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Abstract To obtain fast and highly accurate shadow regions detection results of sonar image, a detection algorithm of

adaptive narrowband two-phase Chan-Vese model is proposed in the paper. The anisotropic second-order neighborhood

MRF (Markov Random Field, MRF) is used to describe texture feature parameters of sonar image, and complete the

noise smoothing. Initial two-class segmentation is determined by the block mode k-means clustering algorithm, to

preliminarily estimate the approximate position of the shadow regions. Then, in order to reduce human intervention and

improve the detection speed, zero level set function is adaptively initialized by approximate position of shadow regions.

On this basis, the narrowband level set of two-phase Chan-Vese model is proposed to detect the sonar image and complete

local optimization, which eliminates the global image’s interference in detection results, makes shadow regions detection

results more accurate. Experimental results demonstrate that the proposed algorithm can remove partial noise, improve

the detection speed and accuracy, it has certain automaticity and adaptability.
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1�2 ��3�4�� 5�
�6�798;:�<���<�=�>�� ?�@�A�BC �ED FEGE�EHED IEJEKELED $E%EMENE�E�E� [1] O
PRQ $R%S&T( *R+RURVR�XWRYR�R!R"R#RZR[S&T(R�R�\R]R^R_R` �a�R!R"R#R$R%S&T(R�R� \R]R^R_R` Q $
%S&T(R*R+RbRcedgfRhRiRjR�RkRl O 5edg�R!R"R#R�
�E�m&n�EoEjEpEqErEFEGEsEtE�Euvd _E`Ew &n(Exy � \ �R�R�RuR�{zR|�HR}e~g"R#R�R�R�R�R�R� [2] O

$E�E�E�E�E� 1E�E�E� �E�E�E�E�E�E�E�9���
������b�c�� z�� _�� 0�� 2 � Ø�������� ������ D������� �¡�D�¢� ���Y�£�x [3], ¤�¥���
�6�$��
�E�E�EZE[E�E!E"E#vdv&n(Ex y � \ �E�E���E�E�
fRhR¦R§R�R3R4 \ 
R6RVR¨ Oª© ���ª«e¬®­R¯R°�
R6
$E�E�E�E�EZE[E�E!E"�#m&)(��E��±�²E� ` .�0 1
2 ��³�´ O µ�¶�· 4

\ ¶�· 5
_�w 
�6 � h�¸�¹ ]^ �E$E�E�E�E�EY � hEFEGEºE»E�EFE¼E�E!�"E#EZ

[E�E�E� ½E/EºE»E�EuE�E�E¾E¿ ¶E· 6 ÀEbEÁEÂEÃ
�E�EÄE$E�E�EÅE³E$E%m&n(E�E�E�E¿ ¶E· 7

_EwEÆ
Ç �R�R�R!R"R# \RÈRÉRÊRË uR� GMRF �R�R�RÌRÍ]R^ "R#R�RÎRÏ�ÐR�RÑRÒRÓRjRÔRÕRÖRHR�aÅR³R$R%R�
!E"E#m&n(E�E�E�E¿ ¶E· 8

_EwE× 6E$E%m&n(E�E�Ø ´RÙ 2 &T(R�R�RÚR�RuR�ªÛRÜS&�(R�Ru�7e8®� ÉRÝQ &n(E�E� Ø ´vd�� ÞEß'&)(Ex y � \ �E�����Elà � Ù 2Eá ¹m&n(E�E�EÚ���uEÃ��Eâ Ç �����9d�ãä (R�åÅR³R$R%S&T(R�R�R¿ ¶R· 9
_Rw ÀRb ØRÇ xRæ

ÂRçRDªèRæRÂRçRéR$R�R�R�R�R� Ø�Ç �R���R���R�ª.
/E�E!E"E#E$E%m&n(E��� Ø ´ O êEë�¶�· d;��$E�
�E�E�E�E�EìE5EÁEZE�E�EíEîEï�
E6 Q �E!E"E#E�
&T(R�R� ê � P 5RYRðR�R¦RñRòR�ªó�. È /R§R���R�Ø ´R� ÉRÝ ��ôghR$R�R�R�R�RYRÃR���RÄ�$R�R��õ Ø
�Rl à \Rö ÜRjR÷RøRùR�ªúRhRûRÒ�üRýR�åþRÿ����R�
�E�E�E¢E ����E�EYE£�x O �EÃ��EÄ�$��E��õ Ø `Q F�G�s�t�����. È /���	�Í�
������ Ø ´ OQ��RÇ���
 �RhR�R�R����� ê � ØRÇ �R!R"R#R�
�R�R� Q 1R2 cR  ê Ö����S&T(Rx y �R�����R�azRÒ��� ]R^R_R`R_R��� ßR� ]�� [7] ,

_Rw
Chan-Vese �

�E�E�m	n�E
E�E�E�E���E� O���� _�w���� á��! "�# ÊEË u�$�%�&�'�(�)�* �E�E��+ ØE��, ë �E!
"R#R�RÌRÍ ]R^ �ªYR�R!R"R#RZR[R��-�.�ð�/�ÍR�ªp0�1 &n(Ex y � \ �E�E�E�EY�2EFEGEsEtE��3�4�5w �ªÒRZ 1�6 �R�R�R�R�R� _R��7 jR�RV _�8�9 O î� � _�w;:=< ����� k- Ð���>�?�����¡���Z�[�Ã��
��? ��@ �ªÙ 2 �R�R�R� ö�A l à �ªzRÞ�ßR¥ ö�A l

