 : QR between QG600 and BETAL obtained with the bottom graph and with the top graph

The fusion of data from the lower graph to the upper graph fulfils the needs of a detailed
description at the bottom level and the need of a general view at the top level. This enables a modification
of the temporal granularity of the evolution description. As it can be seen in the fusion method, the
higher in the hierarchy the graph is, the larger the time constants are. This means that the events,
perceived as relevant, are far more distant at a high level than at a low level.

At the highest level, only few events per variable are necessary to describe the plant
evolution. The storage in the variables histories is thus much more efficient. This enables to store only
the history of a variable at the highest level where the variable appears. A modification of the system
granularity is then needed at every level.

The more the model is abstract, the less it needs precision and the larger the granularity may
be. The granularity should be modified in the same proportions that the time constants at each level. The
granularity at each level should be at least smaller than the most relevant settling time, otherwise all
dynamics would be ignored.

3. ON LINE PREDICTION

3.1. Basic algorithm
The evolution of a variable is described as a sequence of events. The events are

interdependent, as each of them is defined relatively to the previous one.
A QTF has to convert an evolution into an evolution. So an evolution is partitioned into a

sequence of events and a QTF converts an event into a sequence of events. The Qualitative Response to
an evolution is thus deduced by a chronological sorting of all events obtained after these two steps.

Let the evolution of the input A in figure 1 be composed by two successive events e and e'.
Suppose the evolution of C has no event.
Let the QR to every event by the arc AG be described by only two events :

(0,se)
 v >(( t l ,k 1 -s e ) , ( t2 ,k 2 -s e -k 1 -s e ) )

(T,se ')
where ti and t2 are the significant times chosen to describe the QR and ki and k2 are

coefficients related to the gains.
The evolution of G is then described by the sequence obtained by a chronological sorting of

all events; if for instance (0 < 11 < T+ti < t2 < T+t2) :

((ti.kj -se),(ti +T,lq -se- ),(t2,k2 -se - k i -se),(t2 +T,k 2 -se- - k ! -se-))

Following the same reasoning, the global evolution of G is deduced from a chronological
sorting of the events of the contributions of A to G and of the events of the contribution of C to G.

The sorting order is total to optimise processing time : events with same initial times become
a single one with a slope variation equal to the sum of slope variations.

The event propagation algorithm is simple; when an event has been propagated along a
closed path of the graph, its self-influence is normally delayed. It is easily taken into account because the
algorithm runs on slope variations.
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The system provides on-line simultaneously the evolutions of all the variables as the time
goes on ; so the algorithm propagates chronologically all events, and not the events of a variable, one
after the other. It stops when there are no more events to propagate or when a simulation horizon has
been reached.

3.2. Consistency
There are two reasons to use another model. The first is to use another abstraction level: the

process will be described with more (or less) variables, but the paths or arcs linking nodes represented
in both levels must be equivalent. The second reason to change models is to describe the process in a
new state ; the two graphs will differ by the parameters of their arcs or even by some arcs which will
exist in a graph and not in the other.

The simulation is asynchrounous and involves the ordering of the events. Every time an
event is propagated through an arc, its contribution is stored in the evolution of the downstream node.
When running as described in the previous paragraph, the simulator has no consistency problems.
However when another model is to be used, the consistency of the evolutions has to be maintained.

3.2.1. Level change
When the lowest level is used, every variable is fully described and the evolutions are

consistent thanks to the causality. If a higher level model is requested, the usefull variables are kept and
the others are put out of the graph ; the corresponding evolutions can simply be forgotten (they are of no
need anymore).

On the contrary, when a high level model is used, only its variables are fully described
according to the current abstraction level. When a lower level model is triggered, variables with
unknown evolutions are added in the graph. These nodes have to participate to the simulation. So their
evolutions have to be initialized.

Level n+1

Figure 8 : Two level hierarchy

In the hierarchy presented in Figure 8, the description has to go from the Level n down to
the Level n+1. The evolution of the nodes D, E, F, G and H are needed. No node has been added
upstream of A, so the evolution of A is the same at both levels. I and C being inputs of the graph have
by definition known evolutions. E and H being new inputs are only to be fed with events detected on the
process.

