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Abstract

Recently, the fuzzy control is widely used as a tool for constructing automatic control
systems which can replace the manual operation of large-scale nonlinear plants. In most
applications of the fuzzy control. however, it is hard to meet the requirement of the
operation time. In some real-time control. the fuzzy control scheme requires too much
computing time for fuzzification, inference, and defuzzification. To reduce the computing
time. there may be two alternatives : the development of a new operation algorithm and
the design of high-speed fuzzy hardware. In this paper, to solve the problem of reducing
the fuzzy operation time. we propose a new high-speed fuzzy hardware scheme which has
merits of its generality and extensibility. Finally, we verify the proposed fuzzy hardware.
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Table 1. Performance of the proposed fuzzy

hardware.

(w % = 3 o % = %)
W22 $H | Singleton ¥4 |$1%8 US| 266(2¥7he)
Qe wa R AIbE) A" Vs | sty
ek 38 ARl o 20KIFLIPS | Hol A & | 2068 IES)

Max-Mint Max, Criterion
T8y Max-Product¥l | ulH z 24y “MOM

Sum-Product¥l COG

. x| st=<llojel HE

1A Aadel 74
s4] shEsjolE o4 wx| Aol Alzwel P4
o qrola} AAlR 28] 13} %] vizEl CPU 2%

J olx) sheslelz pAsR, dEHd wES

hef

salee} AEc). of7)4 ol shmso] ¥ o
A3 42 e wol vle) g A ok ¥

=

o ola) 2 AL FIlE HHE Wi AUk S
Hz] 22 sfese] B8 waE CPUSY 7 2
zgAA e FasbA g} vheE] CPU 28
& Aojr)rt AgAel FAE & £ ARE iy
Z8 g Alojake 2o HAZWES] FHS
oloj 2= o x| st=de] wE HAstd dHE
3. 92 229 23& dohfe d& ¢ Uk
st~ CPU ZEEE 2EZ2} MC68030-% CPU
2 &3 FORCEAR] CPU30 REE AHE3lL a)
owm ¢ #Hole]l A~ (operating system)2E
A A7 e Hole] A~ VxWorksE o] 43H3l
v} vixE] CPU &, 97 sl=se]. 1233 i&
3 »ES VME #AZ Esx FAlo] o]FoixA
=of glch.

2. A4 stEdolel A%
spoll ) Q1 whet zo]. FHA shEdels A7
FEst AZbAel uls s e FYstes A7

wge) 47 shedlel 4A

PR

sz, 7k e vl x| syl dald HA &
9ol g o) 43 Al Ang 17 11el4 23 15
7 vheRde). o7& 18] 1094 Rele AT 2
291 1Z#e| Aloj7lel A 1742 °oatd &
1 AZskedch 7ZES fl& HA. FAFEHE AE
dolde st 1 A 11@)E WA B3 %
zre zAsll 97 st=golR F-2% A (Y 11
(b)E =4 H=HolE(look-up table)A]& o83t
wlastedeh, ¥ AdjellA & 5 ool ARl wE
of7re] Q2= glon} dmelFo] stEsel® A T
Hojrks e o 5 ek, =g 2 =il Ak
7] gmslels 2o q1EYe s e 2
A ~Ee) 7% 2 A2 AEsHE $g H7A4 Ao A
2elo) AbgEle} 1 H84E BeiFaleh ¥

Error

NB NS Z0 ps PR

'
——F—+

——t—t—r—+ +
0 4 8 12 16
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Fig. 10. Membership function and rules of
fuzzy controller.
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Control action

(b)
a2 11, #HA st=i2] A% (max-min. COG)
Fig. 11. Verificaion of fuzzy hardware(max-

min, COG).

Conurol action

gl 12, ##] st=sle)e] HE(max-min, max.
criterion)
Verificaion of fuzzy hardware(max-

min, max. criterion).

Fig. 12.

Control action

10
Emor change

M

a7 13, #A) st HE(max-min, MOM)
Fig. 13. Verificaion of fuzzy hardware(max-
min, MOM).
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Control sction

1o
Esvor change

218 14, #= st=dele] 7% (max-preduct.
CcCOQG)
Verificaion of fuzzy hardware(max-

product. COG).

Control action

Fig. 14.

5

Error change
Hz) =2l 75 (bounded sum-
product, COQ)

Verificaion of fuzzy hardware
(bounded sum-product. COG).
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g2 ASIC(application specific integrated
circuit)#kstsd HAlE ook,
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