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Scaling Factor Tuning of Fuzzy Controller Using Adaptive
Evolutionary Computation and Fuzzy Logic
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Abstract - In this paper, we propose a
scaling factor tuning method to improve the
performance of fuzzy controller. Tuning
rules and reasoning are utilized on-line to
determine the scaling factors based on
absolute value of the error and its
difference. A adaptive evolutionary
computation(AEC) is used to search for the
optimal tuning rules that will maximize the
fitness function. Finally, the proposed fuzzy
controller is applied to the angular
stabilization of an inverted pendulum .

1.8 8

317]°]%°] 196039 Zadehol <& 21]°"515d
I o8] FoldlM BFHRezw ggrje] gon,
3] Aol Rokolla} 712 MYA}rY EARE Eﬂé
g 4 9o AT 280 ;s APHUG, H=H
Aol Aoidiae FEg £atA mdaglo] ¢ -
29 BATozx Art sbedty], o g
ol g 2% BG4S /HAG. HA A Aol
o $2% JdLg viAe 842EL AFE, HA
A&l B o584 (scaling factor) 0]
dern ol g Aoz TR AT o2 Y Eo
A=At (1-4].

2 = dAE HAXA 079 ]S84 E HAR

£ ol &3t 2xtet e WaEe Adgtd wat

o2 ArlExIAYG. a8ln 5849 ¥

THL A ANS o] &dtd HAF gy
71E9 Azt EAHE MAs
HAHE we /\17}‘-H°ﬂ FEstA 327 9% ¢
31?4%‘9—] 7‘*“%""‘6@!34 A3t

o (2 R R LN rlo X
olo
™
ot
4%
r>
rlo

AR e £84¢ UEHI A HHY
N2 =8azte) ZEAold Hgse 7)Ee
AR A7l ¢ vl - BN, AFE A B
< A& A ALY AAAAZIL N1E9 HRA A
o71En}k At HPARHEAN § e Ao
4e& detideny, 7129 HAA BTG § %
3t Aeg L}E}mo 4 &= 9t

2. H{x| A oi7|

HAAHe7]9 o] 584AE HAZAR A
A4S ol g3t FZH7] AR Aojrle FHL ad
13 2d. 338 194 He uieh o] x| Ao17]
o dg¥sE A (1)7 Zeo] Fidd 2 (se(t))
9Jr o W3 (sde(t))2 o183t on, oJ58x
g T2V AS HAZHY JUYAUFE o444 2
2 Astgel g Ao, 22dn F833
Qe ol 83t o]5849 FZ THE HHEE
vd AlgHe A¥ze 223E ARSI

se(t) = [ref —y(t)]x K_le

: g

l‘

sde(t) = [e(t) — e(t —1)]x ¢ (1
de

u(t) =su(t)xK,
A71A ref : 7M1&L
y(t) AA2Y
su(t) A7 &9
ke, kde, ku : °|584

2 =EoA A2 A AoAle WS, ¥
A5 Hx 28 PP UeW Lo o5ax
FEANE SUT PHE AEAATH

CHAWRS AR 2585

« HAFEE ! max-mindd

< HHA G RAFAY
—» AEC
| »] TUNING
i " | RULES
A
[ S
. . se i

f‘i,f:»w_wke e Y vy

L r_._ ku —»! plant —
———1/kde b
de —— sde ——

2% 1 HA2ZAT ASAHALE &% AAA
of7]

—404 -



2. 10529 5 73

& =2dAE o158 T2 T dHPHs2
eateh o3 wshEe] Buigt, EYAFE A A of
719 el584E AHgaAT. 2eln 7 9EdsE
3RS AAF &&5¥FE AN oH, Fx 74
€ ® 13 Ao} A7IM, ay a9 by, o, beE 4
(2), (3)% w&Fdre dsatelth

ke,,,;,, < a; < kemax (2)
kdemin < by = kde max (3)
E 15822 $x 75
ldel lel Zero Small Big
ke= a, ke= a, ke= aj
Zero
kde= b, kde= by | kde= bj
ke= ay ke= ajg ke= ag
Small
kde= b4 kde= b5 kde= bs
ke= a; ke= ag ke= aqg
Big
kde= b7 kde= bg kde= bg

2.2 HSHsAN

B =idA AL Fedadde & AddA
& Adz A5g v, fddneEd AgdEs
Al H&etn, Adie] APAPM G A
d7Pgel o Ado dfAeGE Pt 9
o AxHF At H AL Fa FFE A
o] FE(R7]3) Hrt 2 B4, HrdPD BA,
fFALnFa AguFe] Aoz FAHA gl

o, Z4zte] £3& b3t g
1448 FE (228 2083 de 7488 o
Z 2Efe] disiM Hadis 0xE ]
deAG B2RF 0L fAgndF
A

)

A oeln el
olt},

2.7 & &4
Bx(fitness) & H7IFT, EBANEe Hgxd
vl gt EAsle FLdE ARy} 24
F dadsrt 0% AAEe $HYnYdEY 1
o 2 Edgo] YL YL &S BAEn
I Aede gade 0% eslzdo. a8n
J¥Fot 19 ANEL AAzE HgLsd 2t
& APstn o AedE goads 18 e
A=

384 APEFY 2R 0 Ayt Agdd o
FRAGDYE L AFAFS o= shiel ¢
ol T #HAle A& dxsr] & fHdLngdE

[*]

o AR H Ay AA AJ2A dish <A

¥l golide] AAE RLAFIEE 5.

