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Abstract

Sliding mode control method is popularly used for robustness to distrurbance and
variance of system's internal parameter. However, one of the serious problem of this
method 1s Chattering which occurs in neighborhood of sliding manifold. Another problem is
that we cannot expect robustness before system starts sliding mode,

A new tuning method of sliding manifold which changes the parameter of sliding
manifold dynamically using Wavelet Neural Network is proposed in this paper.

We can expect the better performance in sliding mode control by the wavelet neural
network's excellent property of approximating arbitrary function for multi-resolution

analysis and decrease chattering drastically.

LA &

gotold Z= A7y A & 52 49
Azeel FHZE Sctold RER Eoj7bA HW,
Aol YRHA seteiH e dAstst o] of
sto] stk el Aok mEA, 24 Axd
of dig g FeEed Rde] glolm A
A7t Fbsdtte AEE A, olel@ 54
2 7EE vhdd Eokd Wl2F dy] AREH T

1314 otolg R A7 7Hd 2 EA
> geleld Reolq wAsE 175 Ud @
s % AelPolet & F At ol Aol dHo
of W BASHY @ 3
= EAEA,

ik 28 b ] %HH%-&— kd
ot et B
Ageide wss
]’ )\])-.E—ﬂo] = ] 01—

3171 ?‘477}74“ 71?41?% 5‘:—7} EEE

o o¥
e

-

s

o i Sk >

™ 2ok i 2
>

LS.
ir}
1

flF alo bt g r PO
ol e gl

o > 10 Jim
o kot

ARA2N 7] ke, AAF Tl
ww stetulE g AelgEe) o5
AAY, €dtold HHY HS{PHE W
ol Actd m\ glevt ofof whE <
FE= o017 wFe 4o c4][s].

B =i dolBd B H2TS AR
etold WY EE=Y #AHE FHTEE A2H9
dElel wetd SsEHos WHANAA, Hed &
ARE H2E & Jde LS AT Frh
HolEgle] tFEd HHHE AFIIEY T2
83 delnd JAA=ELE 5T FEEES
Jeole o] W 248 FHe sAw glen
Z[8], &etold wiUE=2 vl A &

9t}

AY BAE e+ &

Jj-) -

B
FE-.EEJ
Mg
>

[v)

=

g4 7]

N
F'.F
OE o4

.2 2

1. 20| B= Hoj7[H™

Aojgde] He Azdy 428 @AM e
I 22 uAdEg g or FojFnia 714514
Vi1 = Yia yj,2_az‘(y)+bz‘(y)ui [1]

Ao HAHL o] Alxwlo] Aoje HAHGF FxE
& FIHEE e Aoz, Fzrde &9
474]” 2 -—”} Zo] Fozth,
o= yly=ay™+ b y™u; [2]

A7|M, FFLAE e =y~ v &L B
o] Alxdlel BEAL 93} AlAwe] HHE
FHA 7= Aotk

Hizdsl aAae g3t 2o

yzZ’

€= aly,y™) + by ul'— b y)u; (3]
¥ a3 yME a"(Y™—aly) = @

ol W, =7 13 o] 231y HH EAse A

FHE Setold mUYE=E F T
2% 1.9 o3¥ stEFo] e, & AU o,
£ AL wEFAIE ALE ordrh
si= ke, +d(e)=0 (4]
ole ZE dle)=—ke;, 22N, e;,° W3t
=9 71€7E Z2E —V‘*O]E}.
e;=[e;,, e;3] 722, ex8 1 WEAE 2y
33, ke 7127 Ao

Al o zte] H o] deje] V] AdEHAA

2H A9 Aol Qo] G5 afoly HUE
o =g3te ol we oz s3I Jte
P S Seloly rela ol £deld Eho
E9etd, A&y o= 4 [4]9] &8old iy
Z= BANE DEAT

—19—



Sy

j [ P ——

Y 1. 249 HA BHg gogelqd quyE=
, 8ol AR dPes FHEse AN

34e B A%t dle)d kE HEFH

2 Adgs] Fojof o}

e;

