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Abstract

In this paper, we are concerned with boundary output feedback stabilization of a coupled second
order ODE-wave system. We first design an observer for ODE-wave system by output of original
system and the effectiveness of observer is proved. Then an output feedback controller is pro-
posed based on a state feedback controller in [1]. Operator semi-group method and back-stepping
transformation are adopted to prove that the resulting closed-loop system admits a unique solu-
tion in state space and the solution of closed-loop system is asymptotically stable.
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1. 5|18

FEMUR Dol BRTARUR . TAVRK&SETT I, — 4k s 77 B2 8% 77 72 vl DU VF 2 W B 5 .
PRI, A YA AR FL S m B AR 2 21 1)z Mo — BB LN, IR R SRR S
e, BULRGWEERGIEFEE, ST LRSI, R Em e LRmEEm. £dEm =+
Frr, ORI T — RPIR T 4RO I A BUE AR ([2]), P ARG R R AT AR A Bk
EHEENEH. URFEAFE (3] FEE (4]0, Back-stepping J7 75 AT DL SR SEHUAE & WL 28 4418 |
TS H

AR, BEEWFRIREN, Xk B2 PDE-ODE #& RGiHCH B TIE. 5], 1E&E%
& T #& ODE-3Z R HIHE @, el 73 m ERF S B RIE) 12547 . FE[6]FI[ 7] Krstic 45
73737 i& ODE-52 A1 ODE-XU 1 U7 Rl 5 R G8. SCTHR[6]HI 45 R AE) ™ 2 — A [ B JE ODE- R Gi i
R E T2 RGih: 53— HETT AT LAESTHR[8 R B, R N T AL AR S ) ODE-5277 . b
&) PDE-ODE #i& LAEUEIR TU R E RS, X THHARME RS, (9% N#H S5 =k ODE-
ARGV VRS RGN & RIAEIR AT DIZE[ 143, 551 — 4 R4t .

FEASCH, AT FE LT & —Fr ODE-J R4t
y”(t):azy(t)+bu(x0,t),t>O,
utt(x,t):un(x,t),xe(O,l),t>0,
u(0,¢)=0,u,(L,t)=U(t),120,

yom(t):{y(t),ut(l,t)},tzo,

y(0)=5,'(0) =,
u(x,0)=u0(x),u,(x,0)=ul(x),x6(0,1),

b x, € (0,1) B—AMARITIA, a>0fb20RMEH, v(0) Mlu, (L) RIEE. &
X (1) = (% (0,2, (6) = (p(0),0' (1) + TBATATAT LT RGE(L1)E Nl F I3k

X (t)=AX (t)+Bu(x,,t),t >0,

u”(x,t =uxx(x,t),xe(0,1),t>0,

u(0,¢)=0,u,(1,t)=U(1),120, (1.2)

Vour (1) = {x, (1)1, (L1)} 22 0,
X(O) =X0,u(x,0) =u, (x),u, (x,()) =u, (x),x € (0,1),

(1.1)
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ATCIYH B AR — AN R SR RN IS R G E, TRIRES RBUERTE[ 1 2 &%t H
Ko HISCRR[1ATSIEE 2.1 FRATTAT DARNTEAEAE — MERE K #3 4+ BK 72 Hurwitz [1.

LR R T, ﬁaﬂJL %%E’Jiﬁﬁﬂ”&ﬁﬁ%ﬁ’]mﬁ‘ i3l Back-stepping 25,
FATEH T KRG H AW =35, FATH Back-stepping W AR AL T HI3F R AR €
LG
2. 2 AR it

B, BATBFRSGA2)MMMZS T
5(0)=%,(0)+q (% (1)-x (1)), >0,

%, (1) =a% (1) +q, (% (1) —x, (1)) +bid (x,.1).£ > 0,
(x 1) =i, (x,t),t>0,

(0,£)=0,20, 2.1

HA k>0, ¢, g REFERBIFSH f—x M =a—u RIRZE, WXL
x (t)=)€2(t)+ql)21 (t),t>0,
% (t)=a% (¢ )+q2xl( )+bii(xy,1),1 >0,

0,£)=0,t>0, 2.2)
i, (1.t) = —ki, (1,1),1 2 0,

i] 0) xlo_xlo’xz(o):fczo_xzov
0

(x,0) = iy () 1ty (x).7, (x.0) = i, (x) 1, (x).
AT E SOIRZS 73 1]«
= {(f.2)" e H'(0.)x L (0,1)| £ (0) =0}
WA S RIEE T
o), =Ll G +le (o) e
RPIE R, -3 7 AR RS 3 1A) vh BA e — 4R B0 E i« RIE VB BOR SN, fAER B M >0, 5>0,

A

<Me™ 2.3)

(.00, (.0)) |
FIHPEISEASE, FRATH
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7 (x,, (1), (+ t))T“H < Me™ |(ii(,0),4, (-,0))" - 2.4)
X T #45(2.2)F1 1] ODE-i#fi 43, X EAFLEME—fi#
(%.5) =e*(%(0).%(0)) +] ") Bii(x,.s5)ds,
Hrp
q, 1
A = 2.5
: (a2+q2 0]’ (23)

7,<0, g, <-a’ RIHL. WPE, XTFEXPEEREMSE, 4 & Hurwitz {1, A (5,5,) 248
HRasE M. IG5 2.

