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Abstract

This paper presents identification and control designs using neural networks for a class of
multivariable nonlinear servomechanisms. A proposed neuro-controller is a combination of linear
controllers and a neural network, and is trained by indirect neuro-control scheme. The proposed
neuro—-controller is implemented and tested on an IBM PC-based two 2-bar systems holding an
object, and is applicable to many dc-motor-driven precision multivariable nonlinear
The ideas, algorithm, and experimental results are described. Moreover,

experimental results are shown to be superior to those of conventional control.

dlgte 2 g HZAAT wAFAelY So) wusgle
o, WY 247 RS ole] fie] & el
£ A A 9AE Bark ol Asd Ae
2ol AT QAL e Aol AHY S5

& 7] oYz, Azdle BAE By dst

servomechanisms.

=2

—

I. A

nd

.t-

FAoR Aolade BF ohe] ¥ Axdel
g okl An S0 A o) Btk o S,

=

237 A3t A28 2o ONC T IA Solel, o] 71&e] AyAeio|g o Axue] Hjule W
ol2g vAd che Andde RS Alele] AF shi ofFt] AFA 2R A= Al EEe] o
Z2F(interaction)®} A& Hcross—coupling)e] EAN #H7] dolch

3o Aolrl BolFlR] 93, ALH2 T3 EAjo)
HE welle ke FAbEAe] 87Ee A9t uch
chise Azgle Aojsis woR A¥Aeleles

Y IEEER, BEEAE ASeliiTet

(Department of Computer Control Engineering, Uiduk
University)

#2 BHI20004E3 A6 8, A4 2001466H128

(238)

ol Alzgle] mde] BeMdaAG
A 28E Aojsle MEE vpfoz Hx| 22} Al
5278 o] 43 7o) s dEm el
ol A3 2ake Wik, w4y @49} 5}
gwislel gt 284, AL wlge] 3% Ats
sz o] rhessithes Ao onn H A%
Azde) mally B Aeld] we wAe geideslw
ole}. o2 S, Kawato 72 A3jAlel g ©.2 4

ujA Aol

oﬁ rlg

3r>l4

-



20014 98 EFIZEH

o]

i=
=

@ o A9 2S84
Aey7) Bl SR AAs
A 2lofle] AL o7
W Axglola] ezl Zds
Qe Al BAMEE nayshs
b Ao} AgAA7ZA Asge Aotk
olsteit) Karakasogiu 592 o} & il’jt Uﬂ‘f]a‘iﬂﬂ
HeY o S Allal] sste] 45 9 dF

Alzg o g Pra 2 AlagE T 7H4 ﬂ?éili‘%i
2 Adsle], 9T AR Al A
ek 2eiv Zb AR gJHo R AHAA A
2 QIEHAFE AMSBIEZ x]|FA|o)7] A7k o
Aol BAHsaL AdAzde] Ty chERel Al
2Ag3l7] ojeleh Cui £9¢ 4k PIDASI7]e £
o 77 AelFE £ oe] 23 dEdelss) 35
Ade @ e Aze Garest Aed seb
nle] Wl o AEANE A3 E3E Aire
NN-coordinatorg o]4-ake] Axele] A58 3kakA7]
S Aqkslgdrl. 22y} NN-coordinators s
A A ~He] ey BALS veplls e 9@y
olggozA Az Aulet FuE s
o} olepzto]| i Alaglol] Al FRrk-S H85) o
24 Azdle) Wl B9 RN Ed s

APt BRE AR G S ghe A% A

Z]

‘_‘T ©

L

L

=
T
Al

o,
=2

S5 5 oFE dubAal wh2 glth

£ =ioAe vy ohis Aladed A s
T AR AR71E Al Al A Al
Mz E5HE oJaisle] AgAelr)el g e AejalA
FONC)e2 A= A7 Aerle) e
AEAEEE o8t AxdE S Fol Add
BEEA A4S SeAl7le AT Aleint

