Fifth IFSA World Congress (1993), 945-948

CONTROLS
TYPE

FUZZY

BY
REASONING

FUZZY SINGLTON-
METHOD

M. Mizumoto

Division of Information and Computer Sciences
Osaka Electro-Communication University

Neyagawa,

Fax:
E-mail:

+81-720-24-0014 Tel:
mizumoto@mzlab.osakac.ac. jp

Osaka 572, Japan

+81-720-24-1131

Keywords: fuzzy controls, simplified fuzzy reasoning method,
fuzzy singleton-type reasoning method

1. INTRODUCTION

This paper proposes new fuzzy control method
called "fuzzy singleton-type reasoning method" in
which the consequent part of a fuzzy control rule
is a fuzzy singleton (that is, a real number with
a positive weight) rather than a fuzzy set and a
real number. This fuzzy reasoning method is a
generalized version of a simplified fuzzy reason-
ing method {1,7] whose consequent part consists of
a real number. By using a fuzzy singleton in the
consequence part, emphatic and restrained effects
can be realized on the fuzzy inference results.

It is shown that good control results are
obtained by using the fuzzy singleton-type reason-
ing method as a fuzzy control method since this
method can adjust subtly control results by
changing the weights of fuzzy control rules.

2. SIMPLIFIED FUZZY REASONING METHOD
AND FUZZY SINGLETON-TYPE REASONING METHOD

We shall first review a fuzzy reasoning method
named simplified fuzzy reasoning method [1] which
treats the following multiple fuzzy reasoning form
whose consequent part consists of a real number zi
(i=1,--,n):

Rule 1: Al and Bl => zl
Rule 2: A2 and B2 => z2
fee et e eee e ven nen (1)
Rule n: An and Bn => zn
Fact: Xx. and y.
Cons: Z.

where Ai is a fuzzy set in X; Bi in Y; and zi, z.
are real numbers and x. € X, y. € Y.

The consequence z. by the simplified fuzzy
reasoning method is obtained as follows. The
degree of fitness of the fact 'x. and y.: to the

antecedent part fAi and Bi: is given as

hi = “Ai(x') : uBi(y.) (2)
The degree of fitness, hi, is regarded as the
degree to which zi is obtained. Thus, the final

consequence z. of (1) is obtained as the weighted

average of zi by the degree hi. Namely,
_ hi-zl + h2-22 + - + hn-zn
z. = hl + h2 + < + hn (3)

Note that the simplified fuzzy reasoning method is
regarded as a special case of product-sum-gravity
method [2-5], but not a special case of min-max-
gravity method known as Mamdani's fuzzy reasoning
method [6].

Usually, an identical fuzzy control rule is
not used two or many times at a time in the
execution of fuzzy controls. However, an iden-
tical fuzzy control rule can be used twice or more
in the simplified fuzzy reasoning method and thus
emphatic effects are obtained on fuzzy inference
results.

Xo
Fig.! Emphatic effect by using two same rules

For example, suppose that a fuzzy control rule
A and B => z is used twice, that is,

Rule 1: A and B => z
Rule 2: A and B => z

are used simultaneously, then the inference result
obtained is double, i.e., 2ab in height as shown
in Fig.1. Hence, by using the identical fuzzy
rule twice, we can have an inference result at
double height and thus double emphatic effect is
given on the inference result. Therefore, the
role of a fuzzy control rule is enhanced every
time it is used twice or more at the same time.

In general, to obtain emphatic effect of w
times, it is suggested to use a fuzzy rule whose
consequent part is not a real number but a fuzzy
singleton, that is, a real number z with grade w.
Namely, we can define the following fuzzy rule of
fuzzy singleton type:

A and B => w/z (5)

where the notation w/z stands for a fuzzy single-
ton, that is, a real number z with weight w. It
is assumed that the welght w is a real number such
as w 2 0. Clearly, when w = 1, a fuzzy rule of
(5) reduces to an ordinary fuzzy rule.

Hence we can define a new fuzzy reasoning
method called “fuzzy singleton-type reasoning
method” or “simplified fuzzy reasoning method with
weight™ which treats the following fuzzy reasoning

(4)

form:
Rule 1: Al and Bl => wl/zl
Rule 2: A2 and B2 => w2/z2
mex wos vae ses ees asu ses (6)
Rule n: An and Bn => wn/zn
Fact: X. and y.
Cons: Z.

where the weight wi is a real number such as wi 2
0. wi 2 1 means that the corresponding rule Al
and Bi => wi/zi is "emphasized,” and 0 < wi <1
means that the rule is "restrained.”

