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Design of Adaptive Linearization Controller
for Nonlinear System Using RBF Networks

Han-Ho Tack® - Myung-Gyu Kim™

(=] =13
pad =~

¥ =Re MAVIAUFERBD J2el EHUA Azde 3ol Bl TRYoz AW
BoET AAH AjNsW] FHL FABES Aojsy] A3 PDACIZISH RBF 8§29 Aol71E A8
sl WAz T4t 1A Aol ARE g B Fshel PD Aol7|sk RBF 42T Aolsl ]
st BA0) ¥4 Aol tie RBF Blzel $54¢ ANIAT,

ABSTRACT

The paper demonstrates that RBF(Radial Basis Function) networks can be used effective for the
identification of inverted pendulum system. With the parallel arrangement of the RBF networks controller and
PD controller, some characteristics were compared through simulation performance.
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Fig. 2. Inverted pendulum systemn.

EYPAAE JAe} §29 F RE o2 g
A9, x=00°] digsts A& HAE x, Vnm

olm, Ea9 AAE xy, yyolth. o€ HEE
& oew 2o

Ay =Xyt X e e e e e e an
Y=Yty Hd e (18)

y)Ee &ao] f st Az 9
I Axe) 2 g

4714 (x,
Ao, o] $xt AAte] Aol
o o) s 2ol xARD,

F=gdsin(@) - - (19)

%[ cos(ﬁ) ............ (20)

8 2 19% (2002 Ao de F W nEsE
o-&7 7o

=71[cos(9) B—sin(9) 641 - - - - @D

z-l—l[cos(ﬁ) #+sin(6)d - - - - (22

9 4 (AN (18)g F W vlPsw e 2o

Im= Xyt 5c ............. (23)

V= Yyt ¥ o oo e (24)

@ Az FeAE FHY Fe oed 2



W RBF S29& o] &% u]dg ALY AHE dF3 Aloj7)e 47

F, =mx'}w+—%‘ml [cos () B—sin(6) #] - - (25)
gael Ao U v BN thest g,
Mzy=F—F,
= F~m iy~ mi [cos(6) B sin(6) ] (26)
AAe] e $48e e 2
Fo=m y,+F,

=—%ml [cos(8) 8*+sin(6) 6] +mg - - (27)

Az oo AP P2 EFH S F3 Ao
]«e:_% Cos(g)pﬁ—%—l sin(O)F,

= % cos(B) m £+ %— mi [ cos(6) B— sin(6) 6°]]

+ % { sin(6)[ ~% ml [cos(8) &+ sin () 6] + mg] (28)
o R ==

]+’4‘m1

[—%ml cos(8) x':w+%mgl sin(8)] - (29)

Iv. RBF 3|22 HE MESH|0{7]

Yzt A8 98] RBF 2% 3§
Mg E ARG Ao P
a2y 33 el F 719 RBF 32 A7 el
PD A o7& o] &std FAHHLH, NNA:
FUELG Aojsty] #48 Zoli, NN, PD A
oj7]1iz &g 271G ANA FEFr] ¢ M
A AL B A% RHolt. 1l A
B oM MATLABY Simulink& ol &3t
i, 9q7ld Argd dEdElE M=1.0{4g,

m=0.30kgl,  [=0.80ml,  J=% milhg/m’],

xo=0[ml, x=0[ml, 6y=0[{rad], &y="0[rad/s]
o]},

AlgHo] oA bR AR Z g7 Ao
HolA a, vigke AAY Ze 24 Y JER
92 FoHy v& go

Im=—0.7 Y= Y+ 7

a8 71E 99& oEf Zoh

r=0.2sin{1.67) + + - ¢+ - o o - . - (31)

i

$% 0.7541
reference model

RBF network -

input ﬂut

Plant

— o
a3 3 Aol PMHE.
Fig. 3. Block diagram of simulation.

=P AAe] i wjEgARAe afd= o
3 B Aoz HIHEZE RBF 29 Ao
71& A
L misin(G)((M+ m)g"zL mlcos(6) 6%)

~ 2
N NA6, B) —
A (i— mPY M+ m) —}1- m?icos (6)
.................... (32)
% micos(6)
N NLO) T T
(Z mP)( M+ m) — T m*Pcos ®(9)
.................... (33)

betdt Al4S RBF 3 2%& AbE3sle] A3}
715, RBF 3% NNoi g getvge
&5 o} 2} ol ¥ 7=0.05, 71 A g4 T
N=[15, 15], 489 F=[1.2, 1.2], 94
=[—3.5, 3.5], ¥4&¥Y #H=[—-3.5, 3.5]
olof, RBF 3294 N Nl 3§ setde e g
Fapeldle] y=0.01, 71A¥F & N=15, &
A 0=1.2, 48€¥Y 6=[-3.5, 3.5]°]
=3

5 78e] RBF 3l2%e %7] 7[E A& 022
8913, RBF 3 Zo] Qo] o} gtog wojok
322 RBF 329 NN,9 &g 0019
A& F7rstdch. 2Els PD Aoj7]9] of
5 g k=1 B=0.892 dAs}I4.

