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Abstract: In this paper, the exponential stabilization of the heat-wave coupled equation with observation and collocat-
ed control is discussed. The system is only polynomially stable when the control is zero. Two feedback strategies, static
negative proportional feedback and dynamic feedback are designed. By the direct method of Lyapunov function, the expo-
nential stability of the closed-loop systems is tested. Moreover, the Ho, robustness of two controls is further analyzed and
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Key words: heat-wave equation; boundary feedback; exponential stability
Citation: JIN Xuelian, ZHANG Sijia, ZHENG Fu. The exponential stabilization of the heat-wave coupled system and
Hoo robustness. Control Theory & Applications, 2021, 38(12): 2069 — 2075

1 35

ASCHIE T A T A 7 R A i 2 ) — 4 AR
H R,
2i(t,x) — 242 (t,2) =0, z € (—1,0),
Yu(t, 2) — yuu(t,z) = 0, z € (0,1),
2(t,—=1) =0, y.(t,1) = u(?), (1)
Yi(t,0) = 2(£,0), yu(t,0) = 2(¢,0),
2(0,2) = 2% y(0,2) = ¢°, v:(0,2) = y'.
ARG — Y 8] TR A S5 R A BAE 2
AR — MR RAT AT — AR AR BN 52 2H . X B &
AT AN (=1, 0), S8R 5% B & (125 18] 80,
1), z(t, x) L 7t ZI AT fEx € (=1, 0)4k 1) iR F2,

WACRE 30 2020—11—17; 3 HI: 2021—04—28.

TiE{E{F# . E-mail: zhengfu@qymail.bhu.edu.cn; Tel.: +86 13841631604.

AL FEk.

y(t, o) TRt ZIFE 5% Ex € (0, 1) A FATS )
RrFE, BT ) e v red ek B2 1E R 2, A8 5% 1) A i S it
NeumanniZl 5t #% iy, (¢, 1) = u(t), 37 B A R HE
MIMO(t) =y, (¢, 1), PAFFZAEN T Mz =0 (H
FRAEAR S T A, STHR (110 RGe R T a1 al
PEAES E PEHEAT 1 VRGN BRI AT, 45 SR AR W R
u(t) = O, R 2 WA E 1, A 2 R Hka e
[1); A3tilu () FAERT, RGEF AT, STk [2-314
T Z ARG SE R, (FRE RGN R E M 7 T,
W33 R G002 2 WAFE 1, TS TREASE 1.
o) BEA Z AR E R EEE T EEH—
TRBAE K RGEATT IR IHM — DM RER T H R R
(BITREER SRR EAE I, BT 2N 4 AR

F A B AAREARESIH (11871117), ILTEAB [T RAB A I H JJL201915408) 8.
Supported by the National Natural Science Foundation of China (11871117) and the Scientific Research Fund Project of Liaoning Provincial

Department of Education (JJL201915408).



2070 B oW H w5 M OH 38 &
PUBIR S, R R ZIe8REm, HFARIE 2 BSKRBERGNESREEHE

ARG T F AR E B SCHR [41H0RT FL 45 21
DR, AR filw () Bt N R i Bhas R st
P
u(t) = —n(t), n(t) — Ot) + fn(t) =0,
LIS 5 R B o A BT — A 2 AR 2 K RGeS
BR[5]), (HAREA RG0S 2 TR E 1. AT AR 2
REURUE RGE(1), 7 NSRERRE RO 1 rp Sk
i, PRI 52 SRR [6-10179 Jm A2, AR SCR A i S bl
S
u(t) = —kO(t), k>0 )
BN B 7
u(t) = —c'w(t) — dO(t), (3)
= Aw(t) + bO(t), 4)

He:u(t) € ROZEEHIZ RS, A e RMEE
KR, b, c € RYEF| A&, d 1B HL A CEERH
Lyapunov BR #0560 1IE R St (1) 78 51 L e iz i) (2) Al
ENAS Rz (3)—(4) FEb R FRERS E 1.

