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Abstract

This paper presented the real-time self-tuning learning control based on evolutionary computation,
which proves its superiority in finding of the optimal solution at the off-line learning method. The
individuals of the populations are reduced in order to leamn the ecvolutionary strategy in real-time, and
new method that guarantee the convergence of evolutionary mutations is proposed. It is possible to
contro! the control object slightly varied as time changes. As the state value of the control object is
generated, evolutionary strategy is applied each sampling time because the learning process of an
estimation, seclection, mutation is done in real-time. These algorithms can be applied; the people who
do not have knowledge about the technical tuning of dynamic systems could design the controller or
problems in which the characteristics of the system dypamics are slightly varied as time changes.

s glsto] AoAUE A oi Fydte

LM E whel wigh b @sial geb® o o)y

& Frdwrae dAtes dysxn Ale]reA

Ajsgio] etz Ralg wgow st ajo]v) Qe o e dolA]l vlEl AeiAd g #
o) Al qld v|Rrbwa 2L more] Was Wk 5 Mg AdE ol&ated AEE wEn
o] wde bl A e vlcwzs},q 35 s} Lh AR HeR 98 sk Aol i g
vlElL} 9t sol g e Hoa wel sl ! worlale) s SEEA e el
Aol7| g AdAstE Aol vl oyt nEe | ARE LS A4t
v UH%'r HAlel7]e Ay Al Ael Fdshs Waem ol AgY f’i S
o] Hd(uring)d 5] @& Aol wasiv, AL aloj A2z glo] Algkel ufel wWsshE 2 §ol
?<i§037§ A 7#32}"! Aol uel dgol AelE o} B Alo}r] 7k Watshi: Al2zglel -f% ’é;%"l':‘i o g %
e P Avan AR olegk BaAlH S G ofles, Aade] mysR e Ang s

of Wy e e AAEY g}
* Post-Doctor Researcher, Johns Hopkins University, - Lo e e 8 i §
ical Enginceri ¥l Ago) A ou AES
Dept. of Mechanical Engincering R ' - B

- . shelpd db2x o] AYang /'\’
E-mail : Sungouk@jhu.edu Al zhubeh ohge] Ao}

toolAa B9 b v A T aky g owg geogs A 03* 2-elel watel
TEL : 82-51-510-2330 FAX : 82.51.517-7716 hol gATe R Aol e S sk wie) olR

*} Lmooukal O
Yoe Lo R




1464 E -

A% ANEE SgaAold WaAth waka A
sl g Aol gl Aol Alel71E A7
stz @ u, Aswge wFHe o8 mae
o gl diae] FAw SEFEE A0, A
dol e WaE e AolAswel Aol @ A

B e A9E Fstol BFSug ok

2.1 AAZE MM nalE
2

,.
Gy

r=
:ggg .

Lo ok ¢

_-\L”:..
4o
Lo
£

oy
e
oX
Bl

)
v

oM B o8 O e 2
% LA
o
£
L2
s‘e“ ) Y % oo e
“QL ?
o
o .
1R
-51
st
i
(A
%
L
2,
=
r

p4X]

glo

Lord oo RO
<
i ook K

g
==
3

o] & v%(:l{; er.rn 5} 51 %]\U‘}’.”G} 2}
1282 2R daeld EAA B
I e M R A ~{§xg},9.,§:. oldled Al

|24 W7t dde] ofFojAr F
Zolmg AN £ Ay Brep zxazrel
Fzh vle] HARojok & a1, AATE Folw =

i)
i
2
2,

1

Ao Zﬂ?ib} B ahEARe 27El |
choojE gk we AAE 4 o e #¥A o
By o ﬂ? A ez A A 2

ZelRl(off -line)dtE o s HAH9 e @HEe
A7 F8o#dted Ao ek Al erg
Ne}EE HAe R A8y M e o
ol J~]*¥“(feedbacl\ system)f| 4| ABEHEFY <%
of ZE ggol ghasolof stua Aot ®
R, & bz g kA sojol st ol gk )
Aol o wi SEHAzhel Fh Gy
of ZHFTA, FEHA e iz Fo A
5“’—““4 ofof g} Bty

B Ao E ""»“34’}9—55% shgol Jhgshal K
‘?'R} 12ke] i A bz )8 st W,
/H%ﬂ o] zhihol a%“i g el Aol olel g g

#Asl7] fste] Al2ylel Aol A] wAdEE oAb

-
E
A

(error)*" ol &sle] g F& T4 AR
gir} Uein

o(t+1) = o) - exp( MO . e(H)) ¢y
2{(t+1) = D + NO, o(t+1)) @

<
2o

P ), F A degnEe gdnols
VHERTE of 7] 4], f-?-»é‘. (., Q) ¥

Fo HUU0lE

P u o
S o B o B e e B i B B S S
o] xn-+2'o(f)?- o+ 1) & 734‘1‘6::« a2
& vehiis lon, EelEel ol o] o
_u,} “(control algorithm)2] ErAlod j% L-}E.}LHE}
, o(t+1) )2 Hatol (zeroyolst HEH
:iM o(t+ 1) BEAFEEE vhepi g
H{HE EAYE ol ANE HEHA A7)
& YERda ev] o] ol wd v
&

