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Abstract: This paper converts the stochastic Markov jump system into a deterministic system by the derandomization
method and discusses the control issue within the given time interval. Not only the finite-frequency domain performance
is satisfied by introducing the frequency information of external disturbances with specific band into the controller design,
but also the state trajectories are guaranteed to stay within the desired bound in the required time via designing a given-time
controller. The proposed scheme investigates the frequency domain and transient performances of the system from both
frequency and time aspects. What is more, the effect of mode jumping on the performance of the whole system is analyzed,
which provides a new way to reduce the conservativeness of the existing design methods. Finally, simulation example
verifies the effectiveness and superiority of the proposed technique.
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TAELR 38 I [A] AN R — 8 B PR, AR5 N BE AL
W7, W R X RGN N5 FEYE L, Nk
BENLAL J5 B 8 RS04 e i [H) 42 1) 2%, ﬁfﬁ%ﬁéﬁ
BB R BT Hs K F, [FIRPIRAS USRS E
i TE) P 32 BRIE AT . e il 5 O 45 R g, Tﬁﬁ
INISSHIE T AT At

F 1 R R, RGN, m, ¢S RIS,
DRINTE; o( A)RKINALH F Y T 55 71, sym (A)FR IR A+
AT AL FRORIERE AR A 18] B { PSR R, @ AR
BN, RTFREE BRI 73 ; diag]- - - YRR MR
FE; Amax (Q) Al Amin (Q) 7 HINAEIREQ (M5 A NFFIEE.

2 [\ 8HEA (Problem statement)

TS, 8 5 & MR 22 [0)(2, F, P) N 2% &% 221 [A]
MarkoviHbAZ 2 4t
i(t) = A(r(t))x(t) + B(r(t))u(t)+
By, (r())w(t),
(r(t)w(t) 0

z(t) = C(r(t))z(t) + Dy (r(t))w(t),

z(0) = zg, 7(0) = 10,
Hrh: z(t) e R*ERFHKPRE R &, u(t) € R™ER
GiiEhMNE, 2(t) € RUZHEHH &, wt) N
HIERARBT N, r(t) & REE, BUE TH RE

S={1,2,--+ i,-- s}

TELH %, r(t) =1, 1€ S; A(r(t)), B(r(t)), By (r(t)),
C(r(t)), Dy (r(t)) WM TS (6) FEIE4ERFE. 0,
ro 3 MR RGPS EVIEEE. SR AN
R E LN

PAr(t+ At) = j|r(t) =i} =

)\UAt -+ O(At), 7 7é j,

Hr:

. o(At),
A0 fm O =0

i BTN RGN t I LIRS 4 BEAR Rt + At ZI A
BJIFREER, X T8 50H

>\ij 20,
: Vi,je S, i#j. ()

Xii =— 2 Aijs

J=LiA]

AN SRR AT RS ARy KRG T 2 ] 45

Hrp 2" RERIITE. Vi € S, WS =Sk +Six,
7E X
Sic 2 {5+ N HEAHEER Y,
Sine 2 {j : A RmER %),
G S] # o, WA RR NS, = {ki ki, - kD,
AFm A IEEEL, Wil <m < s, k) € 21,1 < k) <
s. oAb BN £ Ny
JESE
N, N HER S R R 2 AR B (1),
Hr(t) =i 733 Ai, B, Byi, i, Dy R8A(r(2)),
B(r(t)), Bo(r(t)), C(r(t)), Dy(r(t)), W %% (1)
i(t) = Asz(t) + Bu(t) + Byw(t), ©
z(t) = Cix(t) + Dyw(t).

NI G AR A A B BT I BEA LI T 3 208 TS
RGMERE S R ARG AEM I, AN AL &
GUAT R RO AL EE, KEREALBRAS RGN 5 e

(&)

FEURAE B R, BAREA AT
WTEAEA € R, X TS 8pw LI MRk
14:
1a(p) = {(1) Q;A )
HE X
=E{z(t)1pw=-n} - ®)
Xﬁ?ﬁ%iﬁ%é}f(@, R IRES S i ) 2
u(t) = K;z(t), )
g6 X(6)~(9) 13
dg;(t) = E{dz(t) 1=y + 2(H) A=} =

E{[(A4; + B;K;) z(t)dt + By;w(t)dt]

