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Opto-electronic hybrid implementation of fuzzy logic

Liu Shutian, Wu Jie, L1 Chunfei
(Department of Applied Physics, Harbin Institute of Technology, Harbin)

Abstract: A new design of optical fuzzy logic gates using simple optoelectronic hybrid
eircuits is presented in this paper. Four basic fuzzy logic implemeniations, such as complement,
maximum, minimum and bounded differcnce are demonstrated experimentally. A multi-
functioral programmable optoelectronic hybrid fuzzy logic gate is also proposed. Different
inpui assignment ecan ba chogen by employing a multiplex logic cireuil, and therefore seven
kinds of fundamenial fuzzy logic implomentation inglude bounded sum, bounded product and
implication can be performed in real time,
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MR, REMAEE R MR R THE XK, HER R4 TBE 5“0 LLARY
{6 BRI 070 E AR B ok R
B EHTURRE—-MRANLEER, KERBTRMEREHNELAANEHAER R/
[0, 1) AESRE. AWMLV ERLBELHEE, ERERERGEKRTHE) s HEBER
BA—ARBEE p(o) FiB, p(2) €0, 1], MBERESERELTHEMNEREH,
(1) #(Complement), w(z)=1—u(w);
(2) B/ (Minimum), pleAy)=Min(u(2), p(y));
(8) K (Maximum), w(zVy)=Max(u(z), n¥));
(4) B2 (Bounded-Difference).
0,3 p(z)<w(y),
# (”@”)“{mm) ~(v), HB;
) B # #ii (Bounded-Sum),
1,% ple) +u(y) =1
wan={ ;e

(6) AP (Bounded-Produect),
0,# p(w) +p(y) <1
""’(a"@”={mm)+u<y>—1, it
(7) ZH#. (Implication).
w(=>0) E{ 1,# wly)=up(e);
1—p(e) +uy), Fog;
(8) %2 (Abslute-Difference),
u(xz‘_\,gjs{”@ —w(®); #H p(@) =p@);
w@) —p(@), HE.
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N R =R ARSI R R oy R, BEER LW LM E PD BARA & g &,
B BMAMNE PD yAMHEE, EBRFESRAR, R EOHE KR A SGE AL EE T
OB —ANKRLN 0.5V WIEWA:, BAMENFHEZEZBERE - TERSEBE), B8
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B 45 R

Ii=K (P(1) —P(p(@))) - 1
P fn P(p(@) 45RES 1Al p(@) K. A LO)NHERHLBEER. WAFES H
HERGE LED 26t T esa . siSliR R Bh2BRee, RITAEERZE LK IEZ
HEERFAEHRBAZE BAMBERERN, RERAZHERNEXLES, BNRIR
AT —AHBEEE—MERESHRT WAMEEAN «/2 WIEZFES, 45 Z5 u(e)
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Fig. 1 (a) Cirounit diagram of the fuzzy complemeni and hounded-difference gate;
Experimental results; (b) complement; (¢) bounded-difference
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Fig. 2 (a) Cireuit diagram of the fuzzy minimum gate;
(b) BExperimental result
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Fig. 83 (a) Circuit diagram of the maximum gate; (b) Experimental result
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Fig. 4 Diagram of the absolute—
difference gate using two bounded-

FEABEARKZEATEDE —4, B4 H4HMH difference gate



34 1 £ i bLo 19 3%

BiA- PR AR 22 1A P R AR A R E B E AT, BRES W AREe S
PD iR, HbpimseRMAEIER, B PDy 5PD, 2l p(2)Ow (), i PDs 5 PDs 52i%
w(y)Ow(@), MANFATHREB L RN T, Bl Po=p(2)Op) +rinNS
wiz), B Po=|u(e) —p(y) | FTHERAFIMMAZIIERE REBEEG, G — 12200080
EMEEDN, e TURAREN-EHERER,

=, TRELRENZEERKEIT

B 1K LT 45 A\ ol s B R Y PR 22 A AR A B 5K

1) BRE p@Qy))=p(@)Ouy);

(2) #b plz) =10m (2);

3) mk wVy) =p@)Ouly) +ury); K
= pu(y) Op(z) +p(e)
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Tablel Inputassignment of the multi-funetional programmable fuzzy
logic gate for different logie implementations

Name of the implementation Iy I, Iy Iy Is Ig
Bounded-difference w(y) - — — wiT) -
Complement uiz) — — — 1 -
Maximum uly) — — - u{w) uly)
Minimum ulx) i (y) — —_— ulz) —
Bounded-sum 1 u(z) u(y) - i -
Bounded -product 1 — — 14 () u(y) -
Tmplication u(w) uly) — 1 - -
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