à �®	T�R
RÃR�R�RÄR$R�R�Rõ ØR�ªÞ�ßRÄR$��R��õ Ø× 6 Chan-Vese �E�E�E�E�E�E$E�E�E�E�E�E�E� .
/���	�¢�Ù������������ Ø ´ O
1 BDCFEHGDIKJKLNMPO

��!�"�#�Q�ð���R�S�ø�i [10−11], ¤�¥ Q ���
&
( Ý � �E� \ &n(Ex y ��#�T�U�UE��V�U���WEÑ�6X�Y o�ZEóEiEjE�E� 0 Ì�Í ]�^ ÖE¦�§E��, ë�[ 1X�Y � Ò�0 _�` 3�h�\�D�3�]�Ù�^���!�"�#�Ì�Í ]^ � 1 "R#�3R��-�3 × 2 ��� ^�_�`�acb�d�egf=h�i
^�j�k�l�m�n�o�p�q�r�s�tu^�v�w�x�y�z�{�|�}�~��� ^���������a�����}�~ ��� ^����������
1.1 ���������������������� ^�}�~ ������������� ^�����x
y � Gamma ��� GY (y; γ, λ) z�{�|�a� �¡ � ^��
��x�y ��¢ ��o���� WY (y; min, C, α) z�{�|�a¤£ �¥�¦�§ � ^�����x�y ��¨�©�ª�« ^�¬®­!¯�����x�y
ZY (y; r) z�{�| [12] �

Gamma ����^�°�±�²�³�´�w�µ�¶ ��·
GY (y; γ, λ) =

λγ

Γ (γ)
yγ−1 exp (−λy) , (1)

¸;¹ ·
y
� ��� e ��º�» ^�¼�³�½�¾ γ

��¿�À v�w�¾
λ
��Á ³�v�w�¾ Γ(·)

�
Gamma ´�w��¢ ��o�����^�°�±�²�³�´�w ��·

WY (y; min, C, α) =
C

α

(
(y − min)

α

)C−1

exp

(
−

(y − min)C

αC

)
,

(2)

¸;¹ ·
min
� ��� ¹ ��º ^�Â�Ã�½�¾ y>min

� ���
e ��º�» ^�¼�³�½�¾ C >0

��¿�À v�w�¾ α>0
��Á ³

v�w��
¬;­=¯�����^�°�±�²�³�´�w � [12]:

ZY (y; r) =
1

r
(y − 155) (3)

¸;¹ ·
y >155

��Ä�Å�ÆÇ� ¥�¦�§ � e ��º�» ^�¼�³
½�a�È ����É ¨�Ê�Ë ¼�³�½ � 0∼255 �
1.2 Ì�Í�Î�Ï�Ð�Ñ�Ò�Ó�Ô�Õ�Ö�×�Ø��������
}�~ ��� f Ù���Ú Ω Û�Ü�Ý�Þ�l�m�ß�à η á�â

^�n�o�p�q�r�s�t���i�aãb�d�egfäh�i�^�j�k�l�m�ß
à�å�æ�açß�à�è�é�ê � 1 ë�¶ [11],f

¹ ^ ¨�©�ì�í s,î j�k�l�m�ß�à � η2
s , µ�¶ ��·

η2
s ={s+(−1,−1), s+(1, 1), s+(0,−1), s+(−1, 0),

s+(1,−1), s+(−1, 1), s+(1, 0), s+(0, 1)}.

(4)
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������� l�m�n�o�p�q�r�sut;x�yuvuw β(i,j),� � ! Þ�å�æ�^ "®f$#�å�æ ¹ ^ %�&�' (�Ý�â�a*)
µ���}�~ ��� ^���������a*+-,-.-/-0-1 ·

{
β(i,j) = β(−i,−j),

β(i,j) = β(j,i),
∀(i, j) ∈ η. (5)

243u¸
(5) nuoupuqurusutuxuyuvuwu^uáuâ456 a�p-7-8�j�k�l�m�ß�à 8

©
β ½����-9-9�á-:�^

4 '�v�w;'��<8;=;>;? ¨ '�^ ��º ½;9-9�á;@�a è;AB ��¨�©-C-D
(4 E 1 F C-D ) ^ 4

© E-G º �*+ �
Ts µ�¶�a C-D ê-H�ë�¶ [7]:

Ts =




fs+(−1,−1) + fs+(1,1)

fs+(0,−1) + fs+(−1,0)

fs+(1,−1) + fs+(−1,1)

fs+(1,0) + fs+(0,1)




(6)

¸;¹ a fs+(i,j) I }�~ ��� f
¹ ^ ¨�©�ì�í s ^�j�k

l�mKJ ��º�» ^ ��º ½��
β(i,j)

� Â�Ã�j-L-M�p-N-O�v�w�^ Å�Æ ½ � [7] :

β̂ =

[
∑

s∈Ω

T T
s Ts

]−1 [
∑

s∈Ω

T T
s fs

]
, (7)

1.3 P-Q-R��2 3 ��}�v�w Å�Æ # � � l�m�n�o�p�q�r�s�t
x�y�v�w Å�Æ a�b�d ��¨�© Þ�j�k-S-T�l�m�ß�à η2

sá�â�^�������i�n�o�p�q�r�s�tux�y�z�{�|������
��}�~ ��� f , Ü-U�µ�¶ ��·

f =
∑

(i,j)∈η2
s

β(i,j)fs+(i,j) + FB. (8)

S�>�}�~ ��� ¹ ^�V ¨�© ��º�» a���& Æ�W�XY ���������;Z  �¡;# � ¥�¦�§ � ^�����a[S;>-V ¨© ��º�» ^ Æ;W è;A�a 2;3 n�o�p�q�r�s�t���i�a[\�-] ^�½ B � FB ^�½��^ � ¸
(8) _;` ¥;a }�~ ��� a[b ���;c O;d;@