L=y} + E{z(t)} E{d1ym=} =

(A; + B K;j) E{x(t) 1=y dt} +
By jw(t)dt + Z Aijqi(t)dt =

(10)
ﬁ\:q:/_l] = Aj + BjKj.
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e AT
dq (t)
dgs(t)
Aqu(t) A1 A2 0 Ag
: +1 R
Ayqs(t) Als A2s ot Ass
q1(t) Byiw(t)
S . an
qs(t) By sw(t)

o

q(t) = (qu(t) - qs (t)",
@ (t) = (w(t) - w(t)",

(
(1) = (2 () = ()"
IS BHLBEAE 3R (6) FT % 1L

{?(t):(A+AA+B{()Q(15)+BWU~’(75)’ (12)
Z(t) = Cq(t) + Dy (t),
o
A = diag{A;, Az, -+ A} + Pogi, ® 1,
AA = Pg%( ®1I,,

K:diag{Kl,Kg,-“ K},
B = diag{B, By, -+ , B},
B,, = diag {By1, Bu2," - , Bus},
C =diag{C1,Cs, -+ ,Cy},
D, —dlag{thDwz, c

D
)\11 )\1::
Ao1
0 )\qz

A2 T RBEN T IR R RGN AT
KO R RORAE (K 2R 8, CERT ARSI i), A T H e
A BIBTFTTEEAT LU W R R0 a) AT B EHH GKYP
FIBE A FRBEE [, TorEY R b) RS ZERITRE(12)
PAMER T RARASE TEERGA (0= 1,2, )ZIA
RINFERR R, SO EHBERER, A ROR A e i
BEHLE 2 S B2 8 B vt rh. DA SO D7 V2 s 1 5
N,

ws}a

Posi =

A3 EBEHULIE, MarkoviBhs 2 45 1 Fe B 8 S 4H [
LR B ARG TERE RS REUEE T, B ERBEAE R G0

WAL HASE PR TR SR MG R B EATE .
H R BN R G0 3 F AN S B TR 2 R AR K 43 A4 A,
DUPRE A EER A AR S A 2 1, B iR Markov kAR
RGUERG AR N AL S T2 RGN AN 58 A
H, #ANAA = EXF, b B, FeasErs, HesT = 1.

ASSCH A BR BT R B S TP 2 4%
AR 2 2R e A2 A RO BUAE BB o [ e A 45 3 1 1)
W ARG S TERERIAL € DR, SRR E X

EX 1 XTFHEETImARRGA2), B
Wy, co, TUAIEEHFER, Xt € [0, T)H T Xk
S

27 (0)Rz(0) < ¢; = E{z" (t)Rz(t)} < ca,
MFRRBLA2)FXS T (c1, co, T, R)ZH PRI A1E FH1.

EX 2 MFRGA12), & HAEREN LS

s 2
|G () |27 <y,
IR 1% 22 Gl A6 FRATBLH o P REFE ARy

SIER 1 (W.ZHCHk[16]) 4 X R BEw e —
BHMGEEME, 50+ EXF+FTYTET <0, VX XT <
I {HAUCHAAAE H e > 0, 1118

U4+ e 'EEY +cFTF <0.

5| ¥B 2 (Finsler’s lemmal'”) %f FH ¢ R*, I" €
R A€ R™ ™ AL AT A 2 AL A = 0F)HE R, LA
IR

1) H'I'H < 0,YATH = 0, H # 0;

2) ALrAY <o
3) Jpu e R MHL — pAAT < 0;
4) 3¢ € R™" AFHT + AP + T AT < 0.

S1# 3 (Gronwall A% (17 S v (1) A—ANE
ek H, Hig e

<a+ bf s)ds, 0 <t <T,
%BZXUL?%%M, b > 0, A LMR B FASER:
v(t) <ae”, 0<t<T.
SIER 4 (Schurkh5[3) X4 E 0T FRAERE
S S
g_ l 11 12] ’
So1 Say
Horp Sytr x iy, WBLR 3N R AF R S5
1) S<0;
2) Sll < 0, 522 — SITQSI_fSlg < 0,
SIEE 5 (GKYP5[ #8584k HCh
G(jw) = C(jwl — A)"'B+ D
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AT

1) ARRIBAGEX:

(Gg“)) 7 (G(;w)> <0.

2) AHAEXTFRFEREP, Q, Hil2Q > 0, H.

T T
AB AB D CcD

= il .
(IO) (IO>+<OI> <01><0

E 4 ASCEERA A HIRBCT S S B b A
etz B GRS T AL AT FRABE Hoo VERETEPR, X

_ <—Qi P "l‘jchi)
” )

—w1w2Q;

I 0
1= 9 |
0 —°I

w1 + w2
2

HArwy, wa i BN ST L AT A
3 FEZH (Main results)

DL %o % R 38 4 50 43 o S i SiMarkov B AR
RGEFTHE, &0t RBENLACEE 5, A SCH) H bl
NEI T AL JG R RIS RS BT H L BI85 R
GUIRZS T 265 7 B[] N 52 B3 21 [7) B 3 2 A B AT
M RESR bR