F 5] Al el SEY Aaw)
H]*d%‘ thir Alaglom st A
He] dojuiz vjAdy chis A
JSM] ﬂl%ﬁﬂ Ay7]ofet. AkrE Aofuky
AR 7] Y3t EAE Fske F N
Al 2o &2 Aojsted A4
r,],a:]/* /K]/’\E‘g_,] /K]7:]u]- /\Iﬁé__a:] /sla%@
et Aokt Aokt 7)Ao whAlell 27k A
o] AFAAE njagro g ARk Aon =
& st

Aolel, o

=

_Q.
o=

o

/\lo]

=+
e

(239)

FERE SCh EOHH 15

ot

Chai 742l

o =3t

Oll
|> r|r

r
e

AAA w1 g Azde] & oz a9 1
3} ol BAE FRekE Sl o) Azdel EA
Ale w) Alzge] 727h Sdsich sk

H}-2]

TAD=T8()+COHD+G+ T+ Ty+F,[04D, 6]
j=1,2 )]

2 zagM oy jE B4Y, ok Y =2
2lgeld, 6= S Uil =3 T = RE]EZ
ol F;[65(D), 6(»]= whAH of=t |z 28
35 ugich o714 2L i EBAY A
EAo] A A Aste| AAPS Pk T, &
REj9} Rl EAlshe FErHER0|L T, = Sf3tolt),

a3

1. EAT THY T A gehre} Asd
Fig. 1. Two 2-bar systems holding an object.

Tf Tf
B “
o B
w o @
a w———* —a A—l - BZ
(a) (b) (c)
a3 2. wHed

Fig. 2. Friction models.



=

16 WA

>
I
o,
fo

a8 2& Axdel EAlshs vhe] Wi mdax A
AlebE, e, 280 29, stick-slip 13 5
02 o]Fof P Al xdle) £ oA BHL wAH
o gl A WA FH(g)el AAYHo] slsixlet. Al
28 Aele) BAL AEE §(), j=1,27F Ik &
EAZ () & FF3e Aoleh Alxgle] AHEA
22 g4n7k [0, 2719 Wl sl& o Al kel
Lk iand

Cheis AlABIS] ZFENZY

| of

He Alxagle] HEAE §)
AgAlel71e A A Ujgo)
EAE TR 7 NS st
gAe71e] FREA A7 A
Axde] F2 549 4%
A7) 913 A3 2 NNC)o] W2 FAI=c)
Alz=ge] AleiqlH

Tj= Tj1+Tj2)j=1y2 (2)

olth. AA7IA T, & AyAI7]e] EHolw T, v Al
73 2HNNC)] S o|t)
NNCE 1% 4(a)9} 22 43729 AIEqe

Ta= Blws o (R ose- %),

j=1,2 3

o

Itk 4714 6°( - )= hyperbolic tangent <%, 5,

£ gER 203 Al A, w,E $0%
2]
bl

A 282 pe ;o] 713A] Al E NNCE 9
Mgt F e st X2 Aole] gatge] 2%
AEAsE BAR] 98 NNCY qlEe

x°=1xf, x5, x5, 21 T=[ei(B), sgn(6,()), sgn( Ox(B)), ex(B)]
olct. 7IA, efB) = 8,4— 6, i=1.2 ol
signum 3 sgn() 2 vEERANS 9)8)] A4l NNC
o] gpdoen 7 AR AoPale o] gah®
] ARl AHAZTINNDe] Axawle 4]
o e} EHo| LAEEE NNIY 7B & 43

l . T T
p LINEAR 1 1 .
O1a +O CONTROLLEI 9
€ - o
- g g
‘ L] Ty & S .
sgn(8) 7] SE(TTI N4
; — 3 5
sgn( 6y) 0 Ty %. g T, 8,
e NNC ™., 2
. + LINEAR Ty .
0 Zd“(‘-,)'—“comomzk T 0,
- 2

a3 3. EAE e oA 2Ee) g a7 wAl o
Fig. 3. Indirect neuro-control scheme of two 2-bar
systems holding an object.

