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Robust H-infinity control for Markovian jump systems with
time-varying time-delay in input and state

LIU Jian-chen, ZHANG Jing
(College of Electrical and Information Engineering, Hunan University, Changsha Hunan 410082, China)

Abstract: The delay-dependent robust H-infinity control for a class of uncertain Markovian jump linear systems with
time-varying time-delay in input and state is studied. Since we employ in the study the new Lyapunov-Krasovskii functional
and the integral-inequality method, the obtained results are less conservative. The constraints on the changing rate of the
time-delay in the existing literature are avoided in our results. The controller can be solved by the cone complementary
linearization method. Numerical examples show the effectiveness of the proposed approach.
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1 5|5 (Introduction)

1T 42k, W firMarkovigk 4% & 4t 11 43 A1 A e 1
) R 51 TR B e RN o I AT O 4
SRR ELA F /N AR 7 v, DR S L 9T X 3
ST, SCHR[21E F 7 B 7R AR 45 R A8 YOI 4R, S
BRI3~S1TIN T —Sefp ol AR &, JX A 5 45 B AL
KGRI, FER N T R A S5 H, N sems 17K
FEACR. T3 AT B R, SR~ S92 & X Ik
A, B AR DT B AT S N R S . T
TCAZ 38 ) B OV 5 1 0 S IR LE A e 12 45 ) 2R T
LA 22, (HE SCHRI6] 7 R R G0 IRPIR 2% I il 5 N
B 56 A AR ), HLI AR AR 4 3 /N T1, IR SE SRk — fi
T AE DA 1R, AT KR A /N 1% 7 75 () FH S .

AT R AN R 7 B AT R i AT R
DR 5 5] s PR AS T 52 Markov Bk A8 22 45 1) & FRH L, 12
il e AL A, RS IR B N B Vi R 2 B v 24 02 AR
(1, JF FLW ] LUAR[A]; 0T AR A AR b R R 7
ANF 1R BR A
2 0] @R (Problem statement)

2 RN R AN i Markovigh A% R 4t

Wk H 31: 2008—10—13; W& Bk H 391: 2009—08—26.

&(t) = [A(re) + AA(re, 1)]@(t) + [Aa(re)+
AAg(re, )]x(t — dy(t)) + [B(ry)+
AB(ry, t)]u(t) + [Ba(r:)+
ABqy(r, t)]u(t — dy(t)) + Bw(rt)w(t),(l)

z(t) = C(ry)x(t) + Ca(ry)x(t — dy(t))+
D(r)u(t) + Dq(r)u(t — da(t))+
D (ri)w(t),

z(t) = ¢(t), t € [-max{hq, ho},0].

Hrp: z(t) € R, u(t) € R™Mz(t) € R4 2

GRS P O R ) B w(t) e RY

MLy [0, 00) EIPLBNEIN, La[0, 0o) AR J5 vl #In

HERECTE]. o (6) ELEYIIR R v = r() RS

B, 2 ETARESS = {1, ,s} EW5F

{XMarkovid 1, AR ML A

’ ) ﬂi-h—l—Oh, Z?é],
P[Tt+h:jm:d:{1i7r»-h—(k2)(h) i=]

Forpir; ;o MBI BIR S I R TR, 20 # i,
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AA(r, t) 5/ IR RGN A E M, AT
T
[AA AAy AB ABy| =
H(r,)F(t) x [Ei(ry) Eo(ry) Es(ry) Ea(ry)],
(2)

Hrp H(r)ME; () (5 = 1,2, 3, 4) 43&E 4 4E 500

HOHRE, F(8) A R AR e, FLig i
FY)F(t) <1, Vt, 3)
dy () MIdy (1) A I A A F IR, ks 2
0 < di(t) < hy, 0<da(t) < ho, @

dy(t) < py, da(t) < po.
N T EERUR, K A(r, = 0)Id 4 Ay, HoAhER PR HE,
EX 1P My (t) = O, Wi AT R p(t) Al
To S Sﬁ

B{J " lla(t,

FT, R RRE RGP () = 0)4 3 )7 G K
[, IRRHEE RS, o | - || 2o et K E i 4,
B{-RAeE .

