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LMI-based Design of Integral Sliding Mode Controllers for Time—Delay Systems
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(Han Ho Choi)

Abstract - This paper presents an LMI-based method to design a integral sliding mode controller for a class of
uncertain time-delay systems. Using LMIs we derive an existence condition of a sliding surface guaranteeing the
asymptotic stability of the sliding mode dynamics. And we give a switching feedback control law. Our method is a
generalization of the previous integral sliding mode control design methods. Since our method is based on LMIs, it gives
design flexibility for combining various useful design criteria that can be captured in the LMI-based formulation. We
also give LMI existence conditions of sliding surfaces guaranteeing a-stability or LQ performance constraint. Finally, we
give a numerical design example to show the effectiveness of the proposed method.
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Fig. 1 Simulation results

4. S of

)

(71l Fo1z F4E A& HAF7]19 50007 B o] FH2

5}
2t= Al2d" (DR X

2de udEa 02 HelHE ®
g2 § gtk
—0.990 17.410 96.150 —97.780
A=1 0265 —0.851 —11.390|, B= 0 (26)
0 0 —30.000 30.000

dae ARl e olgd AnsFe dg Ad
o} WlaAle] Azt Ao Astel WYY 2Ee AA

2 AL ABAEEL =t (1049 vlssA A" 1)
= 1g€1l° ’ei 37 f8 A s 7 s
0
1, 0)=2,(0)=0, z,(0)=1,
o 0 0
z{t)=0, tE[-d,0), d=0.1, h(t)=sin2nt
%]i uug 0353 lz0)l=19 WEd LQ A%

[ToTan<1 & wasE AR AANES &R,
0

C=1 p=1, =038 ¥i Ud L o5 B 7
T ATt
e [ 0.535  0.903  0.646 0.245
—0.009 —0.007 —0.021 -—1.008]
F=[—1.185, —1.845 0.109, 0.569]

A= g9 e AorlE 9 & Ao



v=—1.008y—[0.009, 0.007, 0.021]z (28)
o =0.569v—[1.185, 1.845, —0.109]z
u; =0.2450+[0.535, 0.903, 0.646]x

= [24+][0.541, 0.743, —0.162, 0.240]z

+1{0, —0.025, 0, 0]z}

T
A w(0)=—0.1910]t} -f%, 1+ Q8)E &3ty
]

7]

+ AgHold AAE HoFa 9k olF Azt Nd /\]
g 9% Filoly B X%]O%_}]w.] ANgdo)d a3 o
g 2% 1dAde g32=7 &8 &3 27A7F t=0
BH &dolg Ruyl 2488 298 & 9t}

o
Ty

&

2 =xdMe 519 Z23e FAske] [1-4]e4 dEd
4 Ad NadE AT AE Eutelgd 2o Ao 4
He Ackelsitt. sotely Wl 24T 23& LMI HE
2 AN 293 AF AojrIE AN HEY «a
AAET LQ Aes T AAYHE AN A2A
i o BE4E BAr

[11 EM. Jafarov, “Robust sliding mode controllers design

techniques  for  stabilization of  multivariable
time-delay systems with parameter perturbations and
external disturbances,'’, Int. J. Systems Science,
vol. 36, pp. 433-444, 2005

[2] HH. Choi, “Sliding-mode output feedback control
design,” IEEE Trans. Ind Electron, vol. 55, pp.

40474054, 2008

AZE RIS AIAYE 28 ME S20lY 25 Hojrlel LM Yl 4

Trans. KIEE. Vol 58, No. 12, DEC, 2009

[3] R. El-Khazali, “Variable structure robust control of
uncertain time-delay systems,” Automatica, vol. 34,
pp. 327-332, 1998

(4] S. Oucheriah,
delayed systems using slding-mode controllers,”
IEEE Trans. Circuits Syst. I, vol. 55, pp. 826-830,
2003

[51 J. Ackermann and V.. Utkin, "Sliding mode control
design based on Ackermann’s formula”, IEEE Trans.
Automat. Contr,, vol. 43, no. 2, pp. 234-237, 1998

[6] S. Bovd, L. El Ghaoui, E. Feron and V. Balakrishnan,
Linear Matrix Inequalities in system and Control
Theory, Philadelphia, SIAM, 1994,

[7] U. Shaked "An LPD approach to robust H, and #H,
static  output-feedback  design,” IEEE  Trans.
Automat. Contr., vol. 48, no.5, pp.866-872, 2003

“Exponential stabilization of linear

Z st 5 (8 E &)
1966 8¢ 25U A, 19838¢ A-gdiEn
AoiAE FEH F. 19949 St H e
Zled AV AREEs £9(FEh.
2003d ~ A Fadigha W

el 1 02-2260-3777
Fax @ 02-2275-6013
E-mail : hhchoi@dongguk.edu

2483