����a*? e� �¡ # � ¥�¦�§ � á�S > ��������� d
@-f�d�a�Ý ^ > Ë-g ^�_�`-h����

2 ikjmlonmprqtsvuxw
2.1 Chan-Vese ×�Ø-y-z-{-|-}-P-~
}�~ ��� � H � ¥ �  �¡ � Ù ¨�� � ³�Û�) �� � ¥�¦�§ � � ¿�À a�Ý ^ > Ë�g � ����b�\���ë

7�a�Ù � ¥ � & � B ¹$��� b�\�Þ � ¥�¦�§ � á�S�-�  �¡ � ����z � & � ¥ [7] �*�-S Chan-Vese x
y � � » a�b�d � � Chan-Vese x�y 9�á � � � �� "-M�_�`�}�~ ��� �  �¡ � ��;�

Ω ⊂ R
2 µ�¶�}�~ ��� ��Ú�a f : Ω×R → R

I;�;� ������� Ë � }�~ ��� a�?;e �;� }�~ ��� f

I�� 9 ©;�;� �;� �;� � ¼�³ � m;'���a φ I 2;3;��-� (K��� C é-� �-�- -¡-¢ ´�w�a¤£ φ(xC , yC)=

0 �*+¥, φ
� J ¬¥¦¥§ y a*£ φ(inside(C)) > 0 #

φ(outside(C))<0 �2�3 }�~ ��� � � » a�b�d ^ ��¨ � � � b�d
é � �-��´�w N ,

2-3
φ(xC , yC)=0 O [13−16]:

N (x, y) =

{
1, (x − xC)

2
+ (y − yC)

2
<r2,

0,
î �

,
(9)

¸g¹ ·
r
� í�� �;� � m;©�³ � ¨;ª a (x, y) µ�¶�}�~��� �;� Û � j;«;¬ g;­ ¥ a ê � 2

� ¶;® � ë�¶��

�
2 ¯�°�±�² �

Ù � 2
¹´³ � I ¨ � � � ´�w �;� (��´� C, Ù¡ ¢ � (µ�$� r ¶µ· � � ¸ ¹ � � � m�a*� � � m¹ � �-��´�w N

�
1,
î-º � m � 0 �
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Chan-Vese x�y�9�á���� � � � "4M � ) � ´
w�é � ��·

E (C, ci, co) = µ · Length(C) + ν · area(C)+

λi

∫

inside(C)

N(x, y) |f − ci|
2
dxdy+

λo

∫

outside(C)

N(x, y) |f − co|
2
dxdy,

(10)

¸;¹ ·
E
� � 9�
 I ����
�a µ,ν>0 # λi, λo >0 Ie © ) � 
 ��� _�ß�w��¸

(10)
¹ a � � � ´�w�ë�µ�� �-� (K��� C

�

 ³-#KJ�� � Ú����-& � [17−18]:

area(C) =

∫

Ω

H(φ)dxdy, (11)

Length(C) =

∫

Ω

|∇H |dxdy =

∫

Ω

δ(φ) |∇φ|dxdy,

(12)¸ ¹ ·
Ω I � � � ´ w � ��� m�a H(φ) µ ¶ � H(φ)=

(1/2)[1+(2/π)arctg(φ/ε)], δ(·) I������ (Dirac) ´ w a
δ(φ)=(1/π)[ε/(ε2+φ2)][19−20] �

�$� C J�� � ¼�³�����½ ci #µ�$� C ¦�� �
¼�³�����½ co �-& ��·

ci =

∫

Ω

N (x, y) f (x, y) H(φ)dxdy
∫

Ω

N (x, y) H(φ)dxdy

, (13)

co =

∫

Ω

N (x, y) f (x, y) (1 − H(φ)) dxdy
∫

Ω

N (x, y) (1 − H(φ)) dxdy

, (14)

2-3
C é-� φ Ý ·

C = {(x, y)|φ(x, y) = 0} . (15)

7�� � – ������� " M N�� Chan-Vese x�y 9
á-�-� � � � "-M � ) � ´�w�a�p-7-O�� ·

∂φ

∂t
= δ (φ)

{
µ · div

(
∇φ

|∇φ|

)
− ν − N(x, y)

[
λi (f (x, y) − ci)

2
+ λo (f (x, y) − co)

2
] }

,

(16)

S;>�}�~ ��� j;«���Ú �;�;�;¢! #" � a h
� ��!$ 
 a ∆t I e �!$ 
 a " � » (xi, yj)=(ih, jh) �6

t e!% � � � � ´�w φ=φ(x, y, t) p;7 �;��� φn
i,j =

φ(xi, yj , n∆t), n>0, φ0 =φ0 �6 a � � ��& Ê " � �-¢� � ��·
|

φn+1
i,j − φn

i,j

∆t
= δ

(
φn

i,j

)





µ

h
∆x

−




∆x
+φn+1

i,j√(
∆x

+φn
i,j

)2
/

(h2) +
(
∆0yφn

i,j

)2
/

(2h2)




+

µ

h
∆y

−




∆y
+φn+1

i,j√(
∆y

+φn
i,j

)2
/

(h2) +
(
∆0xφn

i−1,j

)2
/

(2h2)




− v





+

δ
(
φn

i,j

)
N(i, j)

[
−λi (f (i, j) − ci)