1 ScmbESH,y, e, THATO, Hey >
c1 > 0, HAEEXMFRIEREM > 0,Q >0, P > 0, 5%
B K, 355 2 AR

[n

TWe =

[P M+jwP-Q 0
* wl QTE
* * —el
* * *
* * *
* * * 1
0 0 0 |
QTFT Bw QTCT
0 0 0
<0, 13
—7'7 0 0 (13)
* —~2I DF
* * I ]
sym (AQ+BK) 0 QE F"
% —aQ 0 0
0, (14
* * —el 0 <0, d4)
* x ok —e ]
Cl)\zeat - Cg)\l < O, (15)
R\ <Q< R\, (16)

Hr:

Q=Q '=R:QR?,
¥, = sym[AQ + BK] — w, @, P,
sym[AQ+BK|=[AQ+BK]|+[AQ+BK]",
TR 50125 (1, e, T, R) S 47 BB 45 5210, H
iﬁ&ﬁﬁﬁiﬁEﬁH%%ﬁéj‘EﬁHGZW(jw)Hgl<w<w2 <7,
HiEfaEamAK = KQ ™.
ik ﬁf‘ﬁiﬁ%J:ii%#ﬂ%iﬁ%}?ﬁﬁﬁﬁﬁ@ﬁ
Ft, WLyapunoveR 5UAV () = ¢" (1) Qq(t), MK T
G
V(g) = q"(t){sym[(A + AA + BEK)Ql}q(t).
XA (14) 2R Fediag{ Q, I, I, I }F45 & Schur
FICTESAmE S
sym[(A + BK)Q] + cEE™ +
e 'QTFTFQ — aQ < 0. (17)
mEIE, A7)
sym[(A 4+ BK)Q]+sym(EXFQ)—aQ <0, (18)
NAA = EXFH&ZE5 #2015
sym[(A+ AA 4+ BK)Q] —aQ < 0. (19
H TR
q" () {sym[(A+AA+BK)Q]-aQ}q(t) <0, (20)
Ell]
V(g(t)) < aV(q(t)). @1
X _FIRANE AP ILAEO R ¢ Ao HE U EE T 45
E{V(g(t)} < V(a(0)) + o [ B{V(g(s))}ds.
(22)
HEHE3 A%, K (22) % T
E{V(q(t))} < V(q(0))e™". (23)
AT A
E{V(q(t)} = E{¢" (H)Qq(t)} =

E{¢"(t)R*QR3q(t)} >

Amin(Q)E {¢" () Rq(t)} .

TS EEAL Ny
V(g(0))e*" = ¢"(0)RZQR?q(0)e™" <
Amax(@)q" (0)Rg(0)e™ < Aax(Q)cre™, (25)

MR (23) AT T

B{2T(t)Re(t)} < %cleat. 26)
1

(24)

B ARG E %A (15) A5
E{z"(t)Rx(t)} < e,
MRS (12)K T (c1, 2, T, R)HFRISEA F
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FEAR] G Gu) |21 <y, B X R(13) AT A
Tediag{Q, Q, I, I, I, I}, 014

[—P M+jw.P—Q 0 0 0 0]
* W, E F Q'B,CT
* * —el 0 0 0
* * x —e7 1T 0 0 <0,
* * * x —i D}
| * * * * I ]
(27)
Hr:

M =QMQ, P=QPQ, Q~' =R 3QR%,
¥, = sym[Q" (A + BK)] — w,w, P.
ZUAEFH Schur#h 51 2, sQR7) AN
—P M+jw.P-Q 0
* o Q" B,,+C™D,,
* * D, Dy, —~21
Hr
& = sym[QT (A + BK)| — w @y P +
C'C+ecEE" + ¢ 'F'F. (29)
M5 H1AAA = EXFRA[H, ST
& = symQ' (A+ AA + BK)] -
s P+ C*C. (30)

RGOV Q28) H AT IR T £

<0, (28

i

[—P M +jw.P 0
* —W1WQP 0] +
* * 0
0 0 0
0 C'C CT'D,, <0, (31)
0 D.C DD, — 21

=[-I AB,]", A=[0 I 0],

[P M +jw.P
* —’WﬂDQP

1001

010
00| ¢t

0071 | foc m
Y1 lo—2I| 00 1 |’

35 %
IEMEIDEIE:SEVS]
I'QA+ (IQM* + 6 <o. (32)
B 53 2-3 0k (32) & T
rért" <o, AT eA™ <o, (33)
Hrp:
reo A Ol,AL: é 8
B 0 I 0 7
K33 &A1
ETEE+ F'IIF <0, (34)
Hr:
o-[3 5] e [5 %)

n

* —w1w2P

B l—P M +ijP]