EM 2 WEhiity > 0, WA LIS
R A

), m0)|[2dt} < o0 5)

u(t) = K (t) ©)

{EAN FAT B wo, 7o € SHULEF N RGE A E
PEQ2), Iﬂﬂ%éﬁiﬁﬁﬁﬁﬁiﬂﬁ

B{[ " 2T (0a(dty <47 W (Bw(t)d], )
M2 GE()FR Ky S #efa e H HH OB, R R 145
AR FR R B FE i 5.

TEAF AR S 2 iy, 1ot Han N o] H.

BIER 18 ¥ f Bk 8 () ¢ [—h, 0] — Ri—
B e S ] sk, W FAT R FEBE M, My, € R™FI0 <
X =XTeR", ﬁzﬂmﬁ oA

—f s)ds <

n"(t) My My =M+ M,
k —Mg — M2

hit (8)[My Mo]" XMy My)n(t), ®)

e (t) = [27(2) (¢ — R)]"

n(t) +

IR 2000 g il Y YE MR ZT = Z B, A
MF, HAWWEATA < I, N

Z+EAF + FTATET <0

JRAT I PR AT RATAE A 1E e > Offif3
Z+¢e¢EE"+¢'F'F <0

JEAT..

3 B ¢ A1 B B % (Stabilization and robust

stabilization)
T 56, RSN ARFR PR FR G0 I A DT AR
e U

&= Agir + Aqix(t —dy) + Brx(t — d2), (9)
Hrp:
Agi = A; + B;K;, Byg; = By, K;.
EE 1 T8 MRy My, WA IE 8 X

/J\%EM;X“ Qm, S;“, R}JED%E M‘;K, Mlkz’ M2kz(k =

1,2,i € S)fif3an N REANGE A AT
Wi —
[Zi Woi Wizi il holgE half holid: 7]
* * Lpggi 0 0 0 0
* * x —hyJy 0 0 0 <0,
* % * *  —hoJy; 0 0
x % * * x  —hJy 0
B * * * *  —haJy; ]
(10
Herp:
[E S12i S S Sis Wit
* 5227; 0 0 0 0
= | * * Sy 0 0 0
- * * * = 0 0 |’
* * * x Zss 0
* * * * x  —U;]

1 = A4, X, + BY, + XiA;r + YiTBiT + mu X+

2 B B 2 2
S 2(MEAM)+Y. Qritd. Shi,

k=1 k=1 k=1

[

Eloi = Aa X, — MITM + ]\7[211'7
By = -(1- Ml)Qh - 21Z — My,
Eis = BaY; — My, + M22i7
By = —(1— /’I’Q)QQZ - 221 M2217

T =

—Mm- + Moy, Sisi =
_ qQ v | ]

aai = —S1; — My, — Moy,

—Mngi + Moy,
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e X R 25 AT AR N SRS I It MarkoviBk A% 22 458 He H o 15546 811
EZ:—SZ—MZ M“ MT. _
ey hah | Mk RO My Mo +
VUyo = thfw Wagi = —2h R17 Vi3 = 2h2 11, M2ki
W33 = —2hoRs, Ji = X, R, X, e M+ My, —MY, + Moy, Con +
I = [AX; + BY;, AuX: BaY; 00 0], 2 x ~ Mgy — Moy |
= [My1; Mx; 000 0], MT.
hiCh Wi | R Mg Mogi]Con, 13
Pyt = [rss 0 Npsi 0 0 0], kCok M, | [Migi Maki]Cor (13)
[
[

]

]

]
120 00 0 Moy, 0],

W, =

RVEEP SRRV D CRVAETED IRV 6]