R R S I AR 45158 BAF B A
Y JEAERY N 1% 42 HH Navier-Stokes /7 FE A5 M 5 #4258
I E H Al A RS S A — AT, (AR T X R R 44
5, 22 G0 1A 10 14 R0 I — A 05 2 AR i e 1) e A
CHR[12]45 H T AL ISR R A HIfR FIAFAE AT 5o 2
RAHEBON S, BARRG) 5 T, (H2ERtaE
P BT AMEZ I ML, T HIE 2 R 5 & 4 AR HERY.
L b, AR LR U Hhe e
IR TUNES, Rl G o7 12 R BE & A 7t i)
L, B — 5 R AR AR e RS B T E TR A R
WA RGN, A 2 - A R4
(Russel ¥ 3X i ff A FR 2 8] 82 BHLJE AL TS99
WA R G020 b R g5 19227810 Ak
GE b 38 ok ST R A R el T T 4 &R
GlT | BT R T R A R GV ORIR Ty R
TR A R4

B S 5 (2) /& AR H 22 L, W] WOSTHR [10, 281 %
HA 2230k, 04 s sl (3—4) sk | HZ2H
%J: B A I s HAE AR H e 2T AR A

(1129321 o 1) B U1 e R R R RN AE B A
?"Eﬁ?ﬂ HH R A7 TR 1R, 35X AT E P9 iR 2R 15 )3 (Lemma
1.21, p. 19). KT I 55 4= 0] LG RS sh 45
AT 2 [ 1) 5¢ 2 0] WLSCHR [34-35].

AR T B2 XA BT A AR S 4 (2)
I R e e kAT 19T, B3 XA N T

ENASTL T ST (3)—(4) I P A Z 48 10 1 oA g R kAT
THEST; BB4TT4 T 2Mh bR H o BRI 78 70 2511

SRR

RG(DIEFFS Q) TR RGN
2i(t,x) — zpe(t, ) = 0, z € (—1,0),
Yur(t, ) — Yau(t, ) = 0, x € (0,1),
2(t,—1) =0, t >0,
Ye(t,0) = 2(¢,0), y.(t,0) = 2,(¢,0), )
Yo(t, 1) = —ky,(t, 1), t 2 0,
2(0,2) = 2°(x), y(0,7) = y°(z),
y:(0,2) = y' ().
FIANRGS) KRS A

H = L*0,1) x H*(0,1) x L*(0,1)
L

(m,m)n
QI Z(—x) 4+ ut + vo)dz,
Hptim = (2(—), ()7 (), m = (Z(=), a(-),0(-))
€ H. 23, 2G5 HREE
E(t) =

> 0~ 4l D + ()
FEAHNE T ik ARG T
BOX (1) = (=(t,—2) y(t.2) wilt, )", WK
RG(5)E B ZR o TR
Zea(t, —T)
Yty =Bxw=| wta |.

dt (6)
Yoo (T

, )
X(0) = (2°(=2),y"(2), y'(z)) € H,
HASEF Bitse SUEN
D(B) = {m = (2(—z),u(z),v(z)) €
H|z(—x),u(x) € H*(0,1), v(x) €
H'(0,1), v(0) = 2(0), 2(-1) =0,
uz(0) = 2,(0), u(1) = —kv(1)}.
1 HT7BIEH AR R TC,
S
ik RESEH, E1BRMEHE Y, HEET
B

