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A Performance Improvement for Tracking Controller of a Mobile
Robot Using Neural Networks

gk x 3, o] 2ot &, o] & W’
(Jae-Hwae Park, Man-Hyung Lee, and JangMyung Lee)

Abstract : A new parameter adaptation scheme for RBF Neural Network (NN) has been developed in this paper. Even
though the RBF Neural Network (NN) based controllers are robust against both un-modeled dynamics and external
disturbances, the performance is not satisfactory for a fast and precise mobile robot. To improve the tracking performance as
well as robustness, all the parameters of RBF NN are updated in real time. The stability of this control law is rigorously
proved by following the Lyapunov stability theory and shown by the experimental simulations. The fact that all of the
weighting factors, width and center of RBF NN have been updated implies that this scheme utilizes all the possibilities in
RBF NN to make the controller robust and precise while the mobile robot is following un-known trajectories. The
performance of this new algorithm has been compared to the conventional RBF NN controller where some of the parameters

are adjusted for robustness.

Keywords : RBF neural network, lyapunov stability, mobile robot.

L ME

Az A glo] ATHeE o5 F U o)FERS
28 WA7E FYAeit 53, ols BERE He WA
A o) Thsstng 3 Aule] HA B Fe, S5
Ao AR 3, aela A AEe] HA § I3l st
7] 919% A4S Al & 5 e Aol drk z2Eu A
A & = gl Tt 7PX]U1 24 W) 2ds)
oo 4TS B o] TRES WA ERHoE Ao
R} sk A2 B2 % :rﬂ——gi-rﬂ s e AL
EAECITE B AU E] o]FERY olFAllE Al
A=l FrH1-14]. ARFEIAHL o] F2Re] nlAAlo
g 24T & A, vAY 97, vhl §ake) zhapad
sl 729 43 5 dAR ﬂ4 dohf7)7t 7
g3 48 mUlg gojop It Aotk AgAo)7)=
FEHeR dEAA] B2 ojFEX THIGOR WAAE
AT F AT ol AR B2 FATY] HRF 22
Q FHE ez vt 2d 7N HIyo| g od ¢
Aol 3l 432 wE 7l Aorlge] wel v
[6][10]. Fierro 2 Lewis[6]%= Backstepping F%7]H% EIA|
o)71& A¥FesA wHr 22 pLEgled o)
on-line ol 23) ol F 2ol F K dynamic)s FFE
Qe T feedforward FTERAWEHIE O]%O]-"“‘U]— Yang 7}
Meng[]& 23 WiUEHCIHE S8 @ 7a7IA7]
£ Alteisich o] 422 o™ nonholonomic 7178HS ¥
FotA] @gkemz 778 Alke 7R 2R dsiME

* A ) 22 Corresponding Author)

=RAG 12004.9.25,  AHEA :2004.10.13.

] gk A 7] AN pawh@hitel.net)

olghy  RAHEknl 7] Al E 8 (mahlee@pusan.ac.kr)

o] : FaddiEal A A}-F & Hjmlee@pusan.ackr)

2 =RE HE3eR ATATSAdE S48 A7
1B =

AHgE 5 gtk Al e ojud BeY =X g2
Qo] glhe 7 3tlA FH ST Kanayama et al & ©|&
21e) 7)7eeke 13dte] A posture)A)o) 7] E A3
TH1]. 28)3 Fukao et al2]2 o522 5H8S 1t

Alz=Ele] oM T E ZHSISITE B3 Zhong et al[5]1 5=
Ko sk AAs|2Y 58 o &dkd AR AorE
T3t

ol g2Re rFety TS FAldl mesie AR
Ao1719] vjF-E-& Backstepping A171& 7I{eR 3l o]
F 239 nonholonomic T4 F7E& WESIHA FoR 7 ]5‘
ARG FFshe Alo)r] TALZ A7) B@o) WP
TH3)5T6].