Uiy =diag{X; -+ Xio1 Xip1 -, X},
M3 2R ey feoE, HEUERFIMS M H K, =
YV, X,

Uk &4 FLyapunov-KrasovskiiiZ b4

V(xy, i) =

r" P + ZI (s)Qrx(s)ds +

f aT()Skr(s)ds +

j hi J;+0 2Rk

BRAEN AT, = i € S, WV (2, 1) I T 5
/J\ﬁ?f“w], JUES)
LV (1)) =

>
22: )2 (s)dsdé. (11)

22" Pi + 2 (Y 7 Py + Z[ TQrx —
JeES

(t — dk)Qkx(t - dk)]

k=

2 t
Z [QhkxTka - f

(1 —dp)z”

=

7 (s)(2Ry)a(s)ds].
(12)

AR 51 BEL, 0 AT R My, Moy (k = 1,2,
i€S),fi

t

- 2T (5)(2Ry)a(s)ds <

t—hy

t—hyg

" #(s) Ruii(s)ds —

t—dy
t
L _@T(s) R (s)ds <

M + My, —M + Moy,

T
Clk % _MQTI‘W' N Mzki €1k+

Cip = [27 2Vt — dp)]", Cor = [27 2T (t — he)]".

FIH13), ot #, fhoe SOV WLV (zy,
i)] < OV x(t) # 0) L, WP 2 SL9)ii il fase
P T RS WA B, U T 3l A WEEE,

1 g U T BB R X (A, By)ER(A; +
Aqi, Bi) R ReiEE AR, RERA0) M AT AT R A7 7L, BT
DLHR S )5 R el e 142 i 2%

2 EBIRE A T AR

t
TG Rs)ds < = [T @ () Ry ()ds,

izﬁﬂiﬁ%éafi(w)ﬁﬁﬁﬁéﬂ%iﬁ%ﬁﬁﬂ%—(l = bk Qi
ML BR T g < TIRIPR, (RSB IS ) Or <3 4

BNk, T2, AT I RSB E
INp ¥ AH S 4

EE 2 0T 4 B, WRAFALE IE 58 X
FRFEE X, Qris Skiy ReRVEEREY;, My, Moy, YLK
brfe; > 0(k = 1,2,4 € S), W AL
AT

x —gl 0 <0, (14)
* x  —g;l

Horr:
H;=[H' 0 hyH hoH 0]",
E; = [EyX; + EsY EyX; EuY; 0],

W HIR RS () B e fa e, ELAH Y i & o 18 ) 2
WARK, =Y, X,

4 EFEH I H(Robust Hy, control)
ARATRGRE— 20 % FE R I A e ) A
EIE 3 AT E ML, pe My > 0, W RFF

1E 1E 58 0 R A ME X, Quis Siis R FIEEFEY;, My,

Moy, A brte; > 0(k = 1,2, i € S), 31 R4

P AN 2l AT

*
*

-1 0 <0, (15)
* —Ei.[
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ERR R hals holsy halE holds ]
* Wag; Vo Wouy O 0 0 0
* x  Way 0 0 0 0 0
ok * W33 0 0 0 0
* % * * —hiJu 0 0 0 ’
* * * * *  —hada; 0 0
Kooox * * * *  —hiJi; 0
L* * * * * *  —haJy |

Wyoi = DEZ'Dwi - ’7217 Wyg; = 2h1BuTm

T, = [BEz + Dgi(CiXi + D;Y) DgicdiXi
DZ;DyY; 07,

Upy = 2ha B,

H;, = [HF 0 2h,H} 2n,HT 0]7,

E; = [Ey X, + E3Y Ey X, EyY; 0],

WA RG0S e H HH YU, MV )&
FEHL PRI 2S5 K, = VX[,

E 3 W T4 RSB TEy > 0, itk
it 20(15), AT LTS B R S (DI & By - T Hoo 15 il 8%, HE

B, AEA R FAT: A5), X; > 0, Qi > 0, S > 0,

Rk > 0flle; > O'F, /M 72, ﬂufﬁiﬂ%?fﬁ(l)[ﬂ@%%%
PLHoo ¥ il 2, AH I 1) 5 DI THIZK T 2 Yanin

