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Robust control for a class of discrete time switched hybrid systems
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Abstract: Due to the existence of the switching rule, the switched hybrid system stability has been a complicated subject;
and so far, there has been a generally agreed way to construct the proper controller and switching rule for the given system. In
this paper, The robust quadratic stabilization problem and asymptotic stabilization problem are considered for a class of linear un-
certain discrete time switched hybrid systems. Robust state feedback controllers and output feedback controllers are designed re-
spectively by using the common Lyapunov function technique and multiple Lyapunov function technique . The designed controllers
guarantee the quadratic stability and asymptotic stability. Simulations have validated the correctness of the presented algorithms.
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R BRI R A — RS R TR R M B B
AP DIHRIB R RS, AR 1344 1 T HE B hl#
Wt R AT 7B 4h— 2R R AR 2 B i
[P IR 2% 3 GE i B IR 25 SRR R A L IR SR
SE [R)R , T8 A 1 A LR R SRR, 4R 1 T AT
EUHALR T, B et B P 0R 4 R 4 W E A
WHE BB T4 2t 5N, BT 2L 36 R R%K
F¥E, A SGR BT T AR VISR BE , fRIE T Y1 R
GRERIERRE . BRSO R T A SCE B
B
2 (a7 H (Problem formulation) ,
IR T REAHE AT MY HRR R K
{x(k +1) = (A + 84,(k))x(k) + Bu(k),

y(k) = Cax(k).

(1)
He: x» € R";u € RP;y € R4, B, C, REFIE
LARAIERE ; AA, NIERE A, B

X 1M BRMBREEES 12,2, Z,)
REHAN, MWRMNEE x, € R* AL i, € {1,2,
oo, ml B8 202, %0 < O RXIREEER1Z,, 2,,
o, Znl RTEMEEN  NRIHER 5o € R™/10},H
FAE i0 € 11,2, ml 18 132, %0 < 0.

EX 2P A EEEEEIRLE «(k + 1) =
f(x(k)), f(0) =0, , ANRFFAEIERE TXHFRIERE P LA
RIEER Y > 0,8 F V(x(k)) = 27(k) Px(k)
A

AV(x(k)) o V(x(k + 1)) - V(x(k)) <

- vlx(e)3, (2)
MFRG E HBERELE KB ER.

BB R E AT A, R — A A R R AR
KRERNELERSIERERN. B, RIE
A5 FERGE (1) A R RS i 1] R0 7 A 8 T 1)
B RGE(DIETFEGR .

Ri& A4 (k) ATLARR R

AA (k) = EF(k)H;, i € m. (3)
Hrp 4ERF E; € R™,H, € R™" BEHEHHEIE;
F(k) € R BRMBEMERE, HETIT E XK
#4640
Q = 1F(B)| FIR)F(k) < I, Vki. (4
3 EE451L(Main results)

SHEBA S EES R, B AL H TG 3.

1Y pEm B E SRR RS

x(k+1) = Ax(k), i € {1,2,-,ml|, (5)
MBHEE—NANENECER P, #5 THAET
REXAH

ATPA, - P <0, (6)
MTI# R G (6) REERRER) .
EFE1 EBRERLWEGT, EFEER
M, EEME P RER Yy, > 0%
ATPA, - P + eATPEE'PA; + 1/¢H'H; +

Ama( PYH'E'EH, + ¥I < 0. (7)
HE A, = A, + BM,, EX
u; = Mtx(k), LE‘ m, (8)

MXFFREZRHEEDER, AR RE (1) (82
TIRBER.
iE AR @)HRARREN T RN
x(k+1) = [A; + A(E)]x(k), i € m. (9)
PEEZERE L 1 R sR BN
V(x(k)) = «"(k)Px(k), (10)
He P A RAEERE. W B =(9)(10) Rk, 5/ 2
R Srwk(11,13]0]48
AV(x(k)) = 2" (k+1)Px(k + 1) -x"(k) Px(k) =
xT(k)[ATPA; — P)x(k) + xT(k)ATPAA,(E)x (k) +
x"(B)AAT(R) PAx (k) + 2T (k) AAT(k) PAA; (k) x (k) <
xT(E)[ATPA; — P]x(k) +
x"(k)[eATPEETPA, + 1/eH™H; ) x(k) +
A (P) 5" (k) HIETEH % (k) =
xT(k){A'{PZi - P + ATPEETPA,; }x(k) (1)
+ 1/eH'H, + A, (P)H'ETEH,
B 2 AL X FFREZBIMAERDIHR , AR
Z(HR)VEZKEEN.
HEM 1 AEEFVHRBRRREZ(DERER
5 (8) L BB E 1 — IR Rl
¥it EREBSLMEGT EEEERE M,
EERE P LARE R > 018
ATPA, - P + eATPEE'PA; +
1/eHH; + A (PYHTETE;H, < 0. (12)
Hep Zi = A + BM;,i € m,%l U; n(8) iz, M
T FREZ M NE B, ARR% (1) (8) R #
ERER.
FIRSE A LRSS, RATT LB TR e 2.
EE 2 FEBRESSLHAGT , W RAEEER
M, IEERE P LA R ES e > 0 HBITHERES
Z;: =ATPA, - P + eATPEE'PA; + 1/eH™H, +
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Bk