Backstepping A|171E 7&37] HsliM= 715 W)
X 71pEkEQ) Al Aof7jolA olEREe] &rr
RS A =3, AARES R olFREe] o FHIAE o]
&3] o) 2R AoPHS FIA Hizdl 2709 vl
oJsiA FEo] iz olFERRY T WA g o
BHEES o gith {9 go] o)gRRe] FHAn
eSS A & 471 §17) Wil Qiuju et al[3],
Zhong et al.[S], Fierro et al[6] A7 o]-g&&le] MAI7F &
£ offline2 2 olF2Re| FAFNL FAHo® FHTS
2R EA-S sgstasl sk

E =FME 7|& Backstepping AoI71E AMS-3E A7EY
Al2=Hlo]] RBFAIZAHS o] &5 =P Xﬂ°171 Aratsdch
Aoy7]2] ebgAe AA3A THsI 71E AB A7)
o} A5 vusigch ol s, 2”011*1% olFERY ¥
Aets 71es] AREIET 3l E RBEANALS ARES
AZE Aol7)1E A 2 KRS AFsIHen, 43 E
Ate Aoy7]e) AEH|nE A3 Ferro 2 Lewis[6]2] 4@
Z1& 7Ha AEYelAS Sl Alekdl Aloirie] A
o] s Btk

e
Z
K

—



1250

I 2=

2 =84 AT o]FER A2l Tt wAw)
7178 WA 183 o] B 259 nonholonomic TEZAL
A AvRd vea 2,
1. O|B2Re| 5%

271] vl E ol &3l FEEE nAd o|BEE 9 B9
&2 2] WAl (Lagrange formulation)S o[£35t o3
3} Zro] viebd & A3

M(g)j+Clg.4)g +F(g)+Glg)+7, =Blglr —-A"(g)2 ()

o} 7],
m 0 md sin @
M(q): 0 m —md cos@ |»
mdsin@ —md cosf 7

0 mdfcosd cos@ cosf
Blg =4 ,

0
Clg.q)={0 0 mdésine |’ sind - sin ¢
R -R

00 0

T= lii;] ' ATl)= {_(:21:91 , A= —m(fcc cos@ + y, sin 9)9
—-d

o7 Ao, Mg)e R iAol 9] AR BHR

HE BHo|H, ((g,4)e R™” £ centripetal/Coriolis HHo|rh

Fg)er" € BY vHEEHE UEhlY, gg)er”2 TEHEE

et ¢, & 98 2l £3HAUE By HAES

e, 2213 plg)er o re RS 0 WS P

AAYE S 2p2F Y™, A(g)er™ & 1eR” & T
213} fe YE3} o] F 229 nonholonomic TEH S WE}
Wt
2. o|s2R9| 7|78 nonholonomic &=

1% 12 332 nonholonomic °©]FZHEe] A|AEE U}
Epdic). ol B2 Re e F4o2 dFH 3l 2 7
A E A EgleH, SHAA FE71 o8 olF T
WS Alojgicl 18| 1 o] FERS YA & Ay A HF
A {0, X, Y} & 7IE2E o]g2Re 2449 IR P, X,
Y 2 vERd 4= glrh

L

Y a

|

1% 1. Nonholonomic ©]&-2% A28l
Fig. 1. A nonholonomic mobile platform.

HO - XrSst - AlABSs =2X M 10 &, M 12 & 2004. 12

T3 o|lFREL 7|70 Z nonholonomic T&EFHE 7t
231 7] e A AA71E AT W HYER e
A7 | 2= M E B ihe ¢ Qlth o]l52 Kol 7T
B P4 2L OFREL A 32 SlEe 4
Zto 2 4% rolling FES3HHA o|F-E FhaL v 1A A
BErhe Zolth ol¢h e FEEUS Aoz n )
A v Z2o1]e]8].

