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The Study on Position Control of Nonlinear System Using Wavelet Neural
Network Controller
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ABSTRACT

In this paper, applications of wavelet neural network controller to position control of nonlinear system are considered. Wavelet neural
network is used in the objectives which improve the efficiency of LQR controllers. It is possible to make unstable nonlinear systems stable by
using LQR(Linear Quadratic Regulator) technique. And, in order to be adapted to disturbance effectively in this system it uses wavelet neural
network controller. Applying this method to the position control of nonlinear system, its usefulness is verified from the results of experiment.
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Fig. 1. Structure of wavelet neural network

6,() = ¢>( x_dm]) &
J
B =30 A A} &3 24 ¢ o] L& Gaussian T
FE 14 0] 23 FF o] 430 4] 2)9 2}
15
¢(z) =—:veXp(— 2% ) )
A7, 48 z = [wl,'--,wM]TE HE el 2 e
959w, 293 4 e 28 s 24 @ 2
o] vyehd 4 9tk
N,
&.(z) = T1(z,) 3
k=1
T —m;
047]A-], Zjpo 7 o]u:]’ k=1,-,N, |,
J

j= 10 N,0leh BA slol B B E 4 @)% A
$3m2 2UPSE 74 @)% 2ol ehd F 4o

N

¢,(z) = [-zexp(- %xi) @
k=1



dlelH

A2 Aof7 & o] &8 vl E Al 2s Y A Aoje] AT AT

A71A, NS 98 z = [g),2, )7, &

|
N, Bl ol e 2 o] oA A EE

o) 2829 29y 44 (5) 2ol TAF AT}
N,

y=29,2) W, )
=1

CREEREEER DR e
F¢ g

N Al A2}

F 788l 20 27k A A $el H A =
[’1,'—7‘7% A&zt HaLE £33 817] 98 AL 5
=3:17] °ﬂ o} 3te} A 92} Al (potentiometer) o+ 4 3
A ANEFY A LT FHOE KA 57 9
3 carte] R E Aojete Aelrh B oA AHg=E
Al Alzgle] 4 9 7] 8 A Rdlg e o929 1
Y30z xEh

Adjustable

Cart Tack
/ Height / /
I = ]

\/

Seesaw Module

Fulerum gear

Potentiometer gear
O3 2, Ald A|AEle] 7=
Fig. 2. Structure of seesaw system

F:cart?] 49 3MN)

m : cart®] 2 FH(kg)

M : N 29 track®) & 2Hkg)

c : pivot point Z 5] A] 29} track2] & FHkg)
h : pivot point 2 & track?] %]

Az Azse] e ofs 2ol 49 o

strack®} FA.0 2 2 cartd] 93 X(m)
: cart®] % = (mysec)

P 2 2HE] A9 Zh(rad)

: Al A9} 2t £ % (rad/sec)

DD KBV

a7 3 M AAfel 2EY
Fig. 3. Modelling of seesaw system

Ao Azdold 2t e 459 &5 AUAsh 94
NS fEste] n Y M2 BN 24 (63

2o,

mi+mhé—mxéz—mgsin(9) =F
(J+mh2+2mz:i'+mx2)é+mhfi
— Mgesin(@) =0 (6)

—mghsin{9) —mgz cos (9)

N2gE dH Tt BHsR

#4 (7 2.

. 0 0 10 0
z 0 0 01}z 0
6] | _ mhg Mhe—J g mhi+J
ela 7 00 z + . F
ol | ™ Myc 6 —h
J J 00 J
E 12 A2 A2d9 setule 5S ouse, of

Sl E o fate] Al HAA o2 Yy 54
®)7 28]

2367



F2A YA RENGY 2R AR AE

B 1 AlD A|ARS m2lo|E
Table. 1 Parameters of seesaw system

gte}ulg 7% # 9]
track?] A m | 0455 kg
A] Arack A 3 M |33 kg
A Ze+rack T4 J | o4 kgm’
FAFA c 0.058 m
track?} 0] h | 014 m

