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Abstract : In this paper we come up with a new design method of optimization for fuzzy
logic controller. The procedures to directly optimize the control rules in the defuzzification
process are provided. The simulation results with stable and unstable models are given in
curves and discussed.
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Introdvuctiyon

Since fuzzy logic was introduced by Zadeh in 1965, fuzzy control has found a wide
range of applications''?), Generally,fuzzy systems work well when we can use experience

or prior knowledge to articulate the fuzzy logic. Espemaily when there exist uncertainty

or impremsmn and nonhneamues or other modehng complexmes ,fuzzy control appears to

an effective tool. But since the design of fuzzy control systems is based on trial and.
observation procedures,the perforniaxlce of the fuzzy systems depends on human experi-
ce. Since these uncertainties are not known a priori, the design procedures for fuzzy
gic control systems are individual. Resently,some researchers are interested in design
ethods using an optimization algorithm to determine the membership function®®.

In this paper we propose a design method of optimization of fuzzy controller. Instead
of the optmization of membership function,the control action is directly optimized in the
fuzzification process. : :

This method consists of two stages: the fuzzy logic inference using conventional
procedures and the optimization of the defuzzification which further refine mference rule
ba%e‘ -

The computer simulation re%ults show the contml effects of the system with opti-

- Mized fuzzy controller are better than that with the conventional fuzzy logic controller.
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2 Description of Fuzzy Control?

The basic fuzzy controller can be described with three processes;the fuzzificatioh,
the control decision and the defuzzification. A fuzzy system S is a transformation S, J» -
I?, Consider two fuzzy sets A and B are fuzzy subsets of E and U respectively , where E":
C R and U C R denote input universe of discourse and output universe of discourse, If A
consists of # linguistic variables {x,} and B consists of m linguistic variables {3},
expressed as; ' . ‘ :

A= {z, Y FRRILIY 0 I8 . 1y

B = {y15525* sV} (2.2)
for any of input variables e € E & R,constructing the antecedent fuzzy vector V, = 7
Mz s s hen |¥ s We can infer,basing pon the rule base,a consequent fuzzy vector:

W= [t ttzs*> s trum J* (2.3)
where #,:e — [0,1],is the ith membership value associated with the ith linguistic
variable z; € A and indicates the degree with which the crisp variable e belong to x;. And
the similar meaning holds with Hie

The rule base is a FAM-bank matrix or a composition relation matrix up ton X m
dimension which expresses the relationship between fuzzy variables A and B. such that .,

VeeM=W, : 2. 4
where “ o ” the composition operator and M is the composition relation matrix.

Once the output fuzzy variable W, is detemined the membership values correspond-
ing to output linguistic variable are known. We can use fuzzy centroid method to obtain

the crisp output value. Thus the crisp output is calculated by

m
2 :ﬂui °U;

= (2.5)
Zpui
=1
where ¢, €U,V i € {I,m}, is a characterized value associated with linguistic variables in
the output universe of discourse. :
3 Optimization of Fuzzy Controllert®*

Assume the rule base has been set up and the membership function of the concered
system has been selected by some experiences or some mothods presented such as in
[5]. The crisp output of fuzzy controller is produced by fuzzy centroid method. Then we
can describe the action of the controller by the following/procedures.

For a sequence of observed or estimated input crisp variables e;,e,, ¢ ,ex,in generél
case of multi-input and single output,the ith inference rule of the fuzzy controller is de-
fined as:

R; IF e,is E} and e, is E}and - and ex is B, THEN 4, is U’
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AND i = gy () = min{pg (&) s pi (€)oo pzs () }
where R'(i=1,2,+-,N) denodes the ith inference rule of N inference rules, U'is a fuzzy
subset in the appropriate output universe of discourse. We refine the control action # to

- achieve more precise control result by reconstructing it as;

N
'
E ;wi °U;
= =1

= 3.1
Ewi ® Hui
iél
where ;i = 1,2,-,N) is the weighting factor selected to satisfy the index

minimization in an extermination problem and w;(= g,u,) denotes output variable or
control action derived by the ith rule, The optimization problem may be stated as
Fmd w; (i = 1,2,"',~N)6 R.

N
PR
E ;wi *U;
_ = ,

And L u=t : (3.2)
zwi * M
i=]
So that J* = mind[u()]. 3.3
Subject to g X= S X,u,t), ; (3. 4)
gl(X’t) =0, 8 (Sn 5)
gz(th)<O9 e - (3.6)
X,=C, S&Xp<o (3.7

where R denotes the real world space,J[#(+)] is an index function specified basing on
the performance required by the system. By properly selecting u,i. e. ,the sequence of
w;(i=1,2,+,N),J[u(+)] will reach the minimum value J* 181(Xs5t7) =0and gz(Xf,
'4,) < O represent the trajectory constraints of the equality and inequality type,X, = C
and S(X,) << 0 are the boundary conditions for initial and final states sand X = f(X,u,
t) is the state space representation of the system.