2 + λo (f (i, j) − co)
2
]
,

(17)

|î ¹ a t e!% � � � � ´�w φn
i,j

� Ë f('�� Z � f('
�-# ¹�) '����-& ��·
∆x

−
φn

i,j =φn
i,j − φn

i−1,j , ∆x
+φn

i,j =φn
i+1,j − φn

i,j ,

∆0xφn
i,j =φn

i+1,j − φn
i−1,j , ∆y

−
φn

i,j =φn
i,j − φn

i,j−1,

∆y
+φn

i,j =φn
i,j+1 − φn

i,j , ∆0yφn
i,j =φn

i,j+1 − φn
i,j−1.� � � ´�w ��*�+ 0-1 ��·

T =

∑

|φm
i,j |<h

∣∣φm+1
i,j − φm

i,j

∣∣

M
6 (∆t) h2, (18)

¸;¹ a M I .-/ |φm
i,j |<h

� }�~ ��� j-«���Ú �-��-¢� ," � » w � �
2.2 -�.�/�0�1�2�3
4�5 b�d � W M�6 � � ê 3 ë�¶��
Ü-U�7,8=ê-H ·
(1) }�~ ��� � �������-h��
b�d�9 � e®f!h�i � j�k�l�m�n�o�p�q�r�s�t� v�w�x�y�z�{�|�}�~ ��� � ��������a�����}�~��� � �������-h����
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�
3 ������� �

(2) � � " ¸ � k- ��½�� % W M�� � }�~ ���� � � 9;%��
	�a £� �¡ � ( � ¹ ) # ��������� ( �¹
) 
��

m×m
����� a*8�È � }�~ ��� ��� n

©
�
� _
� � m×m

��� a�N�d
��µ;V © ���´�
� G
�4 a*£���½ Z ¥�� ' Z ¼�³�Â�Ã�½ [10] �� � í � %�w � q(
2 3 ë h���}�~ ��� �����

³�� � q), �



q
© ���$��� G�� 4 B � � � � %¹�) a*8 î������$��� G � 4 É %���Þ � �"! ¡ ¢

Â�Ã � �-% ¹�) ë���µ � %�Û��#%$ � N�V © %�ë�Ý �"�%� G � 4�� ��½�a*d`��-% ¹�) a*+-_-`��-%��& _�' $�( # a*)����-% ¹�) � c �
(3)
� $�+�,  �¡ � � ]�-�ì�í a +���� � � �Ê-¨ � � � ´�w� Ù � " ¸ � k- ��½��-% W M�� � }�~ ��� �

 �¡ � Ë a � > ��� ¹/. Ý ¨
0
1 � � a 9 � w-� ¿2 ��3�4 B ��5�6 0�1 � � a*O���j�½�7�8�è-A��# � 9 � � � � � Ê�¨ � � � ´�w��*: ;�8�O
� � j�½ 7 8�è�A � ¹ � ¥�� < = » � ¼�³�½ 255¥ a a î � � ¼�³�½ 0

¥ a ¾*> Ë 2 3 ¥ a è A Y
`
?�{
@
A ��� aCB
D!��� ¹;� » e�a[8�6 © »�E ·

(2×range)×range(
2;3 ë;h���}�~ ��� � � »



�
range

� ½ )
C-D � m � � ¹ ��5�a�?-e a�F 6 © �

m � ­ ¥ ì�í a 2 3 ­ ¥ ì�í # C D � 
 © � �"G� ¹�) ­ ¥ ì�í # G � ª�H a*I J�?�{�) � @�A �� è�K�� ��G � © w ( � > φ
� J!¬ ¦ §�y � �  ¡;¢ ´�w�a 2;3 ¢! w 3 � ��i�aCB�ë;O!� � ��L�G

_��-e�a%5�Â�M G a î-º � � � 5 6 G � ), £���� �
� � � � � � � ´�w�� Ü;U � � ¶;® � ê � 4 ë�¶��

�
4 N�O�P�Q�R�S�T�U�V�W�X�±�² �

(4) Chan-Vese x�y-9�á-�-� � � � 	�Y a*O��
}�~ ���  �¡ �^ �

Chan-Vese x�y 9�á � � � � � " M�Z E
}�~ ���!	
Y a[O!�� �¡ � � 2;3 ��� � ¨ � � �;�� �-� � m�a*> Ë 2-3�[ �-" � ¸ (17) N � � � ´
w�½�a +
, I
\ *!+ açê-A *!+ è�K [ ��a^]-e;O��	�Y è-A�¾ \ 6 _-` �-� �-� � m��



6 � �����-: · Chan-Vese x�y-9�á���� � �-� �  �¡ ��	�Y "-M 821

3 �������������
S�>�b�d � 	 Y "�M�a
	�d 9�� 7 � È � }�~��� Z E 	�Y � 7�8�è�A�
������*��S � ¥ ¿�À �

5 6 � LÇ� ¥ È � }�~ ��� (
Á����

239×205) Z-E� 	�Y ê � 5 ë�¶�a î ¹ � 5(a) I � 7 � È � }�~��� a � 5(b) I ������� Ë � ��� a � 5(c) I È ���� )-" � 
 î  �¡ � a � 5(d) I ������� Ë � �� )�" � 
 î  �¡ � a � 5(e) I È � ��� )�" � 


(a) ��Q���� ��� (b) U���������� ���

(c) ��Q ����������� ���� �! (d) U���������� ����������� ���� �!

(e) ��Q ����������� �#"%$�&�'�! (f) U���������� ����������� �#"%$�&�'�!