Aaa(PYHIETEH;,i € m (13)
B ER, A, = A, + BM,,i € m EXWMA(8)
FiR RS RIS, —25 , 2 LUK
i = arg{minijij} , (14)
MIZETIH# 0% (14) T, AR PIEB 2 R 45 (1), (8) 2
BERRER P R arg(-) BRWHERETESHRE
AR T hR{A.

i MEERLEREEN V() =
xT(k)Px(k), W27 X 4) B2, o8
V(x(k)) ERFRG(9) BB 22 531 2

AV(x(k)) < x"(k){ATPA, - P + 1/eH'H; +
Awa( PYH'E'EH, + eAPEEPA;} x(k),
(15)
TRV ARFEN B HAE | N FRER, HEKFESE
Z; MTEAHEMYIEIRRE N E X, B AV(x(k)) < 0,
ML E VIR T, R UIIR 22 R 5(1), (8)

EFl UHEEENTR o € m, H18 ming™Zx =
xTziox B, W argiming™ Zx} 7T 5E AFEPEE—TFHRHE.

X T R B RATE T ENS T

EE3 MK L2BREHRET, EFESE
M L, IEEME P REHe,0 > 0fff%

A'PA; - P + SATPEEE'PA; + 1/8H H; +

Aual PYHYETE H; + ol < 0, (16)
HP A, = A + BLC,, X
w, = Ly(k), i € m, (17)
MFFRLE(1), (8) 2 ZIKEEM .
TERA M .

FEb 3T BB, BATIE AT LIS RIS T
WHIEH 2 AHCEIS TEAEER .

4 WL KK E S EH R (Study on
multiple Lyapunov function-technique)

% JER H MR AT R TR TR
HREG(D)WEFETREERE . XBEEE m = 2, B
ARG (DM AHERGEZ B AT

x(k+1) = [A + AA (k) ]x (k) + Bu(k),

{y(k) = Ca(k), i = 1,2.
(18)

EE 4 FEBBBSLRRGT , RITERE R
My, My BB 8 e, e > 0, A (R JESA B (RAT)
EEMER ), ay ABRPAXRIEEHERE Py, P, {#
AT EPNAELBL:

- ATP\A, + P, - ¢,ATP,E\ETP,A, - 1/¢H'H, -
Ama( P\)HIETE \Hy + a1(P, = P;) > 0,
' (19)
—AlP,A, + Py — ,AYP,E,EIP,A;, — 1/, HYH, -
Ama( P2) HYEYE, Hy + ay(Py — Py) > 0.
(20)
FE XK (8) Fim RS R 4% , WIFF7E V) ¥ bR
Boo(k):Z, = 1,2} AR RLE(18)(8) &
E RYit ay, 0, HIER, E X
Vi(x(k)) = «"(k)Px(k),
{O'(k) = arg max{ V;(x(k))}, i = 1,2.
B2 (19) (20) FIB BGL AR AT 4538
D X4 xT(k)(Py - P)x(k) =0H x(k) 20
it A
«T(k)|ATPA, - P, + e /ATP,EETP,A| +
1/ e HTH, + A, (P,)HTETE H,} x(k) < 0.
(22)
2) 2 xT(E)(Py - P)x(k) = 0H (k) %0
i, A ’ .
xT(k){ATPyA; — Py + AT P,E,ENPHA; +
1/ €2 HYHy + Ao (Py) HYEYE, Hy 2 (k) < 0.
(23)

(21)

0, =
{x(k) € B*| 2"(k)(P1-P,)x(k) =0,2(k) 0},
Q, =
{x(k) € R*| "(k)(P2—Py)x(k) =0,x(k) 50},
(24)
e, U e, = R0, 3 FH18)(8) HRKIH
WAL, Y x € Q, B F
AV(x(k)) =
xT(k + )P x(k+1) - xT(k)Px(k) <
xT(E){ATPA, - Py + Apu(P)HIETE \H, +
e ATPE\ETP\A, + 1/ HTH,}x(k) < 0.
(25)
[FH, 5 2 (k) € 0,70, 0,8 AV, (x(k)) <0. 57—
JTE , B (21) BYE X PRI ) b
Votrp (2(k)) < Vor (2 (k)) (26)
RS . 3R (26) T RH , 7E V) e it 21| 220 253 5k BE B B 3K
ORI B . AT PR 2 25 e e R BT kU )
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A, AA BRI ER .