53 2.1: Bifqg <0, g,<-da’, k>0, PLXHER S HIVIE (%, %50, 1y, ]) eC’xH, REQ2.2)#
ISR (%, (1), %, (¢),a (1), (-t )) eC(O,oo,szH) I HARGUQ.2) IR AR HRa € 1

S SRR AR AS B g il & ) J 6, B Tisev-4m th S It s 1

U(e)=][el, (Ly)+k (Ly)]a(y.c)dy—cl, (L1)a(Lr)
+], [P (D4 (v)+ep(1)a(v)]a, (v1)dy+¢'(1) X (1)
+[ TP (g (v) +ep (D) (v) i (v.t)dy +eg(1) 4X (1)
j (Ly)+ck(Ly)]a, (v.t)dy+cu, (Lt),
Hobe>0 RAEHS, k(xy). 1(xy). p(x). p(x). a(y). a(y)F1g(x)ie
k(x,y) ==& (1= )(") e ),
1(x,y)==&m, (1-e™ )(e“*'” —ehl),

(x) é;eﬁx _§ Ax

-A(2x0-)
b

2.6)

q(v)=ne” —ne
by (x) = élellx -& eillx

/11y A(2x9-)

@ (v)=me™ —ne : 2.7)

eilx

¢(X) = eilxo —e
KAB

2lelx0 (eixo _ e—lxo ) ’

—€
—Aixo

én=

KB
2]16/11)(0 (eilxo —e H% )

Sm =

A=4 =a.

XL PR AT SCHR 1 1 A RE(16)~(20) W 4A H -
EEHIERQ.0)Z T, BIER RG22 REA:
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u, (x’

% (1)=
);cz (t) = azfcl( )+q2 (fcl (t)—x
i, (x,0) =1
1(0,/)=0,t>0,

i, (Le)=u, (Le)—k(a, (Lt)—u, (L))t 20,

1)=

[, [P (1)

X (t)=AX(t)+Bu(x,,t),t >0,

u, (x,t),xe(O,l),t >0,
u(0,¢)=0,1>0,

u, (Lt)=[[el, @)g+k(1 ﬂa(yod

)
+J. [pl +cp }u yt dy+¢(1)X(t)

)

0,

1, (L1)a(Le

y)+ep, (1)% (y)] (3.t)dy+eg(1) AX (1) 2.8)

+J.[l ly +ck1y]u ytdy+cu(1t)t>

5 (1

1) =

)+4, (% (1)=x (1)) >0,

1. (x,1),t>0,

5 B T AR A 1A A
3. ARG EEMSREM
INREAR T =a—u M (1) = (% (1), % (1)) RATTLLES REQS)MIF

= =

S ™ =™

u, (x,t)=

u(0,6)=0,t>0,

%@@:fpzu)

+

+

+

+

+

X (t)=AX (t)+ Bu(x,,t),t >0,
u, (x,t),xe(O,l),t >0,

(1)) +bi(x,,1),6> 0,

(1 )]u(y t)dy —cl, (1,1)u(1,z)

I [pl +cp )g(y ]u yt dy+¢( )X(t)

(
I [p +cp1(1

Ja(
)

() Ju(v.1)dy+ep (1) A (1)

q
I[Z Ly +ck(1 y)}ut(y )dy+cu, (1,1)

I[cl}y (Ly)+k, (L)

ytdy cl( )(lt) 3.0

Ja
I [pll y)+ep(N)g(y }u (»,t)dy+¢'(1) X ()
(1)

I [p 1 +cpl

i, (x,t),t>0,

?
—_

,(L1),120.

,,)%%ﬁﬁ%moﬁ%gnm%f,

al ()] (v.1)dy+eg (1) AX (1)
+I0[lx Ly +ck(l,y)jut(y,t)dy,t>0,

(1) =%, (¢)+q,% ()., >0,

L (1) =a’%, (1) + g, % (1) +bi (x,,1),1 >0,
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w(x,t) xt Ik X,y
-p(x)], a(v)u
FRAGG (X AR
X(1)=(A+BK)X(t)+Bw(x,,t),t>0,

(x,t)=w (x t),xe(O,l),t>0,
0,¢)=0,t>0,
w (1t)= cw(lt)+f()t>0
w(x,0)=w, (x),w,(x,0)=w (x),xe(0,1),

u(y t)dy j (xy) (y,t)dy

)
(

£(0)= [ el (Ly)+k, (Ly)|a(y.)dy—el, (L1)a(Lr)

+[* [P (e (»)+ep(D)q(v)]a, (v.1)dy+4' (1) X (2)
+['[p'(1) +cp1() 1(») i (pt)dy+c(1) AX

+j[l 1y+ck1y]u dy

yt)dy=p, () [" @ (¥)u, (3,0)dy—g(x) X (x).

