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Feedback stabilization of a class of distributed parameter systems
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2. Department of Mathematics, Zhongshan University, Guangdong Guangzhou 510275, China)
Abstract; Using a finite dimensional feedback controller with an observer, the feedback stabilization of a class of distribut-
ed parameter systems was studied. The sufficient condition of the feedback stabilization for the distributed parameter systems was

obtained.
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1 5| & (Introduction)
B AR TH— I XKE RS H S
G

dziiﬂttl + Au(t) = Bf(t) + Fu(t), u(0) = u,,

(1)
y(t) = Cu(e). (2)
HAREER u(s) B TS5 % Hilbert 58] H, A &
HFPRARENXE D(A) WARHERETF. (1) =
(i), (DT € R REFISMA . F RIGTELA
SAF AR AERLST . 5 (o) RIS
EBHET B:R — HEXWT:

Bf(:)_be,(:) bEH, 1<i<gr. (3)

b(l<is r) %ﬁﬁﬁ]ﬁk&ﬁﬁiﬂi%ﬁ(aﬂuﬂm)
WMHEF C:H—>R°EXWF:
y(£) = Cu(e) = (5, (2), 9, =
(Cerule)), =, (cpu(e))”, ¢ € H,1 < j < p.
(4)

e H 309 :2002 - 01 - 185 WrAEHRR H $:2003 - 02 - 28.

¢i(1 < j < p) TRAPRS IR ) 5 1R38 (sensor) .

WS-, )RR HPHAR, |1 R Hbx
BB BraosERrml - .

N FRENIEE, P2 BIELRHEHRER F ot X
FiE B RIS 20 42 70 ERFFHEHERE T
BEXENER. FHREEH = 1*(2) L, W3[1]
R[2], )5 %) Bl —#% Hilbert 25 8] |, 3¢ (3]0
(4] . X KB EBEERR T HERGEMTREEH
74, AABBROMNATR, SR(1~4],45 2
X2 P ARET IR RSN CER. X([5,6]
R A R R E R RRA RS (1) 5B, 31~

. I PREMELHRET A BWE T EHABRB 1.

AW, ERHERNRE BT # SRR EL
HHEE, St RRIEL T H—FEELHHER. B
I, ERERBRRRZDAMNOBRRERNXE,
LU REREENAERELHLEER.

Bansc(7]h g g, X FTREREN S,
“IERERGEN TR ERESS” Hilin, HE
S R R ERMOE LU R R (VRS E H

ELSW B FK A AR ESITE (19871094) ;) R4 HRFLE 24 00 H (990229) .
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E20%

WEMD R, BSBRES BT RGN, ERERSE
(DB TFRERBETE RN, RXERN AT
i eEf.

FXEBEREHFER[3]HE H = A(Q)
BARBRBEFHONFKRBEET Bl —i Hilbert
=B H FHATRDRIEARENEE RS —%
e THAIEEHTNEN()HERERENE
FR4E iR As E B/, 18 B2 B A PR 4E ) T I 4 8
RERHFER RGP ENTI RIFHNER.

2 {Ri&#15| ¥ (Assumption and lemma)

Rig& 1 ¥ H EuI4 Hilbent 6], A 2 HHE
AHEXE D(A) WAZHRE F.A RAEBEBAE
a,(A) = {21,245, 4,1 B

— o < Red; < Red; << Red, <

Re App1 < 75 Re 2, > =,

SFHEME (2] MRS RIFER RN ¢,
$in |, HEKIFEME 4,1 < j < mi,i = 1 HIEL

H e £ EXE, FEFERIN IR c > 0fF
8:47 = nol, 1 Im2; < cRe A;.

AT 8 ] i i Bk BRSS9 T 2 AT LA GE B
THI5IE 1.

SIE1 ARFEI1ZT,®RTG)RH - AKEH
b A RO RE U S SRR -

1) XHES w = 3 D) (u, )8 € H. A

i=1 j=1

T(t)u = i Eie_/\'l(u,¢y)¢ijyt 20;

i=1 j=1

2) T(t)u € D(A),t > 0,

D(A)=lu;u € HEZ 12 1%(u, ;P < o},

i=l j=1

Au = i ﬁ)ai(u,¢g)¢§;

3) T(t)u = ii}r\;e"‘-‘(u,?‘;j)sﬁg,t = 0;

i=1 j=1

4) T(t) AIf8ERE;

5) T(t) REFEE

6) T(t) REHTEE.

Rig 2 IS F.-H>HHE

. | F(u) - F(») I<sLlu-vl,
Yu,v € H,F(0) = 0.

BE X814 355 WEH 5 IERS L THEAT
2.

B2 HERFIM2ZT.RE(EH ER
BER SFEANHIME uo € H, TR EE—BIAMR

u(t) € C([0, + »),H), u(t) € D(A),
: > o,j—‘; € ¢c((0, + ), H).