A H ay,a FFIERS, S

o(k) = arg min{ V,(x(k))|, i = 1,2, (27)

BRI, 5 LT e 4 oL

A, X T4 R ARE TR

EE S5 XMTRSE8),BRFMHML, 7ML
Cy, C AFIHEBRIERE. IRFAERE Ly, L, EH
81,0, > O, FFFEM (R ) JE R (RIRT) 3E IE AL
o1, 00 EPINXRIEEHFE Py, Py, (H15 T
IR F B
~ATCTP,C,A,+ CTP,C,-Q,-HTETCTP,C\E\H, +

p1(P2 - P)) >0, (28)
—AJCIP,CyAy+ CIP,Cy— Qr— HYEYCIP,CoELHy +
p2(Py - Py) > 0. (29)

ﬁqj ;11' = Ai + BiLiCi,

Q; = SACP.C,E,E'C'P,CA; + 1/ 0H'H,,
i = 1,2 @ n(17) Fis i i R B dl 4% . WA
VR o (k) :Z, > 11,2} FERAFRURIERER
Si(17) (18) BHTL R E WY .

2 MNTF-MERES

{x(k +1) = [A+ AM(k)1x(k) + Bu(k),
y(k) = Cx(k)

TE, YRGH BHERE ¢ WIIHBREERN , AERELER
RTINS BR, 3T FUHR RGN S B et E#ER
— A, TR R M B Z AR ARNE RS
(HZD KRBT~ FR G AT, EHRERSER
TR E .
5 {AHE (Simulations)

Bl 1 THRIEEE 1 S5EWIERE, ZEBNT
BB Bl T #IE 2 R 50

(30)

x(k+1)=[AL+AAl(x(k)):|x(k)+Blu(k)’
(31)
Hrp
0.3
4= _4 2. 2] [ ]
-5
- | 0 -0.2 = ]
sin( %7 %2
AA(x(k)) = [0 0. 1sin(#1(k) + x3(k))
0 0
cos( %} %2
AAy(x(k)) = [0 0. Leos( 1(1:))4' 5(k)) '

S

i=1,2.

1
[ ]} P = stk + 3R,

H1:H2=|:0 01]’
Fo(x(k)) = cos(a?(k) + x5(k)).
EX M = [4, ~2],M, = [4.7, -2.7],Ble =1,

0.12 0.15
= 0.05,P = [ ], I Ap(P) =
7 0.15 0.8 & (P)

0.8316, &% ik P A— R HEBEAER(7) WIEE @
5, B x"(k) Po(k) R—AS3 M R M. B
MIEERER(-0.1, —0.7)", & 1 FE 24> 5 A HIH#E
FAGENRIE 20 KRG, R GRS RER E 2516 i
LUK R G B RER R M AR 2R . 3 rh U)ok ng

E = E, =

1, W5 k< 20 H k ¥ 2 85,
B io(h) = |
2, 0.
0.1 —
0.05}
S or
= -0.05}
OS¢ % 10 12 14 16 18 20
0.2 —
0
) o.zf
S 04
-0.6

1012 14 16 18 30
t/'s

B 1 UIERIE A RGUR S BE R ] AL i 2%
Fig. 1 State trajectory of the switched hybrid system
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0.0579 0.1399 564.
[0_ 1399 0.5988 > 0, (32) [2] BROCKETT R W.Hybrid modes for motion control systems [ M]//
Essays in Control. TRENTELMAN H L, WILLEMS J C. Boston:
T{ - - ~ Birkhauser, 1993 .
APy A+ Py e AT P EsE3PyAS—1/ €, HYH, - [3] GOLLU A, VARAIYA P P. Hybrid dynamical systems [ C// Proc of
. Amax(PZ) H;E;Esz + a P, - Pz) _ the 28 th IEEE Conf on Decision and Control. Tampa, USA: [s.
n.],1989:3228 - 3234.
[0'0579 0.1399 S (33) [4] BACK A,GUCKENHEIMER J,MYERS M A.Dynamical simulation
0.1399 0.6137

BOYIHHERAE R (- 0.5,0.3)", B 3 FIE 4 53 51 4 408
RARGEEARITE 20 KRG, RECRESKERT E] K251k
2 A K R & R B B A A8 fh i 8. = b4
KW R 0(k) = arg max{ V.(x(k))},i = 1,2.
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Fig. 3 State trajectory of the switched hybrid system
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6 #3RiE (Conclusion)
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