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Robust state feedback stabilization for a class of

uncertain switched systems
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Abstract: The problem of robust stabilization for a class of uncertain switched systems is considered. The disturbance does
not satisfy the so-called matching condition. By using condition of completeness and multiple Lyapunov function technique, suffi-
cient conditions of robust stabilization for switched systems are obtained respectively under the assumption that each subsystem
can not be stabilized. The parameter uncertainties are time-varying and unknown but are norm-bounded. Based on convex combi-
nations technique and LMI (linear matrix inequality) method, robust state feedback controllers and two classes of switching laws
are designed to make the closed-loop systems be asymptotically stable on the equilibrium point. The simulation results show the

validity of the designed controllers and the switching law.
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2 RGHR R & MR (Systems description
and preliminaries)
ZIRTHRNURESR:

2 = (A4, + D) x + (B, + AB)u + w,(x).(1)
He: x € R",u € R™ A RGERREFE
A,0:[0, + 0)—>P =1{1,2,-, p} BUIREKH. 4,,
B; X ANRESE § AT R GRS FE B R A
BE.AA;, AB; BRABIET, w(x) B THREA.
xR F ARG (D WIS RGN

% = Ax + Bu. (2)
R HE,FIATRIES:
Aus P) FRFERE P BIBCRHFAEAE, || - | TR
Te B2 R P Y DK T

Big 1 FHETA AR TR
AA; = DF(t)E;, AB; = BM(¢t),
{ IM()|<a<1,i€P, )
He DL E AR EEAELER R MEER, A

F(t) RS
F'()F(1) < 1. (4)
BRig& 2 TMEA w;(x) OISR R &
(G SIP N PRy IN P S E TR
w; (%) = Bwi(x) + o} (x), (5)

AR R o, () MER S > 0, TR
1 2
{ “(:u(x)us €0i2(x),|‘wl(x.)||s8||x||, 6)
w!(0) = 0, 0i(0) =0, i € P.
5130 MEBEHERS X MY MERE > 0,
AT ‘
XY + Y'X < XX + £°17TY. (7)
3 FE4 R (Main results)
HAEHEERER, RINTTFEZ /RS
XA HRAFRERES (2,,2,,, 2, &
SEEHY, INRXHERE « € R, 8T i € (1,2,
ph R 2" Z0 < O MNHREREESIZ,2,,, 2,1
%%Pﬁ%é%,ﬁn%xﬂfﬁ x € R/ {0}, #RFFFE i
€ {1,2,,p} 18 2" Zx < 0.
Tﬁé‘%iﬁéf%
EE 1 FHEENKRIEERE P %ﬂiE'%i&e %
BEA

1Z,1Z,=A"P + PA, - (1 - «) PBB'P +

e \ETE, + ePDD'P + 24, (P)oI}
RTRE TR, SRR v = ol + o AR

B o:[0, + ©)—=P = {1,2,,p| BBHEELHE
DI FRG (1), KA
ul = Kx = - 0.5BPx,
1 B™Px
- BP
- ” BTPx ”% || x|| #= 0,
0, | BIPx| = o.

(8)
I RE -
o(x(t)) =i = argiminx"[ATP + P4, -
(1-a)PBB'P + ¢ 'E'E; +
ePDD™P + 22,0 (P)8I]x < 0. (9)
HAo B arg(-) R RTFE S ARBEARZMH T IR
8.
iE IR R A8 (8) A HUEI e S Bg
(9).
F91% Lyapunov BB¥X: V(x) = «"Px, W
V(x) =x"LATP + PA, + E'FT(:)D'P +
PDF(t)E;]x + 2xTP(B;
+ AB)u + 2xTPw;(x). (10)
m5 | H R (4) 75
ETF'(¢)D'P + PD.F(:)E; < ¢ 'E'E; + ¢PDD'P,
(11)
24"PBu = - x"PBB"Px - ﬁﬂ BPx[g:(x),

(12)

22| BTPx]oy(x),

(13)
(P)3l«l?,
(14)

2x"PABu < ax' PB.BPx + 1

1R (1) ~ AHRAK(10) 5

V(x) <x"[ATP + PA, - (1 - ) PBB'P +

e 'ETE; + ePDD'P + 22, (P) 81 ]x.
(15)

