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1 Theoretical Background describes the probability that the system (1), (2) subject to the
qualitative inpufu(k)] moves from the current qualitative state

Engineering knowledge and experience usually only grasp {K&)] to the succeeding stape(k+1)] and simultaneously pro-

qualitative assessment of system behaviour. The qualitatiges the qualitative outpiy(k)] [1, 4].

nature becomes apparent from the fact that not numerically

precise signal values but qualitative values like “high”, “in:
creased” or “too much” are referred to [3]. 2 Features of theQUAl\/I O_TOOIbOX

Most of the analysis and control methods begin with an analjf?€ Qualitative Modelling (@QaMo) Toolbox contains func-
ical model like: ions for creating, analysing and using qualitative models.

A successful use of the Toolbox requires the knowledge of
x(k+1) = g(x(k),uk),a), x(0) =xo (1) MATLAB/SIMULINK ™. The main features of the @M o—
yk) = hxk),uk)) (2) Toolbox are [5]:

where x(k), u(k), y(k) and a denote the vectors of state, o Qualitative modelling. Abstraction of stochastic au-
input, output and parameter respectively. However (1) and (2) tomata describing quantised systems for given mod-

are a|mOSl‘. of no he|p |f either of the |n|t|a| State, input,_ O_I’ els (1)’ (2) and given quantisers for all real—valued Signals_
parameter is not numerically but qualitatively known. So it is

necessary to deal with a more abstract model. Furthermore, im System analysis Simulation and analysis of systems by
some applications only the gualitative behaviour of a system using merely their qualitative models. This allows the user
is of interest (e.g. in diagnosis the system is in “nominal” to visualize the global behaviour of the system.

or “faulty” condition). Thus qualitative modelling is an

alternative way for modelling and analysis. e Process supervision and diagnosis. Reconstruction of

the system’s internal qualitative state from quantised mea-
Instead of using precise values xtk), u(k), y(k) anda, the surements of the inputs and outputs. This can be used to
qualitative valuesx(k)], [u(k)], [y(k)] and[a] are used. These solve both observation and diagnostic problems.
qualitative values are obtained from appropriate partitioning of
signal spaces by usirguantisers.
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Hence, the quantised system depicted in Figure 1 is th

standard structure of the systems to be considered in qualitativ uuH"ﬂHUU j aQuPRe j apinG % {_/T\_(» { o) F

modelling. The most important characteristic of the quantised Cuate Qpattave Qe Py Ouaier Erirony
cope redictor iagnosis

system compared to a classical continuous—variable system i
that the input and output signals of the system are not restricte {él { oTem } asEaDA {ﬂ}’ { avaan 1’
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to the real values but the discrete values of the signal space Tree DT Simulator Diagnosis Generator
introduced by injector and quantiser [2]. { = {LDSSM t jQumt { f { .
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Figure 1: Quantised system

_ . . . Figure 2: Qualitative Librar
The main idea to deal with quantised systems is to represent 9 Q y

their qualitative behaviour bystochastic automatomhose be- Additionally, the QaMo—Toolbox contains SIMULINR"

havioural relation ; : . .
blocks for the real time analysis of systems and the visuali-
L([x(k+21)],[y®)] | [x(k)], [u(k)]) (3) sation of results. These SIMULINK blocks are grouped into
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the Qualitative Modelling Library (QLib) and the Process Su- [ qdemo7s2 AE
pervision Library (PSLib). A selection of SIMULINK blocks Fle Edi View Simuation Fomat Tooks Help
from QLib is depicted in Figure 2. D& bou Noma <] S

QUALITATIVE OBSERVATION OF THE TANK SYSTEM

3 Application Example

guag‘aﬂve

]

The QuaMo—Toolbox has been applied successfully in many . ouahmwe
. . . . . Observer

applications concerning manufacturing, process, or chemical v

engineering. As an example, the qualitative observation task of

a two—tank system is shown here.
P gt el A [Conarely
A

Problem: The inputu of the two—tank system (Figure 3) is the
IC)] » @ > v

inflow from the pump to Tank 1. Only the leve} of Tank 2 is

a measurable outpyt The problem is to reconstruct the level Cuatate —— e
; o oiay

xp of Tank 1 from the measurement and the input. Therefore

quantisers are applied that allow to measure the qualitative Ready _[100% FixedStepbisrete

values|u], [y] of input and output.

Figure 4. SIMULINK blocks from QLib to solve observation
o problem
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Figure 3: Application example two—tank system 0 50 100 150 200 250 300
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To solve this problem, the two—-tank system is modelled by wl
stochastic automaton, whose behavioural relation is obtain very high

high

with the QaM ocommand o med high - ’
§ medium -~
- med low l l
>> |=linss2a(area_x,area_u,area_p, ol BEBEEBEBEEREBERER
AbOp,A,B,C,D,px,pu,py); emay
0 50 100 150 200 250 300
wherepx, pu andpy represent the signal partitions aAdB, Seeonee
C and D the matrices obtained from the linearised two-tank
model. Figure 5: Qualitative observed signals of the tank system

Solution: The qualitative level of Tank 1 is obtained with th
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