T 0 0 1 0]}z
gl | o o 0o 1|

2| |—1.45 918 —17.2 0|z 585 |V @
sl L1044 437 25 olfp

V. HojAIAH] M ! A

417 A 259 AA

2 Ho e Aol e A4 2L ol g3t B
A)7ILQR)®] A5 & B¢ A1 A FH o2 ARE-5ta] A
& A 25 9] FHE (cart) A & Ao} BhE Al2EE A
stnzt dok Alo] Al2dle) TR 07 49} 2Tk £
A Ala NS b stetr] Ak LQR AoV &
AAET £4 ®)2 38 A AL o] 8§35t LQR Al
7] o1 5 4458 Matlabg: ©]8-5o] T3k 01, o] 5 4

FKE 74 99 2ol Fatgnh
K =1[96.6386 114.0951 9.3019 40.7492] ©)
AAEE AN2ES st MEAAHoZ 7455

3 o] ME A Lgd] o Fo] FoRe ¢ F o BF
31 Zﬂ°1°}7l # st °Jl°l” gl *Jéili% A7)

°=I7IA1 Nlel TZE = 7wl U929 E 7
#3070, 28 E v UNE M= #2209, &8 w4
of Fh& Als A 2’19 gghE oul gt 3k, S 4
sto] A 3HA 400070 HolEHE At AR
o} NN19 &40 25 Z4¢ 3, NN2 2 541714 €
o o471 A, NN29] F2E Y48 E w2 29 E
#4070, 28 % 7w E /X & Ttk NN17 NN2¢j

2368

FFES T

A 3HA 0.0012 AHEEHA T

NNL
\ Stable Subsystem :

I Nonlinear l : "
: {‘;l LQR Controller HSYStem (Seeswa) Y

RQR)

NN2 Controller i

Noise

Reference
Model

a2l 4 flol28 MAEIZY HOH7|E ol 8%
MOl A|[AElo] 2
Fig. 4. Structure of control system using wavelet
neural network controller

4249

a9 5914 AojA| 28 o] 7|2 F 2L DC 2B ¢ A
ARATE 7B FHH o AYFEI|2RE A5 E
o} S AEHA AYAA ] A3 vlolE £ FA
2 A48t}

lolE 4 A = 54
7) He A5 Wt Zé
A g3t dojy 3
o] DC ZE & A|ojste] A]
o] & 3t

l~>
n&
lo
2 o
i~
ot
e
= [o
N

f=1:32] k] doIESNEY k> BASRI

a3 5 AEExe FAHT
Fig. 5. Configuration of experimental set-up

I8 62 Aol ALEHAR A4 AlAElY] T4 8
2Eo|H, 1Y 72 PCAA AHEEHE ADWEY], DA
A7 & Yeldsdch

Hol 2 AR T 27] AAFEE (L
o AYE G2 AgHRoH FEY
A& ST

-1] Aol
AL 05[ms]E



Aoldrel s Ao &

ol &8 H| A 8 Al ~Eie] 9] Aofof BE AL

(a) "I‘i Alz=d) A4 7

b 7= € A4 719

O 6. Ald AlAR A (a) Ald A[AHE],
b} 3tE, () HAXA 7]|0]
Fig. 6. Structure of seesaw system : (a) seesaw
system, (b) cart, (c) potentiometer gear

% 7. AD HE| 2 DA HED|
Fig. 7. A/D converter and D/A converter

1% 82 FLE 9] YA xo] Ul § o] 5 A 2] ¢} 7t tH
SH5422 LOR Ao17]& @522 AHEE A
LQR Ao}7| ¢} slo] & AA 3 2 Ao}7] & Zo] A}
43 A& el gl

LQR Alo}71ubg A8 7492 SHEAHS AHY
9, o252 F kA sHA FHsHE W, LQR Ao 7] ¢
dolEd A=Y ?ﬂloma o] AL Aol oF
152 F AAsA FHeE E4& 7HE T LQR A0} 7]
E U502 A EEE AR $FT AT E HA F
31 QA %H LQR Ao} 7)o BA A2 go| B AA
2 A7 & Zol AHE A4 $sitte Ag
o 4= dck

