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H-infinity model reduction for stochastic systems with

Markovian jump parameters and time delay
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Abstract: The H-infinity model reduction problem for a class of uncertain Markovian jump systems with time-
varying state delay is considered in this paper. The goal is the construction of a reduced-order model such that the
associated model error satisfies a prescribed H-infinity norm bound constraint. A sufficient condition for the existence of
desired reduced-order model is presented in terms of matrix inequalities. The cone complementarity linearization ( CCL)
method is then suggested to solve the matrix inequalities. With the numerical solutions of the matrix inequalities, an

explicit parameterization of the desired reduced-order models is also presented.
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2 B4R (Problem formulation)

BRI RYIEEILRSA S

dx(t) =

[ACa(£))x (1) +A,(a(1))x(t —7(2)) +
B(o(t))u(e)]dt + [E(a(t))x(t) +
E,(o(1))x(t —7(t)) + F(a(t))u(e) ldw(t),

(la)
y(1) = C(a(t))x(t) + Colo(e))x(t - 7(t)) +
D(a(t))u(t) , (1b)

VT H: BFE B RPEEE BT (60304001, 60474078 , 60574015) ; 4 E 43t 0L S W2 B (200240).
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x(t) =@(t), Vte[-h,0], 00 =i.(lc)
Hep:x(t) e R HRFERE,u(t) e R AEHH
ALy(t) e R ARG sw(t) Fy—HEbruEAi Bz
31, HE{dw(t)} =0fE{dw(t)®} = desr(t) AR
AR, EWE
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A=A+ DALY, Ay = Ay + DAL(1),

B, =B, +AB(t),E, = E +AE(1),

E, =E, +AE,(t), F, = F, + AF (1),

C, =C +AC(1), C, = Cy + AC, (1),

D, = D, + AD,(1).
ERAFFE—o(t) =ie S,HA, FicA(a(r)),
HAMSEOMHE . ArEERSEEE R
[AA () AA,(t)  AB(1)
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PR AT RS (1a) ~ (1) AR
% 3 BRI RS -
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llir};lElx(t, %y, 09) 17 =0, Hx(t, x,, o) BRIE

VIHEIRZS A x, , WIIRRAS Ry 0y B REAE ¢ IS ZIHPIRTS

s | - | FRN R AIRRES 23080, EC ) AEEEHE.
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AR R BEREE y > 0, TR FERHIEH

£ I

dx'(t) =

[A"(or(£))x"(1) + Ay (a(2))x" (2 = 7(2)) +

B (o(t))u(t) 1dt + [E'(a (1)) (1) +

E;(a(t))x (¢t —7(8)) + F(a(t))u(t)ldw(s),

(5a)
y (1) = C(a()x'(t) + Cy(a(t))a"(t - 7(2)) +
D'(a(t))u(t), (5b)

2(t) =d(t), Yte[-h,0],0, =i, (5¢)
I R R AT BN, RZE (1) F1(5)
RERIRERK =, = = - 3, RYFBHEREN
HH
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Hi:6(s), 6.(s) ZHRARE S, I, N AR
FIEB S (1) e BY, y' (1) e B, Ha <n I
AR RY [ Y ] R — RN IR 2 (1), & (2) 1E
te[-h, 0] ERBUEINO.

5138 19 AEMHEM S e R AR <
R™™ . IT € B¥" H rankU < n, rankV < n, N{FE7EME
MO, 5 + IOI, + (I,606,)" < 04 H Y
TPEr" <0, r-5r" <o.

5121 A, D, S, WHIF AE s, of
BHW>0,FF<1,MF{EEe >0 KRR, v e
R", 2x"DFSy < £7'2"DD"x + £¢"S"Sy .

3 FEZHE(Main results)
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& X Lyspunov ¥l () <E|[o[2(9)7 x(s) o(9)TITL(s) -
V(x(), o) =) = V(x, D) = T
t [4(9)7 2 ()7 w(9)T s (10)

AT, Bt ~7(1)) =2,). WEFEFNEF  T'() =

x(t)"Px(t) +J (t)x(s)TQx(s)ds. (8) H
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zx Pi[Aix ¥ Adixl ¥ Biuj[ v JEZ'SAL]x Pix v - BZLP[ O _Yzl
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i

LV,(x, 1) <O0. SHSCHER] 11 ] HARFR R GE I3 i
ERER . FPEAFIENA |y, < vlu)], B

T 4

1 X(7) K Schur %5 | BB, T'(s) <0. \i¥(e) <O,
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t : EE1 MNTAHEHMIRL S, WRAFEE
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XP, =1,,¢6 =1 (14)
WAL, MAFFAE— I (5) o B H, FEREER.
Hrp

A; =[1I

n

O]Xl.[f]ﬁ« (A O]X,.[g']+

W WIA,P (PAD") " + W'SV2L(PA,P") 2,

_ (19)

c= (PWI -0, (20)
S, =W, - ¥ (A - AP (PAD") ' PANY,.

