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1 ,(Mq�z#e&m8TT\nR�





wtt(x, t) = wxx(x, t), x ∈ (0, 1), t > 0,

wx(0, t) = qw(0, t), t ≥ 0,

w(1, t) = u(t), t ≥ 0,

w(x, 0) = w0(x), wt(x, 0) = w1(x), 0 ≤ x ≤ 1,

y(t) = w(0, t),

(1.1)

	_� u bT\<�� y b/k<�� (w0, w1) b=.eL�L q = 0 +�m8 0B x = 0 Aj5�B x = 1 AW�gX bT3i�L q 6= 0 +�	�<T1b Robin�<T1� 0B x = 0 A6#xH	g%��Tfp4�L q > 0 + 0tfblf
L q < 0 +�y℄ (1.1) (u = 0) W#6#x(l\�Y�,C 0tf-y℄(l\�}s_:5O/ [1]. T\�I6�℄Tty℄&EB�j~_��k�F�� [2–5] UU� [1] �8 Backstepping Tmg%%my℄ (1.1) �8k/�<E_�g�i 2016 � 5 � 25 �7O�2017 � 11� 28 �7O�uv�
∗ �(i�N��= (61174082,11671240,61503230) f�~�
† V�oG�



2� r���`('��7�;f$j.R"%l7Rk[� 269%T<�iWT\��j [6] 4�YTmg%%mV�8k/�<g%T<�iWT\�� Backstepping %%gB&m8�<T\nR"T14}O/ [7–9]. 58�<T\��/qYg�'"j~�8Cmg%%TT\���Q�sA�nC� [10, 11]4NL�TmgP{m#[2A�:T�<�/���4X-QK℄il\�A#+� [12] MtmW��<T\�I6+^TYg�/T#e&℄m8l\�nR�B+�b&B$+-T�A�+�	Q�m��y℄l\+iWD+yA�+�ulT;�T1�#�F4\NCy℄_tTU+A�mrt�a8�/�T\(Yg� [13] W�,� {W�+�YT\��-Q	�FTr)-Ay℄l\�N!V� [14] _ P�m#`�T,}y℄l\Tmg�#3r)-Ay℄pb℄L<�iWT\�9=y℄Æ5r�y℄XA�l\��8'"D���j�Fm#x�8�/�<g%T+^iWT\�-Qy℄ (1.1)l\�58+-�:�&b#`℄L��!93+^KpbiWT\T�℄��j3	Kpby℄A8T#,rA��F�,CO'4#5B�m8Xpb+^T}/
[15]. ; [16] T
e�owO'by℄ (1.1) %%�z<�iW

u(t) = az(1, t),	_ a ∈ R, z(x, t) ul




zt(x, t) + zx(x, t) = 0, x ∈ (0, 1), t > 0,

z(0, t) = w(0, t), t ≥ 0,

z(x, 0) = z0(x), 0 ≤ x ≤ 1,Ha z0(x) 2���\T=S�Æul���T1 w0(0) = z0(0), w0(1) = az0(1). owQPy℄ (1.1) T��y℄�z�





wtt(x, t) = wxx(x, t), x ∈ (0, 1), t > 0,

wx(0, t) = qw(0, t), w(1, t) = az(1, t), t ≥ 0,

zt(x, t) + zx(x, t) = 0, x ∈ (0, 1), t > 0,

z(0, t) = w(0, t), t ≥ 0,

w(x, 0) = w0(x), wt(x, 0) = w1(x), 0 ≤ x ≤ 1,

z(x, 0) = z0(x), 0 ≤ x ≤ 1.

(1.2)

[16]_U�W�g%<�iW��-Qy℄ (1.1)B6�T+-�l\�#B a = 1
2z�y℄ (1.2) 6�+-l\�	9
 {??W��<g%<�iW��-Q&m8UAl\��j-4(YTmgrtmy℄ (1.2). A#+��FmHy℄-A q T���T\`iWD+ a -y℄UAl\+T�Sj`��j�F�zA8Xay℄ (1.2) A�rt�9{�W���3=y℄d�P#x��Ty℄�	D�4Gh��_t� Riesz �Tmg�d�y℄T4\���F�A#+�rtm-y℄UAl\TiWD+ a T�Sj`����W�����=y℄T4\��l\��P{�n��AS}�A#+�Pm9t5e�
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2 u�$��"%GOQ��y℄ (1.2) _

z(x, t) =

{
w(0, t − x), t ≥ x,

z0(x − t), t < x.
(2.1)1,"�Mq�zm8






Zxx(x, t) = Ztt(x, t), x ∈ (0, 1), t ∈ (0,∞),

Zx(0, t) = −wt(0, t), t ∈ [0,∞),

Z(0, t) = w(0, t), t ∈ [0,∞).�- Z(x, t) B�: x ∈ (0, 1), t ∈ [0,∞) "6)*��_ Z(x, t) P t ∈ (−1,∞) ul