HGKYPEI AT, (34541 T

(o) o)

G" (jw) G (jw) —7*I <0,
HU|G Gu) || 219572 <y, B R GE(12)i5 AL A PR AT
H, PEREFERR.  EEE
SRR3R SUE R, LMIT B4
VEELRAR, MR SCHRI19], RIBAZ ST + S < 0% M T

| S1 S N
ﬁzm[ ! 2} <0, BV 1E(13) Ak Ny
2 1
5 3
152 <0,
-Sy S
e
~-PM-Q 0 0o 0 0
« v QYE QTFTY By Q%ct
_ —el 0 0 0
S, = * * © 1 <0,
* * *x —e I 0 0
* * * * —721 DWT
* * * * * I |
0 wP 0 0 0 0]
—weP 0 0 0 0 O
_ 0 0 0 0 0 O
So = .
0 0 0 0 0 O
0 0 0 0 0 O
0 0 0 0 0 O

4 fjE~%(Simulation example)
SR AS T R A R R s, 45 s DL B
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4 - 3 0.8 4= 1 —0.6 |
~1.5 0.81 ~15 1.3
0.8 —1.8 1.1

A3<—1 4 )’B1<—0.6>’

MarkovighZF £

le = 07 DW2 = 017 DW3 = _027

E=(05 05), F=(02 0.2).
HFR RN
-0.8 0.1 0.7
A= 72 7 02
08 7 7
CAIS RN

61:1, 62:4, R:IQ, "}/:24,
a=0.1,T=10, ry =1,
RGWIERES Hao=(0.5 0.5)", 4h3F it A AN
w(t) = 1.5sin(27t), ﬁﬁ?ﬁ{é%iﬁ&?@l%wl:oz,
o = 10. BB ISRARFTIF% M 283 25
K, =[-2.9968 1.4929],
K, =[1.1145 — 1.6098],
Ky =[0.7046 — 1.4188].
W BRI HIR S HRNRG(12), FRRAER
A0 28 an BN -3 B, A . 28 dn B4 Fs.

3.0 T T T T T T
2.8 b
2.6 h
241 b
221 b

g 20F ‘ .
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1.6 b
14+ B
1.2 B
1.0 : L | . L

t/s
Bl 1 2aasErsE

Fig. 1 The curve of jump modes of system
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Fig. 2 The state trajectory of open-loop system
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Fig. 3 The state trajectory of closed-loop system

8 T ooy LR R A LR | LA R E M
o ——#GGw)|
sl \\ ——RGGw)| |
¥
Y
—~ Sr \\ 7
S 4t 5 .
S \
30 e .\ 7=24 1
TR i
2+ S
1r . .
1 I \\"“"“F *******
102 10 10° 10' 107
w

P 4 PRI I SR G B ]
Fig. 4 The frequency domain response curve of closed-loop
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B, B FONERE R M PERETR bR, AT CAE Y, PR
RGN e BN BT P s B Mk L, Bp7Ess
SEATBE PG A2 BT TR REAR AR LR, i Bt E R,
RS HORAR, K SCHR[10]H & TR 25 13 2 ATt
PEREFRFR IO TSR R IO HI e 25 AN R G, i1
PHIR 1) 22 e A 7 2 R e 2R i, AR PA3E R 4%
TELE AT AN R 1k BEFRAR LA, [T AR — F
IESE T AR RGEHIA PRATIS I B 5 % TS RGN
HARZEAN; Hik— 2D, g AGIT =, B RGBS
SE T P 24035 2 251, U SCRR[10] 5 iR i 2 /b 32
NA.0, AHELZ R, ZBENUL T iR TR g 14
T41.3%.

5 J245(Conclusions)

AR S A B FE N 7 T A AT R, R L BEAL
WHERF I T R TR 2R3 3 AR A 1 7% S:Markov Bk 2%
RGAE L E W 8] A AT BRATBEH o F2 1) o 0. 5o
SEFB TG 545 & RS R 28 RE, A
I 1R AT R B A A B 2 A Wit T8 13 R GUIRS L
5 eI TA) PN A2 PRIE B [FI B A — 5 T il 7K 7 (1)
A PRATIBCH o F 1158 Sl (5 B4k R, A7k
A /R Z2 G T LR I 8 A e RE TR b, BEAEAH
A4 AR 5725 A BT I A,
BT AR VAN IERE RAR . Ak, R
FERE A AR R T B 2, T4 M R B, Ao
T 0L N 25 A TC R AR A, AT B RSkt iR
FER TR I 0 A, R M5 SEF 7 T M8 2347 £ 5 %o
BV R Gt T — DA
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