(21)
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[1, 01[A.X, +0][ ] , (15)
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2 A T 1, A, 07 _ A, 07 _ B,
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S, B R 0 5 MR T R No=[00 Ny Ny Nyl
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liE: E, F;|= 'FL'T = (U, P U, PU 0 O]T,
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'-IP 0 C, Cdi Di i
0 -P PE, PE, P.F,
Q =| C EP PA+AP + NP +Q PA, PB, |,
Ch ELP, ALP, -(l-7)Q0 O
Lo Fp, BT 0 -y
0. 0, 0,, ’ 0,. 0, 0,, B(o(2))u(e))de + [E(o(2))x(2) +
b= [ I 0,0, [0 I 0] E(a()i(t-7()) +F(a(1))ult) 1du(t) |
U, =10, 0, -1, , , B
(1) = Cla())x(t)+ C(a(e))x(t-1(1))+
0, I xn O 0, xm .
D(a(t))u(t) , (23b)
Vl= Orxn Orx,- ’ V2= rxn Ir ’ V3= Orxm * A
(1) = (1), Yie[~-h,0] (23¢)
I
Oan Omx OMX Omxr m ﬁl:f]
(22) i) = [=(0" ¥ ()],
W BERGQ) M), TUEHRERSR it =7(0)) =[xt -r(t))" &t -7,
3. =3-3WTF: y(t) = y(t) =y (1).
dx(t) =

[A(a(1))x(2) + A (a())x(t - r(t)) +

MEIH 3, H HRERREAERAENEER
o(t) =i e SHEFIEMM P, >0 ,{HH78
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[ -1, 0 ¢ C, D, |
0 - Pt PiEt PiEdi PiFt
Cl E'P, PA, + AP, + Z)\ P +Q PA, PB, | <0 \ (24)
Ci EuP, AP, -(1-hm)Q O
LB e g, 0 -yl

RALRITT . E X
o [AA, 0y o [AA, 07 .- [AB,
aa=(" 1oadu=[e 1 aB= 7],

0
~ [AE 0) . rAE, 0 AF,
st 0. [0 0] are[ 4.
AC=[AC, 0], AT,=[AC, 0],

A] A, B
ADi:ADi,Cl{E,’. E, F[},

C. Cy D;
g

A=A, + A, + UGV, A=A, + A, + U,G,V,,

B,=B, + AB, + U,G,V,, E,<E, + AE, + U,G,V,,
E,=E, + AE, + U,GV,, F=F, + AF, + U,G,V,,
C,:C,. + AZ‘i + U,GV,, C,=C, + AC,, + U,G,V,,
D,=D, + AD, + U,G.V,.
ZiHE, R (24) TE R
QAMHN+(MHN) "+, C.o+(V6.P)" < 0.
(25)

RAES 1 2, XS~ T & M2
2 +¥6d+ (V6P <0. (26)

Horp 0, s (22) BrE . hsIL, R (26) L4 T
VW <0, @ NPT <0, (27)

X H R

01l 0,,1] 0 0 0

i 0 0 (1, 0,,] 0 O

' 0 0 0 I, 0
0 0 0 0 I,
diag(1, P;' P' I, I,) , (28)
I, 0 0 0 0

o - 017, 0 0 0 '
0 0 [ 0,] 0 0
00 0 (1, 0,.]0

(29)

X =P8 = MR U 09T UK
@' 1 N@"" I F) FY Schur Fh5) BB (12)
(13).
4 BEME % (Reduction algorithm)

CHURYE CCL S35 R4 R\ (12) ~
(14) R . R4 CCL BikmE, 5.
BP >0,X >0,¢>0,6 >0, VieSH

X I g I
| ];0,[ ECRED
I P, I g

!

WUZ (tr(XiPi) +855i) =N- (n+;l+1) %ﬂﬁl_’—f’l
XP, =1,¢6 =1 HFHEGIAAMMELENT.