D, F, and G have to be initialized by finding the steady value around which the process is
evolving. As G is downstream of F, once its steady value will be found, its evolution will be induced by
F. It is the same for F with respect to H and D. Finally, the node D has been added in the n-level arcs A-
B and C-B. The evolution of B has to take the evolution of D into account, but D, having just been
added, has no known evolution.

D is caused by A and C, but it would not be sensible to simulate the evolution of D
propagating all the events stored in A and C. Actually there is only need of the last event e on A or C that
is just anterior to the settling time plus delay. All the events having occured after e still induce evolutions
on D and thus on all the downstream part of the graph. The occurence time of e defines the time at which
the partial resimulation has to begin.

The resimulation time being found, the new nodes must be initialized by considering the
static relations between them and the known variables. Each variable of the undermost graph has an
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initial value used when the simulator is launched (normal steady state of the process). We have to
compute the actual steady working state, if it has changed during the process working. Let Ao, Co and
Do be the initial steady values for A, C and D, gAD t n e gain °f tne we A-D, gCD the gain of the arc C-
D, At the new steady value , Q the new steady value of C and Dt the investigated static value of D. Then
Dt can be deduced from At and Q as shown in (3).

Dt = gAD-(At-Ao) + gCD(Q-Co) + (3)

D can thus be correctly initialized at the simulation time, but B and O will have to be
simulated with more details so the evolutions propagated anteriorly have to be destroyed from the
resimulation time and replaced by those simulated with the new graph.

Events to be propagated to destroy
" the previous evolution

— Symetry axis

Already propagated events

Figure 9 : annulation of an already propagated evolution

To destroy an evolution from tc, the symetric evolution of B has to be computed and
propagated as shown in Figure 9. The combination with an already computed evolution is a steady
evolution which has to be damped with the new parameters of the arc in order to respect the steady state
value. Then it is possible to add all the events : the new evolution and the damping to obtain the real
evolution of the variable at this abstraction level. (Figure 10)

In the graphs shown in Figure 8, the steady evolution has to be damped with the new
parameters of the arc DB. The propagation of this damping evolution downstream B will obliterate the
evolution computed previously with the Level n graph.

Figure 10 : Damping and computation of the post-changing evolution

3.2.2. Model change
The aim of the system is not only to change the level of abstraction of the model, but also to

be able to change the parameters of the arcs or even the arcs of the graphs if the process functionning
mode globally changes. When such a modification is needed, it may only occur at the undermost level
for each state.

The undermost level is the only one for which all the parameters of the model are known. So
if several models are used, varying by some parameters or even by some arcs, they have to be described
at their undermost level. However the undermost levels for each mode are not corresponding to the same
abstraction level. Process modes may be roughly divided into two kinds : transition modes and normal
operating mode. A normal operating mode is a mode in which the process stays, whereas a transition
mode is only gone through (starting up, ...). Figure 11 shows the models for two modes : the normal
operating mode has three levels of abstraction and the starting up mode has only two levels. The models
of the normal operating mode are to be described with the highest level of detail and fully identified,
whereas transition states may only be roughly described. The number of abstraction levels obtained can
thus differ for each mode.
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MN1 Level 1

Figure 11 : Hierarchy for two modes

When the model has to change, the first step is to go down to the undermost level. When
going from MS 1 to the normal operating mode the new model will be MN3 ; when going from MN3 to
starting up, the model to be used will be MS2.

At the time of the model change, two models are at hand : the one used until the current time
(MS2, for instance) and the one to be used (MN3). The model change does not consist in changing all
the model but only the differing parts. This enables not to loose all the simulation until the current time
and not to have to initialize all the variables of the graph. It is then obvious that any model change will be
the combination of three elementary actions :

- deleting an arc (A-E, for example);
- creating an arc (C-D, for example);
- modifying an arc (A-D, for example).