FH 2 B3, 1R 25 2 43 2 W1 AUA 7 R 25 B i IR AR AR
Markovigh48 R 48 (147 S 55 5] BL(BRL).

it 1 WA EMR, p Ay > 0, W BAFAE
IESE X FRAE P, Q, SHIRA#3- 40 FLMIs:

O, N, 2h1/1r1riR hl/lgi h1A3Ti

*x Wiy 2BYR 0 0

* % —2h R 0 0 <0
x ok * —hiR O

x ok * * —hiR

JSCAT, WA AR A B i (07 TS i A A FRMarkovigk 4% 2
(L feoe B HH ey, o

@7; ==
Y, PAy—ME+M,, —MLE + My,
* _(1_N1)Q_M21;_M2i 0 )
* * —S— M — My,

N; = [B.;P; + D},C; D,Cy; 0]",
T, = PA; +A;FPi+ (Z 7T¢ij) +

JES

2(ME+ M) +Q+ S,

Ali = [Az Adi O]; A2i = [Mli MZi 0]7
ASi = [Mlz 0 MQz]

E 4 ARSTRI TR S AE T T LS D
1 SR A S, SOWT AT BT A9 4 SRR AT BN IR £ ST P
DAHE 1 124 491, SCHRIS RN AR S5 225K i 1) A2 2 A Hor il
Hin(n 4 1)(2s 4+ 1)/2 4+ sn?Fn(n + 1)(s + 3)/2. %n = 2,
s = 2], XA H B 53 il 23 F015, 1 BEAE n s R R K,
AR SOV SRR Sk S . T 5 ST Hh R B S 4,
0K R B AR ST 1 25 R LU SCHR IS T A 5 /N DR S
5 P 8%k AR Sk fi# 5 75 (Controller iteration
solving algorithms)
FER10)(1)FI1S) P A S AT AL TX, R, X,
XAF A B o BT B3 A R Ak ) L R
T LA B R 91, o o AH Y. 10 35 T HE AN 2R Ak U
IEARSR AR S A T3 1 B B U H L 18 2
WU ), 5 B EE L [ 2 hy Flhg, S/MEy2.
B (158 ha, T KAGR,)
Step 1 455 hy, Bl = 0,k = 0. © X
Vi = {Xi, Xi, Rs, Rii, i Jui},
Vai = {Quis Skis Yis Mg, Moy }(k = 1,2, € S),

SR A A 20 A (10)F1
YGRS R )
X, Ry I J
_ (16)
Xi { 207 Rki “‘I =
I X, I Ry

R RIAT R { V2, V3. b, 250 (10) H i Ty, AR i
WX R X
Step 2 XTJ‘{VM, sz}ﬁ%d\{'{ﬁ

- . 2 .
tr( X/ X; + XIX; + Y S+
k=1
jllciJki"i_RgciRki + RLZRM),

A4t RA0)FI(16). 2V = Vi,(i € S).

Step 3 1 Step 201 fi# 3 & X(9), WplT =
hL 4+ Ah, Jfi&[H[Step 1. i ARR ISR K.

Step 4 WIRL > oy, WZEIEIEAR, FoP 0l
B RIEAREL I, A0 =1+ 1, IR [7Step 2.
6 HU{HH B (Numerical example)

Bl 1 2 B SCERISTH 1812, 400 SCHR[S], A8 3C
B .

