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Hybrid feedback control based on hybrid observer

CHEN Guo-pei, LI Jun-min, CHEN Wei-sheng, YANG Ying
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Abstract: The stabilization of a class of hybrid system based on hybrid observer is studied in this paper. A hybrid

Lyapunov function for the overall system is firstly established through a Lyapunov function of the linear part and that of

the discrete event. A hybrid feedback is then designed respectively to stabilize the system. The closed-loop system is also

verified to be stable. Finally, a simulation example is given to show the effectiveness of the proposed approach.
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£ TR J L SRR R AR, A
FEME T XHREE RS E Mo LR .
X[1], ¥ H Z Lyapunov R FUER TR G RS iE 4L
B RGAEE M, SC218 i 4 e i K H %
MNFEGIS R T RLMTELTRERAMNE
. EXEHAFHT REWREF L, T HF
B RRE RE T R FE RN —KRL, B
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B 3 ¥LFSM(finite state machine)flZELEB ENS R
£ CVDS(continuous variable dynamic system)ZH i) %
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AR H #8: 2004—04—09; e ts ke H 3#8: 2005—12-27.
HEETH: BFEBRREEEEIINE (60374015).

I B 26t UL 2% 48 B0 AR 8 I 78 2 45 1. (HIFE R 18
2 i 1) 7.

AR SCEEF SC31FTH TR A I 28 T —
KIRARGENR A R e d a8, @l iR Kk
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2 [\l SR (Problem statement)

—RIBERRMBELLH, A
q(k +1) € p(q(k),6(k + 1)), ()
6(k+1) € d(q(k), x(tps), ultpsr)), @)
Pk +1) =n(q(k),5(k + 1)), 3)
x(t+1) = Ajz(t) + Biu(t), 4)
y(t) = Cix(t). (5)

Hp: s(H~B)R R H, B B F -3 25 R4 DEDS
(discrete event dynamic systems)#B4), ¢ (k)R kI %
A RREZBIHHESMIILLE, q(k) € Q. QR B3N
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R A, o(k + 1) € v, v AEIHIFSMAi
MARE; ¢ Q x ¥ — 29K R BEHEB R, ¢
Qx X xU — 2¥ RRBNBMHMEERE, XRR
BHTENSRANREES URFSEHELEY)
BREMBMNES: 1 Q x ¥ — R REHFEMNR
#H. MXGOORSH,MNBEHERDERENIFEAN
&MTF R, Hi = q(k).
A TETFITR, £ LRSS N

o(k+1) € ¢(q(k)) = weX%eUcb(q(k),w,U)-

E X 14(DEDSH R ) X TH e s
HE(E € Q), #H R B 3IHDEDS (1)~ (3) & i
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q(k +1) € po(q(k), v(k +1)), (6)
Yo(k+1) = q(k), (7
z(t+1) = G,&(t) + Biu(t) + Liy(t), (8)

Mq(k) = q(k) = 8.
Horp: K6)(7) 2 BB R G4 1M 25,
i Hy; 2N(8)72 B8 B3R & 3 & &R 4 70 (1 W I 2%,
WA H,; §(K)RR BRI AL B AL v, 35 A q;
@(t)%ﬂ—?’lj(?&xﬁgfﬁﬁ‘ﬁ, G, = (A; — L,C)), L&
P B q (k) BT N F 2R G R 35 38 25 R %
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NI 28(6)~(8) 1 FI AL B W W 2% H, RE7E A PR 25 J5 H
Wt RS SR AL E, T B EUR BB RGN
5 H AL RGN B RERFIWT 15 A 4R TAE.

F1 T, BBEREASHSRENEHERTS
FERERE . ROUL A FLARREC AT IRk, T B8 4 2 0 th 2 i
¥ OB BB E 4 RZEDEDS(1)~(3)RHEN. HXE
B B RERR . RE3% LR TE A& 2 3L [4]F0[5].
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3 BE RBE SIS BT (Design of the hy-

brid feedback controller)
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Fig. 1 Finite state machine (FSM)

3.1 BRFEMHIEFRERRBEERISRU (4(k)) K
11 (Design of feedback controller for DEDS )

XH RBCE R R G B RERR .
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TR B A B A2 A7 7E B AN TE. v B 3 HLFSM)
HEHFI ooy - . XFEER G T W4 I
Z, X FHIaE A1 BEAL H 8 (g(0) = {1,2,3,4,5}))
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g — A0 B o N 2 4H, axX B DL B SRS 1 AT
B (3,4,5) k0, eI ERE R KWL
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TEE. R EXE TR S ALE {1, SIS, XF
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BB AR B RAS), MU FIE 1y & A4, R
WIp3RAE), BT REMEMITE{2}. XNEE
HER T H B ZhALFSMIF M AT AL &, ﬂﬁﬁ{z}itﬁ
WERKBRERE. k201 K4, BREI2u5 5L, K
JEBIIAALE {1}, BT R B ORI TH PR 50 E ).

of - 2EHT 4k B %0 5o A S SEE A A 45 o
S E L, 25— FE.