4.3 (crossover) ¥ EdWol(mutation) @ R
By Rrdade] fHx FEE MR 2o
Mg BEE 7 AE(offspring) @B AE A
At HFels Eduiols ERg4A fAALe]
Feizle M2 FAZRE Aste WAYE
ojt},

2.3 H2EHANS 0|2 oj5240
Ex 74 M3

2 =2dxE L34S oj4dld o)E8
EZ FHe A8 259 BXYE AR
th, zt e 2709 o584 8 £HE¥oR 7
AAAE F 18709 W5 HPae o
g 28 gt a2ga 4 2EYE #©res] A
Aeg AGgTE 4 (4)8 o] o448 AaX §&
ALgEi Tt

fitness =

i
-
oX
i
3

1
—_— 4
1+ 3 le(o)l

C Q7IA, elt) T ref - y(t)
N : T Azt B¢to] HEF dolg A

String(l) ag | - L aw by | - | by

String(2) : apn | - | am | ba | - | by

String(n) : l an) [ ‘ an9 1 bt [ j bD_Q_J
CRILE 8 0!

e5te) oS
ag 2 #de +4
3. Ab2f AT

A HAAAAN Y FL4E dF87] AsA
iy Al2dlQl =YAztel A=Al A&
o, Aol BHE 7sd wE Azt Axle] 4=
7b 0°2 FEI=E (F)E 7tste Aot 4
(5).(6)¢ =gaAe FFTHHE bt o
714, Az Ao st dzEe -0 6 (20°
2 Agsta o] WHE wojutd Aot A A
o2 HFP

a9 32 AR 27 4= 20° A4 7Rl
g Algold Aoz 71&e ARzl A
¥ FA, B =FdA AL AAANIY HF
& ddoz Jehidrk. 129 394 R wps} 2
ol Agtgt HAA I 7t 71EY HAANER] A
FAztel B 3 Ao Q¥FER EF H5e ¢
F Aok, At #HAACIrlY AAEE Hrhetr)
Al RAzkel 27 Z4=rt 10°, 5°Y wel AEd

BEY P

- 405~



old Azz 3 4.5¢ YehAdT. 128 45604
BE vhsh ol AEAT FHAIANN AL
AAAI77 B e Aol 5E Uehiic.

61= 92 (5)

—F—m, | §3sin6,
me+ m,

I(A— mgcoszﬁl)
3 mc+m,

g sin g, + cos 6,( )

A7) 4, :AAS] 2= (deg)
8, : R A9 &% (deg/sec)
F %8l 718ia 3 (N)
my 7S AF0.1ke))
me 489l A2 ke))
1 : 3132 ol ¥H0.5(m]))
g 34745 ((9.8m/ s))

Proposed FLC
I S U Conventional FLC'

s

0 0.4 0.8 1.2 1.6 2
A2} [sec]

a4 3 27 d=rt 20°0 B¢

10
| | =——————Proposed FLC

8 8 """" Conventional FLC,
26
4 oaf

r \
M2t
ol \ ..
KO o
_IZJ_2 | N o

—4

0.4 0.8 1.2 1.6 2
Al 2k [sec]

3¥ 4 27 =7t 10°9 A

o

= Proposed FLC

"""" Conventional FLC

ZIXtel 2= [deg
b do=2pws o

0.4 0.8 1.2 1.6 2
A2} [sec]

a¥d 5 27 4=t 5°0 B¢

o

6.8 8

E =FdMes HAA79 AdeE B Al
7171 98 HA 233 HSAZALE 0] §3 }01 H
AAe}71e] olFEL_xFE 2Ellez 2}7]% 3t}
AL HAA e M oj584E AA He
H ole HXAAojziel w4 ﬁ 9] UOD
(universe of discourse)7} ¥Wde R} Z2 &
BE JHAT. azlmn HSAEHANE o] &3t o5
849 Bz FHALE AFFozM Algaeyd 9
g ol EE AMEY F AT ALF HAA 7]
o} Axg Hrerigdel =93 AlAwld AH &8
da ANEHolAS AE Az, HgE wWye] A&
o A A7) t’lﬁﬂ R s 76*@"]21’“5"1]"1

o Jg AojAdss Bydg B 5 UK
(& 1 2 #)
{1)Han-Xiong Li and H.B.Gatland. "A new

methodology for designing a fuzzy logic
controller”, JEEE Trans. Syst. Man, and
Cyber., Vol. 25, No. 3. pp. 505-512, March,
1995,

(2)G.M.Abdelnour,”Design of -a fuzzy controller
using input and output mapping factors,”IEEE
Trans. Syst. Man. and Cyber.. Vol. 21, No.
5, pp. 952-960, Sept., 1991.

(3)Ching-Chang Wong and Shyuan-Ming Feng,
"Switching-type fuzzy controller design by
genetic algorithms"Fuzzy Sets and Systems,
Vol 74, pp. 175-185, 1995

(4)Cuck Kar, “Genetic algorithms for fuzzy
controllers”, Al EXPERT, opp. 26-35,
February, 1991

(5)Chia-Ju and Ching-Hou Huang, “A hybrid
method for parameter tuning of PID
controllers”, Journal of the franklin institute,
Vol. 334B. No. 4, pp. 547-562, 1997

—406 —



