International Conference on Models of Informatiowl £ ommunication Systems

A NEW SELF-TUNING FUZZY CONTROL APPROACH
M. Jerrari and M. Elbelkacemi.

Laboratory conception and system, department of physics
Faculty of Science, University Mohammed V
Rabat Morocco
E-mail : em.jerrari@yahoo.fr
E-mail : Mourad_prof @yahoo.fr

manipulate the process input, usually by adjustihg

Abstract—Design of fuzzy controller depends mainly on rulecontroller based on the current process states(gkiyne and

base and to derive the desired and small fuzzybrage is still based
on trial and error. This paper concentrates on simgothe rule base
and gives some useful result® fuzzy clustering technique
associated with the proposed fuzzy partition vafithdex is used to
extract the initial fuzzy rule-base and find ou¢ thptimal number of
fuzzy rules.We offer a practically viable approach, which pdes a

superior performance in terms of robustness. Isist® of computing
with indices rather than symbolic rules. Thoughg symbolic rule-
base is converted into an indices computing rukel@ndices-rule-
base). For tuning the change in control outpfit)(the fuzzy

controller is defined on error () and change abrefAe) of the

controlled variable using simple triangular and iasbd membership
functions (MF's). The performances of this congolwith indices

computing rule-base are analysed and compared docléssical
control law (Predictive control) [1] [2]. Experimith results show
the performance of the proposed fuzzy controlled @s ability to

control a process.

Keywords—Fuzzy logic Controller, Symbolic rules, Indicesasi|
optimally.

I. INTRODUCTION

Fuzzy logic control (FLC) is one of the mosttsessful
applications of fuzzy set theory, introduced by LZAdeh in
1973 and applied (Mamdani 1974) in an attempt totrod
system that are structurally difficult to modeln& then, FLC
has been an extremely active and fruitful researga with
many industrial applications reported [3] [4] [B].the last
three decades, FLC has evolved as an alternative
complementary to the conventional control strategia
various engineering areas. Fuzzy control theoryallsu
provides non-linear controllers that are capableaforming
different complex non-linear control action, even @incertain
non linear systems. Unlike conventional controlsigeing a
FLC does not require precise knowledge of the asystedel
such as the poles and zeroes of the system trasietions.
Imitating the way of human learning, the trackimgor and
the rate of the error are two crucial inputs foe ttesign of
such a fuzzy control system [7] [8] [9][10].

However, relative importance of the input amndpat to the
performance of a fuzzy logic control system is tgebe fully
established. A skilled human operator always tries

Ae) to get the process (optimally) controlled. Theact
manipulation strategy of an operator is quite caxph nature
and possibly no mathematical
accurately. Lot of research works on tuning of FLRas been
reported where either the input-output or the diédins of
fuzzy sets are tuned to match the current plantacheristics
[16] [18].

With a view to eliminate the overshoot caused the
accumulation of control input. It contains the prsed
approach by which the controller indices-rule-bakext, we
show simulation and experimental set Uhe results obtained
by applying the proposed fuzzy controller for theystem will
be compared with the still used Predictive Contrahally, we
draw conclusion for the experimental and simulatsalilts.

Il. FUzzY LOGIC CONTROLLER

A block diagram of a fuzzy control system isowh in
Figure 1.The fuzzy controller is composed of théofeing
four elements:

1) A rule-base (a set of if-then rules), which edms a fuzzy
logic quantification of the expert's linguistic degption of
how to achieve good control.

2) An inference mechanism (also called a fuzzy rariee
engine), which emulates the expert's decision ngakin
interpreting and applying knowledge about how besiontrol
the plant.

Pr A fuzzification interface, which converts coniteo inputs
into information that the inference mechanism casilg use to
activate and apply rules.

4) A defuzzification interface, which converts tbenclusions
of the inference mechanism in to actual inputdtierprocess.
For choosing the inputs and outputs of fuzzy cdierothe
controller is to be designed to automate how a muegert
who is successful at this task would control thetesy. First,
the expert tells us (the designers of the fuzzytrotler) what
information the user will use as inputs to the dieci making
process. Suppose that for the process [13] [1B]eKpert says
that the user will use:

e)=r@®-y@® and Ae(t) = de(t)/dt
e(nM)=r(nT)-y(nT) and Ae(nK) = (e(nT) — e(nT-T)/T)

model can replace it



the controlled variable of fuzzy controller ugt) but in this
paper the incremental change in controller outywis taken

as output. This will be helpful for common rule bdsr any

type of fuzzy controller. Once the fuzzy controlleputs and

outputs are chosen, one must think about what hee t

membership functions (MFs) are for these input antput

variables. After surveying the literature, for aotimput fuzzy

controller MFs are 9 for each input are mostly udéds a

general view that if the number of MFs between dieéned

ranges is larger, then the possible rules increases the
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response will be good. In this paper, all memberéimctions
for controller inputs (i.e., e antk) and incremental change in
controller output (i.e.,Au) are defined on the common
normalized domain-1; 1]. Here, the 9 membership functions
are shown in Figure 2. Similarly all other MFs whtre
number 9 can be divided into the normalized domain

Fuzzy controller

COutput

Fuzzification Rule base Defuzzification Process

Fig. 1. Block diagram of fuzzy controller.