1 kg ojul g, & slepolejo] WF @
Aedol Fig. 200 vERW 1‘3}-‘2}-7&01 0"'%‘&’3-'0%1 u}
2 g4+ D9 #tel FatEA 3
AEor sy, oy =% Pc"— ol t+ 14
o] x(t+D2l #he g HFHUL vehig
HoomddAE uld ol HE AP
Controller)ol] A gdlgeong ggdrtel HEsm
2 wiE i Aozl AUE v AE
efluict Al ske Faelh am A1), 4 (2)
A vepd EdRiold ik Butg olue)
& Age ‘?‘-r:a- A}-%-b}*ﬂ dAre s 7t o}ﬂl
WAt ol Fobshe whako B o] Aele 2A§
oAl g sk

f

1 8 > e
' fitness) = { (3)
0 €48 < ¢
1 E(® ) e
¢ fitness) = { 4
0 E(8) ( ¢
o} 7] 4] &8 = state’— state'™ !,
EY8) = (&) —e'" () olF, staretz W]
A AHANEE 2An|S5L fitness

o A%
S ehas. ), gals g e
2 <001 = dEuad dae Ans

"tk HE W 7} gk F'{ fitness) &
P fitness), q'(fitness) 49l #ARRE obgy

o) sl o),
Fi(fitness) = (p'(fitness) xor ¢'( fitness)) (5)

22 RA7Ex se N 07|



AAZE A g A YR EL o] EF A & pID Aol 1465

Fig. 1 ihder daelEE ol R A Aol 945 e  dr|Eel Ame Wi
& Hhﬂi bl AR shEAelve] ERE e 3t71 A1 WY W g LUMuE S A
Aol fngdel A vlER wpebgho] widl vl shaden), AlolrlRe] dEE Aste IE
ZHE Alolr]e] Al vl BEREY rhch s A/D, D/AMEO] 7H5dt DAC(Data Acquisition
ek obnelfo] oste]l AAztez gl Card)& ARSI B dpelae] Hob Aln

Aeh A guase o AEY ek 2 Alzgel AF Aol A AbgE gvlel AP
Aot eabekel WsHE g ol Bste) ol Table 1of vtepbigich
Al abgrol A AduE sdsiu], Ednlole) 2 Aol ALEE AER A {F(xampung time)&

@b MAARTh ekl ifmsjoln), XA 27] BEUE
kAol A P AR ok sl e el Al e o 8T

¢ olgd e oy z} Werel vioh WE W ganeses Sdvo)

e

el £2 v o 4
o AN A Qe 31/' Table 1 Specifications of the experimental apparatus
N2 FEA u. 2y
o ool @ vl o AR Ar]Ez Instruments Specification Model number
EENR piiKed RN - X -
= i el A AerlelM e ulEAlRl, A Electric Motor | 7.5 K¢ | HICO
Al vlgAaug A el el Hado] o
e, vleAde As daelge ol < Hydraulic Pump | 28 ccirev | AIOV2SDRIRPID
dol =@ AA4E % AGE Bael A L
Oﬁ m}a} tﬂ Eﬂ U}T‘tv_i’_" _‘r 1”0% 7‘“0] ?lko] -‘:'-?"'“fi’\, P Relief Valve 210 ’ﬂiw{f{ﬂ' OR-GO3-P
2 AzpdE gaedo] AL sgsA wet Solenoid Valve 24V AWEI00-AOLG2AN
Aol #HA e dgo] A vl Cylinder Double rod
Servo Valve 38 #/min | 1076-103
Al S X} % Ad
3. 2EEA 7Y Servo Amp. +75 aA 1121-001
AA 7 A2 g ao] dne]Ee AEARow Potentio Meter 20 om
TR R S B B R Fig. 29} rol AlE )R] E b Qscilloscope 100 Mk 346008
stalow 1 9 BE Fig 3o LHERUSICH 18l Pentiuml[-450 | 450 Mb IBM Compatible
A UG vigl el 99k Ap Alaule Ao
‘_i S e L e <A DAC 12 bit PCL-818
EFH 75 kWY HETlel AR shagad w
e , ' 1Y

2B AT AR Q""’?"’”H AR " AR Power Supply 200 W ED-330
WHE QAR 38 [£/min] ¢ AEE AR}
Fon, FRddLE ¢ 2E @ dojE Apga e

,,,,,,,,,, o biecnc!ne H

Hydraulie lire

f ERTVG &M
Controlter - ©

BMRC s
Fentwmii-458 0

A
Serv yaNe

Fitngss Evolutionary strategy £
tunction tor Raal-time learning system

7 i b
S Upiate i l
ae S Parsoamer H { O 5

<

Ketaraoe £ shack A, i
t yf valis
pat Y, . Ul Hydraslic -
¥ PIO Controlier »—-—»; Servo System /
-1 : : 7
E /"' g » PO W B N & syarselin
. //////// TI I E A
: H eylinger g
i
imear franduces
Fig. 1 Schematic diagram of PID self-turning Fig. 2 Schematic diagram of the experimental setup

learning control in real time on the hydraulic servo system



1466 2\,' Ao« KRN

Fig. 3 The experimental setup of the electro-
hydraulic servo system
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