=

=3
=

9,

£ oM

g

lo o

P xF, ;9 0 y&E 2 Plotol| Al £8o]E o
o 7187 —4& @ 2Yslel Bok
Axdel ox AAL oy HUIse FES
7] 91§ 2AL dutdog g o] Fojz
si5: < 0 [5]
o] olu|e] WEH, AH3 5;9 HEX ] s
Z70] g Zo| Fo|d A§
si=—psgn(s), p:> 0 [6]
2[5 =2 A0S wEATIH, 23 AFH L gdo|d
R BAEY. piE AolddEY o5& ofngch
ol & HlgoR &gy EDE LAY AS
AodE g 78 F Aok
sefold B g #AA7)7] A HEG AL
u; °lo we E 2t
w,= Fb{m[ﬁzagn(sf) +rlaly, y™) + 07 (y™ull+ d(e)][T]
A 13 2& Azdda 4 [7]9 g€ A&,
A 2] AzRdg FF8E Aort sbesith
sdtolgd BE Aordy FH FHL ZTHE
3 srEtu|E wahd gt dis FAAgelE T 5+ 9l
ot A [3]9 &A wAA svEe Wt Ys
ojulste A Y F& FIHeE ohgn 2o
9;'.1=€z',2
ein=aly, y™) + by ul — b Mu:+ h; (8]
hiE B8 JF Hdree] Wil gF3E B
£ #elth o) of A [7]8] Ao FHFS AET
g, 2 [5]9] &2HE BEAI] AHdAE gF =
AL BEFA A gt
s

kih < pi—A 9]

wEhA Ao} o5 pE RAsA AR o
9 axE A4Yg + s & F AT

EE 7bed 279 g@e gdger] Hte, o
A, pE W & Fgoz FE FE oy, o
e e fiFe AeFde Koo
2. 21019 U E=2] S

setold wUZE=9 BAA] e, e, BH
of EAste A FHE FART stAL
s;=e;s+ce =0

rE
4

1

T

AMzEe] 2 xel #HAHol Fgtold mjuUE=
EA 3= AHS EEtold Aol stir, 2.3k9]
ARel Z7IGHERE Sdteld WUE=7R] =
@it A7 B9 AlZbolgtn A el

Qo] HAR  #HHAA, ool x7|4HE
[e),,el,]7F 9le o, AAF Ay o5 ps
Ztolq i E=29 #AGdnE o WEe E
A g3 gol YEETHAL
ceh+ el

psgn(s,) L]

ol AojolE pel winldEEH, prt A A
< HFHEE o7t AASH fo] Fado)

[ei,ei]8 2219 HAAo] A t=1reM
Zto|gd vl E=e =238 o, 239 7]
Bletn & o, Alzwle] 22} AHo] YHOZRE
etz el A= dd AL E8teld At e

E}%liﬂr 71%'13:;[4].
ts‘—'?i hl(_e')

Alzdlal @ =pel Hdufghol

T & ATE t+t o
A 111} [12]e] o3t =2 Ate &
of metulE 9 ZA7IE FAA7E, 8
ol Ak F7}SH}

a oo EF/EA ¥ ¢ U FL EdEF
3 ~29d g d5¥4E A F= Boundary
Laverd =& & F vt

gHto]lgd RE9 AojygHo) w2

T

o M

[12]
9] HHd gl

tlo
N
L
X,
RS
ol

|

h=]
sgn(s/ @) T2 Tdam UL ¢ 5 Ut
ol E dEgteE WAsH  Boundary

Layerd] 93te Ed454 & glojAct, HAF *
o]4¢] Boundary Laver® Ab&std EQdL 2
AN FANH AEH 4L AL & Qe
W, o] Fo nid s AAAE 227 veld]
ol AL ang ZoEA 9. ¢vHR 3Z7)
£ YF ZL2 gor oY ol BdE 29
FARSE d4fol VehAl ddt

A e

Chattering |, o
i,

Boundary \‘ayer
a9 2 294 Tl e oFf AZe 54

2oolgd = Aol glojAle Ao oF, &
°ld diuE=e 7]1&7] seHE, Boundary
Layers] 37FA7F AA Alage] Ao 548 EA
As T8 W dn ol 5AE 474 A
Etd ® 417 Zo] aokEth



UL E ] Boundary Layer
7127] 27t 59 27
F7HE A | AR #As

2 4 ) | A A

Aejel= 571
B (e a)
A4 A |

=2 A
sifolg A2

A4 H g Z 7} A #AA | g2 (geiud

7] T | &Eg 9l Ashgat 47 | AEAH aAey

¥ 1. &eojd BE 101 stetn|ele] Wate] M2 Aage] 54
A=, getold RE AoAxde] gge He
§3. w0 $49 542 dojuy] ARNE 7
Z Aol #% seuHE wes YAy oz

2 -g-A| Aok Fofof e}
3. &8j0|Y iH B =T E

1A, el vy E=e 7]E7] —"l]rF«}‘lei Ci
o e ZAAYL Aeth ¥ 14 w=2", o7t
Z7teld Zgtoly AFE B AaEA| v ErJ)\]ﬂo]
F7hgeh, o] EAd wE, AHe] Skold vy
Zo0 =2 d7iAs, T2AZ0] 4V HE
- 7HE A2 e a3, HFHel fgeld =y
ETo =23 oEREE o A7E FA F7t
A AN, setold AlZke] ZAE H o,