LY ARG YVIRBIE | T REHT, EREE
B Z B EEN A V(x) < 0, ETEITAPIRES
R R AS DI B B F AR E I R 4 (1) 7]
THEBREE.
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e, TEAH P e B9—FhEMARE.
i Schur #bE ¥ -

d QAT + AQ + W X
Si < 0| <0, (16)
f?ﬁ < X7 R
o
S;=A"P+PA,—(1-a)PBBP+¢'E'E;+¢PD,D'P,

Q=PLA4= EB,AL»,ZIBL- = 1,8 > 0

P
W = Zﬁi[(a - 1)B,BT + eD,D?],
i=1

X
R

[QET""’QE;],

diag{ - €,1,+, - &}, & = Bi'e,

A EBUE a,8,i = 1,2, ,pﬂZﬁ = 1; BFE
Mﬁlﬁr%‘fﬁ(mwﬁﬁﬁ@iﬁ(16)1%’2‘!]15%% Q

Fle, Bl MENKREEH P.E& P ?ﬁEZﬁiz,- <0,

W PR & PAKE, EZB, - 1HIRTHR T,

DUESE SRS B, E@M% HEREIAIE.
ER 2 AFENNRIASFEERE 7,7,

e, URFNXMRIEERE Py, Py, LT EAAR
£ YA

- PiAy - ATP, + 7(P, - Py) +

(1 - a)P,B,BTP, - ¢ 'ETE, -

eP,D,DTP; - 22, (P SI > 0, (17)

- P2A2—A;FP2+ 72(Py - Py) +

(1 - a)P,B,BIP, - ¢ 'EIE, - €P,D,D}P, -

2A max(P2)SI > 0. (18)
MAFEERE v = ol + o} FTIHRES6: [0, + =)
—- P = {1,2}| BBREERHETIHRRLE (1), K

[ u} =-0.5B%Pa;
$wd = {“ ia ”f;TI;x qul(x) | BIPx| < 0,
0, | | BPa] = o,
i =1,2
(19)
P sR g
o(x(2)) =
arg{maxV,(x(¢))},7, >0,
{arg{minVi(x(t))}’yi <0, i =1,2. (20)

W AR—BH, ARy, Moy, [[IE, i S-

procedure 3| #B10 1. 2, (17), (18) IR R AT 18T
[
% xT(P, - Py))x=0H x = 08, AT :
xT[AIPI + PiA; - (1 - G)PlBlBIPI +
e YETE, + eP,DDIP; + 24,,,(P)dI)x < 0;
M xT(Py- P))x=0H x =« 08}, A TR
xT[AIP, + P,Ay - (1 - a)P,B,BIP, +
e 'EJE, + eP,D,DIP, + 24, ( P2) 0 ]x < 0.
é\
4 {x|xT(P1—P2)x>0,x;é0},
0, {x| x'(P, - P))x =0, x = 0}.
BR 0, U 0, = R*\ {0}.

TR S R 7 4 i 2% (19) F0 % B ) #6058 B
(20) . ¥y Lyapunov BR%K :

Vi(x) = xTPix, Vo(x) = xTsz,
ZERAEG(1), 5 x€ 0,8F,0(x(1)) = 1, BITI#3
F—NFREN,H

Vi(x) <x"[ATP, + P1A; - (1 - a)P,B,BIP; +
e 'ETE, + eP,D,D]P, +
2Amax(P1) 8] % < 0.

FHEAJIE: Y x € Q, - 2, 8,8 V,(x) < 0.

ORI SOIRAS BB i a8 F I ke B 4
ENHEYIHBESG(L).

4oy By, R, BRI KRG 0 (2 (1)) =
i = argiminV;(x(t))},i = 1,2.

AR B MEE, Bt E R 2 BoL.

2 EE UMM BIANIR T RENER. T
ENMNBTRE, TEMOBRANERRE R MAET
HENMREEERSENEEHFENHERENAURMY
MR (BR S ZAHX R H ., 58 H 2 KBNERTARR
SLH . EHE 2 BOL R RFETEMIRIEERE Py, P, B, B
FR(17), (18) BEEFE L R iR L v B A % 20 (LMD 9 72
X, MFH PP, A —ERNEME. TEAH—FET MAT-
LAB V& FTHES MBIACHARE I B, EHE o, 0 &
WRBTRE R AT, EBISE/NET FOK, B YRUE ¢,
—BHERER A KRAN; R, BT R R E 5 R
PPy B (P (P B, BARERSSH
71 Y2, EER(17), (18) BB gL, W Py, Py RETR s I,
EHEG PP, EE L, HEHERMGHIL.