yccosﬁ—xcsinﬁ—dézo )}

oJERRE $EL HEE vo A AEE 0 9 T 7}
2 Ao) Yoz zAFPh A7 M<Vma Ho|<Wpax &
st Vo O WiaS O1B22e] A1) A&E9) 24w
2 vehdith o]52R9] 7|7st WAAe R=mjel 3y §
o oJsiA] the o] Vb S 9, o|F steering Al 2F
EE 2 Ale)z)Eka gL

g =S(g)v() )

3714,
g=I% 5. 6,1

cosf —dsinf _ T
S: s U—[V W]
sinfd dcosé

olF2Ee 2709 ALY (v,0) 2 (x.,¥..0) F 74
£ olB2R S AAstaAt st ool JdoH (vw) 9t
(J'cc,j/c,é)gl HA 7} ¥ X821 nonholonomic A oFS 7HR| 22
2471 wiell, Brockette] Aol wel QM AEH o2 47
Al71E 94308 Al ERAQY s=dAo)7t E7Fssvhl].
olelgt AlefzE FEIIL HFAA AoYr|E AAS A
3= A7t ASH 0= JegE gt
3. O|Z222| nonholonomic =& £4

O] FERL =EExY AxHo|2E tE (@), (5)% 2ol
7178k Aloke 7o

A(g)g =0 @
A(g)S(g)=0 &)

AokL Hh= &x= AL A(g) o) Null2Zel 9] wiio)
@ oBHE S5 y(1) & RE + 9k

g =5(q)v () ©

ol 2R AXRL FHHA Aleko] lx miFEo] glnt
3 7HEEHE, (D2 AlEAE H3 2ot HAEg) o w
agEd. (yel ST E JAS F3ta ©F VRS 1) W
A31H nonholonomic ©)FEH9] T3 WA L3}
2t}

STMS v+ S"(MS +CS)v+S"r, =S8S"Br D



Journal of Control, Automation, and Systems Engineering Vol.

M=S"MS, C=S"(M$+CS)> 7,=8"r,, £=8"Br &L
Aolstel Bgt 2ol 4 5 9

M(g)v+C(q,q)v+F()+7,=Br=7 ®

@2 o= 22 548 7RIt
S8 11 M(g) T WA FE I

4 21 M(q)> [Clg,¢)| L 7. bounded ST
4 3 48 j-20 & 27l

ML AF ®of7| MA

1. RBF Alzgt

RBF 217472 9t A5 Sg7a & AMgshe A
Egd vg) $£EEErF wED 727 dedith 245
Loge AR o AAE, 22 FE9] radial basis
function 0.2 TFAIF Y] %131 Gaussian ¥4 triangular T
trapezoidal ¥ Fol AHEE O] Atk ¥ 2% Gaussian T
& AR83 A9bEQl RBF AAES e J”elo)k

AEAH xol JAT £89WY yT tha AT o] Fo
Zith

y=WloWV x+b)+¢ ©)

o714, £ ZAEAAME be GAIAE HERITH
2A%rE o 2

19 2.RBF A% A=
Fig. 2. RBF neural network diagram.

Reference Path

S

\

1 AR P B
. oL L5

a3 3. ol FER 7IE #xle dA AL
Fig. 3. Reference and current position of a mobile robot.

10, No. 12, December 2004 1251

o(x)=exp(— < ) (10

267

A7 ¢ BHURE FAolT, 5 & FHFol
2. =R}

&= T Tl Aa1M, 1 39 ol V1 22
S5 o7t FolAW @2 olgste 71E zRel 9
pels 5 2 AW T 5 ok 1E 229 97} @A)
AFR AA p=x y 6] F olE3el olFERe 4%
©3 P, & 7o thest 2ok

cosd singd 0O
P =|-sind cosd 0P —-P) (11)
0 0 1

283 olg R Al 9} P, & MRS Thet 2o,

y,®—Vv+v, cosb,
P =| —x,0+v,siné, (12)

e

o, -0

olFERe] AZHE A sv] A BHL JIE AXr s}
A ol 52K YAPE YAAA AR 23P.& 022 g
=€ Aotk olet 2& AojFAE A Kanayama® T
23 ZE 717 £ Ao71E Aekslsith

v, cosf, + K x, 13)

