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Abstract

In this paper, we proposed a new circuit construction method that reduced the number of CMOS
devices of singleton fuzzy controller(SFC) through the proposing a new membership function
circuittMFC) which uses the language variable selecting and the coefficient selecting circuit. According
to the range of input values, we can choose the language variables beforehand which wil be used in
the inference. So we proposed the new MFC which generates the only necessary language variables.
Also, we removed all rules of which adapting degree of their antecedents is zero through proposing the
coefficient selecting circuit which beforehand selects the coefficients which will influence the inference
result. Though this method, we simplified the structure of SFC and reduced the size of hardware. And
to solve the problem in the current mode with respect to the restriction of the fan-out number,
voltage-input and current-out membership function circuits are constituted of operational
transconductance amplifiers. A membership function circuit which includes the language variable
selecting circuit, a minimum operation circuit we implemented by current mode CMOS devices. As a
result of applying proposed method, total numbers of blocks and devices wewe decreased. If the
number of variables and antecedents are getting larger, this method is more efficient.
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Fig. 3.1 An example of membership functions for
2input~3variable.

3.2 A2E HX Hoi7I
H2E AAANYE e 2L AARHA wet

fo Ik =R winy

dAE & I

If x is Ai(x) and y is Bi(y) then z is Ci
If X is Ax(x) and y is Ba(y) then z is C

4714, x% yE A7 deolw 2= Eoloh
AKX & By)E 98 xst vl dE 479 A=
Fratols G 89 Aol (i =1, 2)

H2E AAANAE olge HAFHe| utet H7A
@ Aojslel I x'sh y'E dFAGe W 2 o
off BE £Ne e 2ol Felath

ngi- C;

R o
gi = Ailx’) N By’ @)

o714, AE MIN @A7158 Jehdd, g e A
(x) & Bi(y)ol g T-norm@AAre] Azgholt).

A AT Zol £ I FAAHAAM UxA 4
qto] AlgH o2 2o A4Z7F RdA HEH,
ol d=dold FEE AA F/HANIIL MHAEEE
AsA 71 290 @ Sasakix M E2E T-norm@
AZLE At AAF A A AHFskchie] 1
‘deoje] g dH UiF HAR ALE FHEY
%32 1(orthogonal condition)o]® MZ FEHE
&% e F7t 27 oFtEe 2AE UEFIa,
T-norm@4HzHE MINGAE HAIF G4 & AL
£35ted 282 AA7IE AAGFAD.

Sasaki7} AL NZ2E T-normIAAeE th&9

-360-



2 (3% 2

XNy - (x/\y)er(ny)
xQy = (x +y) -1 ,if xty 21
=0 otherwise (3)

o]21% T-norm QAAE AHESHA HE (1A 9

2 g7F 1ol Hol &8z dig A& o3&
(4,58 2o} .
7= 2,8 C; (4)
gi = Adx’) N Bdy’) (5)

(B =&AAMe

ato] ojo #g

3.3 Sasaki HX|Ho0{7]o dAHWUYI F=
ote] 3.1 289 WES ugoR A (49 F&22

g =gdaos Yyepgd o Zo #Aqu A
AR x, vy gd A&%E ¢ A, Bily)E
hh3] Aist Big ¥ A87| 2 gt

z' 2.8 C;

(AINBNC; + (AiNBICz + (AINB3)Cs
(A2NB1Cq + (A2NB2)Cs + (AzNB3)Cs
(A3NB1C7 + (AsNB2)Cs + (A3NBa)Ce  (6)

W

+

+

98 x, yol e AL g & A BE 2R
= A4£E 34 LA 7] (Membership Function Circuit
: MFC)E& 743t T-Norm(Min, BPE:N)E
gale AN 29 e FHY AsHS
BAA 53 A2E FAIA ol BF FaFE
%9 slzg wAA7E FAAI
2 32% Sasakio] oisf AgtE 9Me FEEHS
Zt= HR| A o] 7],

Els
5

X ——t MFC 1 v B P
co

y { MFC 2 ‘ MIN -
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Fig. 3.2 Block Diagram of Sasaki’s fuzzy controller
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E Uehte ASE e 33 27 Bold. 2o
2 2709 94 x, yoll diste] @2 278 4 4709 A
&£ Fgito] YA 4 FA . o&
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A doRiFE AME3E TAHL 4,5 7, 828 2
T FE o AFEL Cy Cs Cr, Cs o ©rh
ol WPoz BE ATl didid oy F1A
AAE ® 413 Zo] AT 4 Ut

¥ 41 Y7 Ao, Aoy #A
Table 4.1 Relation among the input range, linguistic
variables, and coefficients.
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Fig. 4.1 The proposed block diagram of fuzzy
controller.
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Fig. 4.2 The structure of control signal generator o
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¥ 42. d A1Z9 nAlEX
Table 4.2. The table of d and n signal.

VikVi<Vy | Vo<Ve<V3 | Vi<V
n3 0 0 1
ng 0 1 0
m 1 0 0

a9 429 dA2e 9¥ Vi, Vy, Ve AV, 9}
vl E FI B 423 o]l d AEZE 2AA Ao
ol dAIZE F3l doldsE HHdte 29AE9 O
N/OFF A& E AojNs n& TAYAA A3
gt o] ndEzE tFde A dYIoME A
FIH2E AddHe 2AAEY AAIZE AHEEA
goh dUZE ndl3z HMEAN7E HEdze od
o] 29 43¢ Zoh

Vdd vdd

Vss Vss

Y 43 A3 W,
Fig. 4.3 Signal Converter.
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Fig. 4.4 The membershlp function circuit with
language variable selecting circuit(3-variabl
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Table 5.1 Comparison table of the number of block
s.
Sasakil6] 2 =5
e AARANSF | 3, 2 v, p 3,2 v, p
MFC 18 pv® 2 p
Min, BP 9 vP 4 2
Co-selection 1 1
F BEES 27 [P 7 2P+p+1

¥ 52 &x4 8w
Table 5.2 Comparison table of the number of
MOS devices.

Sasakil6] <=8
Wy AURAM13,2(5,2(7,2(3, 2|5 27,2
MFC 216 (1500|5880} 60 | 100 | 156
Min, BP 81 | 225|441 36 | 36 | 36
Co-selection . . . 16 | 128 | 288
F BEF 297 1172516321 112 | 264 | 480
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