By = 0, XFFHE My > 0, KFHEIS TR
E R e VT A E (1 45 K hy . XA [F]y 1R EE 3R 45 R L
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R RN, ASCH I HER 1L SCRRI2, 517 K145
REATE IR

A1 SARRy#RKA,

Table 1 Maximum h; for different
v 0.5 1 15 2
SRR KRy 0.1843 02019 02069  0.2092
SCER[SIFT R Khy 04156 0.4739 04926 0.5022
AT K hy 0.9804 1.5359 2.0067 2.4286
Bl 2 HrE— 2BV RGN, SEU R
11 0.2 0.5
A1: ) Ad1: )
0 0.6 0 0.2
1 0.2 0.1
Bi= B H, =
o T 0.1]’ ! [oz]’
1 2 0.1 0.5
A, = A
1o 04" o 0.3]’
E 0.1 0.2
By,= B H,=
2 0 ) d2 O 2] ) 2 [01] )

Ey = 1[0 0.01], Ey = [0 0.01],

E3 =0.01, Ey =0.02, Cy = [1 2],
Cau=[12,D =1 Dy =1, Dy =0,
Ey15 = [0.01 0], By, = [0.01 0], B3y = 0.02,
Eip =001, Co=[2 1], Cop = [2 1],

Dy =2, Dgo =1, Doy = 0.

. |06 06
%%ﬁ%ﬁ%ﬂ_[(ﬂ<44.

SRR PR RGBT W) . 2% 5 B0 AR HRE
XF(A;, Bi)RI(A; + Ags, By) ERIRARERRIN. (HE K
h2 = 01, M1 = U2 = 11, lmax = 100,
FHH s BRI R ] fR A5 4 R EE i Kh, =
1.35 LA SAH Y. 48 i 2 44 2 -
K, = [-4.3091 21.4516],
K, = [—4.0042 19.7035].
WAILEIRZE N
o= (1,-1)T, z(t) = 0(Vt < 0), 7o = 1,
{f FIMATLAB/Simulink 3t 17 1/j 22, W15 AR PR 3 5
G PR SRS W B 1 () FI(b) s, Horpr, i AR
I B A
di(t) = hg(sinagt + 1) /2,
Qap = 2,U,k/hk(k = 1,2),

TEFE AT DASRAIE I A2 s i 2 2 (4).

ML) RT LA H, £330 2 ) 2% REAf AR R G0IR
ST E AR, W F 23 Bl AN I B u(t —
dy(t)), PR R G A T A2 1 (0T 7R). H Lt
A UL B TR ARSI T EZ AR
GUIRSAE B, I8 T X R G A ], T,
HH e B3 ARVEL, SRIEXS A Ay, RGAFAEEBY-IR
PEH o 3 H 38 1 i Kby (W3R 2).

20_ T T T T T T T T T
1.8+
< 16
< 14}
12+
10 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
t/s
(@

x(?)
I I I
D= =
S LB O W
ﬁ
1 1 1 1

1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
t/s
(b)

x(?)

0 5 1I0 115 210 2I5 310 315 4I0 4I5 50
t/'s
(©

Bl 1 BESFRRAIE

Fig. 1 Trajectories of modes and states

A2 MARREy#ER K,
Table 2 Maximum h; for different

~ 01 008 006 004 002 0.01

hy 09 08 04 03 0.003 0.001

t 2] LLFE H, BBy r kDN, RS S
BEy-IR M H o 125 1) 35 1) B3¢ Khy Bl 2 ok /. 3t i,
Ih, = 0.3, KA E L1 By, = 0.03, %f
N [

K, = [~7.8671 45.8946],
K, = [~11.9622 76.8205].

e He e i B, U T AR OBy, B R 2]
8 AT DA /N .
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7 458 (Conclusion)

AR H i B Lyapunov-KrasovskiiyZ B, & T
I3 ANEE TV, WEIE T AT I AR i L RS IR 1
AN i€ Markovik AR 28 G0 S H oo F55 1] ) . AN FH AR
TR H FNAE ST AR, A B 245 20 AN AR it
A i, HUEF A W] BT A5 45 R R AT BN RS
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