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Rules-table rotating method to tune fuzzy control rules
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(Institute of Intelligent Engineering, Guangdong University of Technology, Guangdong Guangzhou 510090, China)

Abstract: The rule-table rotating method to modify the control rules was presented. A fuzzy controller was designed al-
ways based on the experience of expert or model of plant. But the experience and the fuzzy model is rough and unsatisfying.
This method could adjust the original rules by rotating the rule table. The simulation result shows that it is an effective method

to tune the fuzzy rules in fuzzy control system.
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1 Introduction

Recently, the natural control laws combined with a
regular fuzzy set are suggested!!!. The parallel structure
adaptive fuzzy controller was proposed by Kim(?!. Sta-
ble adaptive fuzzy control of nonlinear systems was pre-
sented®!, A globally stable adaptive indirect controller
was researched for a class of continuous-time sys-
tems™*). On the basis of sliding control and Lyapunov
function, a stable fuzzy direct adaptive control was de-
veloped[s] .

In actual fact, the effective and easy methods are
needed to modify the fuzzy rules in industrial control
process.

In order to avoid complex mathematical computation,
the engineering method to modify the fuzzy control rules
is presented to optimize the fuzzy rules. The simulation
result also shows that it is an effective method to modify
the fuzzy rules.

2 Principle of rules modifying

Consider the fuzzy controller with error ¢ and error

change Ae as inputs and control ¢ as output. The fuzzy
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partition of e, Ae and ¢ are given as follows:

Ae={N,Z,P}, e={N,Z,P}, c={N,Z,P},
where N is negative linguistic value, Z is zero linguistic
value, and P is positive linguistic value.

The left of Fig. 1 shows the fuzzy rules base which
embodies 9 rules.

When we rotate the term one cell widdershins, we
will get the same control rules as the right of Fig. 1.
Likewise rotate one cell deasil, and we will get the right
of Fig. 2.

The consequent terms N, Z, P have been arrayed into
three columns in Fig.1, and into three lines in Fig.2. It
shows that the table rotation is a powerful method to ad-
just the rules.
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Fig. 1 Rotate one cell widdershins

Foundation item: sapported by the National Natural Science Foundation of China (60272089); the Guangdong Provincial Science Foundation of China

(980406) .



http://www.cqvip.com

780 Control Theory & Applications

Vol.20

e ¢ e
¢ IN[z[P ¢ INTZ[P N|Z[p
NIN|N[z]| = [ [N = NNIN[N
Ae|ZIN[ZTP Aef7 Aeizlz1zlz
plz|r{P 3 P{P[P|P

Fig. 2 - Rotate'one cell deasil

Consider the fuzzy control rules base which is ex-

pressed by IF-THEN sentence
L ;: IFx = X;and y = ¥; THEN z = U,,;.

And the membership functions of the consequent term
are shown in Fig.3.

From Mandani inference, we obtain the control z
when x, ¥ is Input.

Z;; = Xi(x9) A Yj(yo) A U (1)
We define W as follows:
W.; = Xi(x) N\ Y;(y0). (2)
Then from neighbor rules we can get
Z.j= W, NU,;, (3)
Ziju = Wiju N Ui jars (4)
Zi,j = Wia,j N Ui, (5)
Zijor = Wienjur A Uiy jn (6)

The actual output of the fuzzy controller is Z:
Z=2;iV Z;iaN Zia; N Zi,ju =
(Wi; N ULV (W A Uij) V
(Wior; N Uior,) V (Wippjur A Uiy jir) - (7)
Table rotation is a method which shift the consequent
term to the neighbour rule in the right or left direction.
There exist a set of rules:
IFx = X;andy = Y;_, THEN z = U; ;_,
IFx = X;and y = Y;THEN z = U, ;,
IFx = X;andy = Y;,, THEN z = U, ;,,.
After rotating, there are
IFx = X;andy = Y;_,, THEN z = U; ;_5,
IFx = X,andy = Y, THEN z = U, ;_,,
IFx = X;andy = ¥;,, THEN z = U;
or
IFz=Xandy = Y, THEN z = U, ,
IFx = X;andy = ¥, THEN z = U, ,,,
IFx = X;and y = Y;,; THEN z = U; ;,».
Definition 1 After fuzzy set A1, A2 are defuzzied,
there are D(A1) = al,D(A2) = a2.
If al < a2 such that fuzzy set A1 is less than A2, we
write

~

W

Al < A2,

Theorem 1 There exists a fuzzy rule table which is
similar to the left of Fig.1. If the consequent tenn is ro-
tated, then the output action of fuzzy controller will
change to increase or decrease, in rotating direction.