Zxx(x, t) = Ztt(x, t), x ∈ (0, 1), t ∈ (−1,∞),

Zx(0, t) = z′0(−t), t ∈ [−1, 0),

Z(0, t) = z0(−t), t ∈ [−1, 0),	_ z′0  0 z0(x) �8 x TMA�C Z(x, t) B�: Ω = {(x, t) : x ∈ [0, 1], t ∈ [0,∞)}"T:b
Z(x, t) = z(x, t) =

{
w(0, t − x), t ≥ x,

z0(x − t), t < x.o
w̃(x, t) = w(x, t) − aZ(x, t), (2.2)

w̃t(x, t) = wt(x, t) − aZt(x, t). (2.3)L x = 0 +�ow6 w̃(0, t) = w(0, t)− az(0, t) = (1− a)w(0, t), t ≥ 0. ,C z(x, t)�
b
z(x, t) =

{ 1

1 − a
w̃(0, t − x), t ≥ x,

z0(x − t), t < x.
(2.4)C5 (2.2), (2.3), (2.4), y℄ (1.2) �b






w̃tt(x, t) − w̃xx(x, t) = 0, x ∈ (0, 1), t > 0,

w̃x(0, t) =
q

1 − a
w̃(0, t) +

a

1 − a
w̃t(0, t), t ≥ 0,

w̃(1, t) = 0, t ≥ 0,

w̃(x, 0) = w̃0(x), w̃t(x, 0) = w̃1(x), 0 ≤ x ≤ 1,

zt(x, t) + zx(x, t) = 0, x ∈ (0, 1), t > 0,

z(0, t) =
1

1 − a
w̃(0, t), t ≥ 0,

z(x, 0) = z0(x), 0 ≤ x ≤ 1,

(2.5)
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w̃0(x) = w0(x) − az0(x), w̃1(x) = w1(x) + az′0(x), 0 ≤ x ≤ 1.L a 6= 1 +�W� (2.4) O'QP

w(x, t) = w̃(x, t) + a

{ 1

1 − a
w̃(0, t − x), t ≥ x,

z0(x − t), t < x.
(2.6)

wt(x, t) = w̃t(x, t) + a

{ 1

1 − a
w̃t(0, t − x), t ≥ x,

−z′0(x − t), t < x.
(2.7),C�owO'�Fy℄ (2.5) X�\y℄ (1.2) T4\�"l\��

2.1 �4
�oP- X = H1
R(0, 1) × L2(0, 1), 	_ H1

R(0, 1) = {f(x) ∈ H1(0, 1)|f(1) = 0}. \*Gh A: D(A) → X �z�
{

A(f, g) = (g, f ′′), ∀ (f, g) ∈ D(A),

D(A) =
{

(f, g) ∈ (H2(0, 1) × H1
R(0, 1)) ∩ X |f ′(0) =

q

1 − a
f(0) +

a

1 − a
g(0)

}
.

(2.8)Cy℄ (2.5) _ w̃ ,rB X "O
b�zeEm8
{

Ż(t) = AZ(t), t > 0,

Z(0) = Z0.Ha Z(t) = (w̃(·, t), w̃t(·, t)).-� 1 L q ∈ R, q 6= a− 1 +� A−1 FBÆbB X "T>Gh�,C A T�!ul� σ(A) = σp(A), σp(A) b A T�LSÆ2$�.KT�; a8 ∀ (f1, g1) ∈ X , % A(f, g) = (g, f ′′) = (f1, g1), OQ�
g(x) = f1(x), f(x) = C2 + C1x +

