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Abstract

In this paper, The Fuzzy Logic Controller based on T-operators is designed. Some typical T-operators
and their mathematical properties are studied. A generalized fuzzy inference model is proposed by
introducing the general notion of T-operators into the conventional one which is based only on the Min
and Max operators.

Fuzzy Logic Control algorithms based on the T-operators are suggested. Then, by computer
simulations, the effect of various T-operators on the performance of the fuzzy logic controller are
studied.

The purpose of these simulation studies were to observe the flexibility and system responses using
the processed class of T-operators in the fuzzy inference mechanisms. This observation was made on
parameters such as speed of reponses, steady-state behavior and non oscillatory responses.
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1. M8A T-operators

Zadeh{37} Min(x.y), Max(x,y) 28l (1-x)&
H= Ao A%, FAY 28l negation®E
Zbzt AHEEE AL A o2 o)Al i #
& QFEo] o]Fe Atk E3  T-norm¥
T-conormE-2l 7Bdo] sz A o] &elA 27
g o)%Z e did ATl AAHKACL o]
o Fof|A] o]4& 571x)28] T-operatorst th&3
7}t o714 T T-norm T & T-conorm ¥

I N& negation ¥5& 2u9gc}

@D Zadeh® T-operatorsl3]
T\(x, )= MIN(x, )
Ti(x,y) = MAX(x,)
Ni(x)=1-x

@ Weber®} Bandler?] &8 operators[4](5]

Ty(x, y)=xy
Ty(x,y)=x+y—xy
Ng(x) =1—x

® Lukasiewicz Logic operators(6]
Ty(x, )= MAX(x+y—1,0)
Ti(x, )= MINCx+,1)
Ni(x)=1—x

@ Giles® T-operators{6]

Ty(x,y)= F%

Ti(x, »)= ﬁily:_,;ﬁ—"l

N4(x)= -

® Weber?2] T-operators{4]

x, ify=1
Ts(x,y) = {y, if x = 1

0, 71 €

x, if y =10
Ti(x,3) = {y, if x =1

1, 71k
N5(x) = 1 - X
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Intersection and union of A and B
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Fig.

calculated using T2 and T*2

Fig. 2.1 Fuzzy triangular numbers A and B

Intersection and union of A and B

24

Fig.

calculated using T3 and T*3

Fig. 2.2 Intersection and union of A and B
calculated using T: and T
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Fig. 25 Intersection and union of A and B
calculated using T4 and T*;
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Fig. 26 Intersection and union of A and B
calculated using Ts and T*s
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2Ry {2, ) = T(ua (2), up(y) (3.1

714 Te dee T-nomelz 4 GIL
Mandani®] #3342 Adulsls seo)) %
Fo duby F 8 (L)Y dd2 m8sd

2R o2, y) = Su (pax), np(¥) (32)

227 A HA) A RE o3 o) Wejw
o,

N

up(x,y) = .T'l TR ER) (3.3)
Z:

A3} AolEN B AAza A% 229 ¢
4 A % AANRA R ¥ 229 g
3} o] RejRr},

B = AR (3.4a)

F2 pp(y)=sup T(pa(x), g, (x,y))(34b)
X
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#p - (=sup T(ua(x), .T‘l(f—-(/‘Ai(x)-/-‘Bi(y))))
X 1=

35)

£, 08 AGDA g8 oAl ek A

G &L /Mg Bedd HA 38 d2EE
7 & AU

N
#e (M= sup T(ua(x), T (T (pa,(x), up(y)))

x i=1

(3.6)

7l N=lol® A (36)2 ch&3} o] o =
&A € < 9l

25 ()= Ta, us(y)

4714 a=sup T(ua (x), ua, (X))o} (37)
x

A’} A, o] /7 FA] Ageldd a=y T(palx),

pa,(x))8} o)},

7|4 V&= MAX operatorg& Yepdich

A3 78 THA TiollA T2 A s olale}
ZE& oAl 71A1E] g HA 32 4Ye €& 5
Qlet.

i) pg = a A pg(y),
a = sup (pa (x) A pa(x)),

e
(4714 A = MIN operator)
(i) pp = a ns(y),
a =sup (ua (x) pa(x))
X

(i) pp = MAX (atug(y)—1, 0),

a = sup MAX (pa(x)+pa(x)-1, 0)
x

. 3 a pg(y)
(iv) ug-(¥)= a+(1——2) PROK

#a(x) pa(x)

27 S a0+ (T—pa () #a(0)
(v) a, if ug(m=1,

s = #s(y), if a=1

0, 71e

sup pa(x), if pa(x)=1

X
a = sup pa(x), if pa(x)=1

X

0, 71€
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IF 23He) = LARGE and <*3Fe} ¥H3}(c) = SMALL
THEN Ale13]3 (M) = MEDIUM ;

ALSO IF 2.xHe) =SMALL and 2xhH3}Hc)=ZERO
THEN Al*13]3(Au) = SMALL ;

o714 e, ¢, 28 Aue AR Pl 2
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'Ul if e=E;and ¢ = C; then du = U;

i=
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U =E -C'°R (4.4a)
AL A EYe

sy (du) =sup [pp(e), uc (c), urle, c, 4u)]

bd220=3 o (4.4b)

A(dda)e FE9 AT Austd o)
] Al(44b)+ T-operators& A3 duisigl o
2 Ao} G| Felr}.

1% 412 T-operators® °©}-4-3 Fuzzy Logic
Controller®] B3 xo|rc}

|3 o7l o] 8" Ao F3e AL o
3 Zo] FA st

I)IF e=NE and C = NC THEN Au = NU
2)IF e=NE and C = PC THEN Au=2ZU

3MIF e=PE and C=NC THEN Au =7ZU
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Fig. 41 Block diagram of the Fuzzy Logic
Controller as a function of T-operators
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Fig. 42 Membership functions of Fuzzy set.

NE : negative error
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PE : positive error
NC:
! positive change in the error

negative change in the error

: negative change in the process input

SIS

: Zero change in the process input

PU : positive change in the process input
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Fig. 52 Output of plant y' + v = u (Comumn 2)

-
-1
.
W T
s . [~ T
Liid das.as
.
s T Gau -3
-8 .
- 4
3 iy
- -
- Ty
-
-,
(™) 8 [ -

Sawpling point{x!0)

Fig. 5.3 Output of plant y’ + y = u (Comumn 3}

,
A A
e y
CR -3
At -a3
- sl -a3
3
=3
&
2
Q
.hl 8 “ . (> ) - L Y]

Sampling point(x10)

Fig. 54 Output of plant y’ + y = u (Comumn 4)
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