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Optical parallel fuzzy logic implementations using shadow-casting
ZHANG Shugqun, LIN Senmav, CHEN Caisheng

(Department of Electronic Engineering, Xiamen University, Xiamen 361005)

Abstract A new spatial encoding method is presented to implement optical fuzzy logic
gates by using shadow-casting. Seven kinds of fundamental fuzzy logic operations in paraliel
can be all optically realized with the proposed system in this paper. The experimental results
are also given.
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(1) #p (Complement) : 4 =1 — A;
(2) & /p(Minimum) : 4 A B = Min(4, B);
(3) Frk(Maximum) : 4 V B = Max(4, B) = Min(4, B) + |4 — B|;
(4) Xf#) 2 (Absolute-Difference) :
A-— B, A = B B}
AAB = |A— B| = {
B— 4, A< B}
(5) ZH & (Implication) :
1=A+ 4, A < B BT,
A—rﬁﬂlz’\(]n—A-‘rB):[ _
1—A+B=4A+4+B, A= BH
(6) PR A Z (Bounded-Difference) :
0, A< BB,
A@BzDVM—Bﬁ=L_B? R
(7) PR F1 (Bounded-Sum) :
1, A+ B> 1Bt,
A+ B = Max (4, B) + Min(4, B), A+ B<1H¢;
(8) B A #1 (Bounded-Product) *

ADB=1A (A+B>={

0, A+ B<18t

A+B—1, A+ B>=18f,

Hf 4 /MR REMERE P REAN ZMEE . A%z <[0.1], ALV, -,
> REAX=MEHARAREFS A, V "2AREED, BRI ZFE . F5 +, —
FAMERMBARZH AR EERBA T BAX=FEFZH EMEBREE AR
A AT RGE A S EE .

ARQB=0V (A+B—1)={
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PR S R R M J. Tanida S AR A — PR BT R ZBMEZ R ITEN Rg S,
EREEHRE, TRESRS. AERHNRERELELMEER TR F L ESR
B, R ORMAEMBMMEN, HEEEMAMNZEATHRE. AN T LIEMER, R
TR AR B A FIRE.E 1) MO JETITREHSEHN, B RREER>FRt
AiE, AR RRIETAIBEL AN B HBREREERAITHERRE. B F A B HERE
[0,1] Z M BUE, B4 S MERKEE AN 1, EEEIRERER THEMERNE.
B 1) B THIBEW A4S BHEE NEGSEL, BIHEY TFHTRE/NZRE, BN LT
THHETEERKS L H T 4,Min(4, B),AO B,BO A Min(4, B),

T BRE B A PR RS R A 2 FfR. YIRS M B4 LED HERFER —H A A
SBMESBETRMAEERGE LR— RO . BERAETEMLN S LTERAR,
HAP—1ThEEX, HENTARE L. A4 LED FrEAM $ a, - b, BT AR ER LR E



522 i ES| B ¥ 20 %

]- A-—i-—' -A——-"\ T SR B A

— AR NN _— AN NN
N,
AN NN AR
N\ E — S AN NN NN
N \i\‘i‘ NN NN NN
b —n - -
L) (h) o

Fig. 1 The spatial encoding method for fuzzy variables

(a) the encoded fuzzy variable 4; (b) the encoded fuzzy variable 5; (c) the overlap of encoded A and B
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K FH a, v, Fl e R7n LED fFFSRES, BUE 0 2k 1, QHRFAT . LKA LED HyFF%
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Fig. 2 The optical scheme for fuzzy logic based on shadow-casting

Table 1 The switching modes of LEDs and their corresponding operations

Name of implementation a B y 4 2
Complement + - —_ — —
Minimum ' - + — — —
Maximum — + + + _
Absoluted-difference — - + + —
Implication - + — — —
Bounded-difference — — + — —
Bounded-sum — + + + +

Note : The symbols + and — represent the states of LEDs, on and off respectively.
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Fig. 3 The four possible outputs of P;, HT A4 ARk TF B ‘@.ﬂﬁﬁf}‘:f‘ B,Y% A= B

Bf, [4— Bl # 0 HBREFE=AT L. EWITRE 4
< BE},H=FTHAF,A—B| % 0B EFET L. BEENE=TREBI TRAZZH AOB,
MsEITREITRAE BO ALH = NITR R H B FE —17 EELI T XHE A4B2H.

M3 Max (4, B) = Min(A4, B) + |4 — B| (5% 44B) F 1,38 Min (A, B) F1 AAB [7] it $#
SE|E—47 LEERBARER, T UFE=1 LED,

MFHEBEZHE.HA4>B=1ANQ—A4+B =1A A+ B) 1B, A= BE},Min(4,B)
= B,l| A—> B =4+ Min(4,B); ¥4 A< Bit,Min(4,B) = A4,H 4> B,HIt,, 4 + Min(4,B)
= 1 AR —ME TR E—RINEA T HREZH.

FRAFHEH . H ADB=1A (A+ B) =1 A [Max(4,B) +Min(4+ B)] =1 A [Min(4,
B) + AAB + Min(4,B) AR H  BE = . = W . AfFFA N E—EELHRILZH.

IXHE R A R A LED A AL LI T R BB LHERZE, BARER
FRA AOBEARR T LEBH LN RHAALH RIS L, B IRAGEE LI, Hin R %D
BITHM I —1T,B R[S F| L. b T4 £ GR KA FF 5 LED 8 8| 3t gy 2 a5, B
WASGR T RIESZHEREW, AFTREFR LR ZFZH.
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Fig. 4 Two images used in experiment

HRISIEH AR B,AS5 B EBDFMAE 5@, (&) fl(c) fimR. LR 4,Min(4, B),
Max (A4, B),AAB,AQ B,A@ B A— B BIZERE 5(d), (), (£, (g), (B, () M) FEEH.

BZ AERELHEZEFEG N ERETEFRLTERE. HNEAR/PRKZE, A=
TR, MERFE—FFEEZH, RIGETE L. EEEEFEBRRABHTEA—FEE
EHARERREI, FETERDSERA.



S

Fig. 5 The experimental results
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