2003 HE % ®of sl (2003.11.21-22)
a3lojgd m=E oj2s AAM HH Ho{7] MA'

Design of Robust, Optimal Controller using Sliding Mode
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Abstract : The general time optimal control law provides the optimal solution for a minimum time control
problem. But in most real systems with disturbances and model uncertainties, the time optimal control law
leads to chattering effect. This chattering effect can cause the system to be unstable. Therefore, we propose a
robust optimal control algorithm for the nonlinear second order systems with model uncertainty. The proposed
algorithm is combined with bang-bang control and sliding mode control. Thus the proposed algorithm has two
state space regions to implement to control algorithm. In each region, the appropriate linear or nonlinear
feedback control law is used satisfying the dynamic system equations. Simulation results show the superiority

of the proposed controller in comparison with pure time optimal control(bang-bang control).

Keywords : Bang-bang control, sliding-mode control, nonlinear systems, switch curve.

.ME

AAH N Ao} oA WA Aoyl HdE A
Aelg A% AgE AT 2 BHAFE o))
BEE EFsE A2 WYy Ao7E A48 A
$, AHe ERdes H¥3) 3 Yz 1 F9
AM AEsA frt od A4-¢ HE A3 (chattering
effect)e} &k olgl WY Fde AN2g& BEOASA
REE Hde] HER Wy Aojrle BEHAS wAd
T8 EFT Alzdo] HEH7 oy deA, F3
AZE AE ARE e Alade AN dE4e
FHNFY) A8 B 437 AYEHAGS]-[9). A
Alzde] AJAAYE Eolrl Hd AATFzAojolE
{Variable Structure System)[6]-{8]°] AF=Ac}. 7}
WrzAolo]2e A ¢ WAA Hi How &
oy Wg wil Aadde JHE HXH mEEA
st Ao] ol wgold We yl&yjo] wiA
A2 At 2EA) ="EsiE Azke] gzt
&gtolqg ™ J1&75 B doaH A2y FQ
A B AL FASHJUAR, Aag AeHrt HEi
o £gdE Nbe "olAA Hd,

Ak A7 W Aojrig &elold BE Ao
7174 2" dHeolth Wy AMesE Abgsd Hd
AIZE ol Alad AEE SR2F IAAA o)FAR
o 181 singular iYW & Seloly We Algde
&dlelqd RS Aojr|E Algste WY AAEF Qojn

'R AT gRasAY 24797 (R05-2003-0
00-12262-0) AL L2 A=A L.

- 580 -

Aeg AUE SRPe A =2dA ¥9.

=79 FAe g 2o 2FdNe 99 A
ol7] neln €Yo’ BE Aojrief FHaM AHE
th 3o A At Aol @meFe dig =iy,
4Z e A¢E g FE o83 Axde %
A AEHe=A AEGOH AFAE RagF Aoy 7
Aotog SAANE w=Fo dEod uE B Fd
Bt

0. HE A2t Hof

1. Bang-bang control
G483 2o uAY o)A A2ge ez g

n=1

5= f(m, B, A(n, 5)) +u
lal< ey o)

AN xT=[mz) & A BF, e FoARA A2
g #gd, A Ba4® ol W, 283 ui Aol
Aol Ay WAL o ol HEHG:
7R @t

f(Tﬂr :Dlrﬂ(zlr xz))=f(11,$2)+5(11,22) (2)

e f(H)E AR e, f BHHE o
ot o] QoM S v e vsE
g3

B
=1

I3
TR



4
Jy = / dt 3
0

Aol A ur N2 dogd &) oA #
ALzt date AEHEZ A2"9E AU o9 2
A HHA] o] B o)HPEH Fo| AFH &
G121 Aol dEe =27k AsA e 49, 3?4
o b WA wageE Hag s Ao 94
T3 Aol W Aojo o)}

Al Ae dg gel wel Aol gdEE e
EE -y, #Foz B Ao 4F ugs ¥It
B E AYA NHE #2UD A8A oldlg ol &9
E Y (Hamiltonian} & A 2} gt}

£ o b

Hi(X,6,P)=14+mn+nflz, m)+mu @)

A7IA m e Sagr $9olth. Pontryaging
HoA H4I2rE Aol JHLE vjE¥srE Ha2
FASH Aage] ARE Fe s Ldo) =2y @
o},

u” = g sgn () ()
£ Foln AuEdY BHAWE Han A7lE
HAo sjolth, Aol Y& W= o Po] E 9

W, A #F" Aoy

WA sty) wBe g =00 5

wHE H48 5 o oy %015& Z Z(singular
condltlcn)°ﬂ"'¥ HAHANE 73t Pl dsiME g
oM AAF =9 FHold Mi 7 =00 e ¥
8 294 FAole g

2. Singular solution

B Aoie A2 FAHE 45T F e 9
dojut BegdAde] wzaA wEeng A48 A
H7l ol 53], dd "] slro] 22d¥ o Aag
A Frtd B wfds @ Aoygde 29
A FA A gdAA g2 ddoeno ¥t A
X0z wAsEd od #AS ¥¥(chattering) &
seln stk 29 ZAE 2AAY ] 8N P39y
A 4F FedA ol 2o W RYFE 4P I

L% o 2
Jy= = + dt 6)
o= g (et ad)
AA Azde A FE3 24 A 3E q4S
A =g Horg Aegeza 29 4 gld o
&3 2o WYHo| EAVGI A A,

0=Ff(z, o) +u’ (7

HEANAM udE Aade) d¥gE ot o)
vERR ol A

- 581 -

= AX;+ Bu; (8)

X;= X —X°, U= u—u’

Addel Belg AN, BEHREDE ddes ¥
WAY v UEYe g 2o

1 1
Hy(X,u,?)= '5112"”‘2‘7522‘*‘ MmE+ (= 12— a97y)

+1pu
=ud (X, u,P) + ¥ (X, u, P) 9)
a71A,

P=n,

!p__xl + 21'2 Pms k(- oz am)  (10)

o4 AF % singular condition (X, u,P)o]
4 } A 8koh. Transversality condition® ¥
B olahel Alagd A d4 Aol BAE FEA
S QU5 P=P=0=0, F=F=0=00|mg 4
B W Apolo AL obdst el YEidd,

- af=0 an

Y Ae 5—1,=0, r+2,=0 2749 singular
sub-arcE A A A 1—2, =0 A2ESE B
A A stug, AYH7 B 4 g del M singular
conditionsf A1 H A sl 2+, =07} "rh

o} 9] singular surfaced th& HolA 2AE &
ojgd Bz Aojr7le &eto|g Woez ¥ ol

Yt

m, x;+:rq:0 (12}

o<

3. Sliding mode control
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