Vv, =
¢ o, +K,v,y,+K,v,sin6,

—cos? 14

P =262 ey ) 9

2

(14HE vEsho,

I}1(1‘)=xeicg+ye)‘;e+smé)e 6 <0 15)
K2
o ayzag Fes
(1% (50l TS he3t 2ok
Vl(t):*leezf%u, sin’ g, <0 (16)

2
o]7]A, Kanayama[1]¢] w=&0llA A|ojol5 K,-K,:k, 7} BF
0 o)dold AR P}
3. RBFUIZ S ol 8%k &MiekE! Hof7|
&xdE e, & o83t ¥H @ FFE r & UEH
ol AelFt
r=e, +A [e.dt an
F=é +Ae, 18)

@ as AAE oz FRAFEoY, o =y —yolTh



1252

(17, (18)E ¥Fshd o3 2ok
\% =VC+A ecdt—r (19)
V=, +Ae, - F 0
(17), (18)& (7)°ll HAsh
Mr=-Cr+f(x)+7, -7 @n
& f(x)=M @, +Ae)+C (v, + A fed)+F>
J-efdt v yT T el
A1 747 NN)S] “universal approximation property”©l] e} 25
AR theat 2k

f=WTe@W x)+¢e ,

] < £ @

& SAEA dER fdakelH, my
FAA FR 7FSA(weighting)olTh. f(x) o AAT 24K
ohEa 7ol dk

£ A2 of

fx)=WTo¥x (23)

FAgeln KA S

7 FHeldE ¢ =c—é, 5=6-6 el

T=f+K,r @4

71X, K= AAE e gz de|.
@Dl 24HE tidshd,

Mr=—(C+Ky+W ol x)-W oW x)+7,+& 25)

EF, 6 =0 x) L A3,
Mr=—C+K)r+WG+W'6+(z,+¢&) (26)
23 57 x) E HEE F5E AN oS3 2.

(V)= )+ T )T )+0F x*(Fx)? 2 27

& o'(2) =

? a2 &' diag{"is;f“}diag{ () °lt.

@nel 2.2% viAn e AR Frlsien o
Age FASRT TeElmz 23 oldel nAYe
O Tx)? & B7131 & & v} o] "ok,

HIO - Xis3t - AlAEIES =24 J 10 &, K 12 & 2004. 12

='WV x+0F " x)* (28)
28)& (6)°ll thyshd,
Mr=—(C+K)r+W " +W o'W W x+W 6 +¢29)
% op= WT&Wx +WTOW Xy +(7, +¢) °Ith

a1 ATl W 4) APEAS st
7FEA] 73”“‘%% Hg3ha (29)2] HAZIA|2E
]

o ki
&
o o

FIJ

A

o2 o Alzwe] ek
W=kTL,6r" (30)
V= kLTS &)
é= -a¥, “r”é (32)
5 = —aW,|r| (33)

kky o 5 AAR F ), 1o, p B AAIE
°k~°4 CHZT?"’E%"]E}
:Lyapunov 3-FEE o34 %01 gt

V)=V, (0)+ V()
o17]A,

V(t)——rTMr+ tr(W’l" W)+ tr(VF V)+ tr(ET‘P"“)+ ST, ')
olc}, 7] 2lg mlRahy,

, 34
V()= -Kx? —ﬁur sin®g, <0 34
K,

1 = 1 1 1 PSRN U | AP
Vz(t)zgr Mr+£tr(W T, WHI"(V I, V)+Etr(c ¥, E)+Etr(é‘ ¥, 5)
(35
9E (35 sk,
v, :%rT(A_/I—ZE')r—rTK4r+rTWT6+rTW6’ I7Tx+r7(¢+®)+% tr(WTI'l"V?/)