AAd"E olF po Z2AAFHL Ao o] 5gkol
Foq ¢ ATHS ZAANIE EFUL Jleng
271 & FHulgteg a3, Feteld wE=
e § A gAAA, »“HHE‘J 2718 Uk
o, Aojol 5o HAZE Soiold RE9 EA9
FA = g WA sssia (él [on

Boundary Layerd] ZZAE AAwe] Aer}
Setold v EE=H Fofrly] AzAe AH
ot A8 vk zEv Alage] £ty B
T8 EortA, e Aol LAsH ol RH
bedk & ZAA At AEHE A, 23
7t A8 AT o)ERE o]F gloly Wyow
B S AE WA g

4. flo|gsl rMAZ ko] 2|3t 20|12 BE A|AH
2 =fdAs ZAIdTrEE JZIRLE T4
e, ol AwA X HLd Ad=dE F
AAl71 3, ZY o] 7FAE Redundancy 54l st
of i} Q)@ st ZAAdE A7) Yetold 1]
dlolB3 AAFERo R Aojrad FAA A
A FAgEet 1 f7hel thEle] ZALE *}%ﬂ
BES AAStg Had ez AFE
olsty, Tl ZAd EIHE =Y “‘?3‘—’?“-9}
Dilation ® Translation® ZAA sl Foiz Al

of 4% FeoE 4 725 2R T8

dolvg AFFzYAAM= Qo] A &
7k Had et AT ZletFFHos

F7hske BAAe) o, £ l&-E—Oﬂzﬂ Ze}o)
fUyE=g ZAo e cgeﬂz} 9 ;EA_L. o
#H3] FHE7] W ol PEAA F/ F zﬂ

A5 WA goos Sony 4
gar7lel =9 A s
e del=sl aHzge
= 2§80

2ol ciet o] By oA =5
g% SefulEE b A adol

A 2®l o] gl&d _475”1'3 &Lg—@n}
7 AA Alade] EHT v
ko) o] A o] LATHTL

=]

NAZ =

M
9 oo

th-e 27}

[o

= Aol qu',m
wio
Ja g
oo

=

_\S.EF1F|

dot e ok L;@
a

L
ot

=
i)
£ ol

ol

h
o =
o

IR R

[s)

5
£
ol

2. AlAES] Mefof ciEt £210[d tj-EE DiatalEe) J—Uﬂ s
A7), AAzEE Axdel AHE o
=, Aol dFHo Has seirHe gE %‘35]"—
Eﬂ"ﬂ AtEET, A7 T dHezeE 283 A4
B Azl Aeje] g ghe AREgEo
ol Alde] HAAR ZAAF st Off-Line
o2 7 94 Hyo o uFHE FEge F
w3 gFA FHol Alawle] HEAH, Edoly
“Hl—li‘: & m 8 o] Predictione. 2 & &8t}
MR Z2%e e On-line &S 2771 9

II_..

St FAES 0@ 9E Ausl 2w,
F2AF N2gdNE ol AW 78 5 go
D2 438 Aage g 9T 99 REE

AAE stEshe 2
Astedob g},
A4 Nzd BEEE 29 3% 2

4" | Referonce
Model | ¥ &\
B/ o
- Neweal Nevwark |
Sia Controfler | o ~

NZHzgel et o] F& F

Nowal Nejwuck |-
Identifier

a9 3 AA N&] PR

)q Heo] e then Po] o]FojAr)
E9 Dynamics¢t % % £84% mainlg
Bstel Seholy wuﬁrh-%ﬂﬂq

: "E}O]d My E= setue 24 AYS AL

. Aol BR NAHEY A S /‘P%?SM 2. oA A2

Ago g il 25 gFo o|FoZth

4. E¥AH 542 2 EYPET doj=y 4
o elste FAo] o]FojAT}

5. Bo|4E U FHrzEM

EldgdMe o3 Ze vl4ay
et} gdeld 2= ANE A god
oy WUEzs

Eotold ¥ o AslaA Ap Aast vme

y}'z——iiw+2(l+dud)u,

o} stehvley BHL4S

+0.2]9] B E 7ixidh

o] Alxgo] thad

Holtt,

=T ¥ =0.25 97 + 2ul

u; = sin@at/20) + cos Qat/12) 2.2 Fo) AT,

eF gA4L e 2

¢ =eus e,—_2=0.25y:-"1—i—;ﬁ+2u, —2u, [15]

zeo)q RE Ao 48& TaF 2

=1 klpisan(s) + kL Gy, y™) + b7(y™ull + ;) [16]

AA
1

mlru mln =

[IL 3 ]

oﬁli%

y;,l“—_%‘,z

Oq 7] }‘1 , Aud’E-

sy, [-0.2 ,
Aol NzHy gHe

Ddg FEIEE Gt

2%

[14]