S| ATEMHEXS, PO, e, 6% UK
RENEE e ,

?‘_EE%Z %*%ﬁ]ﬁ@ Xi’ Piagi’ az’ﬁ'?%ﬁ[ﬂ:ﬁ
77 LMI 278 9 B AR eR S /) -

N
min{ Y (r(PPX; + XPP) + 68 + 8¢, |

s.t 2 (12)(13)(30) ;

SWI  LEE SR REREES XY,
P e, Y BRAREIE N opt,;

WA R opt, ~2N- (n+n +1) | > ¢,
Wk =k +1 HEEFR 2, FUEHES;
FES FABAMNEEEUESX19) ~
(21) ZEULFRAET .
5 HEEHI(Numerical example)

FIEPIM S AHE DR R AL 3,
Hep
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[ -6.113 -2.2192 -1,6228 -1.8999} 1,2226 0.4438 0.3246 0.3800 ;| -0.3
2,3484 -2,5205 2.6366 1,4956) -0.4697 0,5041 -0.5273 -0.2991 i -1
22147 2,5209 -2.4547 1.5981§ -0,4429 -0.5006 0.4909 -0.3196 i 0.3
A A, B -3.0970 -2.3403 -3,1447 -5.9118: 0.6194 0.4681 0.6289 1.1824 0.5
E, E, F |=| -04% -0.5217 <0.5106 058 0 0 o 0o | 006
¢, €, D, 0.1733 0.432  0.7435 0.0328; 0 0 0 0 0.2
0.6232 -0.8701 0.8479 -0.052 | 0 0 0 0 -0.06
~0.1786 0.5075 -0.8299 0.3621: 0 0 0 0 -0.1
o5 -08 02 06 |0 05 0 0 1
[ -3.6907 -0.2216 0.3834 0.0372} -0.7381 -0.0443 0.0767 0.0074 ;| -0.8
0.0792 -4.2468 0.1298 0.2729} 0.0158 -0.8494 0.0260 0.0546 i -0.3
-1.0277 0.568 -~5.2462 0.1099i -0.2055 0.1136-1.0492 0,020 | 0.8
A, Ap, B, 0.1804 0.4753 0.1232 -4.8163! 0.0360 0.0951 0.0246 -0.9633 | 0.7
L E, F,|=| 0427 0729 -0.0063 -0.7871 0 o o0 o i 016
¢, Cp, D, 0.6111 -0.2882 0.5245 0.752 | 0 0 0 0 0.06
-0.0741 -0.953  0.3643 -0.1669: 0 0 0 0 -0.16
0.2018 0.7782 0,482 -0.8162i 0 0 0 0 -0.14
o """ “0.5 0 Y TP S o 1 ]
SERTE EH LT HERERE 4 o —
M, =M, =[0.6 0.6 0 0]", 3r o BB
2t — R .
N, =N, =[06 006 0]",i=1,2, i
HM, =N, =0, M,, =N, =0.6, F.(1) =sint. 0

Hi51 3 3 AR HE 3, BUNERER .

Bty =1, A, =0.4, A, =0.2, 7(1) =2,
= 0. AXHWHMETRITTENRREGS) W -HE
GEEL FRARSL . WRERGHNLREE AW ERM
(6). BEFAHFEEMA(12) ~ (14) HEBR W, =
0.04351,, W, =0.06061,, L, =L, =0, BB AREKHE
B3 MBHEWHR(19) ~ (21) RS

[ -4.4857 0.8960 {0 0 0.4550}
A7 A, B 2,1819-3.0325 {0 0 -1,5600
E, E, F,|=| -0.0793-09045 [0 0} 04588 |,
r . ~0.4818 1.3659 {0 0! 0.4588
¢, ¢, D4 | Z0AsI8 13659 10 0 0988
| 0.1011 -1.2351 (0 0 -0.8871
[ -4.4857 0.8960 {0 0! 0.4550 |
A, A, B 2.1819 -3.0325 {0 0! -1.5600
E, E, F,|=| -0.0793-0.9045 [0 0} 0.4588
C, C, Dl | 704818 1.3659 {0 0 0458
0.1011 -1.2351 {0 0| -0.8871

BYMER =(0) = [0 0 0 0]",2°(0) = [0 0],
VIAHA 0(0) = o = 1, NFRERL S, HREMIRA
SORIE R RN 1 TR

-5 1 ) L 1 X 1 1 { 1

0 5 10 15 20 25 30 35 40 45 50

t/s
u(t) = 4e % BHFHEA 5, A5 WA R

Output response of system 3, with u(t) = 4e

&1
Fig. 1

6 &% (Conclusion)

A SCHE Th AR A Fe AR R A H, B RE Y
FUEHEAT T e . B T MR T R R R R
4, FE AR B B B (R 22 R WA E B
B H, #85F . AR CCL Fkgih T HNMERE
. RGN T AT R A
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