2

Ao B2 mAAT AEE RS NNCE o
AGAA ApdE 2o (= b, 07 HAx
7} FAl 3h= NNC9) 7132 $A43.0 8 o) Folzlr},
NNIE AHgahs ol A% Alelr] sl Bag
Azl Azmlekel W ARE )7} ofeisnz
NNIZ- o] g3le] Al2ele mAlghe 24 Qoix| An

(22 )5 NNCE| sol Wedsh] $1gtoleh. NNIS)
e NNCo) A 4ol Bag 2L o) Ay

derivative®} frAFSIA] 8122 NNC ko] £ 27|
7L mEA e NNIZF Al2~e BaPeedS 7pxdob

gok Azdel T4 BAR] 9% soz A

(L7 2 Azdo] oA Axglos £ FFse
ok Fhdskal Alsdlel $54S NNIZ vehd 4 9]
o NNIE= 29 absh e AR Te) AEH
202 kel 44203, 3H LS

b= 2 lwhye o' (Rol-xD) j=1.2 @

2

ole}. A71M v, el FUZE Ale)9 715,
W T AN EH8% = j Aol Z1EA|, Ay
= NNIE 9v|gch Alzgls =ARl] $13F NN
YHE Axde] qHz EHos TAY 4 g
webA] NNI®| U38S x'=[x], 2, 25, )1 " =[ 6,(k— 1),
Ty (k—1), To(k—1), &(k—D]T 2815tk NNIY) 715

A 5% AT AFANGRE

Ef (D=4 of W=L16n— 1% =12 ©

(240)



20014 9F EFIBEHmIGE

hidden
layer

output
layer

Tp(k

Tr(k)

EXC)

B (B

a2 4. AAINRY FF (a) A AAFNNC) (b)
A8 4178 H(NND)

Structure of the neural network (a) NNC
{b) NNL

Fig. 4.

2 Ak 7N o (B & Axd AEE 6k o
NNIS| 23 G sfe] Hol2A Apdexjel ek 453
TREE Aaa] sisle] NNI9| 7HEA $3e £
A dadaelE Ve olsdch NNIY 2
293 Al 45w, o FEHAS

; i AER
wm/(k+ 1) _wm/(k) 7 aw,ml(k)
o RN
=w',(k)+7 Bt () e;' (k)
= W (B 47 - 6 (BB xR
© e (B),i=1,2 6
olth o714, 5 & EF5Eolrh ¥ FAE Ao
o) A o) SEEALS g} AR o
=8 5 gk 3
: i OE'(R
Vin(kt D) = ViR =7
_ RGN
-Ulm(k)+7/ avi,m(k)_ €; (k)
=vim(B+7g - xi(k) - o
(2308 D) - Wi - & (B, (D)
7=1,2

(241)

ERSB SCH BOHH 17

olek W71 ¢ ()& o'(-)S] ARk wlRo]e,
NNCe} 7He] A8 e ee

2 (e}
AL

Exb=% & Wi=L10.0- w1 =12 ©

= Aejat). o7 lAE fske ZAEE 8,,(h 9 NNI
o %% G0 99 Aelz AuD FHexT Yo
o NNCH Q& 20 Alole) A ws, o &
28 70 A Al et s

c ey 0 E(R)
WD) = w0 - gt
. TR | AT (B
=welB oy T e
I AC
“arie 0 o W

= W+ 0 5B ()
: ,Zl [ ie1m(B) - o' Z; Vim(B) - 21 (R)

cwh (B &SR, j=1,2 ©)
T; - oT ;»(k
7t siek o SL0B. g qgo) mpupata 2L (8.

