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INTRODUCTION

It is well known that conventional methods of control theory, which have been taught to

synthesis of control units of the complex and of ill-defind processes.

to support the teaching and to train the students in new ways of reasoning. Attention has been

given to presentation of knowledge by fuzzy relations, to knowledge dicgrams as models of
fuzzy systems and t«. approximate reasoning (7).




Aside to thig €Xperience at Faculty of Tehnology University of Zagreb similar approach to

teaching the fuzzy systems has been freshly implemented at Faculty of Electrical, Mechanical

tasks is regular, while Wwe have haqd tqo introduce indeterminism, inexact reasoning and
thinking in rules, dealing with Such situations in which requests for higher precision may
be even a limitation (the incompatibility principle) and in which only qualitative thinking

43 a support fop tte explanation. Students have accepted such an approach as being easier
than the strict teaching of fuzzy sets theory.

Various €xXamples were critically €xamined and students hag to prepare own pﬁesentations of
selected €xamples from literature ip the form of communieation, for €xample on a warp water
plant (8) heat exchange (9), neutralization (10), continuoys fermentation (11), steam

i
n
i
i

AR R
L AR A e s
EFe i voosivds




A survey of contemporary development in knowledge representation and in approximate reasoning
introduces students to a new field of expert systems.

SIMULATION AS A PRIMARY TRAINING AID

*

Simulation and experimentation are very important part of our course and are conceived as’ a

. gt
support to previously described theoretical lectures. Students study by means of computer
simulation first.

A process with one output and with two inputs, the manipulated and the disturbance inputs, is
created and is being simulated on an analog computer. The inputs and the output are made
observable by means of indicating instruments, on which only the position zero and maximal
negative and positive deflections of the pointer are marked. The first student’s task is to
develop static fuzzy model of the process.

The analog computer is interconécted with a digital computer, and then the next student’s
task is to investigate the behaviour of the process and of the selected control procedures
under various transient conditions. Aside of monitoring the indicating instruments, he may
print or plot the process or system responses. The investigation of fuzzy feedback and fuzzy
feedforward control is considered.

As the final task a student uses the values of the input and output quantities acquired by
process monitoring and developes static regression model of the process and then by means of
this model he designs the static feedforward controller. It permits him to study comparatively
the behaviour and the efficiency'of the conventional and fuzzy approches to the process
control tasks.

The second exercise deals with the development and the use of a simple expert system of
linguistic values used in simulation of process bahaviour. The core of the expert system has
been developed by students themselves. It contains 90 permitted linguistic values. So, by
using the observed values and the linguistically estimated value from the expert system, the
simulated behaviour process is compared with the ’real’ behaviocur presented by the analog
computer. The expert system is able to answer the question "why" and warn the student if an
estimation of the process behaviour of the input data is wrong. Various transformation
rules for defining ‘he fuzzy relations, the implication, anable the anulysis and the compa-

rison of the results obtained with particular transformation rules and with definition of
composition.

The representation of knowledge by fuzzy relations, the representation of knowledge diagrams
as models of fuzzy systems, as well as the training in approximate reasoning are also parts
of the training.

The training in simulation is a very valuable preparatory work for the laboratory exercises.

LABORATORY EXERCISES

Our basic experimental aid is a laboratory plant consisting of three vessels and various
accessories, which make possible to set-up diverse thermal processes. The set-up in Figure 1
shows a two stage heat exchanger process, which is suitable for the training of the fuzzy
process control:
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Fresh water flows from a reservoar in the vessel 1, where is heated at the temperature T1, and
then transported through a tube in the vessel 3, a column which simulates a process stage
with variable inside pressure. A segment of the tube, formed in a coil, is immersed in the
warm oil in the vessel 2, which aéts as a heat exchanger and heats up water from the tempera-
ture T1 at the temperature T2. At the upper part of the column the water outlets are
distributed on different heights and are opening randomly controlled by the random signal > -
generator. Monotonious random variations of water level are produced and the changéE”Ef the
pressure head as the consequence. Because of the strong coupling between the bilance of heat

and the bilance of material, the process is sufficiently complicated to show wether a fuzzy
controller is suitable or not.

The input variables are thyristor controlled powers, w1 and w2, consumed for heating the water
and the oil in the vessels 1 and 2, while the output variables are the water level in the
vessel 1, the flow of the water through the cooling coil and the temperatures of the water at
the inlet and the outlet of the tube, T1 and T3 respectively, and the temperature of the oil,
T2. The control problem, which is used to study the practical applicability of fuzzy process
control consists in maintening the temperature of water, T2, within given values. Then, it may

be extended to multivariable process control problem, that is a control problem with two input
and two output variables.

Both, the simple manual control and computer control of the process are performed. However,
the first student’s task is to investigate the process and to develop static fuzzy model of
the process. Then, more and more complex tasks are being executed. Student develops verbal
formulation of a possible strategy for control of the process, study feedback control, design
the model of the process for the fuzzy feedforward control etc. ete.

The PC AT compatible computer adapted for process control is used in these exercises.

CONCLUSION

An approach to teaching and training of the fuzzy process control is described. Theoretical
lectures, simulation exercises and laboratory work are composed in a harmonious syllabus.
Theoretical part of the course covers the theory of linguistic modelling and introduces
students to the basic theory of fuzzy sets as a tool for expression of natural languages and
mathematical modelling of reasoning process. The fuzzy process control is very important and
therefore supported by many examples worked out independently by studerts.

Simulation and experimental exercises are planned as independent parts which support theoreti-
cal lectures and help the students to learn and applying practice, the new way of process
modelling and control.

It is important to stress that our guiding thought in seting up such a course is to motivate
the students to mastermind the new way of thinking when dealing with the well known and
established modelling and control practice.
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