(3.2)

(3.3)

3.4)

B 2.0 J f (1) $RBCEIR. WU, FEFHEM, >0, §>0, Hiho RUMSITHIME, 4

|f(t)| <Me " t>0.

PAHERER 2% 6] H 2% 18 52 %(3.3) ) PDE #4)
w, (x,t) =w, (x,t),x € (0,1),t >0,
w(0,¢)=0,1>0,

w, (L1)=—cw, (Lt)+ f(t),t >0, (3.5)
w(x,0)=w, (x),w,(x,0)=w (x),xe(0,1),
X(0)=x,.
EXRGGSHMHT: A:D(A)—>H
A(f.8) =(g./") V(f.g) e D(A). 56
D(A)={(/.g)" e H* (0.)x H'(0.1) | A(/.g)" €H, /(1) =—cg(1)}. '
A BT R B A BT R
¢ :
A {WJ ( ] ( jED(A » (3.7)
)={(6:w)" € H (0.1)x H' (0.1) | A" (4,0) € HL ' (1) = ey (1)}
RGBT (by) e D(AT) 5 (w,w,) HA BRI
d (9 0 ¢
a<( ][ () ol 09
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Hr o () Romtkbisisnfi. Bk, REGSHWUERH FHREE TR
%(W(.,t),wt (1)) = A(w(0)ow, (1)) +BF (), (3.9)
K B=(0,6(x—1)) - KFTEE, BT AEH FERIBRRER C- B, WA, FFEK >0,
> 01615
e || < Ke .2 > 0. (3.10)
B TORIN T BI T B X ™ R ARVFI, HEH B X e R RV . REG.9)IIHHE AL R
w, (x t) (x t) xe(O,l),t>0,
w(0,¢)=0,¢>0,
w, (l,t) =—cw, (l,t),t >0,
v (1) =—w; (1,1),£>0.

RN A ZERE Co-2F8E, FTbh A" tEEAE R Co-2F- 8, EDRBGINFTE Co- 2. X RFEG.11)%E Xk
ERAR

(3.11)

| B A 2
E (t):E.[o(W’ (x,0)+w, (x,t))dx.
¥ E(t) W REG DR ¢ R G155
E(t)=—c[w; (L0)] . (3.12)
XF3.A2)% e o B TRy, JATH

o[ (L) dr =(E(0)~£(1)) < £(0).

H—J5H, BEfEiEE
A*l( J —cx¢ II dtds
7

(3.13)
B'A™ (Zj :(_¢0(1)],v(¢,1//), cH
45 th faT FAl v
o) =? (1) < [ 07 (x)dx < (o)} - (3.14)
Bk, AW HE C, BA™ RE R, KRB e RV, BT B X e™ & RV, & E
LML 7 % R G HLIR([10]), # f e L (0,0), MAGHFIEME—HE (w,w,)e C(0,00,H) .
(3.5) I fiFEA] LA Hi([107])
(W(-,t)»Wt (.,t))T =e (wy,m) +_[t Al SBf(s)ds.
TR TR (60) I THIEAL, AR T HIHMERI W S M, >0, 5,50, HATH
[CICOR =M (w(,0)w,(,0))'| e (3.15)

R e I S AN S 5
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|w(x0,t)| < H(W(-,t),w[ (-,t))T “H <M,e™™
[Kt, ODE #4 HIf#

X(t) - e(A+BK)lXO " ,[; e(“BK)("S)Bw(xO,s)ds, (3.16)

TR B E M
N THATT U A AR i (3.2) R P . SEFR B TARHRT LS Dy
u(x,t) = wln)= [ n(xy)w(r.o)dy=[; (y)(%)®
[ A w(e)dr =g, (0) [ 1 (), (2:)dy =y () X (7).
Kot $im(x,y), n(xy) g(x), &(x), A(y), m(y)Fy(x)#L
n, (x,y) -n, (x,y) =0,
n(x,x):O,n(x,O):—g(x)h(O),
m,, (x,y)—myy (x,y) =0,
m(x,x)=0,m(x,0)=—g, (x)%(0),
g"(x)h(y)=g(x)h"(v)=0,
h(x,)=0,g(x)h'(x,)=w(x)(4+BK)B,
g(O) On(xo,y)+g( )h y)=0,
/() (v) = (x)h'() =0,
& (%)=0.g (x)h(x,)=w(x)B,
£(0)=0,m(x,,7)+g (%) 1 (¥) =0,
" (x) -y (x)(4+BK)' =0,
w(x)=K,y(0)=0,

(3.17)

(3.18)

3K B O 1R
ATE T 556334 — g FLIRSZ FRBCRE 1 . JRATAG S T AT 1 B4
SEH 30:AR ¥ g, <0, g,<-d’, k>0, %BMM%E@%}J{E(Xo,uo,ul,)%o,zzo,al)Te(csz)z, EZ
%@&%ﬁ%—m%%@q)u@gu@gjﬁymﬂpMﬁﬂgc@quxmj,aﬁﬁﬁﬁﬁﬁmz

J(x ¢ (50), K (1) (50). 11, (1))
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