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Stability of a class of switched symmetric composite systems
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Abstract: A new class of symmetric composite systems is proposed. These systems are composed of linear switched sub-
systems with similar dynamics interconnected in a symmetrical fashion. A sufficient condition of the stability of this system for
arbitrary switching is obtained. Two kinds of constructive switching laws under which the switched symmetric composite systems
are stable are also provided. All the conclusions are simplified by using the structural properties.
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B2 Bh75 & 4t (hybrid dynamical systems ) [7] i 4
REZHNBNEH NN, AR 2S5 ZIBE TR
ZHLBREE, B Z B AT REER. VR ARL
REZIBREDT - LAX MW EELE REN
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2 ARERIHIR B AR H (System descrip-
tion and problem statement)
VIR & ARG AT HiR N

2(t) = A, x(t). (1)

Hea 2(2) = [2(2),53(e), -, a3 ()]" HRE,

x(t) € 3",i = 1,2, ,N;0:[0, + »)—>1 = {1,

2, U O R, ER— MK BT AL E] ¢ SURE

x(t) M BREEREG THREN o (1) =

A, H -+ H
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FH(ZERERRBELUT [ ARG BB (AP)TP™ + P"(AT) + Q = 0, (8)

o(t) MR KRR
() = A;x(e), i = 1,2,,1.

A CEMFYLLT A AR

&1 FARGE(DMEWEELS, RAF RS
(DZEEET T X#na iR E MR 1L 504

B 2 FIARSE() SRS, WEBRE R
P o (¢), RS (DENEIRE .

3 FE4 R (Main results)

B3 )HEE , RE(DEEEYR o (1) Ty
AR EMASHLBEFMFRAESQ) FEATY
A B IEE M H S A E R ZERLE KR RE
FREL(2) BA I IR R 2T 65 K R B,
BT AERTHERTE:

AP+ PA; + Q =0, i =1,2,-,1.
H% P,Q, K n- NHrIEEHER.

HTFHFEQG) A BT BEEE SN ERE, H
HEBX I FRI/ERIER K BEXHE[4] 48
TRBFTEQG) MBI R,

I 1Y XMEEM i € I, % spec (A2 ¢
LHP ,spec (AT") c LHP; X {IEBERIXITFRIE €5
BE Q; € =", Pt P! € BV SRR mA A 2 HE
i R TR XFRIEE

(AD)TPY + PE(AY) + Q; = O, (4)

(AM)'PF + PP(AT) + Q; = 0. (5)
Her A? = A, + (N-1)H, A" = A, - H,spec (A) £
NERE A WTEYIEEME S, LHP XA LY EF
Ml ,spec (A) c LHP FR/NHMHERE A WIFTAR FHEMEYI L
TFTA¥EFm, W TEMEREER T ERTE—E
AR IEEM P, € 37V,

(2)

(3)

ATP, + P, + Q, = 0. (6)
He
p! p? P2
_ _ p2 p' ... Pp?
Qi=diag%oi}’Pi: .l .l . .l .
P2 Pt o P!

B, Pz (PLe(N-1)PF),P? = ~(P-PT).
B, 55t FHE® 1.
EE1 0 € 5 NMIRERR, EM{ERY
i € 1JTR(4),(5) SRR ASEHIRTRR E R PP
K P, B

(ADTPP + PP(AY) + Q = 0O, (7)

MEFZQQ)FEALHZER L ER R, HTER
(DEEEVHR T HEHERE .

Tl FEIAR TRERRO)ELEEVMRTHERE
B— DS FF RS FUEEERETE), ORTE
FHEALRIEER PP, P, AT — 1 E kMR EJE T
BRI AL TR

T A5 AR F 2 U R eR O R AL
2R T vE R oK O B SR AR R E) 8 2.

Fik1 ZERETHERBRTE.

XHEEE ] =2 = 11,21 BFEE,BIES%Q)
LR R TEANFRAS RGEEEEN o
[0, + o] =2 = {1,2} MR IBRIFRASER
Gt .

x(t) = Ayx(1), (9)

(1) = Ax(t). (10)
A RALTHEAEE 2, EH 2 KiEHTEA N
TUErRit.

R 2 EFERSHER B, B K& n 4EXTHR
EERE P, P, Py, P IR T E 4 RSB R
S, M —E R E— R 6:(0, + ©)—>1 = {1,2},
FEHR(9), 10)MRETIHRISFHRAS RE

2(t) = A, x(¢t) (11)
PRAL + (AP + Bi(Pf - P3) <0,
PTAT + (AT)'PT + Bi(P} - P§) < 0,
PAs + (A8)TPE 4+ By (P5 - PR) < O,
P3AT + (A3)'P5 + B(P3 — PT) < 0.

A TIEHER 2, BAH—1 511,
SIEE 2040 SR A, T H5A

A H e H [ 0 nen 0

(12)
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(15)
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H H ..: A _ [ 0 ..: [
He A H € =7, 1K n Brpifs, NE
AP H H
[0 40
0 0 A"
HF A = A+ (N-1DH, A" = A - H. \TiH
spec (A) = spec (A7) U spec (A™).
EFE2HER TEAHREZS,.BL > 0,H1
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IEEFERE
P} P} - P} Py P} - P}
B p? p! ... p2| _ p2 pl ... p2
Py=| ] A z
P} P} - P| P3 P} - Pl
FHrh

P! = %[Pi-% (N - 1)P"],

P = '119“”3‘ Prl, i =1,2.

