556 445 2 1 2008 4E 6 A
1672-6553/2008/06(2)/138-3

B EEE R

JOURNAL OF DYNAMICS AND CONTROL

Vol. 6 No.2
Jun. 2008

—KEMRKRTHHTMREAGEEIES"

Mgk EEF
(RISTITACH FLDC e 5T 210094)

WE W T EEFEERT P R U R IR (R, e DT R G V4 5 DD R E
RS RN T7 12 , T 22 R AN 19 358 15 5325 SR At 30 e I8 D)8k Pk 220 60 e 0 2 0 i A oI i —

BB T U 1A SO A
xR T, UMRARL, s,

51

i

AR, I R4 O 4 R B R i St 58 1
bz — AR Tl A i b P 5 30 42 o 25 45
RERAFEN T )12 R . A DI R G B4
L S T — 6 i 2. Borrellia' ' 25 51 Xt 43 Be fly
5 2 50 S A RLRITE A U T A7 B ) A7 29 SR 5
BRI IEI 2R PETR 2% R G mo oAb . Xu P 454t %)
PR T [ D) e s 2 v] ARAE T | $2 N B Bk F
FEEPURE I R8P RY Bk U4 2R 48 1 B e 1)
WFFEHIEE T HEAAESE. Riedinger™ 45 iz F K M I3
PRSI AR S G R TIRAR R G
TIRARAR R, Egerstedt™ ) 2R FH B I F BRI B
I8 T VIR T3 70 AT A8 R 1) Je f 48 il 7] . Seatzu
SEL Bt oy B B S VIR R G BT T IR
BUE R ORI VA 2 38 AT AR B ) d AT 4
Bengea 'V ZE£F X} ST R Gk 0 VI R G, F
I8 T YIR T V) 48 B 21 35 0T 24 B £ e £ 42 il 1)
J3L. Sun' " BHE T Y5 R G2 TE 55 A B ) 1A Ak )
() B AL 5 U0 R G0 AT HHLE Z IR XT3 A
B BR T A V)30 2R Ge B 4 il [m) i, B A A
B TRAE R

ARSCE X — 2K 50 R T VI R 48, 0 58
TRV 5 IR R, 48 s %0 AT A 15
0T i s JUHE il ) A, R FH S AR J5 v, ¥ 2 9
PSR [a) AL R 2 A BRI R A , SR 5 1 T e
FIRB AL A TR LI B ZI A R e BB FR AR 1Y
oYY RIER

2007-8-10 W ZI4H 1 £ ,2007-11-27 W EE 2R.

WALk

1 e AR

FREFAINGERTI £(0) VIR ARG R

i=Ax(t) +B[E() —u(t) ],x(2) =2, (1)
K veR"  ueR A, B, HIFRE i T RGER
7 AR AR AR AR L & () S SE IR I R 4
ARG r ESNFR TR RS E R B R
R ER R, 1 AT RGN, i=1,2, - K.

F eI AP RESE b

(2)
A WHONBUER: Qe R ,Se R, Re R
MIEEHRE, 55 200 (& —u) 'S (& —u) Fm—i o
I FHRIE T8, 59— s il AR IR T REek
A, B eR BRI T o4 i AR Ak 2R R BRI B
o' Ro, MEF TRESCHL.

Y7 RGP K e (0,0 ) ; T RGVI M)
At ety ty] tg=<t, <ty < =<t, <t,;; YIHRIF5 &
Mg B o, 58 L6 =1 (15,e0), (ty,e), =, (1,
e ) b, 0 sKso 1)<t <1, <1,

ASCHFFAE VI 51 U045 OCBCHT [ 7, V)46
B ZI AT AR O T R R A, B SR LY
et 2 0, (b =12, K) A BRI A w, (145
RGERPERETER (2) IK B /ME.

2 YIARGR REREE
ET S SRS RV R G — R R A

# VLI ARG T H (BK2007210 ) F1g UL T RAERIIF & R 442 10 F (AB96248)



24

(U AT : — S B BRI VI R G0 de Pl ) 139

] ) R 708 Sy 22 SR R SR ) L. BT VS 20 SR R SR R
FRAL—AN I R 23 B T B B, 4 B BERR A H bk
e, AN I R U SR U ROR AR e I P I B
Z R R e O RME BAT AR PR B, e
AR ARZS TG DR S ], A AT AT — Z AR S
FHE IR AR ARSI, HAR 1 PR SRS E o 5E
W R L.

2 SRABE I [0, ] ESRAE R
il

BEI RGEVIHEN LR K AT ARG & = Agn (1) +

BLE() ~u(e) ) AEREsEHE N Iy = [ [+0x +

(¢ -u)'S(&-u) +u"Ri]de  JIH A A B ft 1 il
Hh
ug (1) = _KS(K)x(t> - Jﬁrert(K)x(T)dT +

u” (1g) + K3(1<)x(tzq) ,
L
Kk =R71P1Tz<1<> Ko =Rflpzz<1<> )
K3(1<) =Bok (B;QBK) 7IB£,
Ky =Ky =Koy (BkBy) ~'BiAy,
i

M

M
/

P11(1<> PIZ(K)]

|

r
P12(1<) Pzz(x)