B o > 0RGEMNHE MERE I (8 Re dsyy >
w, BB n > [ BTiE

aj = Red;, j = 1,2,

L=m +-" +my,
N=m + - +m,.

EXBRYAT P, MQ, T
Puu = 22‘(”7¢y)¢y1 Qn = I—'P",

i=l j=1

P = 5 D (u b))%, Vu€ H.
i=l+l j=1
ic
u;(¢) =(u(1),$)), Is i< n,I<s js m;,
ui(t)=(uil(t)y'”,uimi(t))-r, ls ls n.
’ B!I(t) = ((bl’¢g)11(br7¢g))
ErETmBl<i<nl<ji<m.

Bil
B, =| i |Bm x rEkE.
Bin
B,
B, =| i |BLxrEKE
LB,
[ By,
B, =| : [BR(N-L)xr¥E.
L B,
-ul(t)
(1) = : }%L?EF'JFEJE.
L (1)
’u,+1(t)
x,(t) = ]E(N - L) #&F|m&.
L 2, (2)
Ay = diag (= ADn s = M),
Ay = diag (= Apiln >0 = Aaln)-

ELHERTE 18, NI SERE A, BR K
BT PAP,, (1) BN D) ) (u(0), $,)8;, HA

i=1 j=1

k(i FRAZ(DAFEA
%,(¢) = Ayxy(2) + By f(2) + P F(u(2)),
B2(1) = Ayxp (1) + B, f(t) + P F(u(1)),
Qui(t) = —AQu(t)+ Q. Bf(1)+ Qn F(u(1)).
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Heh Q, Bf (1) ARG Bi& 3 AMAENLKEREL (4,,B,,C) 26k
i FEHEERR .
(e1, ;) mRC10]R/I[ 11 ], Rk 3 B TR ELRAR:
Cij=|' : Bo#ilE,l<i<n,l < rank B; = m;, rank C; = m;, 1 < i << [.
(¢, 95) 3 ETURBRHGHNRGRIERNBRSARR
jismy, 4t ( Feedback controller with observer and
C =[Cyyy Cn 1 B p x m; 5ERE. closed loop control system)
C = [a,...,a]l% p x L% F A BREELR M R GORS UL 28380 Fr iR 2L i
C = (G C1Rp x (N - L) it B8, A& Uk T 5 Luenberger B4
P el B R ' R4 L 28 T4 5158
FEX2)H

Zl(t) :Alzl(t)+GIC1(x1(t)_Zl(t))+ GICZ(xZ(t)_

7e) = Gale) + Com(s) + S,Qumls). 2(1) + 68,0 + B, (5)

K S,: Q. H—R?,

2(t) = Az (1) + Bof(1), (6)
|'(an‘1,”)] f(t) = Fiz(¢). (7
Sw=) i | VeEOGH R G R F AP BINEEERI L x p Mr x LIERE.
(Qnepr 1) BN ERER T, X)), ()R THIRHE
S,Qnu(t) FRAMI G L . - AL
B 1 [ A, B\ F, 0 0 0 I = ] PF(u(t))
4 6GC, A -6GC +BF 6S 606G -G6G6G| =z 0
Qe j=| O Q.BF, -40,. O 0 Qe |+ | QuF(u(t)) |. (8)
i 0 B F, 0 A, 0 x; Py F(u(t))
L 2,1 L 0O B, F, 0 0 A, AL z, | 0
ic
w(t) o %2 1
w(t) = [ ( ],wl(t)= zp |, wy(t) = [ ], Lw(e) 1= (1 w(e) 12 +1 wy(2) 17)2.
wy(t) 0.1 2z

A AT F RE(8) s HtaE .
4 PR RSRIEEFE TS (Exponential stability of closed loop systems)
BEITEEMNBE,I F = 0 WHEE XHEARRSE(8) A

% 4, B\ F, 0 0 0 %)
Z GC, A -GC +BF G6S G6C -6G]| z ‘
Qu|=| O Q.BF, -4Q0, O 0 Quu |, (9)
%, 0 B,F, 0 Ay 0 %,
% 0 . ByF, 0 0 Az z
iz i 0
%2(t) - (1) = ' (zn - 2) G Cre™ (g — 230) |. (11)
AR S
BRI THEAFRE 2 10 A izl LBF iz
i) A B\ F 0 7 = AEIR(IDE—ANER(12)ELKERLE, BR(9)
4 ]= [GICI A41- G Ci+ BiFL GiS, }[ 21 ]+ EAERR (1) (12) BT eI (1).
Qi 0 Q.F - AQ, 1L Qu BH %
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2 #® 5 M H

B0k

N
I /RN P2 R W S & B

A
[IL 0][ A B, F, L 0
-1, !lec, Al—GlC1+B,Fl][IL IL]=
A, + BiF|  B,F,
[ 0 A,-clcl]'