Tmelsec]

ORERECEREES

2
slsec)

(b) Al 2 Al 2 Ele] 7} &4}

a2 8 LQR HMo{7|2t LQRA| 7| +glo| &3
MBE2Y Moo st SE 54
Fig. 8. Response characteristics of LQR controller
and LQR controller + wavelet neural network
controller : (a) position of seesaw system, (b) degree
of seesaw system

o
A

9 A3H2T Aoi7lsl 7o A%
Eqe o7k FA Ui R A4 A
AN Zro] Wol A mE AN Ao}
&SR] A2ge) ool Wi

|
=

f N
)
gs]
=)
o rd 2 M Lo

o
e £ g
30 o [

on fr olo

N

—_
|

—_

e olr @ -

oX.
o
A3

i
3

H A8 A2 Ak Al 299 1R Alof
ol&el RS2 Aoi71E WA
5% 94 Y BHOE ST B
1.2 99 84317] $13hel LOR A°171 % 4
N R ER P RE
Bol FIRL B¢ F 0 AIHO

rlo

% -?-]3“,
LQR)4] %
B Al A A

A% %, ol
o] B ’\]—é% o

do

oL

26l oA B
A

2369



o] AR TG =EA A2d A2E

Z AoY3}7] et ol ANAE 32T A7 & A}
&3t} LQR Ao} 7] 9h-& AF&-8 7 9, LQR A ¢ 7] 9} 4]
ol M2 Y A7) 5 o] AL A4-E A3
& 35t nwstir) A Aol A A A=Y A
o718 AHE- 3 Al A 2] e] 93] Aofeol] glojA BAF
A 01712 LQR A7 & @5 o2 ALE-3F R v} o]
B AAZY A7) 5 2ol AHEF B wE HS
g Ao dsol +5ES A AFE T G+ A
Atk AFHAHOZ B =Fol A At o] & A A3
2L AAE A & & 7t e Al Eh

[1] Jae-Hyun Lee, Sang-Bae Lee, "Implementation of an
intelligent digital switchboard system”, Engineering
Applications of Artificial Intelligence Vol 15, pp465-
4717,2002.

[2] de Silva, C.W., “Intelligent Machines”, CRC press, 2000.

[31S. Liu and T. J. Wu, "Direct Adaptive Control of
Unknown Nonlinear Systems Using Wavelet
Approximation”, IEEE Int. Con. on Intel. Proc. Sys., pp.
722-725, Oct. 1997. '

[4] R. J. Wai. and H. H. Chang, “Wavelet Neural Network
Control for Induction Motor Drive Using Sliding-Mode
Design Technique”, IEEE Trans. on Indus. Elec., vol. 50,
no. 4., pp.733-748, Aug. 2003.

[51 C. K. Lin, “Adaptive tracking controller design for
robotic systems using Gaussian wavelet networks”,
IEEE Proc., vol. 149 no. 4, pp. 316-322, 2002.

[6] Q. Zhang and A. Benveniste, “"Wavelet networks,” IEEE
Trans. Neural Networks, Vol.3, pp. 889-898, Nov. 1992.

[7] 3. Zhang, G. G. Walter, and W. N. Wayne Lee, "Wavelet
Neural Networks for Function Learning,” IEEE Trans.
signal Processing, Vol.43, No. 6, pp. 1485-1496, Jun.
199s.

[8} Quanser Consulting, "A Comprehensive and modular
laboratory for control systems design and
implementation” : User Manual, pp.ss-1, pp. ss-2. 1995.

2370

MR

Ol X 84(Jae-Hyun Lee)

1998 33 o} ST TS}l
AAEA B F G A
20024 @ FR G e
AAE A F G2 F A
20004 ~20059 S et mrhd okl AAgA}
20063~ A FYHE T FUEFAR AU
# BARF: AFA 5, AAA ], 29 219