O'C(pZ 5B - x5 (B)) = A 9z Ee f53 4 9)

.
NNCel 2} 293 Aolo) A o5, o %

EN RS
T AT

¢ . a E (b
Uﬁq(k+1) —Up,,(k)—ﬂ' 81}3,,,(16)
e AT (B 3 6,(B
—qu(k)+77' avgpq(k) N asz(k)

& (M5 (B +7- x5(B)
: 56(,,2 V5o (B) - x5 (B) )~ w (k)
: mi:l[vi;+1 m(B) + a'( Z Ol B) - KR

cwt (B e (B, 5=1,2 10

olch NNI® NNC9| 7bg] A3 AleledyS & A
3 A7E el Albe] o] RojA|w] AlAElE AlAZE
A€t m3, NNIE off-line 3ol 7Hssle
on-line ®F EFWE EARE u§ AL ¥k
NNC] &2 24} o A dg dwelgel 7ikg
FEE NNC7F &gdel glomd Axge <kdde
2 3




18 H A4 chi g Alwle) A4 Ao SRR S
& ek o] A% olgald AeHrlRe s [
V. Ay ¥ uF dT
(60— 65D+ A=) at , j=1,27F H3v}
o] 75}01]/_‘1%:— A k=l 4178'“0‘111‘—’1715 HVdf‘é AT gez ges ame) wjE-AEEDAelslE A
Aedle] & ol FAE sk WP A2y o e Aade) elATS T ARz
(bar load system)®] ZEA]ofel] Agalo] Aotel w4

o A& gt} g¥ 55 EAE Rk 1
F3} Az’ Adgx FAEZA Zh dojAlage
AFEeo o8 TEET 7 A A= ot F
A7} A2 7= ik g, 7} Tl Al aElE ¢l=
e} 7+E, Digital-to-Analog (D/A) converter <t
ABZE7], Interface card’} AHH HFE| A2H
o] gtk 7t REY 7l dFriel sheE|ed] os)
45" AzEyE <z Aoy Adse DA
converter®} 10V kel £06AS] AFZE TF3h=
MBZFEE A 2+ 22 Agsich AP F

2 AejeduelE2

S AREDX-66 nlo|a R Z2AA7} A

2E e s FIEw A" g Fr] ALt
A7Fe 10msely. AR gdolE Colz WeE
m=0.5 [Kgl, my=10.5 [Kgl, m =1 [Kgl,

11=10 [Cm], 12:10 [cm] ,13215 [cm] 011:]-.

INTERFACE COMPUTER REF.
CARD IBM PC GENERATOR
a7l 5. A¥AHA
Fig. 5. Experimental setup.
Agks A Alelr)9] g FEal A

Halei7)e] 4
boRA el Reixol shmz, Fuks S curve
fitting % ol-g3ted 7} ool Alxme] A3} © AYE
!

N 1
Gi() = 5014154 0.9149 *

Gy(s)= an

1
0.0143s+0.9385

(242)

F717t vlEs} ddelld FEERE AT, A%

Blas $lsje] PI Alefrieh A Aloj7le] AdER

58 47t FAK,=5 ,K=2.5)3M vk 17
LI

she

o]

6
Yo
L.

4
<7t
3
L3

3} PL #1718 A

]
=]

(o]
=

Alz=Hle] Alge] AslEA
255 HAfskr| 998k AlzH
24L& gA ¥k

Ak AARA 7| & AL37] $siM= NN &
o] WA o]Fojz o} FuZ 2 HzZ Wl T3 kel
HEgaE FAR AYy 7 € [5 5], j=1,29]
det NNIE Al 29 8 Aokl
T t)=1.+2.5sin(3x) +3.5sin(4n) & AAB|2Z ol
7} o) NNI®| 21853 A7 et} 74 NN
4 95 28 A%% 4,5 3 mA #2259
th o]= NNC o] 2r)|zzle] 53hs viehich
a3 9= 2® 83 7o) NNI® off-line &o] 2
o] Akl A|ofutale} NNI2F NNC9] on-line &
Aoz} SaEe HH o8 EAS Tk A9
et Alzsle] Agggdelnh A Aelzld o
S5ellA AsAzke] PL Alei7] A3 2ot ke
ol AaEAe-E £ 4 ok