RIEBEE 3, AR R EEE, 7 F, M G, {73 4,
+ B\ F, N A - G,C, E@ﬁﬁﬁﬁ’%’]ﬁ{— /) R
- 77L} *u{— 77L+l""’ - 772L} Eﬁl@

M < N2 < " < Mgy g < N < Apyl-

id
Al BlFl
Au = | .
G,C, A, - G,C, + BF,
A, B, F, 0
A= [clcl A; - G,C, + B|F, 0 }
0 0 - AQ,
0 0 0
B = {0 0 G,S. |,
0 QBF, 0
WAy ERRERE b TR

Il etnt || <« Mie ™, ¢t =0,
Hep M, = 1 A5 n BREER. X - AQ, £,
AR e 10 R

| e4ef || < e ®a?, ¢t =0.
FREL, A HERRERE o R

Il et || < Mieh', ¢ =0, (13)
BIEEBMNSIEISh 4 + B ARKEBERE

I e(,hé)z I < M,e‘(”l"”n HEcu)z’ t=0.

HERALF,G MRS L HXMS n XX. By,
B,, Cy, C,IITEBR—BAE RN, 5 I fn FEX. X

” QnB ” =< (I an] |2 + o anr Iz)%,

ISl < (1 Quer P+ +1 Quey Iz)%,
L n—>o0bf, | QB =0,11S. 1| =05, %
- o B, | Bl >0.0 n BAAKMER ay,y < 7 -
MIBl.,3¥2p=n-MI1BI,M
w < apy << Y
| e@+B || < Mie*,t = 0.
SFFRGE(LD, BERES AR

w,(t) =

P [
e(A+B)lwlo + JOC(A+B)(1—3)GlczeAzs(xm _ zzo)ds.

) AR IR p I
| wi(t) |l Mye @t t = 0. (14)
Hrp
My =M (L w1+ 11 G LT Gy (-

a“.l)_l ) X20— 220 l).

HKEX(14)ZRN_EAE1THR(12).

2
el S 2]
2 = 0 Az’ 2 = BZF,’

W Byl <¥2I B0l | Fyll i Ay BB BE
WE etz || e, t=0.H

t
wz( t) = eAZZ'wm + j-oeAn('_s) anl(s)ds ,

RAEX(14)HERN T ETHE
| wy(t) < Mze™™, ¢t = 0. (15)

He
My =1 wy l+2M, | F L || Byl (agyy - @)
A1) BRAARE (9 WIEER
R BEE L R 3 BGL, XSS
w > 0, FEEY K FBRE(9) MEMFIE wo
KL w(t) HE
L w(t) l<s Kl wole™,t=0. (16)
Hp KRBT ALF, G UK BRICH—MHE
HK TS IERHEMEIE . X e, AR () A Gk
SF xy fl z, MAHEE x,, 2 F Quu, HILAEEM L
F x, Mz, Wi MG «,, 2, M Quu. 3 H., BHUE |
BHREBIESKN n > |, XFHELEHETE BT
AbFRARMIIY 2 S, FiEdlE S QB M BBIEL M
MK RT. BT, EIERER, B = 1.2
x(t) = Pu(e), XBFX(8) LA

2

s =
| Qu
A B, F, 0 xy

G,C, A-G,Ci+BF, Glsn}[ Z) }+

0 Q.BF, -AQ, L Quu
[ P.F(u(t))

0 :\, (17)

\_Q,,F(u(t))
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%1 P, F(u(t)) 2%6. ..
w(t) = | 2z |, Flw()) = 0 ’ (4] BALAS MJ. Stable feedback control of linear distributed parameter
systems: . time and frequency domain conditions [ 1]. J of Mathemat-

Qnu Qn F(u(t)) ical Analysis and Applications, 1998,225(1) : 144 - 167.
(18) [5] YOU Yuncheng. Inertial manifolds and stabilization in nonlinear elas-
Hi o . tic systems with structural damping [ A]. Differeqnrial Equations
w(t) = eA+By, 4 j eABU-) P 5))ds, with Applications to Mathematical Physics [ C]. Boston; Academic

0 Press, 1993335 — 346.
(19) (6] XU Chengzhong, BAILLIEUL J. Stabilizability and stabilization of a
HEEF

| FCw(s)) 1=1 F(u(s)) 1<
L1u(s)ls Ll w(s)l.
R A Gronwall A2 R R]18
1 w(t) l< My 1 wp e (M, ||B||»Mll)t_ (20)
FrLA, REE Lk Fo R G, (EBAHRL 5, F0 M,
W
n-MIB| -ML > o0, (21)
WAAFBESREON)IBEFRE A TN EH.
ER2 RBE1,283 8, mREEHEF
BRMMMEF C RRIBET G, M F, WERES 4
=p-MIBl - ML >0,WLAARARFRLEUT)
BRER w(t) l<s M) w1 e %t = 0,HF M,
1 n ARO3)FRTAH.
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