Re(Bm,m) =

%KBmWU+UmBmD=

- j z)da — kv?(1), %
A Re(Bm,m) < 0, B BRFERE 1. Lok, FIH



512

B PR A RGN TEEUE M H o B 2071

FHE e X, 5Tk
B = (3(t, —), —5n, —iia),
Vi = (2(t, —x),@,0) € D(B*), & 38N
D(B*) = {m = (2(—x),u(x),0(r)) € H|z(~x),
u(z) € H*(0,1), v(z) € H'(0,1), 2(-1) =0,
9(0) = 2(0), .(0) = —2,(0), a(1) = ko(1)}.
AR,
Re(B* i, i) — — f: 22 (—a)dz — k52(1) < 0.
Fr UL, B* 2 ¥R+, HE 15t B 5 BAE R
RIRERET () 2 AR (e H6.1.8).  HIEHE.
FIHFE RIS T ARG REEM, HH R
GLS)HIME— AR T LLERT (£) Xo %5 . Bhah, M H1H)
IERRIRE R E (1) 5B T () MR R T ARG S)RE =
2
d 1
TE) =~ [ 2t —a)de — kg2t ). @)
ATHRIARGG)IFREFEEN, 20<e < 12
A DL E 3 B ) 2 30, 7 1E Lyapunovik 3 G(t) =
E(t)+ep(t), HArot)RIFER KA A T 4 H
ed(t) M BAARIE, HemAG)RE1AEIFRH

SrBU ARAT
d

t,—x)|*dx + 2y, (t,0)y,(t,0) <

4 [l —o)Pde + 20,1 0w (1,0), O
Sep: R 1A P ) T Wirtinger 124 5%, 3¢
zmﬂmﬁ%&aﬁﬁ%mﬁ%ﬂmﬁ%@ﬁLx
Yt (tv x)ym (t7 x)dxﬂf%’c

d !
Ejo xy(t, z)y, (¢, z)dx =
1 1
LRy (1) = 5 [yt (t, ) + ¥, (t, 2)d.
(10)
R, EEE
d

0= 0) + (- (e <

1
- 2yt(ta O)yr(tv 0) + fO [yt2<t7 .%') + yi(tv {E)]d:(}
(11)

BG4 T % R IHTESEA Xiy, (, 0)y, (£, 0) 4.,
7 1 (1) i 3P BB B (8) o A SO A

#wﬁ%@ﬂ%my+%unﬁﬁﬂuﬁﬁﬁ%&ﬁ

IS SO A T (585 BGE R 2)
- -L)l mdBdex, m = [Z(ta —:L’) Yz yt]? (12)
Hr

d=10

0 ; 13)

r 1
0510

il LA 4 B 5 () FlLyapunov
A R
BIE 1 LyapunovEi3G (1) 5t TAER (1), B
IR R R
(1—e)E(t) <G(t) < (1+e)E(t).
SIER2 B ()

d 4 1
o0 < B + 5L+ )yt 1), (a4)

FELE AT E S B2 B, Sebh i — N,

FE 1 R EG() B3I LR, BT84 4 TSk B
TF 5 $5 FE A0 B0 7 P48 B84 5 1 i F 1 ¥ Lyapunov i
KB 3N T W RS X iy (¢, 0)yz (£, 0) 110 51 .
i BH R B R HUR N T AT 6 (¢) P & THUAE H A ST A 7E — it
SR8 R E(t) & T8, L, RERIREECR AN — 1,
RUHBIER (4 T TS SR

EE 2 BREE)EAW R

1 4_e
B(t) < 1—e HE(0),
— &

0
1—=x z
2

T

G () RIE S,

HAei 20 <e < 1.
e HE(Q) G| 2 AT A

d
&=

d
SE(t) + 2 6(t) <

—j 2(t, —z)dx — ky?(t, 1) —

§(k2 + 1)yt (tv 1) <

4

Horp: TS iR
k:ff(k2+1)>0 (15)

e < EEE A R (3175 [ 15

4

G(t) < e #TLG(0).