I3 10@)= PL Alei7]e] Adg) 7iEalse] o
25302 0 radf sec] TN AFE7Hdeadzone)o] &
ANFE B ¢ ok o] vlAdY =hARQl % whE
of 23 dehhz AR AEF A AFAE
Fa8d]le] Ho) A% Aeirlel ofgk S5l 13
10l Ehpoll ol vlAds whael] ok gk
BARREC R PI Alej7] Bt ksl A4S HojEoh
AF77Hdeadzone)®]  371(d,=0.36 [sec],
d;=0.27 [sec] )7} tb& AL /= EAVL 43 2
Asted E3ukae] m71E d24 slEgela At
=2 AARA e HAAE-E BAsle] Azl A

2
T

=]
RS 4

D1

3

gl

w3t



20014 9B EFLBEHE £ BB SCE FO5% 19

g TS £ 5 Qdek B 1elA et} Akl
WA A2k e A Blasgich

o159 AFEFE Aldd Aolrle thif vy
Alzelel] Hgrbssta 7]1Ee] Aoty 2op 4ee AN
ANA 2 g & 5 sleh ARl M 23
A3t AL dAzkA] HEsA AeE dA 82
AR ol e 4 shsdt Wl diste] Adwt
APAFE] O kg o e wgy A
o] BollME ojgt FAlStEE, AW AL nlAd
¥ Ale9] shte] disker e 4 Uk AR
2737 A9 AR AT Aokl FAlg At
AZE FAE HS A o 0 A2 Eot

X oo

x 1. Al2H"e) Agpeabe] g
Table 1. Sum of square errors of the 2-bar

system.
A7 T3} 7|FA 5 | Al F1FAE
191.73(A 28l1) | 6397(A~H1)
PLAVL | grsnnzgn) | s3s800292)
AR 7] 133.84(A | 2~¥l1) | 1856(A]AHI1)
146 28(A12812) | 12.26(A £Ei2)
1.5
E 1 sless ML e
go.s [@'M—» — &
0
§ -0.5
2 1
-1.5
0 2 4 6 8 10
Time [sec]
15
e 1
;é 0 2 Rl
T
305
2 4
-1.5
0 2 4 6 8 10
Time [sec]

a3 6. FAE TR ¥ A PI Alets] ¢
2 =Y REAlade] AY-EH (¥
71841 %)

Fig. 6. Experimental results of the 2-bar system j
without an object by the Pl controller
(rectangular reference signal).

1.5

o
5

Velocity [rad/sec]
<

-0.5
-1
-1.5
0 2 4 6 8 10
Time [sec]
1.5
'E' 1 e
3 05
T Oyg = < 0,
= 0
‘g -0.5
C st
-1.5
0 2 4 6 8 10
Time [sec]

38 7. EAE e 452 Pl Aozl 9% =
RIS e

Fig. 7. Experimental results of the two 2-bar
systems holding an object by the PI
controller.

! 8, =f\ « 4

=]
2]

5 0.5

Velocity [rad/sec]
o

)
-y
o =
=3
N

4 6 8 10
Time [sec]

1.5

o .
1 52—> <—52_

(=3
w0

|
=]
5

Velocity [rad/sec]
<

|

4 6 8 10
Time [sec]

|
=y
o

=

[

32 8. AAYH T,(H)=1. +2.5sin(3xH) +3.5sin (475
o chat NNIS| Al273h (NN 29 ), 2%
X 4)

Fig. 8. Experimental results of the neural network
identification with 7;(#) = 1. +2.5sin@x?)
+3.5sin (47f).(output of the NNI 3;, an-
gular velocity 4;)