Because the inference rule is fuzzy and the relation between control action #; and in-
put variables is not based on mathematical model representation, the conventional
method cannot be used to solve the optimization problem. As discussed in [6]and [3],a
Systematic trial and error approach method will simplify the solving procedures. '

4 Optimization Algorithm

The optimization procedure is to find a sequence of weighting factors so that the
Performance index is minimum under the constraints and boundary condition. Consider
equation (3.1),if w;=1,fori =1,2,+,N,the problem is reduced to the normal case. In
order to achieve the optimization control action « swe let w; = 1 + Aw;and equation (3. 1)

is evolved as;
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N N
zu; - ZAwiu}
i=1

i=1

u = 4.1y

- N N
Z#m‘ + zAwi,uui
i=1

i=]

where Aw, » 4, and Aw; » 4., i € {1,N},implies the increment of the control action ang
the corresponding membership degree derived from the ith inference rule. We may
calculated and compare the values of the performance index by modifying Aw; and find ,
proper vector,w® = [} ,w} ,+-,w% |7, which make performance index J minimum.
5  Simulation and Results
5.1 Preliminary Design of Fuzzy Controller

In the fuzzy inference process we select both error and the change of error as input
variables and choose triangular membership functions for the linguist variables as stated
in [5]. There are only four of complete control rules fired in one calculation process and

the control action is given similar to equation (2.5) with N = 4,

4
E/‘lz o Up
u = —_————-""=14 - (5.1)
, o :
Zﬂk -
k=1 . P
where u; = min{zu, (&) spi, (60}, (B ==1,2,3,4), is ‘the minimal membership value of in-
put variables in the kth rule.
5.2 Optimization Design

The performance index selected for the optimization procedure is
1 . : : . :
7== [ @+ (5.2
0 . ; : ;

In this case control action  is not appeared in the index but it can be subject to any re-
gion by limiting its universe of discourse.

Consider the discrete form of the index ,

N—1
min J = > (*(tysy) + 2 tpr) * Bt (5.3
=0 )
the kth stage subproblems; ' '

| | Comin Jf = @) F EGa)) Dy G
5.3 Simulation Results o o ' , ‘

In the following examples we first show the simulation results of the second order
systems controlled with the conventional fuzzy logic and the optimized fuzzy logic re-
spectively. Then further inspect the impact on system responses owing to the variation of
parameters which makes the plant vary from stable to unstable.

Example 1 Consider a general plant described by the following second order state
equations in discrete form

@y () = (= 3z (8 + 2 (0)) ¢ By + 2D (5.5
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, 2 () = (— 22,(8) — 0. 1z, (2) + u@)) = Oty + z(5). (5.6)
In ¢he simulation the sample interval of 0. 01s is chosen and the control action u is added
into the system as an increment. The response curves are shown in Fig. 1

In Fig. 1,the curves are corresponding to the result caused by the ronw:ntlcnal fuzzy

ylogic controller and Fig. 2 are corresponding to the result caused by the optimized fuzzy

Jog!
zgdu%d in the response process and the time of output response is shorter by using opti-

¢ controller. The simulation curves show that the error and the change of error are

mized fuzzy logic controller than by using the conventional one.
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(a) Output and error curve (b) Change of error and control '

Fig.1 Process responses of example 1 with conventional fuzzy controller
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(a) Output and error curve (b) Change of error and control
Fig. 2 Proceas responses of example 1 w1th optxxmzed fuzzy controller

Example 2 In this simulation the modle,evolved from example 1,are descnbed by

the following state equatioins in the discrete form; ’ ‘ A
| 21 (tee) = — By + 2,(8)) + My + @ @) s . GD
2y () = (— 22, () — 0. Ta (8 wdp)) » tr -+ 21 (80D (5.8
We may notice that the coeffi.c'i‘ent of x, in equation (5.7) is changed téynegati‘ve from
positive in equation (5.5) which results in the system becoming open loop unstable. The
response curves are shown in Fig. 3 and Fig. 4. We can see the same results hold when

the plant models become unstable.

1 - : - - ) 7
output response’ : ‘ W/ :
. error j change of error
LIYY 9
4] ” -1 control action
0 .50 100 150 0 50 100 150
(a) Output and error curve " (b)" Change of error and control

Fig.3 Process responses of example 2 with Conventional fuzzy controller
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Fig. 4 Process responses of example 2 with optimized fuzzy controller

6 Conclution

In this paper,a new design procedure based on optimization for fuzzy controller is
proposed. The procedures of directly optimizing the control rules in the defuzzification
process are provided. The performance of the present method is compared with the con-
ventional method through simulation research to stable and unstable second order
plants. The simulation results demonstrate that since the squared error and its derivative
is taken as the optimized index the responses are more favorable than that of

conventional ones.
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