The consequence z. by the fuzzy singleton-type
reasoning method is obtained as follows (see
Fig.2). The degree of fitness ul vl the fact "z
and y.1 to the antecedent part 'Ai and Bii 1is
given as (2), and the product hiwi of the fitness
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Fig.2 Fuzzy singleton-type reasoning method
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hi and the weight wi of zi is regarded as the
degree to which zi is obtained. Therefore, the
final consequence z. of (6) is infered as the
weighted average of zi by the degree hiwi:

hiwizl + h2w2z2 + -+ + hnwnzn

Z hlwl + h2w2 + .-+ + hnwn (M
As a simple example, we shall consider the
following fuzzy rules:
Rule 1: x1 => wl/yl
Rule 2: x2 => w2/y2 (8)
Fact: X.
Cons: y.

where x1 stands for a triangular fuzzy set repre-
senting "about xi" (see Fig.3). Let a be the
grade at x. of fuzzy set x1, then the consequence
y. is given from (7) as

awlyl + (1-a)w2y2
awl + (1-a)w2

which leads to the following expression by divid-
ing the denominator and numerator by wl and by
letting w = w2/wl :

y. = ayl + (1-a)wy2

y. (9)

a+ (l1-a)jw 28~ ui_l(x') (10)
1 X1 )
a
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Fig.3 Fuzzy singleton-type reasoning for (10)
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Fig. 4 Inference result v, of (10} when changing
v (=w2/wl)

Clearly, this inference result y. comes from the
following fuzzy reasoning form of fuzzy singleton
type:

Rule 1: x1 => 1/y1

Rule 2: x2 => w/y2 (11)
Fact: X.
Cons: y.

Fig.4 indicates the diagrams of y. when chang-
ing w (= w2/wl). At w=1 (i.e., w1l = w2), the
diagram becomes linear, which corresponds to the
case of a simplified fuzzy reasoning method. On
the contrary, we can have nonlinear results at w
# 1.

As the continuation of this example, we shall
consider the following reasoning form of fuzzy
singleton type (see Fig.5 and 8(a)):

Rule 1: -x1 => 1/-y1

Rule 2: Q0 =>w/0

Rule 3: x1 => 1/ y1 (12)
Fact: X.

Cons: y.

Fig.6 shows the inference results y. at w = 1/16,
1/4, 1, 4, and 16. It is found from the figure
that the slope at x. = 0 can be adjusted subtly by
changing the weight w of Rule 2. As will be shown
in the next section, better control results can be
obtained since it is possible to adjust finely the
control in the vicinity of a setting point by
changing the weights of fuzzy control rules.

¥hen we want to obtain the inference results
of Fig.6 by using a simplified fuzzy reasoning
method of (1), more fuzzy rules will be needed in
general. For example, seven fuzzy rules of (13)
are needed to approximate piece-wise lineally the
inference result at w = 1/16 (see Fig.7) which can
be realized by just three fuzzy rules of (12) in
the fuzzy singleton-type reasoning method.
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Fig.5 Fuzzy reasoning of (12)
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Fig. 6 Inference results of (12)
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Fig. 7 Inference results of (12) at w=1/16 by
fuzzy singleton-type reasoning method
and (13) by simplified reasoning method
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(a) 3 fuzzy sets (b) 7 fuzzy sets
Fig.B Fuzzy sets partitioning [-xi,x1]

Rule 1: -x1 => -yl
Rule 2: =-b => -d
Rule 3: -a => -C
Rule 4: 0 => 0 (13)
Rule 5: a => ¢
Rule 6: b => d
Rule 7: x1 => yl

§
§

where seven fuzzy sets -xl, -b, -, X1 in the
antecedent parts which partition the interval
{-x1, x1] are shown in Fig.8(b), with a an b being
appropriate points in [0,x1], and c and d being
the values (that is, inference results) at a and b,
respectively, as shown In Fig.7.

We shall next indicate control results by the
fuzzy singleton-type reasoning method.

3. FUZZY CONTROL RESULTS

In this section we shall show that control
results by the fuzzy singleton-type reasoning
method are better than those by a simplified fuzzy
reasoning method.

—ste shall now consider a plant model G(s) =
e ““/(1+20s) with first order delay. Fuzzy
control rules for the plant model are shown in the
table in Fig.10 and Interpreted as

Rl: e is NB and Ae is NB => Aq is PB
R2: e is NB and Ae is NS => Aq is PB (14)

R25: e 1s PB and Ae is PB => Aq Is NB

where e is error, Ae is change in error and Aq is
change in action. NB, NS, -, PB are fuzzy sets
in Fig.9 which divide the interval [-6, 6] into
five fuzzy partitions. The conditions are as
follows:

Dead time = 2;
Scale factor of

Time constant = 20;
Scale factor of Ae = 1.2;
Aq = 2.5

Now we shall begin with the case of using
fuzzy control rules of emphatic type.

