High-speed Integer Fuzzy Operations Without Multiplications and Divisions
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ABSTRACT

In a fuzzy control system to process fuzzy data in high-speed for intelligent systems, one of the important problems is the improvement of
the execution speed in the fuzzy inference and defuzzification stages. Especially, it is more important to have high-speed operations in the
consequent part and defuzzification stage. Therefore, in this paper, to improve the speedup of the fuzzy controllers for intelligent systems, we
propose novel integer fuzzy operation method without mulitplications and divisions by only integer addition to convert real values in the fuzzy
membership functions in the consequent part to integer grid pixels (400x30) without [0, 1] real operations. Also we apply the proposed system
to the truck backer-upper control system. As a result, this system shows a real-time very high speed fuzzy control as compared as the
conventional methods. This system will be applied to the real-time high-speed intelligent systems such as robot arm control.

slele
Intelligent system, Integer operation, Defuzzification, Truck backer-upper control system

. M

ru

o Aol =88 TEstE 7 Hlo]

A 2ol A
REEY RERELES P PREEER)
QITH

Aol 4

ﬂﬂ%ﬂﬂﬁﬂgﬁﬂgaq cgAlage wag  E FHN AL 2 TR WelA A5inw B
A LD AT A2, 2 H BUBL 2535 F% P AA 23 MAAG} 0} 328 42
HA ol 4ﬂ¥¥§§ﬂ“ﬂ“%$ﬂ%ﬂéﬁﬁﬂ 53 9ok

7 9@ AAB, F2 ARG Ao} Aol g WA FEL 9PelA QYR 2ARY HH) B

*

*

MYRITH St D morm S| ME HAUX}: 2006, 7. 18
st stn o FeZetal :



FZ Y FH RT3 = 2] 2107 A9z

n

el Zze] 2% E4
Q=g 32 Aol

TE N AEAEE T30 &%

g 4859 AgEe FaThIl
Ae) AATHANA ol 22 A i 31 A| 3}
2 B9 Aolgte Foh Uk Aoz Hx A2Y
Sl ARl A 22ke] 317 Fo] 02 atidegree
of fulfillment)-& A4tatz do = 18 2L A4S dQ
2 84 g ae, FaRe AL BAEA
(center of gravity)-2 A)2+8} = H] ) X) 3}(defuzzification) T
AdA e B do Ao A4s Ha = sk A2 7
AFAE Fate 42 g9 A4 ()3 2

Yz f=)

C0G=——— M

Y f(@)

A ()3 2o FAFE B FI AT TFe2 ¢
Fol GAsAA QAL AdEct o2 2 74 ¢
A3t Qg A5 2 A daME FaRAA 5
(discourse of universe)& YA T A0 2 Wiro] &
o AFANE shofof Frhs).

olHY, dYHE A Buo 2% AL FFgto)
obd 03} 1Afo] 9] A2 E‘-ﬂ‘ﬂ?l ‘Iﬂv‘f’?"ﬂ o5 F&
AR & AXE T AR A7) & Fo A5AE
e Y3 50, &% ?Hrvr HA AojtH e
Jt BolASTE QAFL Y Sl avE B Ay

AHE sHA At whebA], Agto] EabslA] 3 A4k o
BolAFE oY@ AN e =e A A Hol, AT
2 Aojsle & AT A aY Tl A 8717 ol g
dAE /A2 Aok ageg, ol EAE ME}
A8l o8] A7 AYHAE o), 68HCI29} 22 wlol 2
ZAEEY A|2H 4= LUT(Lookup table)e] ¥ &
AHE S TH LUT W2 v R 3718 2d e A
A, A dHeld FEEE ALY @ A A
interpolation ¥} % o] ¥ 8 2 31t} FLASP [13] A|2dd =
LUT WHi& A 23, A 2o &5 3EARS. Qa4
sol ekel & S shelth KAFA [12] A2 9ol 4
A A SR, WA 3 AN E