Bd4EH 293 Boundary Layer® #ojdld
9 A& ohgw o] Mt
u= % kL pisat(s/ )+ kL @y, y™) + M y™ul+ e, ] [17]

of W 7 sarlee vhedt 2ok

—197 -



~ m mw  l—e >

aly,y )=0.25yi.1—m

b y™Mul'— b Yu;=2ul —2u; [18]

Fdto|ld wUE= #FA 4L e 2o

s;=kie; st e =0 [19]
doledl MAIZLHE ALsA & AFY

gdadnHE AHY, @S AtEtr] fsA 4

[9lel 217 AEF Aojo|=e AgFict

ne Age AAgE 19 49 Zoh

a>T 7189 Fotold REZ WA Ao FAa=E
g4y Yol FdH oz dysict

b>E 1AF 22 8 =PA 2 o &
fuygEze] 24 Ao Felrt 9y #AGL
o AAHReY, EE/EEe|d AL R &
Z o] fAch

e FErE 2ZA4AES 42 A4
EEATte] tEAYH A Kt}

d>7F 7b3 AAEE deEiniy 2FZ49=2, b w
2 AYe $AA A= g/ Al
AN Z 7M1 58ttt
A3 Axdel EAC utel do)EE AAFI=E
e &&A1717] €3 Tuning Schemeol W%
8¢S RAgF g8 ¥ 4 gt

o

é:i@

Asfont,

Comventionel V5 Comtinl m S tuaing uctug Waveleh, .

End Bz ‘\

Vivektt Pt L T Parmmetors .

[ e = =
" a
o W pET R o
g e
T l.nFu sy FN .......

a> b>
SN tenimo uxing Wavelet .M tuning using Wavelct

/ Ei} 3 ] Ei.l
“ i ;
N |

/ ~— !

SatPuamelr L
N

e

i
d>

49 2%

aY 4 29

nm. 2 &

Az 9x Fe Edelqd wuice
FESHE ey ZE AorEe dyohy
shebeles] st B BaNel AFHe @
A dd AHEHT gou, gteld wpiEse

FoolA wAsE nFH 2YALH, A2l

seold moo E@etr] odAx BAYe)
HAEA gt BARE XD
£ eroNs 53 dolznEl 3%

Agate aetold dUZT=s B SeEEE
Aeds) gl wepd FEHoE WHAAA,

olBd EAAS HAE + d& WL A
iﬂ?ﬂﬁq.

B AR doo By #eE
E7QT4-Z@OEEE b WA AFd
del2x oF s dyHe rNeR, 4@
FREE FFIAE THE ﬂﬂﬂ IR
Akd dojnad A2 fF &gjo)d

fuE=o] =Fo wet He ol @;7—4“‘5] 7L§]

33, 7]E4 —?—"F?ﬂ E*é% FAE T des 2

A AN2ES T AR

EEETS

[1]Martin Vetterli, "Wavelets and Subband Coding”,
University of California at Berkeley, pp. 14~28,
pp. 200~221, pp. 299~323

[2] Jun Zhang, Gilbert G. Walter, Yubo Miao, Wan Ngai
Wayne Lee, "WHavelet Neural Networks for Function
Learning’, IEEE. Transactions on Signal
Processing. Vol. 43, NO, 6, June Neural Networks,
Vol, 3. NO, 6, June 1995, pp. 1485~1496

[3] A, Primer, “Havelets and Wavelet Transforms”,
Rice University, Houston, Texas, Prentice Hall
International, Inc, pp. 1~46

[4A]MALUR K. SUNDARESHAN, "4 Recurrent Neural
Network-based — Adaptive  Variable  Structure
Model-following Control of Robotic Manipulators’
Automatica, Vol, 31, No,10 pp,1495~1507, 1995

[5] YONG FANG, TOMMY W, S. CHOW, “Synthesis of the
sliding model neural network controller for
unknown  nonlinear discrete time  systems”,
International Journal of Systems Science, 2000,
Volume 31, Number 3, pp. 401~408

(6] T. Kugarajah, Q. Zhang, "Multidimensional Wavelet
Frames”, IEEE Transactions on Neural Networks,
Vol, 72. November 1995, pp. 1552~1556

[7] Chao-Chee Ku, Kwang Y. Lee "Diagonal Recurrent
Neural Networks for Dynamic System Control”, IEEE.
Transactions on Neural Networks, Vol, 6. NO, 1,
January 1995, pp.144~156

[8] Shiow-Shung Yang and Ching-Shiow Tseng, “4n
Orthogonal Neural Network for Function
Approximation”, 1EEE Trans, Systems, Man, and
CBernetics, 26(5), pp. 779-785, 1996.

1...

—198—