∫ x

0

∫ y

0

g1(s) ds dy,5�<T1OQ�




C1 =
a

q + 1 − a
f1(0) − q

q + 1 − a

∫ 1

0

∫ y

0

g1(s) ds dy

C2 =
a

a − 1 − q
f1(0) +

1 − a

a − 1 − q

∫ 1

0

∫ y

0

g1(s) ds dy.,C A−1 : X → H2(0, 1)× H1(0, 1) FB�|G Sobolev >�\_ [15], A−1 B X "2>T�,C σ(A) = σp(A) ÆV66�JAa| [12]. P���� 1 L a, q ∈ R Æ a 6= 1, q 6= a − 1 +� A '5m#x X "T C0- ���
D(A) = X . a8�)=.T1ul (w̃0, w̃1) ∈ X , y℄ (2.5) _ (w̃, w̃t) FBa#T:ul (w̃(·, ·), w̃t(·, ·)) ∈ C((0,∞), X). A#+�L (w̃0, w̃1) ∈ D(A) +� (w̃, w̃t) T:ul
(w̃(·, ·), w̃t(·, ·)) ∈ C1(0,∞; X) ∩ C(0,∞; D(A)).
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〈(f1, g1), (f2, g2)〉1 =

∫ 1

0

f ′
1(x)f ′

2(x) + g1(x)g2(x) dx

+ β

∫ 1

0

(1 − x)(f ′
1(x)g2(x) + g1(x)f ′

2(x)) dx + f1(0)f2(0),	_ (f1, g1), (f2, g2) ∈ X, max
{
0, 2a(a−1)

a2+(a−1)2

}
< β < 1. |G

‖(f, g)‖2
1 ≥ (1 − β)

∫ 1

0

|g(x)|2 + |f ′(x)|2 dx + f1(0)f2(0),�(�P\*T��6)*�a8�)T (f, g) ∈ D(A), 6�
〈A(f, g), (f, g)〉1 = 〈(g, f ′′), (f, g)〉1

=

∫ 1

0

g′(x)f ′(x) + f ′′(x)g(x) dx + β

∫ 1

0

(1 − x)(g′(x)g(x) + f ′′(x)f ′(x)) dx

+ g(0)f(0),C6
Re〈A(f, g), (f, g)〉1

=Re(f ′(x)g(x))
∣∣1
0

+ β(1 − x)
|g(x)|2 + |f ′(x)|2

2

∣∣∣
1

0
+

β

2

∫ 1

0

|g(x)|2 + |f ′(x)|2 dx

+ Re(g(0)f(0))

= − q

1 − a
Re(f(0)g(0)) − a

1 − a
|g(0)|2 − β

2
|g(0)|2 − β

2

∣∣∣
q

1 − a
f(0) +

a

1 − a
g(0)

∣∣∣
2

+
β

2

∫ 1

0

|g(x)|2 + |f ′(x)|2 dx + Re(g(0)f(0))

=
β

2

∫ 1

0

|g(x)|2 + |f ′(x)|2 dx − δ1|g(0)|2 + δ2Re(f(0)g(0)) − δ3|f(0)|2,	_
δ1 =

1

2

(
2

a

1 − a
+ β + β

a2

(1 − a)2

)
, δ2 = −q(1 − a + aβ)

(1 − a)2
+ 1, δ3 =

βq2

2(1 − a)2
.� β ul max

{
0, 2a(a−1)

a2+(a−1)2

}
< β < 1, C δ1 > 0. � q 6= 0 OQ |δ2| > 0. o

ε = δ1

|δ2|
> 0, 4 Young (U/� Hölder (U/6

Re〈A(f, g), (f, g)〉1

≤β

2

∫ 1

0

|g(x)|2 + |f ′(x)|2 dx − (δ1 − |δ2|ε) |g(0)|2 +
( |δ2|

4ε
− δ3

)
|f(0)|2

≤
(β

2
+

|δ2|
4ε

− δ3

)∫ 1

0

|g(x)|2 + |f ′(x)|2 dx.



2� r���`('��7�;f$j.R"%l7Rk[� 273,CFB M = |β2 + |δ2|
4ε

− δ3|/(1 − β) -Q
Re〈A(f, g), (f, g)〉1 ≤ M〈(f, g), (f, g)〉1. (2.9)� q = 0, C (2.9) |�5e�5 (2.9) OQ A−M 2Æ Gh�5-_ 1 OQ� A 2\ Gh�,C()#��)% M ∈ ρ(A). 5 Lumer-phillips \_ (/ [17, 102 !]) OQ

