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Reliable H, Control : A Linear Matrix Inequality Approach

ARSI I TR T
(Seong-Woo Kim, Jong Min Lee, and Byung Kook Kim)

Abstract : In this paper we address reliable output feedback control problem for a class of linear systems with actuator/sensor
failures. An output feedback control method is proposed which stabilizes the plant and guarantees H» -norm constraint against all
admissible actuator/sensor failures. The controller can be obtainec. by solving some LMIs that cover all failure cases. Effectiveness of
this controller is validated via a numerical example. This paper addresses reliable output feedback control problem for a class of
linear systems with actuator/sensor failures. An output feedback control method is proposed which stabilizes the plant and guarantees
Ha«-norm constraint against all admissible actuator/sensor failures. The controller can be obtained by solving some LMIs that cover
all failure cases. Effectiveness of this controller is validated via numerical example.

Keywords : robust control, reliable control, fault-tolerant control
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hard failure ; zl,ul j—-—-— ylu2 ;e y2,u3;
———y3.
Regulated output z
50 T T T T T T T
i
i
;
s |1 : |
g o> o/ Cormrrrd N>

time(t)

Measurement output y
T T T

0 2 4 6 8 10 12 14 16 18 20
time(f)

a9 3. FEARAY] 2] Belkg Hel 4T 39

82, A4 zlut;——-— ylu2;
....... y2, u3 ,....._ _y3

Fig. 3. System response when actuator and sensor failures ; case 2,
soft bias ; zl,ul j——-— ylu2 ;e y2,u3;
———y3.

A4 1: A F57173A7] 2% (hard failure)

2 where5<r<15
u ()= ,

0 wherez>15

~2 where5<r<15 “4)
uz(t)z s

0 wherer>15

y(t)= 2 where5<¢<15

AL 2: A4 F5717RA7] % (soft bias)

u(t)=u(t)+1 where5<s<I15,
u,(t)=u,(t)+1 where5<¢<15, 45)
y(@®=yE+1 where5<¢<15

A% 1B A% 2 o U ALY 39 S49e 47 a3
2 93 o Uehieh o 43 298 aoksu, Aokg 4
2 Ael7le BFd F57) L 4A7] el AR Fol
A Asde]l Homd AT 22 B A9 AR
S o] FES Pk

a2 1 THesh BE A he) st Al NS EEL R
MIMO olAHAIZE M3 A28 Aze) Bk o] Axge

~— -
Veilette 5 (1992)[7] 3} Seo 5 (1996)[6] @A 221 A]l~ElS
Rzt 3t Aot
[3-31 10 0] [0.0010 0
x(t+D={1 0 O[x()+|0 02 0 |u(r)+|0.0010 0 w(r)
010 00 02] 1000100
70.01667 0.06667 0.1667] 0 0 0
0 0 0 050 0
)= t ty 47
(1) 0 0 0 x(6) + oolso”()( )
| 0 0 0 | [0 0 05
(10 0 00 0
y=|01 1 [x(®)+{0 0.1 0O |w(r)
10001 00.10.1
A4 9 2FEBL gpec(d) = {111} °JEZ FA A2
o] B9l R JHAY= AS & S sk
TE7] % (uy) & A7 2F (3,) & 7= o)At A
7+ Az’ i3] 2= EE8-A13 A7E 2ASH] AsiA,
2 of 23

ANE MY BE HEAS 05) & oleadh

BA AR LMI Control Toolbox
o] g3te] et y=20 =
HAaskg Fof thEd 22 A0

M o

trace( X))+ trace(Y)

g 7% & 9ok

~3.7677 -3.1164 —1.4527
ct+1)=| 1.6629 14431 08513 lc(¢)
~0.4547 -0.0016 —0.2848

0.9440 03892 0.0015
+| —0.2005 —0.2152 —0.0008 |(?) 48)
0.1743 0.1006 0.0002
~4.0820 4.0035 —1.6043
u(t) =| —5.4492 24302 1.0104 |c(r)
~23572-5.3083 —=1.0639

[«
Aol digtel Hoed AR 20& BESE FA AT
PASE o|FES Pk



224

VL. 4§

l Sl FE7VA7] ngel gl
Az ZA] U3 sHez Ay
?‘5_ A2 H, A7) A whHE

IE 757 2 A7 24l diste]

%6%: H, *é%—% ”J%—S}Zl Zahs W, AljkE Aloir]E
g o] §8E 57 E A} ABde] e s
& TEE T d= Bl olel ek, 757 R AA
7] 31zl W] 7ol ]-x%}a_‘,} Zh;}]z] H,- % 7+ s

A0 5ol 5 we 4y 99 25Ae o8 49 Aol ¥

#Hozs
[1]1 S. Boyd, L. ElGhaoui, E. Feron, V. Balakrishnan, Linear Matrix
Inequalities in System and Control Theory (SIAM Studies in
Applied Mathematics), 15, SIAM, PA, 1994,

M=

19693 49 2944, 1991 Fh=ra}8lr]
<49 A 2 AAFEy 9. 1993
T MAL 1999 T HAL
20023 ~&A FToUEy AFE - A
ZEQFEF W, ok 9
AHo], AAZE A2E, Q= A 2E],

dd=
Aoy - AE8) - A 2EFE =B A5 H A3 Z HE

MO - XAs8 - AIARBE ==X M102 K33 2004.3

{2] P. Gahinet, A. Nemirovski, A. J. Laub, M. Chilali, ZMT Control
Toolbox, The MathWorks, Natick, MA, 1995.

[3] 1. C. Geromel, J. M. Berussou, M. C. de Oliveira, “H, norm
optimization with constrained dynamic output feedback
controllers: decentralized and reliable control”, IEEE Trans.
Automat. Contr., vol. 44, no. 7, pp. 1449-1454, 1999,

[4] S.W.Kim, B. K. Kim, C. J. Seo, “Robust and reliable . state-
feedback control: a linear matrix inequality approach”, Trans.
Contr. Automat. and Sys. Eng., vol. 2, no. 1, 2000.

[5] C. Scherer, P. Gahinet, M. Chilali, “Multiobjective output-
feedback control via LMI optimization”, JEEE Trans. Automat.
Contr., vol. 42, no. 7, pp. 896-911, 1997.

[6] C.J.Seo, B. K. Kim, “Robust and reliable H,. control for linear
systems with parameter uncertainty and actuator failure”,
Automatica, vol. 32, no. 3, pp. 465467, 1996.

[71 R.J. Veillette, J. V. Medanic, W. R. Perkins, “Design of reliable
control systems.”, IEEE Trans. Automat. Contr., vol. 37, no. 3,
pp. 290-304, 1992,

[8] R.J. Veillette, “Reliable linear-quadratic state-feedback control”,
Automatica, vol. 31, no. 1, pp. 137-143, 1995.

[9] G.-H. Yang, J. L. Wang, Y. C. Soh, ‘“Reliable H,, controller
design for linear systems.”, Automatica, vol. 37, pp. 717-725,
2001.

ol & 9ol
197013 1€ 1344, 19924 AEEta
AFE TR 4. 19949 = 3ely)

=9 dakeks gaMAL 2000d Sulst
A ukal 200203 ~AA] Solietn AE
B - SZESojFe aa AlEor
T AXHEY7Y, FAJEY, 22 ES