1Y 4904 (a)E PD Aoj7¢ =EIAA Alx
o Ulgh $HEAol:, (b)E RBF &% A

529



FEHFHRENNE=EA ASY A2z

7ol tg $9EAE tehd Rolth PD A
el guAE & AT AAUN 39
del +¥ste e RBF A2 Aolzlel $g

9o 9%el qoun yudd o wed

(@) PD Hlof7|

(b) RBF & 2% H o7}
O 4 SRITR AlAEe £,
Fig. 4. Output of Inverted pendulum system

a9 5 oghg dEd Aoz PD A7
Hrth RBF 3|2% Ao}717F Qs HamA
274 AAdHd Eggs &+ Aok waEA
RBF &% *11017]7} PD #oj7l®o} 2271 3
owA §gol A EY olfe ABIE
% Aol7] e —}GRE AEE Hastsr A4
g 37 ot

530

aele 2 RBF gaw Aozl $uEAe]
PD #oj7lel SEARTs AR 2 A4
Aejel ggo] "4 o YsEtn ALl £
558 BoFErl

(a) PD H 0f7

(b) RBF a2 A oi7|

a8 4. TEEX AlAYHS 2R
Fig. 4. Error of Inverted pendulum system.

v.d E

o

)s

e
i
- e
O

& A

ol 2gRl =Yz A=
9 °}78 ¥ H?ﬂ*ﬂ

Hal Az Ao7Ed
RBF 327 Alojol&& 2 &atgut HAZFR]
Aol Ao FAHe ZAEE Aojsly] Y8
% 749} RBF 329 #oj7lek PD #71&

%
ol &
[o}



#i U/ RBE |28 ol &3 Ay AlAgle] g MFs #joj7le] 4

o

183t FAHALH, oE9 o7 o
§ EQNaE fstd AlEHHE Pt

Alg#ol Aol RBF 2% #leizirzt
PD Ao}7120t Q3te HAXE A7 HodA
o e £52 FEFE o F AjS. AHH
o2 o] =AM MA RBF 32 o] &g
e A3 Aor)7 2-AZ AlAge Ao
of gutHolel: ARG &yt

oz AFHA= =Y} Al2dg AA
TAste AlBHel My HEE ¥ste Ao
RBF 822w Aojrle] axbi: AAstarp ghul

125

[1] D. S. DBroomhead and D. Lowe,
"Multivariable Functional Interpolation and
Adaptive Networks”, Complex System, Vol
2, pp. 321-355, 1988.

[2] M. Kawato, Y. Uno, M. and K.
Suzuki, "A Hierarchical Model for Voluntary
Movement and Ifs Application to Robotics”,
EEE Contr.
8-15, 1988.

(31 & L. A. Vesildirek, and XK. Liu,
"Multilayer Neural-net Robot Controller with
Guaranteed Tracking Performance”, IEZX
Trans. on Neural Networks, vol. 7, no. 2,
pp. 388-399, 1996.

[41 S. Chen et al, "“Non-linear system
identification using neural networks”, Int. J.
Control, vol. 6, pp. 1191-1214, 1990.

5] 1. Miyamoto, M. Kawato, T. Setoyama and
R. Suzuki, "Feedback-Error-Learning Neural

Trajectory Control of a

Isobe,

Syst. Mag., vol8, no. 4, pp.

Lewis,

Networks for
Robotic Manipulator”, Neural Networks, vol.
1, pp251-265, 1988.

[6] T. Setoyama, M. Kawato, and R. Suzuki,
“"Manipulator Control by Inverse-Dynamic
Model Learned in Multi-Layer Neural
Network”, in Japan IEICE Tech. Rep., vol
MEBS87-135, pp. 249-256, 1987.

[71 Sung-Joo Kim, Jae-Hyun Lee, and

Sang-Bae Lee, "The Study on the Optimal
Control of Linear Track Cart Double
Inverted Pendulum using Neural Network”,
Proc. of the 2nd Asian Control Conference,
vol. 2, pp. 15-18, 1997.

[8] C. Xiachong, G. Feng, and Q. Jixin,
"Nonlinear Adaptive Control based on RBF
Network and Multi-model Method,” Proc.
American Control Conference, Albuquerque,
New Mexico, pp. 1563-1567, 1997.

Ef 8t & (Han-Ho Tack)
1987 : #A4 g AzE et
FQ(FAD
19923 @ Foluigtw wigryd A
A3 87 £ (T84 A
19983 : =gt oistd
ARF A E B EY(F A
19873149 ~1989412¢Y ()54 Fdd+4 d7+¢Y
19899 ~ A+ Ao AX B Fms
kAol 0 HE Yo A 2R, A -ARFA A~

g 2Rer EdAXHolMd %

o, =K

21 T {Meong-Gyu Kim)

198061 : AAdistn wA7 A st
#E (3D

19839 : At digd w97
2 83 % (384 A)

19949 : AAdgn gl Fd7)
Ag & (Fetara)

1980169 ~ 198213849 dF53R(F) 9744 d+4
19823 ~ @A AFAHA W NAFHH Fag
KB R}« AN YR, ARPAL, A, EA2E

gold &

531