20 v A8 chH g A 2Ele] 7hA A A A o ERA M
1.5 1.5
CRRE e A 3
?% 0.5 s Rl r §
= 0 el e e i — Z
Z 05 \
2 1 poa, . =
15
2 4 6 8 10 Time [sec)
Time [sec] (b)
S - - 38 10, FAT S92 29 dbtof A2
7! _ , - doEET 128 @ P A7) (
g 08 o | < 0, A7 Ale7]
P - Fig. 10. Experimental results of the two 2-bar
g-05 \ \ systems holding an object by the
2 et neuro—controller(sinusoidal reference signal).
s : (a) PI controller (b) neuro-controller.
2 4 6 8 10
Time [secl
a3 9. BAE 5T A AAY Alejrlddl g vV # =
EEEEPEC ERLES - EE
Fig. 9. Experimental results of the two 2-bar _
qj = B x{aﬂ qﬂ A} AH ul Al
systems holding an object by the neuro- TeliE wd lxsle) AR A
controller. I} A% Aeir] dAMPEE Al Zﬂ"ﬁ& Ao
71 4 A9 Ax"dE 93 AgA7)e} shie A
1.5 A3 gtog FAER, AAslzape sy A
E /f\ : m m AZHNND L2 A2ee 2ARE Fol Aue gne
S 05} g.,—/ [«
H A A AAHZHNNOE A7 2 A4 Al
s \/j v \ wploleh, Aekat Aohialel $-84& Axd) 913
=1 of PCT 7o R & BAS FRT o) ¥apA2w
-1.5
o 2 1 s 5w o Sxdelel A4asck AT 24T o ¥
e e 2Re wlgddeln Aade] AEAgez Qs
1.5 AdAY 7| 24 B5ERG e A7) S
7 ! AA Ao o 4 glglrh e Al u«iu&zﬂ
| =/ |~ & A& BAE FHT o) ¥zl 482 S
Z0s | \/T v \ & Ao Aokaal A ASS) AR R
2 4 & |07 Qg Hl:xi?f}— gpol] o] A S 9l
2 4 6 : A AR} Selie ATzl vl
Time [sec] u}.;}_l-o“ _g]z‘s]. ogﬁ;) = E_/\Lz‘v_l- < C})\l 5]_0}5]\{;}.
(a) Qo] AE olfEA Aawle] wlAgAH AT
Ls zhgo g Qg AsASE A% Aeir|o el o}
3 ! 2 Ao Folg ¢ glvh mg A HAI]71(INNC)
B o) shibdoz AAsize] AEd AuE of
— 0
205 S3le 2 A4 AolwAlE AMEEE Ao A
2 4 < & F gk & A7l A8E dh 2AE S

-1.5

10
Time {sec]

(244)

55— o) BalalA"o|z] sl AR 2 A ZA 9
Rk B 5 ol ok WAy chig Al



20014 98 EFIBREHIGE

9oz B Aol F¥s AFrEE wel Fr) =8,
2 AT ABAAHONNDS S5 AT
7 olg sk Sl AgHeE 1 A4S

2k

A2

[11]

(2]

[3]

{41

[5]

[6]

[7]

(81

9]

+
A7eA Az=g), @ s9E Adely o)F

ol AR darelEe] A4 shssicl

o

)

re

Mo

T. H Lee, E. K Koh, and M. K Loh, “Stable
adaptive control of multivariable servomecha-
with
line-of-sight

application to a  passive
Stabilization — system,” IEEE
Trans. Industrial Electronics, vol. 43, no. 1, pp.
98-105, Feb. 1996.

H Y. Chuang and C. H Liu, “Techniques in
cross—coupled digital adaptive feedrate control
for multi axes machine tools,” Control and
Dynamic Systems, vol. 72, pp. 265-301, Sept.
199%.
D. E. Kirk, Optimal control theory, Prentice-
Hall, Englewood Cliffs, pp.
184-310, 1970.
C. J. Mao and W. S. Lin, “decentralized control
of with  unmodeled
nonlinearity and interaction,” Autormatica, vol.
26, no. 2, pp. 263-268 1990.
E H Mamdani and S. Assilian, “An
experiment in linguistic synthesis with a fuzzy
logic controller,” Int. J Man-machine Stud,
vol. 7, pp. 1-13, 1975.