NB NS 20 PS PB

0
-6 -3 0 3 6
Fig.9 Fuzzy sets for 5 divisions

In order to aim emphatic effect around the
setting point 40, the following fuzzy control rule
of fuzzy singleton type is used:

e is Z0 and Ae 1s Z0 => Aq is W/O (15)

The notation o¥ found at the center of fuzzy
control table of Fig.10 indicates this fuzzy
control rule of (15). Clearly, when w = 1, (15)
reduces to the ordinary fuzzy control rule of

e is 20 and Ae is 20 => Aq is 0 (16)

In order to observe the emphatic effect near
the setting point 40, we shall show the control
results in Fig.10 obtalned by changing the weight
w of (15).

At first, let w be large as is w = 3 and 8 to
realize the emphatic effect at the setting point,
which corresponds to make Aq = 0 forcedly (namely,
to make the control action ¢ unchangeable), then
the control result becomes bad as shown in Fig.
10(a) since the change in error Aq is emphasized
to be zero near the set point and thus the
response turns to be dull.

It is noted that dotted line in Fig.10 shows
the control result at w = 1, which corresponds to
the control result by a simplified fuzzy reasoning
method.

On the contrary, when w is small, the
restrained effect works and the best control
result 1s found at w = 0.5 as in Fig.10(a) and
(b). However, at w = 0, the control result

A)
¥ = 1 (normal) ®
W=105 de

NB NS ZO PS PB

NB| 6 6 6 3 O

NS| 6 6 3 0 -3

\J

ZOo} 6 3 O -3 -6

PS{ 3 0O -3 -6 -6

PB| O -3 -6 -6 —6

(a) Case of large w (eaphatic case)

¥=0.5 W=1 (normal)
/

\3:7\ A OO O OO,
0 \VAIA VN VA V A v \&o\l \VAR VAR VAV RN

N=0 ¢| NB NS ZO PS PB

NB| 6 6 6 3 O
Ns| 6 6 3 0 -3
zo|l 6 3 o'-3 -6
ps| 3 0 -3 -6 -6
PB| 0 -3 -6 -6 -6

(b) Case of small w (restrained case)

Fig. 10 Control results when w of (15) is changed
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Fig.11 Illustrations of e, Ae 2 Aq at w = 1, 0.5,
and 0 for the control table in Fig.10

becomes periodical. w = 0 means no existence of
fuzzy control rule (16), so an actual Aq is
decided by the surrounding control rules and thus
the periodical control result occurs.

Fig.11l shows the inference results Aq at e and
Ae in the cases of w = 1, 0.5 and 0 for the
control table in Fig.10. Fig.11(a) shows the case
of W = 1 which corresponds to the ordinary case by
simplified fuzzy reasoning method. Fig.11(b) is
the case of w = 0.5 which gives the best control
result and the vicinity of center of the figure 1is
not a plane but changes slightly, which causes
good control result. Fig.1ll(c) is the case of w =
0 which indicates no existence of fuzzy rule (16).

Finally, Fig.12 indicates control results when
a fuzzy control rule of fuzzy singleton type:

e is Z0 and Ae 1s PS => Aq is w/-3 (17)

is used. The best control result is obtained at w

= 1.4.
As 1s found from these control results, we can

get fine control results by changing the weight w
of fuzzy control rules of fuzzy singleton type.

4. CONCLUSION
This paper dcfincd ncvw fuzzy ~nntrol method

called fuzzy singleton-type reasoning method and
showed that better control results are obtained

w = 1 (normal)

N

40

100
Z0O PS PB
6 3 0
6 o -3
6 o -3" -8
PS| 3 0 -3 -6 -6
PBE| 0 -3 -6 -6 -6

= 0.5
w = 1 (normal)
40

100

| NB NS ZO PS PB

NB| 6 &6 6 3 0O

NS 6 6 3 O -3
zol 6 3 o0 -3"-6
PS| 3 0O -3 -6 -6
PB| O -3 -6 -6 -6

(b) Case of small w (restrained case)

Fig. 12 Control results when w of (17) is changed
compared with those by simplified fuzzy reasoning
method. Namely, this new fuzzy control method can
adjust subtly control results by changing the
welghts wi of fuzzy control rules, and thus is
more powerful than and as simple and fast in the
execusion as the simplified fuzzy reasoning method
which corresponds to the case of wi = 1 and is
used widely as the tool of neuro-fuzzy techniques
[7]. Therefore, the fuzzy singleton-type reason-
ing method may be considered as an ultimate fuzzy
control method.
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