Proof when xg, y, is the input signal, if using the
original rule table, we have the output result

Z=(W,;ANU;)V (W AUV

(Wier,j A Ui, ) V (Wi jn A Uiy jir)
. (8)

After rotating one step, we have the new output signal

Z =(W,; AU ;. ) V(W AUV

(Wi, A U1 o) V (Wi A Uiy ).
(9
or

Z" = (W; AUp,js) V(W ju A Ui jua) V

(Wierj A Uirjs) V (Wi N Uiy ja2)-
(10)
From Fig.3 and Definition 1, there are
Uijor < Uij < Ui ju < Ui jaas (1)
Uist,jo1 < Uir,j < Uisrjr < Uipr,jua. (12)
Compare(8) with (9),(10), we obtain
Z <Z<2Z".

Thus the proof is completed.

Distinctly, rotating the rule table can adjust the size of
control signal. If the correct direction and the times of -
rotation are properly decided, it will quickly reach the
optimum situation.

Uij Uim

Fig. 3 Membership function of consequent

3 Rotation algorithm

Rule-table rotating method is a parallel one whose
consequent part fuzzy control values are changed at the
same time. The consequent parts in the rule-table move
counterclockwise or clockwise according to the output
error of system.

In order to detect the level of the system errors, the
objective function J( e) is provided.

He) = 3205 -82. (13
i=1
Where S; is the actual output of system, S is the ex-
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pected output of system, n is the sample number.

The steps of the rotation algorithm are offered as fol-
lows: '

Step 1 The system works using the original rules and
the value J, of the object function J(e) is obtained.

Step 2  The rule-table is rotated at one position
clockwise and the new rules are got, the system is con-
trolled under the new rules and the value J, of the objec-
tive function is reaped.

Step3 If J, < Jo, the rule-table is rotated at one
position clockwise again; and the system works and pro-
ductes J,. If J, < J,, the procedure of rotating clock-
wise has to go on *:*. It must stop when J;,, = J; and
turn to Step 5.

Step4 If J, > Jp, the rule-table must be rotated at
two positions widdershins; the system runs using the up-
dated rules and gets J,. If J, < J,, the rotating proce-
dure has to go on *+-. It should stop when J;,; = J; and
turn to Step 5.

Step5 If J,,, > J:, the rule-table related to J; is the
optimal result, If J;,, = J;, the rule-table corresponded
to J;, is the optimal one.

4 Simulation results
A) Result of first order system.
We consider the transfer function of plant as follows:
G(s) = e'/(9%0s + 1). (14)

The values of e,Ae all are parting into five fuzzy'

sets. The original rule-table is shown in Fig.4.

Ae

U
NB NS O PS PB
NB |NB NB NS NS O
NS |[NB NB NS O PS
e O |[NS NS O PS PS
PS|NS O PS PB PB
PB|{ O PS PB PB PB

Fig. 4 Original rule-table
After the quantization, we have a control table, and the
control table can be expressed by the formula as follows:
u=Cae +(1-a)e)
where e is the error, c¢ is the change of error, u is the
control. (- ) is the operating of integer algorithm, o is
called the control factor, « € [0,1].
We optimize the rules using two methods — tuning
control factor and rule-table rotating. The optimal rule-

table is shown in Fig.5 using rule-table rotating method
and the relative control surface is illustrated in Fig.6

. Ae

U
NB NS O PS PB
NB (NB NB NB NS NS
NSNS NS NB NS O
e O |NS O O O PS
PS| O PS PB PS PS
PB | PS PS PB PB PB

DELTA; ~*° 9 05

Fig. 6 Related control surface for rule-table rotating
The output responsive curves are given in Fig. 7 re-
spectively. It shows that the rule-table rotating is a better
method than the tuning control factor to optimize the
rules.

o

rule-table rotating

0 50 100 150 200
tls

250 300

Fig. 7 Output responsive curves
B) Result of second order system.
The transfer function of second order system is
G(s) = e*/[(0.2s + 1)(s + 1.48)]. (15)
The original rule-table of fuzzy system is shown in
Fig.8. The control surface is shown is Fig.9.

Ae
NB NS O PS PB
NB |[NS NS NB NB NB
NSO NS NS O NB
e O |PS NS O PS NS
PS|PB O PS PS O
PB|PB PB PB PB PS
Fig. 8 Original rules of second order system

U
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Fig. 9 Related control surface for second order system
After using the rule-table rotating method to optimize
the rules, we have the optimal rule table and control sur-
face shown in Figs. 10,11, respectively. The results of
output responsive curves are plotted in Fig. 12. It is ob-
vious that the rule-table rotating method is capable of

optimizing the performance of second order system.

Ae
v NB NS O PS PB
NB| O NS NS NB NB
NS [{PS PS O NS NB
e O |PS PS O NB NS
PS |PB PS O NS NS
PB |[PB PB PS PS O

Fig. 10 Optimal rule table

output 1

Fig. 11 Related control surface
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Fig. 12 Output responsive curves

5 Conclusions

In this paper, we present the new method to modify
the rules of the fuzzy control system. The algorithm of
optimization is also given. The simulation results of two
systems, first order and second order system, are ob-
tained through the rule-table rotating method. It proves
that it is a highly effective method to tune the fuzzy con-
troller.
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