AEe, A7|E, woRsl Alzwle] ZRgAld
Al fgRHAREErE] =], A 3BE, SH, Al
%, pp. 52-59, Jan. 1993
M. Kawato, Y. Uno, M. Isobe, and R. Suzuki,
“A hierarchical model for voluntary movement
and its application to robotics,” IEEE Contr.
Syst. Mag., vol. 8 no. 4, pp. 8-15, April 1988.
Asld], A7E, “AAIEE 247)E o4 v
A5 Azdle vsAle),” RS =7
], A 334, BH, A 62, pp. 208-216, 19%6
A. Karakasoglu, S. I. Sudharsanan, and M. K

nisms,

New Jersey,

interconnected  systems

(245)

£3B%E SCiR F£5H

(10]

[11]

[12]

[13]

(14]

{15]

[16]

{17]

[18]

21

Sundareshan, “Identification and decentralized
adaptive  control using dynamical neural
networks  with  application  to  robotic

manipulator,” IEEE Trans. Neural Networks,
vol. 4, no. 6, pp. 4-27, Nov. 1993.

X Cui and K G. Shin, “Direct Control and
Coordination Using Neural Networks,” IEEE
Trans. Systems, Man, and Cybemnetics, vol. 23,
pp. 636-697, 1993.

J. J Craig, Introduction to Robotics. In
Mechonics and Control.  Addison-Wesley, MA
1986.

J. W. Gilbart and G. C. Winston, “Adaptive
compensation for an optical tracking telescope,”
Automatica, vol. 10, pp. 125-131, 1974,

S. C. Southward, C. J. Radcliffe, and C. R.
Maccluer, “Robust nonlinear stick-slip friction
compensation,” Trans. ASME, vol. 113, no. 4,
pp. 639-645, 1991.

C. Canudas, K J. Astrom, and K Braun,
“Adaptive friction compensation in DC-motor
drves,” IEEE J. Robot Automat., vol. RA-3,
no. 6, pp. 681-685, Dec. 1987.

J. O Jang and G. J. Jeon, “Implementation of
indirect neuro—control for nonlinear dynamic
systems,” Mechatronics, vol. 9, no. 6, pp.
675686, Sep. 1999.

K Hornik, M. Stinchombe, and S. H. White,
“‘Multilayer  feedforward
universal approximator,” Neural Networks, vol.
2, pp. 359-366, 1989.

K S Narendra and K. Parthasarathy,
“Identification and control of dynamical systems
using neural networks,” IEEE Trans. Neural
Networks, vol. 1, no. 1, pp. 4-27, March 1990,
D. E. Rumelhart, G. E. Hinton, and G. E.
Williams, “Learning internal representations by
error propagation,” in D. E. Rumelhart and ].
McClelland ~ (eds.)  Parallel  Distributed
processing, Cambridge, MIT Press, vol. 1, ch 8
1986.

net-works are



22

[191 G. A. Rovithakis and M. A. Christodoulou
“Adaptive control of unknown plants using
dynamical neural networks,” IEEE Trans.
System, Man, and Cybernetics, vol. 24, no. 3,
pp. 400-412, march 1994,

TR f A(EGR)

' Agoysta Axkgats 24
(2D, 19929 £ oiEl A4l
19989 & ek k1990 ~"
A sdesta AREA R £
T5, s FRA Bole ixE
AR, 92 7Y AeAaH, wh
dez weld] »Ab 59

(246)

MY e Aad] A4

(201

X A2 N

wRA S

F. L Lewis, A Yesildirek, and K Liy,
“Multilayer neural-net robot controller with
guaranteed tracking performance,” IEEE Trans.
Neural Networks, vol. 7, no. 2, pp. 388-399,
March 1996.

F F E(EEH)

1986 7AHEEw Azt
| EHFEb. 19804 AE
2 A B P S o =

| QdeEsaan. 1993 Au

| sk ojs AAEs uha

S FQEHPD. 199

A~ deiheta e ATt 2w

F3 Hobe sH Az, HAA, 1733
29 AzdAle) 59