Now the next step is to design the rule baske T
incremental change in controller outpwu for a fuzzy
controller is determined by the rules of the folfre is e and
Ae isAe, thenAu isAu.
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Fig. 2 Membership Functions of BAE and A U.

NVB:
NB:
NM:
NS:
ZE:
PS:
PM:
PB:
PVB:

negative very big
negative big
negative medium
negative small
zero

positive small
positive medium
positive big
positive very big

The rule-base for computingu is shown in table I. This
design of rule-base with two-dimensional phase glianoften
used

Table I: Symbolic Fuzzy Rules for computationabf

Fig. 1shows an algorithm of fuzzy control inference. It

consists of three basic parts; fuzzification wheoatinuous
input variables are transformed into linguisticiables, fuzzy
rule inference that handles rule inference comsstf fuzzy
IF-THEN rules, and defuzzification that ensurescéexand
physically interpretable values for control varehl The
design of fuzzy control may include; the definitiof input
and output variables, the selection of data maatmn
method, the membership function design and the balse
design. Using fuzzy rules and membership functidogzy
control converts linguistic variables into numelicalues
required in most applications[6] [11] [12] [14].

The design of the fuzzy controller began toesklthe
response quantities to be used as inputs to thay ftantroller
and the distribution and type of membership fumdito be
used for the selected input variables. Moreover, mgst
consider what control functions are needed, and thefine
them as output variables. Then, fuzzy inferencee rid
completely based on the selected input variablesially, we
use the form if (a set of condition to be satfighen (a set
of consequences to be inferred) to describe theerexp
knowledge. For example, the multiple-input multipletput
IF-THEN rules of the fuzzy control are shown in foem:

R, :if X is A; and ... andx, is A, Theny, is B;, and
..andy, is By,

where R]- denotes the j rule of the fuzzy inference rule, j
1.2,...0.X,%,...X; are the inputs of the fuzzy controller,
A,
. Y, are the outputs of the fuzzy controller an is a fuzzy

is linguistic value with respect t&, of rule j, ¥,,Y,, . .

singleton function defined by experts.

Then, the inference conclusion obtained viaification is
defuzzified into a crisp output. This paper addpéscenter-
of-gravity (COG) method among the defuzzificatioathods.
COG method is defined as follows:

= 2 i [H k(X )}
[I_l ipzllJAji ()ﬁ )}

M N
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where ,uAji is the membership function 0¢\ji :

I1l. SIMULATIONS AND RESULTS

Computer simulation were conducted to exantieerésults
of theoretical and heuristics task. For trackimgfgrmances
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of the proposed FLGve have taken a ramp as a reference.

Let's consider the process governed by:

AG™)y(t) = a " B(a)u(t) +w(t)
Where

1)

AQY)=1-17g7t+ 072 @)

B(q 1) =-0.02+ Q032! 3)

and the delay d=1. u(t) and y(t) are respectiveput, output
of the process and w(t) is an independent randaiabla with
zero mean values and finite variances.

The FLC affect the time response and the stakif the
system. The simulation of the process showed thatbiest
time response and stability. The control input wtid the
corresponding process output y(t) are shown inuréig3
Evolution of the process output the Predictive @Ganand
Figure 4 Evolution of the process output the fugzewntroller
rule base and compared to the predictive contml flazzy
controller rule base.
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Fig. 3 Evolution of the process output the PriagiicControl

Fig. 4 Evolution of the process output the fuzzgtcoller rule-base

It is seen that the use of the predictive airifig. 3) did
not affect the stability of the system. Howevetea# transient
period the system response gives good reguldigpm) as
compared to fig. 3. Experimental results show thégsmance
of the proposed fuzzy controller and its abiliycbntrol a
process.

IV. CONCLUSION

This paper presents two valuable results réggnadile base
of fuzzy controller. Firstly it has establishedtthales should
be in a certain limit. Increasing the rules beydmak limit is
ineffective. Secondly, the rules can be reducedguBLC and
gives the similar performance as by the larger sele
The FLC proposed in this work consists of the maihtical
principals for the fuzzy controller design, the tmagism and
simple yet effective indices-rules. The method psmd to
design the fuzzy controller rule-base, where theveational
symbolic rule-base was converted to an indicesfvake. The
universe of discourse of inputs and output vargsbhere
partitioned into nine sets. The change of error eimahge of
control output in order to compensate the fuzzyalvedr of
the “IF-THEN?" rules control.

The most important advantages of the use ofinbees-
rules against symbolic-rules, to represent knowdedge:
Make simple and easy for a human operator to addoor
suppress any rule.

Economise memory space.
Faster two times controller response.
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