2 A}8 519 FZP-0401A [6] Al 2 9ol =
A WP8-S AHS-SHel o Aranguren [12]€ LUTS]

AL, 8152 3} HAGNA shelZekel g g

ALttt oo} o] T tFE 9 HA A7 EL
LUT =& A9 d4hs 483519 Hz] 32 2 8HXA
3 BAIE Y3

SR T B m=Ro s TR A B oko] A
Abo 2 Q1% #2] Aite) £% A3 FAE ZEH
ANdsty] A8 TR HA 2& aY=EE
Zzlol v Fate] 4= 4 Gatgto 2 g9
Zhe] HEE AT F A A2 g1
th oj AL TARAN u&0Z A4 Albat
3, ol E v o 2 HH A3 gAdAE A
A& ApE sl FAFAE Fote dag Eolt)
S 2 BAFAE T dud g2 g2 4
A, e Yxzale] Ba Al Aoty v
Aol Bagles gAl ATk ALg-git
EFoA Aetete WL 7] &9 A4d AAuby

)

HEAN TSNS

iy
lo,
o orfe B o2 R S o oo KU R

o tlo ox
N

18 u[n

19
ol
S

R

z 2
il
T o= e

oz

m[o
-+
haA
el

0. H|HX[3} CHAO|AM L] Hd s
EnEIS

9 £5E5Y 2RLE 424G B Aok B A
Hvere) & AF3HE AAE Fiholth. 34 FE4
o, AAY AN AE B24Y EE ATk B $4 Y
BelA 317 92 o] singleton 0.2 Fol & u, 7} 73
oo gte Foe AL T8 BE g AN BoE
s et AT FARe QA e Azte) ¥
TR0l U3l BE 2% gtol e yZe] A5RE AN
obSEE B ol A AL YA Z e w ]
A3 GA NN PAFAE FoHe GANME BE ¢
o A5e] B4 B el Aol Washl B o]
a_fmﬂ°ﬂadﬂa4ﬁhhfﬂ1=$5%q
A% L AA % AN ZE TR N YR TF
ﬂﬂzﬁmwﬂ”*ﬂ&%dﬁﬂ%ﬂﬂ%iiﬁ
$2 A5 Aol A A B4 B4 Aoz
Rz g oW & e FRAFL A o] 3
A& BA55 1Y 1% 2ok

e



+
2
rE
>

T4, UxAdol Bage 15

a2 . ®oksls HA| A|AHE,
Fig. 1. The proposed fuzzy system.
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procedure left_line
begin
dx « x2-x1;dy < y2-yl;d < 2dy-dx
xa < xl;ya —ylLa< 3
defuzz(xa) <-ya
while ya <a+l do
begin
Xa < xa+]
begin
if(d<0)
d«d+2dy
else
ya « ya+l;d < d+2(dy-dx)
end
defuzz(xa) «——ya
end
end.
28 2 MY ufE ¢nels.
Fig. 2. integer mapping algorithm.
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procedure right_line
begin
dx «—x-x3dy < yrysd < -2dy-dx
xb —x3yb —ysa 3
defuzz(xb) < yb
while yb < a+1 do
begin
xb «—xb-1
begin
if(d<0Q)
d «—d-2(dy+dx);yb < yb+1
Ise

&
d «d-2dy
end
defuzz(xb) «— yb
end
end.
8 4. 358 g dugs.
Fig. 4. integer mapping algorithm.
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procedure middle_line
begin
a— Dxexa
while x < xb do
begin
X < x+1;defuzz(x) <—a
end
end
38 5 d5d o gues
Fig. 5. integer mapping algorithm.
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begin
integer array defuzz[1:777]
integer array max[1:7] <0
for i := 1 step 1 until 72 do
begin
for j := 1 step 1 until M do

begin
A5 pixel A+
return value <« defuzz(1:1)

if max(J) < defuzz(j)
then max(7) « defuzz(j)
end
end
end.
a8 6 MU YN ¢IES
Fig. 6. Max data update algorithm
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begin
lower < 400;upper < 1
begin
procedure left_line
procedure right_line
procedure middle_line
end
if (x1<lower)
then lower «—Xx;
if(x3>upper)
then upper «-x;
end

agl 7. Non-zero item EHX| &1z|&
Fig. 7. Non-zero item detection algorithm
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for1 := upper step =— 1 until lower
begin

temp < defuzz(z ) + temp
sum < sum + temp
end
COG <—sum / temp
COG «COG +(lower-1)
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Fig. 8. COG operation algonthm.
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Fig. 9. fuzzy rules of air conditioner control.
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Fig. 10. Truck backer-upper controi system.
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