A− M '5m#x C0- ���|G C0- ��T6<�℄\_ ([17, 65 !]) OQ A B X"'5m#x C0- ���AdL q 6= a − 1 +�a8�)=.T1 (w̃0, w̃1) ∈ X , y℄FBa#T:ul (w̃(·, t), w̃t(·, t)) ∈ C((0,∞), X). P��
2.2 ��#zyoway℄ (2.5) _ w̃ A��rt�-� 2 o A 5 (2.8) z\�)% q 6= a− 1, C 0 6= λ ∈ σ(A) = σp(A) LÆ?LsA
λ ulNLm8 ∆(λ) = 0. ∆(λ) 5 (2.10) \*�; % A TNLm8b A(f, g) = λ(f, g). ,C g(x) = λf Æ f ul






f ′′(x) = λ2f(x),

f ′(0) =
q

1 − a
f(0) +

a

1 − a
g(0),

f(1) = 0.%GOQ λ ulNLA
∆(λ) = (λ + q)eλ + (λ − 2aλ − q)e−λ = 0. (2.10)P��-� 3 o C  0sA:�

min
{
|e2z − 1||z ∈ C, |z| = r, 0 < r <

1

2

}
= |e−2r − 1|.; o z = x + iy, r =

√
x2 + y2, P (z) = |e2z − 1|2 = e4x − 2 cos(2y)e2x + 1. ()#���owVMq y ≥ 0. �\ r ∈ (0, 1

2 ), o p(x) = e4x − 2 cos(2
√

r2 − x2)e2x + 1. V�P{ p(x) 2 [−r, r] "TKZXDA�a p(x) �M6
p(1)(x) = 4e2x

(
e2x − cos(2

√
r2 − x2) − x√

r2 − x2
sin(2

√
r2 − x2)

)
.Mq�zAB [−r, r] "TJYEJ





e2x − 1 − 2x =

∞∑

k=2

(2x)k

k!
,

1 − cos(2
√

r2 − x2) =

∞∑

k=1

(−1)(k−1) 2
2k(r2 − x2)k

(2k)!
,

2x − x√
r2 − x2

sin(2
√

r2 − x2) =

∞∑

k=1

(−1)(k−1) 2
2k+1x(r2 − x2)k

(2k + 1)!
.
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p(1)(x) >

(2x)2

2!
+

(2x)3

3!
+

4(r2 − x2)

2!
− 16(r2 − x2)2

4!
+

23x(r2 − x2)

3!
> 0.P��-� 4 o Z bMA� a 6= 1

2 +� A T�LS��L;���2C 0b
{

λk =
1

2
ln |2a − 1| + k′πi + O

( 1

|k|
)
, |λk| → ∞,

Fk(x) = (fk(x), λkfk(x)).
(2.11)	_






k′ =






k, a >
1

2
,

k +
1

2
, a <

1

2
, k ∈ Z,

fk(x) = eλk(1−x) − e−λk(1−x)

= K1(1 − x) cos(k′π(1 − x)) + iK2(1 − x) sin(k′π(1 − x)) + O
( 1

|k|
)
, |k| → ∞,

K1(x) = |2a − 1| x

2 − |2a − 1|−x

2 , K2(x) = |2a − 1| x

2 + |2a − 1|− x

2 .; bmQP AT�L;T2A�%�owMq�LS�-A a ∈ Rul a 6= 1
2 , a 6= 1+�o F (λ) = e2λ − 2a + 1, G(λ) = 2q(a−1)

λ+q
. L |∆λ| = r < 1

2 +�|G-_ 3 6
|F (λk + ∆λ)| = |(2a − 1)(e2∆λ − 1)| ≥ |2a− 1||e−|2∆λ| − 1|.FB,A K > 0, L |k| ≥ K +��6 |G(λk + ∆λ)| < c |2q(a−1)|

|k|π , c > 1 b9 k q�T2A�,Ca8�)T ∆λ ul |∆λ| = rk, rk < 1
2 Æ |2a− 1|(1− e−1)2rk = c |2q(a−1)|

|k|π +�6
|G(λk + ∆λ)| < |2a − 1|(1 − e−1)2rk <

∣∣(2a − 1)(e|−2∆λ| − 1)
∣∣ ≤ |F (λk + ∆λ)|5e�5 Rouché \_� |λ| > |λK | +�B6<�: Uk = {λ : |λ − λk| ≤ rk} "�

F (λ) + G(λ) TnYxA9 F (λ) �Y� a = 1 +�9
|��,C� A T�LS���2C 0b λk = 1
2 ln |2a − 1| + k′πi + O