+étr(I7Tr;‘I7)+tr(E Tyriéy 13T 5) (36)

(M -2C )< skew symmetric ©|2.2 00]ck. whepA],
Vo)==t Ky +r"WiG+r W+ W)V x+r (9 + ®) + kltr(W’r(‘V?/) +
|
kl—ztr(ﬁrrz“?) +r@EW ) + (5T, S)
="K+ WS+ WSV x+r W'V x+ (p+d)+ kitr(VIN/TIT'VI'N/)
+érr(l77[“{‘ N+ @Y+ (5T 6)
= —rTK4r+tr{W’(kilr;‘W+ &r’)}ﬂr{W(kil:‘?’ +x &)+ (o + @)

+r@ETYIE) + r(BTWE) 37



Journal of Control, Automation, and Systems Engineering Vol. 10, No. 12, December 2004 1253

19 4. ARME Aloj7] Ak
Fig. 4. Proposed controller block diagram.

st o] AT T, 7 oV = V.6 =6, =401
3033y 37yl didsha o 2t

Vy(t) = ="K+ o+ aplier @ e) + r(38))
="K r+rTp+ a“r”{tr(K(A—Z)} (38)

c 0 - .
w o= [0 0] Wl =a e <e ], & Frobenisnom,

A, s -B=E0 - [f, <[A), o, -Bl, 1=
0Kl a6,
<Kl -afE] @, -[5],)-0,]

Kb, -0 09

7]

Kool 98 K, 0] 7P 22 1670 Yepard,
SHa)

aAZB/ + g A A
> 5 ], >S5 2 sl el
4min

B Ee AT, <o o FL [A Azswe
V(@) <0 olag || 2 |5, & UUB(uniformly ultimately
bounded)7} S 3 Lyapunov 17Ado]&e o] A|~vle 1Y
How et B B K, & A W 855 o

e FYOE boundedB2 & F ATk |

Iv. O|SE22] AlSalold & 2=t

E =RANE olERES ARSI AME Alelr]Y 9
5 9 YRl tig AAAS FEsknat gk AlEH ol
Ao a9l Pl o] 52 RS AME3ISITh unicircle 3
glo] o)]F 2R 2R F70| AS3lE olFEEY e
HE a3 1904 olFRRY FEHH FAAEAle A
d=0°]c},

AEHo Aol AMRS ol s R T8 WAl vhehy]
B m=10k] . 1=sg-n]» R=05[m] , r=0.05[m]

r=005[m].T, =T, =101, > ¥, = ¥, = 0.1, , =k, = 0.5,
A=sz2’ a=005, KlzlaKz =59K3=4a K4=4OO]E}-

B o] Agkshe W] 958
29 A M= g2 249 digle o
AgH oS Sl olu, AdlelA 3<
o] S*sgn(q*2*md®} 9J&e HrFsgih Ak
9] RBF 217%A0)7]¢} v)wsticth

HE 1 RS x = 1,y =2, 4E 2656 9 I A
ARA 27|HANN ST v, = 05 sl AEE o =
Ofradis]®] £ AX o7 Walshs #A-e] Foix|a1, A
9] o] FE2HL x=2[m], y = 1[m], 2T 2= 10°9] 2719
o ek 7HA.

A8 2 A0l 71EEEY AET oz / 4 [rads]
2 3AE sk AA.

a9 5,6 % 7, 8 el EAske 9o JuAH 2
SRAH) hE FEHFS Jebd Tolth HYHY T
e 71E RBFAIZHAI)7]9E ARkt Ajo}7)e) F3)
7 o7t W2 gk e oSte] EAlEl= A7l A
= 9% S A= 7)€ RBFAIAYA 7= F4
F3 T w2A ¥ o FEF AYFFo] ZE FHrH
2 A3 ARKSE Aoy RT) FEdE ) F18He & 5 o

m3l7] YA o
o] &A= 4
3 <t < 5sec AFO)
otdl g 7E

15 i ; : :
1 =’ L =AM
: : L o E U
L 1 L 1
0'51 2 3 4 5 6
X&[m]
@

o

X& Y& tlai(m]

05F

Time(s)

®

a8 5. 71EA7IEE 11 AA () AR
Fig. 5. Conventional controller. (a) trajectory (b) position error.