(g) ( � ��� k- )�*�+�, (h) ��-�.�/�!��� �0�1�2�3 (i) $�4���5 �

(j) P�Q�R�S�T�U�V�W�X (k) 6�7 3 8�9�R���5 (l) 6�7 12 8�:�;�9�R���5�
5 ��Q���� ����<�= ��5 ( >�?�@ 239×205)



822 } � � � 2015 �
î � ¥�¦�§ � a � 5(f) I ������� Ë � ��� )-" �

 î � ¥�¦�§ � a � 5(g)

� " ¸ � k- ��½��-% � �
9;%��
	�a � 5(h) �
5 1 � �  �¡ ]
-�ì�í a � 5(i)

I � 5(h)
��¥-a è-A � a Ù � 5(b)

� å���Û�a¤«����� Ë � � Ê ¨ � � � ´�w�ê � 5(j) ë�¶�� � 5(k)

I [ � 3 J ��& Ê è-A�� � 5(l) I [ � 12 J � Â�M& Ê è-A��$ � � 5(c) # � 5(d) 7�
 � 5(e) # � 5(f)
�

7�8�è A�p 7������*� S
	�� � ������� "�M�)��
��5�}�~ ��� ¹ � ¨�0 ��} » ��£ b ��� c � d @� �����*? e�������� Ë � }�~ ��� ­ È � }�~ �� î  �¡ � # � ¥�¦�§ � á S > ��������� d @ f
����Ý ^ > Ë g � 	�Y � B ��Ù�@ © � 5

� 	�Y �� ¹ � � � $ � S�}�~ ��� � � � 9;%���	;h���� ]

- +�, 9  �¡ � � ì�í # ] Ã�� $ � 	�� � � � �� Ê;¨ � � � ´�w���
�� 9�������� ��	 ¦ 9 	�Y��
³�� � í
9 �;� ��� �ç���������������
5���� ���¹ 1 � � S 	�Y è A � ��� �*b� �¡ ��	 Y è A�d
@������
£ �;� ];� � 7
8
8���� S;> Chan-Vese x�y;9

á � � � " M S � � Ê ¨ � � � ´�w � ì�í # ] Ã� N�� � �! �Ý �������


��"

B�#�$ 	
Y � � ¥ ���9 8�� 4�5 	��-"-M � Ý�%�&�� � 6 —
�

9 	��9
Chan-Vese '�( 9�á � � � " M � S®­ 7�8�� �9�) ��*�+ � ¨�- &�� � í Chan-Vese '�( 9�á �

� � "-M � *�+ � µ=1, ν =0, λi =λo =1 � ∆t=1,

h=1 �,
6 I Ù , 5(b) ������� � å���Û��%B � � Ê

(a) P�Q�R�S�T�U�V�W�X (b) 6�7 100 8�9�R���5 (c) 6�7 200 8�9�R���5 (d) 6�7 400 8�:�;�9�R���5�
6 U�������� Chan-Vese -/./0/1�T�U�V � � <�= ��5 �

(a) P�Q�R�S�T�U�V�W�X (b) 6�7 100 8�9�R���5 (c) 6�7 200 8�9�R���5 (d) 6�7 400 8�:�;�9�R���5�
7 2/3/4�U������ Chan-Vese -/./0/1�T�U�V � � <�= ��5 �

(a) P�Q�R�S�T�U�V�W�X (b) 6�7 100 8�9�R���5 (c) 6�7 200 8�9�R���5 (d) 6�7 400 8�:�;�9�R���5�
8 Chan-Vese -/./0/1�T�U�V � � <�= ��5 � ( P�Q�R�S�T�U�V�W�X/5/6/7/8�$ (103,116), 9/:�@ 70)



6 � �����-: · Chan-Vese '�(-9�á���� � �-� �  �¡ ��	�Y "-M 823

(a) P�Q�R�S�T�U�V�W�X (b) 6�7 3 8�9�R���5 (c) 6�7 400 8�9�R���5 (d) 6�7 2000 8�:�;�9�R���5�
9 Chan-Vese -/./0/1�T�U�V � � <�= ��5 � ( P�Q�R�S�T�U�V�W�X�@���� )

¨ ��� � ´ +�\ G ) ­ ¥ (172,80),
ª�Hg�

12 e �
Chan-Vese '�(;9�á ��� � ";M 	
Y � � � , 6(a) I«�� ��� Ë � � � Ê-¨ ��� � ´�+�� , 6(b) I [ �
100 J ��& Ê è A�� , 6(c) I [ � 200 J ��& Ê è
A�� , 6(d) I [ � 400 J � Â�M & Ê è-A��Y ,

6
¹�� 7������ �
	
�
� Ë Chan-Vese '

( 9�á �
� � " M

�>�) 	 Y �� �¡ � ¿�À � �
�� á S � ����� I [ � & Ê 400 J�# )
�
��@
� 	Y � � ����������� �������,
7 �!9�� , 6(a) �� �!�"�#�$ ��%�& +��('�)* � ��	�����+�,�- � Chan-Vese '�(�.�/�$ ��%�01 ��2�3�4�5 � , 7(a) ��6�7�8�9�:��� �!�"�#�$��%�& +�; , 7(b) ��<�= 100 >���?�"�@�A�; , 7(c)

��<�= 200 >���?�"�@�A�; , 7(d) ��<�= 400 >��B�C ?�"�@�A �D ,
7 E ��F�G�H ;I) * ��J�K�L�M Chan-VeseN
O .
/
$
J %
0
1
P
Q
R 2
3 H
S
T
U �WV
X
;

�
M
Y
Z
/
[
\
]
;�2
3W@
AW�
^ R
_W`
aWbWc
d
��@�A �e�f J
K
L
M R
g M
Y
h
i
j
k
;�i F
l 8 �
' l 5(b) J�K�L�M���m�n�o�;�p� �!�"�#�$�J %�&q
rts�u
v
w