2072 Boh B 5 M H 38 %K
AT 115 K R S0(16)'5 i S s R
B(t) < ifie*%ﬁ@(oy 2t —)
i So=pyw=| "0
3 FARBAGNESREE Yoo, )

RAWTEINE RN (3)~(4) FTHIHR RGN
2i(t, ) — 240 (t, ) =0, z € (—1,0),
ytt(tax) - ywm(tyx) = 07 MRS (07 1)7
At,~1) =0, t >0,
yt(tvo) = Z(ta 0)7 ym(ta 0) = zr(ta 0)7
Y. (t,1) = —cTw(t) — dy; (¢, 1),

= Aw(t) + by, (t, 1),
2(0,z) = 2%x), y(0,z) = y°(z),
y:(0,7) = y'(z), w(0) = n,
HAA, b, e, dilw(t)7E5] F RO . RIS HRK
T a0 B

H,: 5ERE AR A RHIEE A 571955,

Hy: (A, b HIR (e, A)&n] M,

Hs: ST E W L8, A7 —H 0y > 0, 115
d > ~yHl

d + Rec' (isI — A)~'b > 7.

i1 Meyer-Kalman-Yakubovich 5| #1[®1 (P. 1786) 7]
A, R UM R, X4 e X FRIE B HEQ e
R™ " FELEXTFRIE EHPEP € R™", [ &q € R™, &
A > 032

AP 4+ PA = —qq" — AQ, (17)

2(d —v)gq. (18)

(16)

Pb—c=
FIANRG(16)Z A
Hy = L*(0,1) x L*(0,1) x L*(0,1) x R"

Fe 3 BRI

- L et =
(my i), = 5 | ((-2)E(
%u?TPw, (19)
St m = (2(—), (), o), w), 0 = (3(~a), 3,5,
W) € Hg, ILEHFEPOAE LHZH.

ELY (1) = (2(t, ) y(t.2) ult,x) wH)".
B BafE SG80N

z) + ut + vo)dz+

D(B) = {m = (z2(—=),u(z),v(z),w) €
Halz(—=), u(z) € H*(0,1),
v(z) € H'(0,1), v(0) = 2(0),
2(=1) =0, u;(0) = 2:(0),
u(l) = —ctw — dv(1)},

Aw + byt(ta 1)
w)7y07y1777) € Hd-

Y(0) =Y, = ("(-
(20)
JUPAT G g e PR AL
FEIE3 T BfEH bR R R AR
CoFHETL (1).
iE RAESEW, B 7 BaMEMET, HEE
i

Re(Bqm,m) =
5 ((Bam,m) + {m, Bdm)) -
— f —z)dr — =[1/2(d — y)v(t,1) —w"'q)*—

v3(t, 1) — ?wTQw.

b, FIRIBEHESE T 10E X, 5T 3RK1G
Bl = (3(t, —), — 0y, — iy, — A — bi(1)),

Vi = (2(t, —x), 4, 0,w) € D(Bj), & XA

2(—1) =0,

%wT(PA + ATP)w < 0.
FT LA, Bt 2R 1, 245 th 55 1 Ba Ak
IR Ty (¢) R R HEEE.
AR BT R I 20 BT ) R B (16) /238 7 119,
I HERME— AT DL Ty (¢) Yo2a . BeAh, R RS
(16)MfREE
)= 5 [ 1=t —) + et )+
lye(t, ) |*]da + %wTPw

FEARR T ik AR v A, A b e B IR R



%12 &5

L AR T RS REE M H o B 2073

ATLLVE H R 5 (16)REE I FHGH 2
d jol 22(t, —r)dr—

—FEa(t) =
SV =l 1) wg-

dt
Yy; (t,1) — éwTQw. Q1)

N T A H Lyapunov BR 07515 2l R4 (16) ) FaEE
FETE, #i& LyapunoviR 3 Gq(t) = Eq(t) +eo(t), H
10 < e < 1Me(t) 5 1AL 531 #1301, Fan R
ok

§|ﬂ3 Lyapunov B # G, (1) 55 T RE R Eq(t),
RIGN N R R ALOL:

(1 —¢€)Ea(t) < Ga(t) < (14¢)Eq(t).
X RG0(16), HBhEE e () BA I R .
SIFE 4  HHBIEREG ()T
%gzb(t) < - %Ed(t) + (d* +

cct|w(t))? + %wTPw. (22)
iE HER TS
5f X) 2 (t, —x)dz+

1
S )+

- fo (1= @)y (t, @)y (1, 7) da+

1 (1

g fO (1 - x)yx(t’ x)yzt(ta $)d$+
1

fo Yy (t, ) yee (¢, )dz+

1
fo Y (t, ) Yur (t, x)da =
_1

5 Jo

1 el L,

3 fo Yi(t, )y (t, z)dx — fo y; (t, x)dz—
1

fo ZEyt(ta m)ymt(ta $)de’ + yazc(tv 1)_

1 1
2
fo Yo (t, x)de — fo Yy (t, ) Yo (t, ) dw <
9 (1
-~ 5Jo
iflyz(t w)dz +y7(t, 1) + 2 (t,1)—
10 Jo 7= A" T\
2(t 2)da — 12(t )da—
J, vttt a)de = [ g2 2)de
1
jo Y (t, )Y (L, x)dz—
1
jo Y (t, T)Yuw (t, x)dx <

4 rt 4 rt o,
)y * (¢, —ar)dx—gjo y; (t, z)dz—

4 2 2 2 d
= J, vRt@)de + 20 1) + 4200 1) - o(0).

2(t, —)da + y2(t, 1)+

(¢, —a)de + — [ 42t 2)d
z°(t, —x x+1of0yt ,x)dx+

FIreL,

d
ad’(t) <
4

2 1

HTy.(t,1) = —cTw(t) — dy(t, 1), FrLA
y2(t, 1) < QCCT]w(t)|2 +2d*y2(t, 1),

FHAN B ATER(22). HEEE.

EE 4 RGN6MNREEE(H)EE W TR
1 i
Eu(t) < e ‘WEdm»

Hor: 0<5<1{Eﬁ/@0<5<2 *Dﬁﬁ it
?wTQw —ecct|w(t)]? — ngij\jEEE@.
e ESe@D)A G B4R A

d d d
0 = G <5y000) <

— L t —x d.%‘ — *€Ed( ) Vytz(t7 1)_

A
5wTQw - %[\/2(61 — Vet 1) —wh g+

2
§(2d2 + D2t 1) + eecfw(®)? + sew Pw <

_4¢ - S 1 1R 1) -
ST Galt) = [y — 52 + Dl )

SR = () wg

wr Qu — ecc™ |w(t)|?

4 ¢
— = Gal(t),
51+¢ alt)

H NS E e iR
{'y _ §(2d2 +1) >0,

2
- gszPw] <

A 2
ngQw —ecc|w(t)]? — gszPw > 0.

Xl e H AR BT A e T B 2 4. Hki b
L3 e IR

Ga(t) < e 371G 4(0).
B PR 5133, 43

1 4 _e
Fa(t) < e trietB,(0).
— &

.
4 H  JbR#EH

TEAT, %2 3CHR (38118 &, BiF Tt R 48 (1) 7E 5 gl
it 42 ) (2) AN Bl 25 I % 1 (3)—(4) ™ B P 3 1)
H o 2 1) I . 1 506 R A7 B A9 s s o H o B 11,