When an arc is created, there is no problem of consistency because its contribution can
simply be added to the other contributions to the considered downstream variable.

When an arc is deleted, its contributions will disappear but will not be damped. The damping
has no sense, because when an arc is destroyed, there is no physical process to enable the damping. For
example when heating a liquid, two subprocesses are to be considered : the heating of the heater and the
cooling of the air. Is the heater switched off (the arc is deleted), then the only subprocess remaining is
the air cooling and the liquid cools. But is the liquid insulated the contribution of the heater will be alone
to describe the system. Is then the heater switched off, the contribution will remain unchanged and the
liquid will keep its temperature forever.

The last case is the modification of an arc. This is not only the combination of a deletion and
a creation ; the contribution of the deleted arc has to be damped. The method used to damp the
contribution, to delete the arc and to replace it by a new one has already be treated in section 3.2.1. It
consists in computing the symetric evolution at the change time, to propagate it, to modify the
parameters of the arc and to damp the static remaining part of the past evolution with the new arc.

4. ON LINE MODEL TRIGGERING

The problem analysed in this section is when to decide to change the model used for
supervision. Two major situations occur : the model has to be changed because the structure of the
process or the operating mode is changing ; or the model has to be changed because a more detailed
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point of view is necessary in order to better understand what is happening or to predict more precisely
what will happen.

Some of these situations are well managed by the operators. For instance, they suspect a
malfunction and want to verify some redundant sensors or intermediary variables; or at the contrary they
want to come back to a high level vision of the process. In these cases the model is changed as a
consequence of their request. Once the change is decided, the system has just to settle the submodel
corresponding to the variables to detail or to eliminate a useless submodel, and to initialize (or forget) the
variables history as was explained in the previous section. The same occurs when the operators engage a
shut down or a start-up procedure : they ask at this time for the convenient model.

But it is also interesting to provide that the system itself manages the level of complexity of
the model in use, following the context. Some of these automatic triggering from one model to another
can follow structure changes which are easy to detect: for instance a boolean variable may keep the
system informed of the status of a control loop (open/closed) and change the model when the status of
this variable changes. More difficult is the automatic triggering when the system itself suspects a
disfunctionning and, running a more detailed model, forces the operators to focalize their attention on the
suspected subsystem. This would constitute a very valuable help to the operators in a critical situation.

This needs an on-line procedure comparing the expected state of the process with the one
observed (this procedure works with the highest level graph) and detecting a discrepancy. This task is
similar to the detection procedures used for Model-Based-Diagnostic systems, which decide when a
diagnostic is necessary. A great variety of tests are proposed in the litterature. In our application, several
observations could be used, as for instance : a "great" difference between simulated and measured local
variable, a "great" difference between every variables, differences increasing "quickly" with time, the
global status of the process (measured by some key variables) evolving towards a different fonctionning
mode, etc... These tests can be based on fixed thresholds but it seems preferable to use fuzzy sets theory
to take into account the vagueness of these informations.

So we envisage in the next future to integrate all these points of view about the detection of a
model change if need be in an automatic decision-making procedure based on fuzzy multicritera
aggregation [See Lecoeur, Gentil, Montmain in the same conference].

5. CONCLUSION

This paper presents a supervision system based on several models of the same process,
corresponding either to different functionning modes or to hierarchical points of view about the normal
operating conditions. Our work is an example of a good balance between classical control and artificial
intelligence techniques.

The models used here reflect causal reasoning about the variables and are coded in a
declarative style. Thus, they are directly inspired form artificial intelligence programming techniques.
Nevertheless, the simulation algorithm is purely numerical and inspired form classical control theory. So
are the algorithms allowing to maintain a coherent history of each variable when changing the model. On
line model triggering can be made at the operators request. But is can also be launched automatically by
the system itself when a change in the operating conditions.is suspected Several fuzzy criterions may be
used in order to take this decision, thus based on multicriteria aggregation. Here again, artificial
intelligence techniques of fuzzy reasoning are used in order to solve this problem properly.
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