IefEPERETER A i = %&T(tk)l’&(u) VESE by 1Y

S SRR DA [yt ] B R I A 4
il

RGYHREIR K -1 T RS & =4, 2 (1) +
By [€(e) —u(e)] B, MERESRARA Jio =

1 i T T T
7] [270x + (&€ —u)"S(& - u) +a"Ralde , i

lg-1
() B AL HE Tl s AN
K
ug (1) = _KB(K—I)x(t) —J' K4(1<-1>x(7')d7'+
tp-1
u” (ty_y) + K}(K—l)x(tl(—l)
Hrp
Kl(l('fl) :R_IPITZ(K—I) ’KZ(K—I) :R_1P22<K71) )
KS(K—]) :KZ(K—I) (BIC—IBK—] ) _IBZ-l ’
K4(1<71) :KI(K—I) _KZ(K—I)(BZ\:—IBK—I)_IB;I;—IAK—I'

N n N N 1-, _
LPEREFE b N Jx_i :7xl(tK71)PK71x(tK71),'Eﬂ

JE ey stk HYRREL
WBLT 2%, S5 A BV R G iR L P o

. f
ug_ (1) = = Kyxopx(1) _f Ky px(m)dr +
ti-1

w'(t,,) + K3<k—i)x(ti—1> el ]
(i=1,2,--+,K)

SARPEREH AR 1 = (1) Pty 50 12 A

by by e MY BRI
S5 T FE AR 1 8 A R SRR 15 re e 1) ik
W2 by 05000 0 FRERDUEREFE AR AY(E.

3 HEESG
1 1
HEFEG (1), Hod A, = [1 0],A2 -

[} ol#=[ ][] @ =[] e

1 0
w<z>ﬁ,ﬁ¢=o=[o 1],R=1,s=1.%zfaﬁ
R4 U T R4 2 ARl 75 2. k)
SRR 1, EPERERS T T B/

i B AT AR Ui R VIR B T R G 2 1
5.6494 2.6494 2.5098
P, = {2. 6494

2.5098 1.0000 |;
2.5098 1.0000 2.649%4
K, =[2.5098 1.0000];K, =2.6494;
K, =[2.5098 0];K,=[5.5098 1.0000].

Y2+ R4 1 i),
2.4142 2.4142 1.0000
P, {2.4142 4. 8284 2.4142}
1.0000 2.4142 2.4142
K, =[1.0000 2.41427;K, =2.4142;
K,=[0 2.41427;K, =[1.0000 2.4142].
I e i st A% ik, SRR AR 200 £X,
FRER R 50, e R4 B2 22, 58 AR 0. 8, A8 57
HWEFL 0. 001 KE S LR B 4R 2, e AT B s/ MBS T
=1.3732.

4 HFig

WS T 25 Bk TR DI R G — K
D il PR AL, U] 45 e 8] AN DD R, SR A e AL
DIt 2 M e U PR REFE A , SR A 1y J8 A5 3k 1



140 g 1 ¥ 5 &

Ml % 4 2008 4F45 6 45

R, fweaidiat— Ui T R A &L
PE.

5
6
1 Borrellia F, et. al. Dynamic programming for constrained
optimal control of discrete — time linear hybrid systems. Au-
7
tomatic,2005, 41(10) : 1709 ~ 1721
2 Xu X, et. al. Optimal control of switched systems based on
8

parameterization of the switching instants. IEEE Transac-
tions on Automatic Control ,2004, 49(1): 2 ~16

3 Riedinger P, et. al. Linear Quadratic Optimization for Hy-
brid Systems. Proceedings of the 38th Conference on Deci-
sion and Control 1999, 3059 ~ 3064

4  Egerstedt M, et. al. Transition time optimization for

switched mode dynamical systems. IEEE Transactions on
Automatic Control ,2006, 51(1) ;110 ~115

Seatzu C, et. al. Optimal control of continuous time
switched affine systems. IEEE Transactions on Automatic
Conirol ,2006, 51(5) :726 ~741

Bengea S C, Decarlo R A. Optimal control of switching
systems. Automatica ,2005, 41(1): 11 ~27

7. Sun. Stabilization and optimization of switched linear
systems. Automatica ,2006, 42(5) . 783 ~788
EEVINS oA VAL B id i RS S 0N VA RS R O RS2 I ]
U PRSI R AL, 2002, 69 ~71 (Wang Xiaop-
ing, Cao Liming. Genetic algorithm — theory, application
and realization of software. Xi’an: Xi’ an Jiaotong Univer-

sity Press, 2002, 69 ~71 (in Chinese) )

OPTIMAL CONTROL FOR A CLASS OF SWITCHED SYSTEMS
WITH STEP PERTURBATIONS *

Xiang Zhengrong Wang Chunfang

(School of Automation, Nanjing University of Science and Technology ,Nanjing 210094 , China)

Abstract The quadratic optimal control for a class of switched systems with step perturbations was studied, in

which the switched sequence and switched number of the system was fixed. By means of dynamic programming

principle, a kind of multistage decision processes was proposed, which could obtain the optimal switched time

and the optimal control input. The improved genetic algorithm( GA) was utilized to search the optimal time and

the optimal control input. A numerical example was given to illustrate the effectiveness of the design approach.
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