2074 oW OS5 MM 38 %
W% ERF ()N Rt Hrp
24t %) = 2ga(t,0) +wi (t,2) = 0, € (~1,0), _g 0 0 0 _lio 0
ytt(t7x) - ya::r(ta'x) + wz(t,l') = 07 X E (07 1), 2 1
0 -2 0 0 0 ——
2(t,—1) =0, y,(t,1) = u(t), 5 ) 110
yt(tvo) = Z(t,O), yz<t70) = Zz(t70)7 U, — 0 0 _g 0 0 _5
L =
2(0,2) =0, y(0,2) =0, y:(0,z) =0, 0 0 0 %(1 +k%) 0 0
(23) 1
Horbao, (£, 2), wa (£, ) € L2(0, 00; L*(0, 1)) AN 454 1 01 % 0 0 0
B, AT VFIANT LB BAAXT Z2 34H 0 -5 3 0 0 0
X(t,x) = (2(t, —2),ya (t, @), y:(t, ), u(t)) HTG(t) = E(t) + eo(t), Fr LA i :(24)-(26) 7T
M, R LR R G T R, A A 1
BT o 30 0 ) AR, 285y > ORI LU Ao S dsk W(t) < jo Y (t,2)PY" (¢, z)dz,
#H1(2), XF B A B F VAN T Hiw, (¢, o), we (¢, Tif
), AR R G5(23) I (2) ARG 2 9
J= [T [XXT —y(w? + ud)dadt < 0 “os poret
= — y(w] + w3 )dxrat < 0,
o Jo o 0 1-% o 00
AT e FIR A, FRAMERR T AL 50 o _
a i 1 T 9 9 v = 0 0 5 — g 0 0 —5 ,
W(t) & ZG(H) + J, XXT = A(w? +wd)dz <0, . . O
(24) a 0 0 0 — 0
LG () RAEH2NT I E U, RIS 4 0 . 50 0
e F TR 2R B0(23) A1 2R () 9 AR 47 £ S b, L. 2 }
ERRT, M RPN Tt MO cos KA, T Hiftra=—5 = 5. b=~k +k +(1+4).c=
1

J < = Jim G(t) + G(0),

HTG(t)Z2IEEMFHFHG0) =0, FrblJ < 0.

BAE TR ZAM G RQH AL H LY (t,2) =
(2(t, =), Ye» Yar Yo (t, 1), w1, wa), W47 RS HIIEHA,
H) FH Wirtinger A~ 56 (UL SCHR [38170 51 B 1) AT PR R

GZ(23)MAXQ)FH
d 1 -
SE(b) < jo Y(t, o) 0 Y (¢, x)dz, (25
Horp
-2 0 0 O —1 0
2
0O 0 O 0 —1
2
, = 0O 0 O 0 0
0 0 0 —k O 0
1
—5 000 0 0
0 1 0 0 0 0
2

KA, 173&?%2%43%%5)5@1&#, Hh LB 2
CHRRQE

d 1
(0 < fo Y(t,2) WY (t,x)dz,  (26)

= 5(1‘01). SCREE LA A

TS WRER S K, Rk R 6
SERI(—W > 0), W R GE(23)7E Gt b7 3 5 s it 42 il
Q) FRAH EHEN.

5 5R U 1 2, — 77 1, ] IMATLABHLMI .
HAVREE 5 AR A8 RS A4 S 8e, vk 7 5E
f); S— 5T, R AT A8 335 R Ik th AT 45
R GE(23)1E B Ll il A i ] (3)—(4) B R H L B s
e ot
5 BgfEE

o LA 10 4 ) R A O ) AR R A R G
YIRS, RN 2 DAFRE M. A T HRF
RO, R T 200 5 e i, FI A B #2
Lyapunov iR EEIRIE IR R G R FRERRE /Y. 75 2R
il e R A, AN E 3G IE2 R 3R R g8 AT H B
Lyapunov pR 525481, 111 H R G dia Boks e ME 6L ik
IR G PR TR RGO T WHs & H B,
TR ZE 545 i R G R H B TE 0 46 1F. SR, B
T A EhAb, S AR AEAE BN, SR e it
S AT R EE A TR A, W STk (8, 39]. Lt
A, R A SC A 45 Bk n] DAWT 7T R G — SR Ea
P DR AU P S5 ) R




%12 B PR A RGN TEEUE M H o B 2075

SECHk:

[1]

[2]

[3]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

ZHANG X, ZUAZUA E. Polynomial decay and control of a 1-D
hyperbolic-parabolic coupled system. Journal of Diferential Equa-
tions, 2004, 204(2): 380 — 438.

RAUCH J, ZHANG X, ZUAZUA E. Polynomial decay of a
hyperbolic-parabolic coupled system. Journal de Mathématiques
Pures et Appliquées, 2005, 84(4): 407 — 470.