(P, P, IFEHTHEI 2 RR(12) ~RU5)H
EEN)BERFE
PP=P'+(N-1)P%, PP=P!-P%, i=1,2.
TRBEIT M4 IEE R
Vi(x(t)) = 2T(e)P;x(1), i = 1,2.
Kb x(r) e rmh. 4
o(t) = argmax | V;(x(¢)),i =1,2}. (16)
BPFE ¢ B2, 0 () BL Vi(x(2)) 0 Vo(2(2)) BEKH
XTRLE T AR . H BT HARER
= P,A, + ATP, + B(P, - P,), (17)
my = PyAy + AIPy + Bo(P, - Py). (18)
HF A=A +(N-1)H, A" = A, - HE P’ = P!
+(N-1DP3,Pr = P, - P%,i = 1,2, FTLARHERS B

L 1 L 13 13
3L} 13 3Ly - 13
M= . ., L T2 =, . .
213 1 B3 o I

Hrp
L} = PTA, + A[PT + PI& +
(40)TP} + Bi(P] - P}),
L = P3A, + ATPT + P3AS +
(A8)TP3 + Bo(P3 - P}),
L} =PYH + H'P} + PIA}
(A8)TPT + B (P} - P3),
L3 =P7H + H'P} + P3AS +
(48)TP3 + B, (P} - PY).
FH5IHE2Mm
spec () = spec (1}) U spec (LT).
Hebh =L+ (N-DLA LT = L) - 12, T
I =L+ (N-1)L} =
PRAT + (AD)TPY + (P} - PE),

Ly =L -1} =
PYAT + (AT)™PY + Bi(PT - P3).
XHEMR(12), (13)H ~, < 0, B
PA; + (ADTP, + B(P, - P) < 0. (19)
FHEEEEOH 2, < 0, AP
PyA; + (A)"Py + B (P, - Py) < 0. (20)
B SCHR 518 S-procedure £12(19) , (20) FIET 67 %
M F T ESE ISR
it M4 2T(1)(P, - Py)x(t) =0H x = ORY,
H xT(t)[/iTpl + PA Jx(t) < 0
24 xT(e)(Py - P)x(t) =0H x =« 0B}, A
xT(£)[ATP, + P,A,]x(t) < O.

4

0, =1x€ 3"V 1"(P, - P)x =0},
2, = |x € 3"V | xT(P, - P))x =0},
ma,Uae, =37\ jol.

ZRFH D), % x € 2, &, AKX (16) &
o(x(2)) = 1A, Vi(x(2)) WRKE(D B FEH
Vilx(t)) = «"()[PjA, + ATP]x(2) < O.

‘ﬁlﬁ":% X 6 -Qz— -Q| B‘j',

Vol(x(e)) = x"()[ PoA, + AJP,]2(t) < 0.
RFEH 2 oL FFEERTITR B,8 < 0K
1HIE.

FiE2 BERLERRBOTE.
EE 3 BEVBASRE(D),BRQER K
X FRIEE RBE , & FFEESERE AT, AT, -+, AT IR N4

!

&A™ = D) a AT REEREAR, A8, -, AL I — R B

i=1

{ 1

MG A = D, el (e € [0,11H D o = 1), 1848
THEAEA n 2R HE R BB HE MR IEE #
P PP,

(A™)TP™ + P"A™ 4+ Q = 0, (21)

()PP + PA» + Q =0, (22)
N—EHFE— M #HR6:[0, + ) > 1 = {1,2,
<o, U, R ARG (D) TER YR THHERE.
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ZE3 Ea,-Ai—H Za,A"'&ZaA + (N -

i=1

H = ZﬁﬂﬂmmﬂlTﬂ'Fﬁ%n-Nméﬁ

“L%%ﬁﬁﬁi{xtﬂmmﬁ P,
ATP + PA + Q = 0. (23)
He, Q0 = diag {Q,Q,---,Q}. BHIlt,
ATP + PA < 0. (24)
HROBEH
S a(ATP + PA) <0,
[ g
Zl:dixT(/_ﬂ‘I_) + PA)x < 0. (25)
é\ i=1

IxGW‘NIx( P+ PA))x < O},
=1,2,-,1,
BRHTH 2, U2, U U =3\ {ol.
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Q,=0,0=0,-0,,

fl3=ﬂs—ﬁsz2|,"',fh = _:glﬁi;
B‘JPEI fll U ﬁz U U ﬁl = RN ‘0} ,E.ﬁi ﬂ ﬁj
= ®@,i,jE 1,i#].
 HMIEYIHRE .Y 2 (1) € O, ,0(x(2)) =
LBRZERYEHER BB V(x(1)) = £T(t)Px(e), W)
ELFEVIBRET, Vx()) IRERGE(D)BSECH

V(x(t)) = 2T(e)[ATP + PA,]x(t) < O.

SE T 3 B .

i 2 EEE 2 REEE 34BN R 4 R B U ot
FASFREMBFENEH, BdRET MM NERLRSE
K, BE THEIBRMFAS REFIEREMEE. HikA
BESTHES RE R, FIHRFERITFRGEH T LLF L9
BXFRA S REMWIT. B EH 2 MEH 3 SR EITE
MRS K, B R A E TR Matlab 305, &
IR R EIREME.
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HFREM M MEHE 2BRTREN I = 2, REE
TEEH 2 WUERA i B2 oh = Z M A S-procedure 735, % 1 > 2
Bf, S-procedure 77 K% . B S, MMM BERE , B T &
H2TBERR 4 NMAEFAMEH 3 ATEE 2 MA%FX B
WEHIEEH 2 B TRE B, BEREBERRMTE
MEZEREL R AR EAE T TIHR R R AR E 7 2
P T, ENEAREX ). X3, 61, F &
MR RGAFENTFREMER—TOAGYARE BT
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Ek, WA RS, B 2 RE AR FREMD
Bl = 2HEE (BEREAREAREEE3 P,
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