E2 D AEAMrBEGTER{,5)? XER
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I S o A PRI B3k B B o SR {1, 4,5, T
T N5 A B A B AT RN R AL BT LLEIIA T
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T (Design of feedback controller for DVDS )
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T RGNPIRE R R 5 ), X B K. 8T
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4 FEZER (Main results)
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q(k+1) = f(a(k),é(k + 1)),
q(k+1) = g(q(k), v(k +1)).
IANEEHIU (q(k))FT15
q(k +1) = fq(k),86(U(q(k)))),
q(k +1) = g(q(k), v (U(q(k)))),
AR 1B BHIR & 3h & Rt R TS
z(t+1) = (A; — B;FC)x(t),
q(k+1) = fq(k),6(U(q(k)))),
q(k+1) = g(q(k), v(U(q(k))))-
Hrhu = —Fy, FRAE2T RS8R N E %
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T 265205 B IR 5 3028 BT R R

€))

z(t+1)=(A; — L,C; + B;K;)z(t) + L,C;x(t),
x(t+1) = B;K;z(t) + Aix(t), 10)
a(k +1) = fa(k),6(U(4(k)))),

q(k+1) = ( (k). w(U(Q(/ﬂ))))-
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2K, XL = q(k).
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Cl) XV i,j € QFF#EIE & X FREE FEQ,, YL K&
KiREE,, Wik 2
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KU %5 /2
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0, 7.
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V(X(t, k) =

at(t)( ééi(tm)x(t) + W (k) + R(q(k), q(k)).
Hrp

1 i
Rtk at) =4 e 1P A0
0, q(k) = q(k),

|G(k) | RSB ERAL B AL TG (k) TTRA B TP
ST THTIE B AP R P R S AL 2% (1 1) A 1E 58 B,

H
h(k)

Wk)=1-="= k=012 WO =1,
1
h(k)=h(k—1)+———, k = 0,1,2,- - h(0)=0.
(14)
3 R(q(k), G(k)FRRLE I B3 B ALE (1

TR, BEERE K, R(q(k), §(k)) D, A R(q(k),q(k))
= 0, 2 B VLW 25 HE A F0 W7 HH A T AL & W (k)R 2
AR BB E WL, BEEk — oo, W (k) — 0K
AR BEHFSMAEE. BI A S HL AR A T BRI A\ 1
£, FA EIRFE A LyapunovER BV (X (¢, k)¢, k2

(1) = { L, SRGALT B g (k) BT3B T RS,

SEASAKERY. BRI TIE B HL T B R R £ I 7 4 T T R
S HAT.

TR SR BGIE AR 1E T R, PSR D SR .

i) EEt. BTP, i € Q& IE &M,
HW (k)2 ., FIHE S 0 IEHL, 0V (X (¢, k) IERE;

i) iE BV (X (¢, k)™ 4% B0 8 980 > (FH 24 T 3%

4:LyapunovER B IV (z) < 0, 5455 B{Lyapunov i 31
AV (z(k)) < 0).
B, XV (X (t, k)10
2O (S EOP)(0) 2 V(o)
K5 -
AV (x(t))

2t +1)T (i (1) P)a(t 1) —

=2

((Ai = BiFCyx () (X &(t + 1) P)((Ai —

=1

<.

()T (6 ()P (t) =

1=

()7 (As — BFC)T(SSE(t+ 1)) (A —

=1

B,FC;)xz(t)) —

=

B, FC;) — ;fl(t)PZ)x(t)

MAEt, t + INZIRGRE LR —AT R, WA
PR T R GE. A BRI Z R GALAE T R
Gti, PRI NETRARIEEERE. BIG(H) = 1,

SG(OP = P Tt + AR GAAET R
= imy £ i PR RILT R G 0 g .
e, (1) = 1. S0+ P, = P, B BT
AV (2(t)) =

2(1)T((A, — B.FC,)"Py(A;, — B,FC,)
HERADATAAV (2(t)) < 0, Bl

P)a(t).