ZHANG X, ZUAZUA E. Control, observation and polynomial decay
for a coupled heat-wave system. Comptes Rendus de ’Académie des
Sciences-Series I-Mathematics, 2003, 336(10): 823 — 828.

JIN X L, YAN L, ZHENG F. Spectrum and stability of a 1-d heat-
wave coupled system with dynamical boundary control. Mathemati-
cal Problems in Engineering, 2019, Article ID 5716729.

WEHBE A. Rational energy decay rate for a wave equation with dy-
namical control. Applied Mathematics Letters, 2003, 16(3): 357 —
364.

MORGUL O. A dynamic control law for the wave equation. Auto-
matica, 1994, 30(11): 1785 — 1792.

MORGUL O. The stabilization and stability robustness against small
time delays of some damped wave equations. /[EEE Transactions on
Automatic Control, 1995, 40(9): 1626 — 1630.

MORGUL O. Stabilization and disturbance rejection for the wave e-
quation. IEEE Transactions on Automatic Control, 1998, 43(1): 89 —
95.

MORGUL O. An exponential stability result for the wave equation.
Automatica, 2002, 38(2): 731 —735.

ZHENG Fu, LI Yan. The uniform exponential stability of wave e-
quation with dynamical boundary damping discretized by the order
reduction finite difference. Control Theory & Applications, 2020,
37(7): 1589 — 1594.

CRBAE, 2540, HA Sl S e oy R r b B 22 02 B B i
—EURERENE. BB SR, 2020, 37(7): 1589 - 1594.)
PERALTA G, KUNSISCH K. Interface stabilization of a parabolic-
hyperbolic PDE system with delay in the interaction. Discrete and
Continuous Dynamical Systems-Series A, 2018, 38(6): 3055 — 3083.
BOULAKIA M. Existence of weak solutions for the motion of an e-
lastic structure in an incompressible viscous fluid. Comptes Rendus
de I’Académie des Sciences-Series I-Mathematics, 2003, 336(10):
985 —990.

LIU Z, RAO B. Frequency domain approach for the polynomial sta-
bility of a system of partially damped wave equations. Journal of
Mathematical Analysis and Applications, 2007, 335(2): 860 — 881.
ABDALLAHF, NICAISE S, VALEIN J, et al. Stability results for the
approximation of weakly coupled wave equations. Comptes Rendus
de I’Académie des Sciences-Series I-Mathematics, 2012, 350(1): 29
- 34.

BERTI A. A dynamic thermoviscoelastic contact problem with the
second sound effect. Journal of Mathematical Analysis and Applica-
tions, 2015, 421(2): 1163 — 1195.

GUO B Z, REN H J. Stability and regularity transmission for cou-
pled beam and wave equations through boundary weak connections.
ESAIM: COCV, 2020, 26(1): 1 —29.

GUO B Z, REN H J. Stabilization and regularity transmission of a
Schrodinger equation through boundary connections with a Kelvin-
Voigt damped beam equation. Zeitschrift fur Angewandte Mathematik
und Mechanik, 2020, 100: e201900013.

RUSSELL D L. A General framework for the study of indirect damp-
ing mechanisms in elastic systems. Journal of Mathematical Analysis
and Applications, 1993, 173(2): 339 — 358.

GIBSON J S, ROSEN I G, TAO G. Approximation in control of ther-
moelastic systems. SIAM Journal on Control and Optimization, 1992,
30(5): 1163 — 1189.

JUNIOR A, RAMOS A, SANTOS L. Observability inequality for
the finite-difference semi-discretization of the 1-d coupled wave e-
quations. Advances in Computational Mathematics, 2015, 41(1): 105
- 130.

[21] LIT T, RAO B P. On the approximate boundary synchronization for
a coupled system of wave equations: direct and indirect controls. E-
SAIM: COCYV, 2018, 24(5): 1675 — 1704.