1254

45 T T T
4 i _;7;42
17 SO SUSU SN 4
e
A
3 JU SR SOV S i
[T R S S N 4
[ S — AN S SO
05 i i i L
1 15 2 25 3 35 4
X&[m]
@)
XEHd
— Y&0A

X& Y& 0ll2{(m]

Y] LS proeecdenned S

q | I | | ] i
¢ 1 2 3 4 5 6 7 8 9 10
Time(s)

(®)

a9 6. ARKE A7|(HE) @ HAA (b) AR,
Fig. 6. Proposed controller. (a) trajectory (b) position error.

35 , ,

------ =ZAN
— Dl

] T -
05 i t i i
0 05 1 15 2 25
X=[m)
(@
15 T T T T
o [ xEnd
: Vo yauy
0 A IS HOSUNS SIS U I S RN S .
ﬁuﬁ . D L TR S s S P —
& :
W X H
> H ~ T
w 0 ?\ RV s
* ; N
asfi-
R I i i I i 1 I
0 1 2 3 4 5 6 7 8 9 10

Time(s)

®)
a9 7. 71EANN(EH2) @) AX b) AR,

Fig. 7. Conventional controller. (a) trajectory (b) position error.

MOl - X=38H- AMAESE =2X XM 10 &, A 12 & 2004. 12

35 T ———
e FEHA
— J|EHH
3 | Z=H
251
£
i T L L -
>
1.5 ............................ -
] O SUU
05 1 1 !
0 05 1 15 2 25
X&[m]
(@
15 T T —
: ! FEEY
\,. : — a3
Y 2 S PR SR R ;
€ \ S A "
T T 5 5
3 H o H H
r ) \\ ; ;
- obs BN RSN ;
TS i i
D e Tt S S :
1 1 1 1 R Pi
o 1 2 3 4 s 6 7 8 9 10
Time(s)
®)

% 8. AlRKE Aol71(E82) (a) HA () AX|.
Fig. 8. Proposed controller. (a) trajectory (b) position error.

o 3, AQKE A7)t M2 AU ol FRE e
AT FFY B S5 HAF
v.2e

B E=RME RBF A4 A7 71 Qi 22 7}
FH, 3N 9 3 3 AN updating 3] o|FE
o] nlxle) BB Sl B AASHE 742 4+ 9
%S9tk 71ee] RBFAZHE o188 Alo] Al2wolx
e HEEE=L R R L !

T4} sigiont ols2Re] B4 AHE WA FAE o
UE FAL T 5 §ee Aotz delsgon,
AFNE BE HAIHE AHgte] olF AV,
Aok sehulEle) Z7te] elslel Aloyo] B3kl
= glox} ZEapqel Aol B4 Wsh: WA o
@ A o] WA Fohe o 5RE AollelZ e W}
A B AAel o] A5 Bstdnh A
Ao1719) RS Tyapunov WAAOIEE AHEl] H23
FWaGon, 7)2e) RBF Ao71E AHdke BS99 WL
Be sighe] EAE A9 Ak AoI7e) FESHe] 94
2o By,

5, 9jgre] Shol weh o\ shetulE) 2ge] A
? 9E A A4S ekl A 2391 el

£98 ARse 7Ee AT Rl

EE 4 W oz dﬁ



Journat of Control, Automation, and Systems Engineering Vol. 10, No. 12, December 2004

(1]

(2]

(3]

1]

(6]