3 e AEE 2 AFAREAEERT -2
A E B R LS BEENE, i AT SRR A E
AR, EFOHEE AR REEREA SR (LMD 7 &
T RHREREERRR Y % EEET MATLAB ¥ &
T RS RREL R R EOT 535k B 2 RGO
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IRRE . R, T AR 88 RO R IR 5 R A T
FEALEARR ST REN A, B —EEAES.
4 {HEZ R (Simulation results)
B RRHE ARG -
= (A, +0A4,)x+(B;+AB))u+w;(x),
: = 1,2,3.

(21)

Hep

r3.5 0.2 0.17
A =0 4.5 0.2},
Lo 0 6.3
4.5 0 0 7
A, =[0.2 3.7 0.3],
L0 0 5.6
[5.6 0 0 7
A; =102 55 0 |,
L0.1 0.3 6.7-
AA, = diag}0.02sint,0.06sint ,0. 15cost !,

AA, = diagl0.04sint,0. 0dsinz,0. 0dcost |,

AA, = diag{0.0Zsint,0.035int,0.03cost},

D, = diag{0.1,0.2,0.3}, D, = diagi{0.2,0.1,0.2},
D, = diag{0.1,0.3,0.3}, E, = diag{0.2,0.3,0.5},
E, = diagl{0.2,0.4,0.2}, E; = diagl{0.2,0.1,0.11,
B,=[5 0 0]", B, =[0 6 0],
B; = [0 0 617, AB, = [0.8sin?
AB, = [0 0.6sint 0]T,

AB; = [0 0 0.6cost]T,

M, = 0.8sint, M, = 0.6sint, M3 = 0.6cost,

0 o,

F(t) = diag{sint,sint,cost},

wl(x) = 0.2sin(x? + 23 + x3),
wi(x) = 0.1sin(x? + 2% + #3),
wi(x) = 0.3sin(x? + 23 + #3),
[0.2xsinx

w?(x) 0. 1x,sinx, |,

i

L0.3x3c08x3-
0. 1xsinx;

w3(x) 0.2x,sinx,

-

L 0.3x3c08x3
0. 2x;sinx

w3(x) 0.3x;sinx; |,

L 0. 123c08234

x = [0.019 -0.016 -0.012]".

PRS2 F BN FREERARE R IR
BRI u TR E, BIXR T R4 (21) HFRFR
R EATEFEILFIRY Lyapunov PRE, (HE 34 XM
WA LEE R RS

B:a=0.8,08 =p =8 =1/3; BTLREE
REARZIN (LMD) J7 iR A% (16) , 7 Hi W BR 1E B 48
M P FIIEE R e: v

6.9922 0.1185 0.0420
P =10.1185 4.5671 0.1296|, ¢ = 1.0771;
0.0420 0.1296 6.2985
Aum(P) = 7.0013; 1L 8 = 0.3,
Z; = S; +2Amx(P)SI, i = 1,2,3.  (22)
SRALESES Z, BT HEN.

¥ Lyapunov BE%: V(x) = 2"Px, YU R
GANMENE | NFRER,E V(x) <0,

RSB A
u = ul+ud, (23)

ul = -0.5B] Px = —17.4805x, -0.2963x,-0.1050x3,

=
—
1]

{— 5"—2—1“491(96), p1 # 0,

0, -{01 =0,

o1 = 34.9610x; + 0.5925x, + 0.2100x4;

ub = ~0.5B1Px = —0.3555, ~13.7013x,-0. 38883,

| 02|
0, p2 = 0,
0.7110x; + 27.4026x; + 0.7776x3;
u} = ~0.5BIPx = -0.1260x, 0. 3888, -18. 8955x3,

=
~
1]

02
2 {_,5_—-§02(x)’ P2#0,

>
~
1}

=
w
1

03
_5_—- (x)’ ?150’
3= { ﬂp3”¢3 P

05 PS = 09
p3 = 0.2520x; + 0.7776x; + 37.7910x3;

?1(x) = OZISIH(x% + x% + x%)l ,

§D2(x) = 01|Sln(x% + x% + x%)l ,

Cp3(x) = 0.3]sin(a} + 23 + 23) .

IR R -
1, 342, -2Z)x <0,
H xT(Zl - Z3)x <0,
o(x(t)) =i =32, ¥x(Z,-Z)x <0,
H x"(Z, - Z3)x < O,

3, HAt.
(24)
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Fig. 1 State response curves of switched systems
5 452 (Conclusions)

AR T —RABE R FENEBRS R
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1 ORI A o ol A\ 6 I [ B LA S e MY
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