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Controller Design for Nonlinear Systems using Sliding Observer

Dong-Hun Kim*, Keun-Ho Hyun**, Hai~Won Yang*

*Dept. of Elec. Eng. Hanyang Univ,

Abstract - In this paper we consider the TORA
system and use sliding  observer and
backstepping to design a robust controller for
tracking problem.

1.4 B

TORA(Translational Oscillator with Rotational
Actuator) Al2®2 Y13 Zo] d3le AREE
2 AAAZE JHANE A2"log FlES HALE
I HAAFe HAEFol BHoz Judgse
& 731 oy olyd 54 WE 17 e
o] AMAH g} (2)~(4) Y, ASAA Y
A e 43 Wy dog THH TORA Al2=He 4
BRSE 25 du don et Aozl g dAsd
A Al2"] B BE HHHUSE 048 4 glon
2 Zo|dRE #AZVE oj83td HHHsLE FH )
3L ol & o] &3] MAH Y Ar|E FAstuA Tt

otk
Sl ]

3% 1. TORA Al2d

2. A2H A

TORA Al2®le] 5w 4e i@y 235 T4
AL A 37 2ol FEHG
(M+ m) ¢+ kg=—mt( Bcos 0— Psin6) + F

(I+ m?) §=—mt gcos §+ N (1)
q71M, F& 9% Hdelx N& Ao k3ol 712

**Dept. of Elec. Eng. Shinsung College

oY AMANE AFIARel F=N=0 &, 9% ¢
A3 E3z#e] ¢gvbd TORA Aladge 7l2Heg ¢t
A A4S 23 vk Ad ZYE A2"EE 89
A A7 2 HAE2 A8SY o 2o
£t é=e( 6®sin6— Bcos O) + w
f=—eEcos 8+ u )
7 1A, & FEY A, 6= AFAY 4x, we
S04, ub ZREZoI AAZHL AANS £ 6
7} NENE £y, O & FF(tracking) 3t Aot
WaEy duFor Aol TSy st A
29 4AE L3 o] @A
x1=E+esinf, x,= &+ ebcos b,
=10 3
A& olgdd A& AE WEHE hFH 2

X1= X3

x3=0,

Xy =— x|+ esinx;+ w
X3= X4
X4=0

714, v A(2)9 AAYYH ust teH ZL #A0
o}
u=(1—¢€%cos *0)v— (ekcos 6— €* P cos fsin ) (5)
NENE €= A,sinwtet 1A (3o wat 2(4)
o] Aegd dF N1EAsE g 2ol AYdd.
Xirer= Ever+ €D

Xopey= Eres+ €D (6)
X3ref= Orer
Xgref = ﬁ;e/

1 w%

4@ d@ 251§ TS AIN 2P
@ 22 y=62 s1gela (5lolAsh 2ol B84 47

-2667 -



T2 (uncertain triangular) ¥]|A38 Alx"oz W3

sl &eo|PRE B2/E FASE e 2o

A

X, = x2+klszgn(x1—xl)

36\2 = fc\3+v+kgsign(x1—9/c\1) (7)
By o= Xyt kysign(z — %)

AL -~ . - . -

X4 = x3+esinx; + kysign(x, — x,)

AL dehe) SEALAEAQ A9 vzsd x,
Foll= §(x, h=—x3, xFNE 6{x, d=w = 9
@ol EAWTD FHEF Holt,

BELA e=x1—%x,, e3=%— %3, €= x3— %3,
a=x-—xnu 2 2474 ARIHn ojxxz 53

=3 Ze%zi 245l PYEE HAHY 9ol
FAl(bounded) 3 AEllM EDaleld)i +8 22 F
1A Limei(=0°13 ex(d), es(), es(tfe oA
FAWAA R4 "ot

4. Hojz| A

Holzle] Fzre ZlEAoz (1)3 22 WA
(Backstepping) €aeEE AL xPAF(Error
Variable) & ths# Zo] A3 3},

2= ;C\l_xlne/‘

ZZ=J/C\Z—]C2,@/+0121+1)1 (8)
A71AM, pyy=—7z; 22 34 AojYPL L7 P}

W) =—x+y,—(e1+n) (m—y)— (1 —,)
k: —~ . ~
—n(—,;f-+cw)2 (2= y)—(cr+n (x1—v,)

— K(o+ Weign( o)) 9)

1

4714, W=—zl+ 222+~%—02, o= zy+ mz;°)t}.

2
4. 2oldy o Hat

(e 7Nz J(NF e &S FAFn
AAFE 2 (8)F o] HAHdA A (9)% e Ao
YL 7HEFE AA AN20E AP At Alxw
ggugEe (2)~(4)9 #& 2dE Haaz 4A g}
oe (&, ¢, v, 7, m, K¥E [5]9 %€ TORA 4
290 RES 9% 235t eaQch 19 2= B
%04 e=x1—xPI2 1% 3& $FoAE Ve

£ =2dME TORA A2"e 32 BAE £l
%‘E’-E #HE7)e WaHY fuelFes FHsgon
Eojd¥oz A4S At 2. Salelgdw
= 9 92H% 2RAFE B4 Aaddl et ge ¥
B2 A8bsREE A% e sk P AojAAw

-2668 -

2 A&t 2 =8 W& vnd Ageln

(1) M.Krstic, I.Kanellakopulous and P.Kokotovic,
“NonLinear and Adaptive Control Design”, John
Wiley & Sons, 1995

(2 R.Bupp, D.Bernstein and V.Coppola, “A
Benchmark  Problem for Nonlinear Control
Design” . Proc. of ACC, Seattle, WA, pp.4363~
4367, 1995

(8] M.Jankovic, D.Fontaine and P.Kokotovic,
“TORA Example Cascade and Passivity-Based
Control Design” , IEEE Trans. on Control Systems
Technology, Vol.4, No.3, 1996

(4]A.Alleyne, “Physical Insights on Passivity-Based
TORA Control Designs” . IEEE Trans. on Control
Systems Technology, Vol.6, No.3, 1998

(5) T.Ahmed-Ali and F.Lamnabhi-Lagarrigue,
“Sliding Observer-Controller Design for Uncertain
Triangular Nonlinear Systems” ., IEEE Trans. on
Automatic Control, Vol.44, No.6, 1999

9.000 10.9 20.9 30.0 40.0 s@.8
Tine ¢5>

a3 2. #5223 (Observer Error)

3.00

I
g

Tracking Esror
®

"
8

-3.00
@.008 19.9 20.8 30.0 “%.0 58.0
Time (53

1% 3. % 2% (Tracking Error)