(103,116), x
y
z 70 �
; Chan-VeseN�O .�/�$�J %�0�1 2�3�4�5 � l 8(a) ��6�7�8�9
:��� �!�"�#�$�J %�& q ; l 8(b) ��<�= 100 >��
?�"�@�A�; l 8(c) ��<�= 200 >���?�"�@�A�; l 8(d)

��<�= 400 >�� B�C ?�"�@�A �D l
8 E�{ F
G
H ;� 
!
"
#
$
J %
& q ^ Rr�| d�}�~ ;�p r�| d�}�~ ��;�h�� _ ^ ` ��� ��@

A
;�i
�
�
�
� H����
�W�W�  W!
$WJ %
& q h
�� � d�� �l
9 ��' l 5(b) J�K�L�M���m�n�o�;�p� �!�"

#
$
J %
& q
r ]
�
�
�
� Chan-Vese
N
O .
/
$

J %�0�1 2�3�4�5 � l 9(a) ��6�7�8�9�:��� �!�"�#
$�J %�& q ; l 9(b) ��<�= 3 >���?�"�@�A�; l 9(c)

��<�= 400 >���?�"�@�A�; l 8(d) ��<�= 2000 >��

B�C ?�"�@�A �
pW W!W"W#W$WJ %W�W����� zW]W�W� s �W; ef ��������������;���[�Y���M�Y�����;�� g�� r J

K�L�M�  � ;�<�=�> q�¡ Q�¢ � 2000 >�;���£�2�3
@�A¤E¦¥�h�M�Y �§ 4 F o�[�¨ª©�«�{ F _ H�¬ [ f�­�® ��Y�� l¯ ;°����� H � ��±�²ª³�´���µ�¶�·�¸�¹�º�{�»�¼�½¾ ��¿ q�N�O�À�Á�Â Y�� l ¯ ��Ã ��Ä�Å ;°Æ���Ç�ÈÉ D�Ê�Ë�Ì�Í U � Gamma Î�Ï�Ð S�T�U ��Ñ�Ï�º�Î
Ï�Ð�Ò w�Ó�Ô U ��Õ�Ö�×�¨ªØ�Î�Ï���Î�Ï Ä ´�;ÚÙ��
Y
� l ¯ �
J
KWL
M
  �
� J
KÛL
M 0
1WR
Ü LWÝl ¯ Eª����Þ�M�Y�ß�;Úà g l ¯�á ��â�ã�J�K�;Ú��£
J
K
L
M
:
�
Y
� l ¯ ¨�ä
!
Y
� l ¯
å Ò wWÓ
ÔU
æ
S
T
U /
[ f
Ê
ËWÌ
Í U âWãWç H ;�hWè f :é �
2
3
êÛë�h
$
J %
0W1 [W W!
"W#
$WJ %
& q
� }�~ æ�ì � ��í ��î�;�ï�h b z�ð�ñ�;�ò�ó�ô�p�2
3
�
õ
ö
÷
ø
/
[
\ Ó ;�p
 W!W#
$WJ %W& q
r 'Ê
Ë
Ì
Í U
ù _ ^ ` B
C �W� �
2W3
@WA � à
�W�
� H � ���
�  
!
"
#W$
J %
& q ;�ú
û e�ü 0Wý
� k- þ�ÿ������ 1 * ������ �!�Î���; Q : � � q� V	� �	
	�	� L�Ý	
	� U ; _�` µ�ÿ l ¯ @�A�ê�[
µ
ÿ l ¯ o�Ò w �����
ß
���
ö
ÿ 255

w�� ; å��
�	��ö�ÿ 0

w	� ; _�` w	� @�A l ;��	� w	� @�A BC ���
�
�
�  
!
$
J %
& q ; F jWk b zWð
ñW;� ` × � ��2�3 Ò w ; � Ó 2�3���ö�ê Chan-Vese
N

O .
/����
$
J % �����
2
3
4
5
�����
Y
� l ¯
M�Y������ Ä ß�;�� H	� ~ �	� U ¸�;IÙ	�	���	 �!" ;$#	%	��ëªh�$�J %�0�1 ����������; g M�Y�� TÍ	& ` B ��;�2�3�@�A	')(ªM�Y�ð	*���;�� Ó ��2�3
��ö æ õ�ö � R�Ü '�M�Y������ +�,�- ; _�` /�[�õ� � S�T�U � ��� ; h�è f : é � Ä�Å � r æ�+	, �

z	��«	-������ H � 1 � Ó ��2�3	��ö�;/. H �l
5
æ�l

7 �	0	1	2	3�¨ª\	4Ii��	5	��½	6 ~ z ¬�78
2.5 GHz, 4 G 9;:��� �<�=�; g � Matlab >�5�=? 4������ H � 1 l 5 ��0�1�2�3�z 8.541075 s, à



824 Y � � �
2015 �

���
Chan-Vese

N
O .
/
$
J %
0
1 l 7 ��0�1�2
3�z 95.495278 s 4 § 4¤¨¦\����¦� H � 1 � Ó ��2
3���ö�4

z	��«	-����	� 1 ��h
	�´�; [ f � H � Chan-

Vese
N
O .
/ ���
� ���
Y
� l ¯ 2
3 0
1 ; . H

� ì�� ��©�«�«�-�Î���4
ú�û�; � ��[ l 10 ��
�©�Y�� l ¯��  �<�;��� R _ ` \�� � 2 3�	 A 4 å E l 10(a) � ä ! Y

� l ¯ ( ��� z 64×197),
l

10(b) � J K L M : �l ¯ ; l 10(c) � ü 0 ý � k- þ ÿ � �  ! . � Î
��; l 10(d) � q � V	� �	
	�	� : S�T�U w	� @�Al ; l 10(e) ��6�7�8�9�: � ������� �� �!�"�#�$
J %�& q ; l 10(f) ��<�= 20 >���?�"�@�A�; l 10(g)

�
<
= 50 >
�
?
"
@
A
; l 10(h) �
<
= 99 >
�B�C ?�"�@�A 4l
11 ��' l 10(b) ��m�n�o�; p� �!�"�#�$�J %& q�r¤s¦u�v�w

(43,136), x�y�z 15 2�; Chan-VeseN�O .�/�$�J %�0�1 2�3�4�5�4 l 11(a) ��6�7�8�9
:��� �!�"�#�$�J %�& q ; l 11(b) ��<�= 50 >�?