T TR AR YD 1.
ok, B N B3 T R U R &
HU(q(k)), A5x4 —AAL B AL TG (k)3 B & A7
ERBEAEMERE, WGk + DRTEMNAR
S G(k) K TTEANE B Gk + 1)| < |g(k)|, 5%
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1 1
%]— T T~/7 , ANl < 1 1=
|q(k +1)] |q(F)]

B

Riglk + 1,40k + 1)) < R(g(k), (k).
WA MR(q(k), (k)RR
xR, B4
Wk+1)— W(k) =
A+ 1) W), ) (1)
== ) 0= e
1 k
R S B Sy
k k1 Kk +1)
1 1 k
MO GO e
k(k+1) =

B AE R A B U2, 92 Fatk + 1)] <
(k). BF
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VY (Je) o R 1.
m&tw <t k))gﬁ%%mwm

< W (k).
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PLF UE B SE20 B R R = WAL A B 1, B &
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B(t+1) = (4 +BK):E(t)+LCie(t),
e(t+1) = (A; — LiCy)e(t), )
q(k+1) = g(q(k ) Y(U(q(k)))),
q(k +1) = f(q(k),6(U(q(k))))-
He(t) = z(t) — 2(t). it

X(t,k) = [2(t) e(t) G(k) q(k)]",

FI3& T VR & Lyapunov R 4L
V (X(t,k) =

B ) |5 e
0 A%awe,

W (k) + R(q(k), 4(k))- (16)
Hrp: P, Gi(i € Q)NIEEFRE, V22 KIIER,
W (k), R(q(k), q(k))IF L.

FH SCHR[6]FAIE B W 4n=R(16) A 1 S8 1T & 1E
5B, TERE R > DL R AR R TG A AT R R S LY B

TE A AT 40 Be B BR BV (X (¢, k)2 1E 8, Pk Wk
’[\U\&ﬁm%ﬁlﬁ’l WARGOS)HERE. MHR
Ge(15) 7] 51 R Ge(10)th 2 W A2 e 1, B EE2M BE R
G R E.

iE 4 %ELM*JE W it
B 10T <><_zlsi<>

2R AV (X (¢, k) BB LR
P)z(t)bh K 20 B W
N
i;&(t) i 0 (t)
0 AZ&Z() A Le®
Tﬁﬂﬁi\%%EEEEH»\?\%DVDSEMJE%"%E’J M J= 1
HIPSIRW (k) + R(q(k), G(k))FIEBI AT RIEHA AR B 30
WL2FE e 0. 1RYEE L2r 4 RE AT RGEREN.
Zih LR A WA AT RGBT
ORI AR E 1, 58 BEAHIE.
5 A F(Numerical examples)
ZRWMTHIREGHERSE, LHEBFMHHER
G WL EEA{1, 2} A BB EE, W61 B h3).
BINTREN
z(t+1)

F1T[2(1) e(t)]

] e

= A;z(t) + Bu(t),

o = [40 30], i‘o = [3 4],
y(t) = Ciz(t), i=1,2,3,4,5.
/\I:P B
L [F0.00 —2.42 ~[-039  —0.98
e | 043 0.1 7 1 22.02 0.8005
[—0.75 —1.07 —0.103 —2.56
A3 - ) 4 =
| 197 0.69 —0.62 0.9
[—0.08 —1.07 0.2
AS - ) Bl - )
—1 0.2 0
C, =05 0], i=1,2,34,5. (17)

FALMI; 0] BASK HH 0 8 £ HH S U5 R e, W0 00 2%
8 20 RO IR 2 B A B 4l ok
f(q(0)) =10, f(q(1)),

K, =[-1.1 11.6116], ky = [—2.0525
Ks=[-0.1 535], L = Ly = Ly =

— 3.3386],
2 0]".

£ I MATLABY; B 13 | B2, i E20] 5178 A 3)
BRGAHEREN. IR B R D26
Bozshid R rh, RS (6) M HAG T2 (¢) iz sh s
B2k vh2(¢) & M IE#A 2T RS E LLE(KRY
4 sJE) A FHIE TAE, MURTERIAE N 2 46).
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Fig. 2 The complete and second phase trajectory of
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(d) ma(t), 22 (t) RIS BB R — M BY)
K2 RYORE () M2 () FEETFE K
BB BB B

x(t) and Z(t)

k) 3555251555

Broer s -

Hi 3R B AL RIS g (k) B0 A7 B AG T A B0 5 ek
b, BB S BLG (k)R DB q(k), B )5 ME K
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