(
1
|k|

)
, |λk| → ∞. �1T�L;R4%GOQ

(2.11). P��\*�� T TD35b ω(A) := inf
t∈(0,∞)

1
t
log‖eAt‖. GhA�"< S(A) := sup

λ∈σ(A)

Reλ.�� 2 % a 6= 1/2, q 6= a − 1 +�
1. A T�LS2JA.KT�A T#m�*NL�k {φk}k∈Z '5 X T#m Riesz��,C6 z =

∑
k∈Z

Ckφk, ∀ z ∈ X , ÆFB2A c1, c2 > 0 -Q�
c1

∑

k∈Z

|Ck|2 ≤
∥∥∥

∑

k∈Z

Ckφk

∥∥∥
2

1
≤ c2

∑

k∈Z

|Ck|2.
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2. ω(A) = S(A). ,C�a8�)T t ≥ 0,

Ttz =
∑

k∈Z

Ckeλktφk. (2.12); B X̃ = H1
R(0, 1) × L2(0, 1) _MqGh Ã:

{
Ã(f, g) = (g, f ′′),

D(Ã) =
{
(f, g) ∈ X̃|Ã(f, g) ∈ X̃, f ′(0) = − a

1 − a
g(0)

}
.5 [19] Qa1�L;T {F̃k(x)}k∈Z '5#m H1

R(0, 1) × L2(0, 1) T Riesz ��




λ′
k =

1

2
ln |2a − 1| + k′πi,

F̃k(x) = (f̃k(x), λk f̃k(x)),

f̃k(x) = eλ′

k
(1−x) − e−λ′

k
(1−x).

(2.13),C {F̃k(x)}k∈Z '5#m H1
R(0, 1) × L2(0, 1) "T Riesz ��5/ (2.11), (2.13) FBNMA M > 0, -Q

∞∑

M+1

‖Fk(x) − F̃k(x)‖2
1 ≤

∞∑

M+1

1

k2
< ∞.a8	~q�LAY�5e�|G-_ 3 � [18] _\_ 6.3 OQ�FB2AM0 > M� A T�*�LA {Φk(x)}M0

1 , -Q {Fk(x)}∞M0+1 ∪ {Φk(x)}M0

1 "IwT~q'5 XT#m Riesz ��|G [19, \_ 2.2] O5\_ 2.1 Q��,C\_QP�P��zy�% A T�LST,,�-� 5 � q > −1, -Aul 0 < a < min{1, q + 1}, a 6= 1
2 . CFB2A m > 0-Q Re λk ≤ m −a

(2−2a) < 0. � q ≤ −1, a8�) λk ∈ σ(A) � m > 0, (FB a -Q
Reλk < −m 5e�; A T�LS λk a1�L;ul�






f ′′
k (x) = λ2

kfk(x),

f ′
k(0) =

q

1 − a
fk(0) +

a

1 − a
λkfk(0),

fk(1) = 0.

(2.14)9 fk(x) B X "p��OQ
λ2

k‖fk(x)‖2
1 = − q

1 − a
|fk(0)|2 − a

1 − a
λk|fk(0)|2 − ‖f ′

k(x)‖2
1.% ‖fk(x)‖ = 1, C	U*8

{
2(Reλk)(Imλk) = − a

1 − a
(Imλk)|fk(0)|2,

((Reλk)2 − (Imλk)2) = − q

1 − a
|fk(0)|2 − a

1 − a
(Reλk)|fk(0)|2 − ‖f ′

k(x)‖2
1.
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Reλk =






−a|fk(0)|2
(2 − 2a)

, Im λk 6= 0;

[−a|fk(0)|2
1 − a

±
√(a|fk(0)|2

1 − a

)2

− 4
( q

1 − a
|fk(0)|21 + ‖f ′

k(x)‖2
)]/

2, Imλk = 0.
(2.15)zPFB2A m0 > 0-Q |fk(0)| = |(eλk − e−λk)| > m0 a8�) k ∈ Z5e�)%FB