(7]

ek ]
Y. Kanayama, Y. Kimura, F. Miyazaki and T. Noguchi, “A
stable tracking control method for an autonomous mobile
robot,” in Proc. IEEE Int. Conf’ Robot and Automation, pp. 384-
389,1990.
T. Fukao, H. Nakagawa, and N. Adachi, “Adaptive tracking
control of a nonholonomic mobile robot,” [EEE Trans. On
Robotics and Automation, vol. 16, no. 5, pp. 609-615, Oct. 2000.
Q. Zhang, J. Shippen, B. Jones, “Robust backstepping and
neural network control of a low quality nonholonomic mobile
robot,” International Journal of Machine Tools & Manufacture,
no. 39, pp. 1117-1134, 1999.
B. d’Andrea Novel, G. Bastin, and G. Campion, “Control of
nontholonomic wheeled mobile robots by state feedback
linearization”, The International Journal of Robotics Research,
vol. 14, no. 6, pp.543-559, 1995.
Z. Ping, Jiang and H. Nijmeijer, “Tracking control of mobile
robot : a case study in backstepping,” Automatica, vol. 33, no. 7,
pp- 1393-1399, 1997.
R. Fierro and F. L. Lewis, “Control of a nonholonomic mobile
robot using neural networks,” IEEFE Trans. On Neural Networks,
vol. 9, no. 4., pp 589-600, July 1998.
W. S. Lu and Q. H. Meng “Regressor formulation of robot
dynamics: computation and application”, I[EEE Trans. Robotics
and Automation, 9 (3), pp. 323-333. 1993.

|

19643 99 1A, 199613 24k A7)
8 2. FAd gEgd AtER
YAuA }\4/\}(1998) Zosky dkr}al

4 FR0, BA WIMIIETS
A WERg, Balols MFERY,

, A8 st 5.

olF2E,

o & o
19803 Aestm Axpzsly =9 =
s £91982), USC(E7Hdlstan)
e L‘:’4"}(1990) 20043 @A) Baget
AR, F ARoRs o Bl 22
S E= “-’] ’27:" g2 o], wlelmz =g
AN &8, A" AAl, B TE

2 Ao 5.

(8]

[

[10]

(1]

1255

R. Fierro and F. L. Lewis, “Control of a nonholonomic mobile
robot: Backstepping kinematics into dynamics,” in Proc. I[EEE
Conf- Decision Contr., New Orleans, LA, pp. 3805-3810. 1995.
S. X. Yang and M. Meng ‘Real-time fine motion control of
robot manipulators with unknown dynamics”, Dynamics in
Continuous, Discrete and Impulse Systems, Series B. In press.
2001.

L. Boquete, R. Garcia, R. Barea and M. Mazo “Neural control
of the movements of a wheelchair”, J. Intelligent and Robotic
Systems, 25: 213-226. 1999.

E. Zalama, P. Gaudiano and J. L'opez Coronado “A real-time,
unsupervised neural network for the low-level control of a
mobile robot in a nonstationary environment”, Neural Networks,
8, 103-123. 1995.

Y. Yamamoto and X. Yun “Coordinating locomotion and
manipulation of a mobile manipulator”, in Recent Trends in
Mobile Robots, Edited by Y F Zheng. Singapore: World
Scientific, pp. 157-181. 1993.

D.-H. Kim and J.-H. Oh, “Tracking control of a two-wheeled
mobile robot using input-output linearization”, Control
Engineering Practice, 7, pp. 369-373. 1999.

T. S. Liu and W. S. Lee “A repetitive learning method based on
sliding mode for robot control”, Trans. ASME, 122 (3), pp. 40-
48.2000.

19461 109 1894, 19693 RAH) A
7188k &4 & gkl HAH197D,
Y5 Oregon THUShal M7]AFEF
eapatal1983). 19753~ A FAMgEt
W7V AZER 15, 200213~2004d B
Altierw Fabeka) falRok= o))
242 FEA0], WY ZT2AA, o|F2E F