[22] WANG J, HAN Z J, XU G Q. Energy decay rate of transmission
problem between thermoelasticity of type I and type II. Zeitschrift fiir
Angewandte Mathematik Und Physik, 2017, 68(1): 65 — 83.

[23] HANZ1J, XU G Q. Spectrum and stability analysis for a transmission
problem in thermoelasticity with a concentrated mass. Zeitschrift fiir
Angewandte Mathematik und Physik, 2015, 66(8): 1717 — 1736.

[24] CARDOSO RIBEIRO F L, MATIGNON D, POMMIER BUDIN
GER V. Modeling of a fluid-structure coupled system using port-
Hamiltonian formulation. IFAC-Papers Online, 2015, 48(13): 217 —
222.

[25] DALSEN M G. Strong stability for a fluid-structure interaction mod-
el. Mathematical Methods in the Applied Sciences, 2009, 32(11):
1452 — 1466.

[26] AVALOS G, TRIGGIANI R. Rational decay rates for a pde heat-
structure interaction: a frequency domain approach. Evolution Equa-
tions and Control Theory, 2013, 2(2): 233 — 253.

[27] HAN ZJ,ZUAZUA E. Decay rates for 1-d heat-wave planar network-
s, networks and heterogeneous media. Networks and Heterogeneous
Media, 2016, 11(4): 655 — 692.

[28] LUO Z H, GUO B Z, MORGUL O. Stability and Stabilization of
Infinite Dimensional Systems with Applications. London: Springer-
Verlag, 1999.

[29] LI H C, ZOU Z Q, WANG Y J. Dynamic output feedback control
for systems subject to actuator saturation via event-triggered scheme.
Asian Journal of Control, 2018, 20(1): 207 — 215.

[30] YANG X X, GE S S, LIU J. Dynamics and non-collocated model-free
position control for a space robot with multi-link flexible manipula-
tors. Asian Journal of Control, 2019, 21(3): 714 — 724.

[31] WEHBE A. Optimal energy decay rate in the Rayleigh beam equation
with boundary dynamical controls. Bulletin of the Belgian Mathemat-
ical Society, 2005, 12(1): 1 - 16.

[32] GUO B Z, XU G Q. On basis property of a hyperbolic system with
dynamic boundary condition. Differential Integral Equations, 2005,
18(1): 35 - 60.

[33] HUANG J. Non-linear Output Regulation: Theory and Applications.
Philadelphia: SIAM, 2004.

[34] FENG H, GUO B Z. On stability equivalence between dynamic out-
put feedback and static output feedback for a class of second order
infinite-dimensional infinite-dimensional systems. STAM Journal on
Control and Optimization, 2015, 53(6): 1934 — 1955.

[35] WEI J, GUO B Z. Dynamic and static feedback control for second
order infinite-dimensional systems. Asian Journal of Control, 2020,
21:1-10.

[36] JACOB B, ZWART H. Linear Port-Hamiltonian System on Infinite-
dimensional Space. Basel: Springer, 2012.

[37] KRSTIC M, SMYSHLYAEV A. Boundary Control of PDEs: A
Course on Backstepping Designs. Philadelphia: STAM, 2008.

[38] FRIDMAN E, ORLOV Y. An LMI approach to H.. boundary control
of semilinear parabolic and hyperbolic systems. Automatica, 2009,
45(9): 2060 — 2066.

[39] FENG H, GUO B Z. New unknown input observer and output feed-
back stabilization for uncertain heat equation. Automatica, 2017,
86(1): 1-10.

e R

EHE AR, LY EENFE DA S HR G HRRE VT,
E-mail: 39849307 @qq.com;

B LB, SR EAFE S SR SRR E R,
E-mail: zhangsijia@qymail.bhu.edu.cn;

BRI EENE A SR R AR E T S
{HIEL AT EE RGLHIRE S, E-mail: zhengfu@qymail.bhu.edu.cn.