λk -Q |fk(0)| = 0. C Re λk = 0, Im λk = bπ, bb#MA�W� (2.14)O'QP f(x) ≡ 0,vb�W� Cauchy-Schwarz(U/�owQP 1−a+q
1−a

f2
k (0) ≤ q

1−a
f2

k (0)+‖f ′
k(x)‖2

1, k ∈ Z.3	J� (2.15) OQ� q > −1, C6 0 < a < min{1, q + 1} -QFB2A m > 0,

Re λk ≤ m −a
(2−2a) < 0. � q ≤ −1, COQ(FB a -Q 1−a+q

1−a
< 0, 0 < a < 1. P��

3 s�$�{�}&� }&�"zyMq��y℄ (1.2). \*P-H = {(f, g, h) ∈ H1(0, 1)×L2(0, 1)×H1(0, 1)|f(0) =

h(0), ah(1) = f(1)}. Gh A: D(A) → H,

{
A(f, g, h) = (g, f ′′,−h′), ∀ (f, g, h) ∈ D(A),

D(A) = {(f, g, h) ∈ H|A(f, g, h) ∈ H, f ′(0) = qf(0)},Cy℄ (1.2) O
b�zeEm8
d

dt
(w(·, t), wt(·, t), z(·, t)) = A(w(·, t), wt(·, t), z(·, t)).�� 3 o H 2#x Hilbert P-�A �"\*� q 6= a− 1 +�C A B H"'5#x C0- �� T. � q > −1, � 0 < a < min{1, q + 1}, a 6= 1/2. CFB2A m > 0, C > 0-Q ‖Tt‖ ≤ Ce−mt, t > 0. � q ≤ −1, a8�) a ∈ R, ul ‖Tt‖ → ∞, t → ∞.; a8�)T (w(·, t), wt(·, t), z(·, t)) ∈ D(A), W�/ (2.1), (2,2), (2.3) %GOQ

(w̃(·, t), w̃t(·, t)) ∈ D(A). ,C�W�\_ 2 OQL q 6= a − 1, a 6= 1/2 +�y℄ (2.5) _
w̃ ,rFBa#T:ul ((w̃(·, ·)), w̃t(·, ·)) ∈ C1(0,∞; X)∩C(0,∞; D(A))Æ6.NC�
w̃(0, t) ∈ H1

loc(0,∞). o
w(x, t) = w̃(x, t) + az(x, t), wt(x, t) = w̃t(x, t) + azt(x, t).W� (2.4) %GOQ (w(·, t), wt(·, t), z(·, t)) ul (1.2), 6

(w(·, t), wt(·, t), z(·, t)) ∈ C(0,∞; H).|G/ (2.12) %G(Qy℄ (1.2) :ul
‖w(·, t), wt(·, t), z(·, t)‖H ≤ L‖(w(·, 0), wt(·, 0), z(·, 0))‖Heωt, ∀ t ≥ 0.

L b^e8 t TN2A� ω = ω(A). �F-_ 1 P{mgOQ ρ(A) 6= ∅. A#+�58 D(A) B H _<x� A B H "'5#x C0- �� [20]. � q > −1, � 0 < a <
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min{1, q + 1}, a 6= 1
2 , y℄ (2.5) :2UAl\T�5-_ 5 OQ�� q ≤ −1, a8�)

a ∈ R, ul ‖Tt‖ → ∞, t → ∞. P��
4 �1���6�owW� matlab 46�0rTmgXa��y℄ (1.2) A�AS}�XC{y℄l\�P-+3�+-+3r!� 0.005, 0.0025. %%-A�=.Sb q =

−0.3, a = 0.4, w0 = x2 − 2x, w1(x) = z0(x) = 0. y℄gX&b w(x, t), z(x, t), ;T\+Ty℄}��^ 1(a), (b), (;T\+y℄}��^ 2(a). E^ 2 (b), (c) O'KPy℄TeL�T\I8hP 0. oJ9
A#+�PmowQ�T9t5e�

(a): :RZS w(x, t) (b): z(x, t)� 1 w[ (1.4) nI8	
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Stabilization of a One-dimensional Wave Equation Based

on Boundary Displacement Observation

WU Xiaohui† LI Shengjia

(School of Mathematical Sciences, Shanxi University, Taiyuan 030006, China)

(†E-mail: 18734838796@163.com)

Abstract In this paper, the stabilization of a one-dimensional wave equation with non-

collocated observation at its unstable free end and controller at another end is considered.

A novel output feedback control law with a constant time-delay only based on boundary

displacement observation is proposed. The well-posedness of the close-loop system is proved

by using operator semigroup theory and Riesz basis theory. The condition which guarantees

the exponential stability of the closed-loop system can be determined. The result’s relevance

is illustrated with a numerical simulation.
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