"�@�A�; l 11(c) ��<�= 100 >�?�"�@�A�; l 11(d)

��<�= 350 > B�C ?�"�@�A�4D ©W«W@WA�¨�\�E�{ FWGWH ; Chan-Vese
NWO

.
/ ���
� ���
$
J %
0
1���� L
Ý��
i
h
�WM
Y
ß�;���£ eªf � ������� �� �!�$�J %�& q ; � ~ �
��� U ¸�;ª<�= 99 >�� _�` B�C ��2�3�@�A�; _�`
� a�b ¨¦\ c�d ��2�3�@�A�4

z��
«�- Chan-Vese
N
O .
/ ���
� ���
Y
�l ¯ 2
3
� �
� ´
;�[��W����
W©
YW� l ¯�� * �� �� �<�; � l 12 i�!�4 å E l 12(a) ��ä�!�Y��l ¯

( ���
z 93×132),
l

12(b) �
J
K
L
M
:
� l¯ ; l 12(c) � ü 0�ý � k- þ�ÿ	�	��; l 12(d) � q �
V	� �	
	�	� : S�T�U w	� @�A l ; l 12(e) ��6�7
8�9�: � ������� �� �!�"�#�$�J %�& q ; l 12(f)

��<�= 100 > B�C ?�"�@�A�4l
13 �t�"�t$ -"# Ë �"$ �"
t©tYt� l ¯ ;å E l 13(a) � ä ! Y � l ¯ ( �%� z 108×200),l

13(b) ��J�K�L�M�:�� l ¯ ; l 13(c) � ü 0�ý �
k- þ�ÿ	�	��; l 13(d) � q � V	� �	
	�	� : S�T�U

(a) &('()(*(+(, (b) -(.(/(0(1(2(+(, (c) 3(4(5(2 k- 6(7(8(9 (d) :(;(<(=(+

(e) >('(?(@(A(-(B(C(D (f) E(F 20 G(H(?(<(= (g) E(F 50 G(H(?(<(= (h) E(F 99 G(I(J(H(?(<(=
+ 10 Chan-Vese K(L(M(NPORQ(S(T(U()(*(+(,(V(W(<(=(+ (X(Y(Z 64×197)

(a) >('(?(@(A(-(B(C(D (b) E(F 50 G(H(?(<(= (c) E(F 100 G(H(?(<(= (d) E(F 350 G(I(J(H(?(<(=
+ 11 -(.(/(0(1 Chan-Vese K(L(M(N(A(-(B(4([(V(W(<(=(+ (X(Y(Z 64×197)

(a) &('()(*(+(, (b) -(.(/(0(1(2(+(, (c) 3(4(5(2 k- 6(7(8(9

(d) :(;(<(=(+ (e) >('(?(@(A(-(B(C(D (f) E(F 100 G(I(J(H(?(<(=
+ 12 Chan-Vese K(L(M(NPORQ(S(T(U(A(-(B(4([(V(W(<(=(+ (X(Y(Z 93×132)



6 � ������� ¬ Chan-Vese
N�O .�/ � ��� ����� S�T�U 2�3 0�1 825

w	� @�A l ; l 13(e) ��6�7�8�9�: � ������� �� 
! " # $ J % & q ; l 13(f) � < = 5 > � ? "�@
A
; l 13(g) �
<
= 10 >
�
?
"
@
A
; l 13(h) �
<�= 50 >���?�"�@�A�; l 13(i) ��<�= 100 >�� BC ?�"�@�A�4D l

12
æ
l

13 E�{ F
G
H ;��
�
� H � 1 h

� � � ���
� ´ æ h�	W´
; �W£ R 2W3 H Ù��
� ST ��� 4
Chan-Vese

NWO .W/ � �W� � �W$WJ %Û0W1 �
 �!�"�#�$�J %�& q ����	 v�w ÿ (i, j)

F�
 x�y R,

��� 1 i�!�4
'�J�K�L�M�4�5¤E¦;
��3�·�¸�¹�º�{�»�¼�½ ¾

(a) &('()(*(+(, (b) -(.(/(0(1(2(+(, (c) 3(4(5(2 k- 6(7(8(9

(d) :(;(<(=(+ (e) >('(?(@(A(-(B(C(D (f) E(F 5 G(H(?(<(=

(g) E(F 10 G(H(?(<(= (h) E(F 50 G(H(?(<(= (i) E(F 100 G(I(J(H(?(<(=
+ 13 Chan-Vese K(L(M(NPORQ(S(T(U(A(-(B(4([(V(W(<(=(+ (X(Y(Z 108×200)

�
1 ORQ(S(>('(?(@(A(-(B(C(D(2��(D

+ i j R

180 157.5 10.75

180 184 10

172 69.5 12.75

+ 5(j) 172 92 10

32 153.5 12.75

32 181.5 12.75

26 196 3

18 50.5 10

25.5 80.5 11.5

+ 10(e) 44 122.5 16

38 158.5 6

38 178.5 1.5

+ 12(e)

72 44 8

28 45.5 4

26 60 1

22 110 6

45.5 60.5 11.5

40 90.5 8

53.5 12.5 4.5

+ 13(e) 57.5 102.5 10.5

68 85.5 8

78 21.5 10

74 110.5 2



826 Y � � �
2015 �

N�O ¿ q ÿ���� 2 i�!�4§ 4
[ ì�� Y
� l ¯ � S
T
U 2
3
©W«t¨�\
Î
�
;�«�-��
�
�
� H � Chan-Vese

N
O .
/ ���
�
���
Y
� l ¯ 2
3 0
1 /
[ f���� Chan-Vese

N
O
.�/�$�J % ; R�Ü L�Ý�ä�!�Y�� l ¯ �	 �Î�M�Y�;�j
k b z
ð
ñ
;��
h
\��
�W2W3��Wö æ \ Ó �W2W3
õ
ö�;�h�� � � ��� ´	4�z�: é $ - Ò w � Ä�Å � r æ+�, ����â�������������4

�
2 K(L��(D

�(D + 5(b) + 10(b) + 12(b) + 13(b)

β1 0.3719 0.3461 0.3745 0.3962

β2 0.0519 0.4548 0.3197 0.3963

β3 0.0303 −0.1641 −0.1217 −0.1444

β4 0.0446 −0.1365 −0.0723 −0.1481

4 �	�
�
�
'�
��
Î���

h
��� � 1 �Wm
n o
; @��

$ - Y�� l ¯ ��� M�Y������ Ä ß�;Ú� H Chan-VeseN
O .
/ ���
� ���
� S
TWU 2
3 0W1 4�� 0W1 �Ä ß
' f è
�
±t²�³
´
µ
¶
·
¸
¹
º
{
»
¼
½ ¾ÛNO ��¿ q�À�Á�Â Y�� l ¯ ��Ã	< Ä�Å ê�����; e¦ü 0ý � k- þ�ÿ������ 1 ����l ¯ �� �!�.���Î���;� � ����S�T�U�ì�� }�~ ;��	�	��� ì�� }�~ ; � ���
 �!�"�#�$�J %�& q ê '���m�n�o�; � H�� � Chan-

Vese
N
O .
/����
$
J % * 1
Y
� l ¯ 2
3�4 § 4

[�

©
Y
� l ¯�� 2
3W©
«W@WA
Î��W;�«�- ���
2
3 0
1
R [
ä
!
Y
� l ¯ * 1
JWKWLWM
; g Ò w
ÓÔ U
æ
S
T
U /
[ f
ÊWË
ÌWÍ U âWãWç H ;�z * �� � S
T
U 2
3�� � ����� � � �W�����Wê�Æ 2
Z
-"� ���
2
3 0
1 /
[ f���� Chan-Vese

N
O .
/
$�J % ; R j�k b z�ð�ñ�;���h�\	� � 2�3	��ö æ \Ó�� 2�3�õ�ö�;�h�� � � ��� ´�4

� � � �
1  "!"#%$"&"'"#% "(") K+*(8 9(2+,+- )+.(+(,"/+0+1 [+)%2+34+5+6+7+7+8

( O:9 4+7+; ), 2012; 40(9): 25—29

2 WANG Xingmei, LIU Guangyu, LI Lin, LIU Zhipeng.

A novel quantum-inspired algorithm for edge detection of

sonar image. 2014 IEEE International Conference on the

33rd Chinese Control Conference (CCC 2014), Nanjing,

China: IEEE Computer Society, 2014: 4836—4841

3 <"=">"#@?"A"3")@B"C"D"E"F"G"H+I"J(7 2"K+L )+M"N+O"1([")
) 7+7+8 # 2008; 33(1): 21—27

4 Lianantonakis M, Petillot Y R. Sidescan sonar segmenta-

tion using active contours and level set methods. IEEE

Oceans-Europe, Brest, France: Institute of Electrical and

Electronics Engineers Computer Society, 2005: 719—724

5 Maria Lianantonakis, Yvan R. Petillot. Sidescan sonar seg-

mentation using texture descriptors and active contours.

IEEE Journal of Oceanic Engineering, 2007; 32(3): 744—

752

6 SANG Enfang, SHEN Zhengyan, FAN Chang et al. Sonar

Image Segmentation Based on Implicit Active Contours.

2009 IEEE International Conference on Intelligent Com-

puting and Intelligent Systems, Shanghai, China: IEEE

Computer Society, 2009: 228—231

7 Ye Xiufen, Zhang Zhehui, Liu P X et al. Sonar image seg-

mentation based on GMRF and level-set models. Ocean

Engineering, 2010; 37(1): 891—901

8  "P"Q"#SR"T"U"#SV"W"X+Y")ZB+C A(-(B"[+\ 2(A+]_^R:+`"a+bc 4([+)ed+f+g+h+i 6+7+7+8 # 2010; 42(4): 660—664

9 Liu Guangyu, Bian Hongyu, Shi Hong. Sonar image seg-

mentation based on an improved level set method. Interna-

tional Conference on Medical Physics and Biomedical En-

gineering, Qingdao, China: Elsevier B. V. Selection and/or

peer review under responsibility of ICMPBE International

Committee, 2012: 1168—1175

10 Wang Xingmei, Liu Guangyu, Li Lin, Jiang Shouxuan. De-

tection of underwater objects by adaptive threshold FCM

based on frequency domain and time domain. 2015 the

International Conference of Young Computer Scientists,

Engineers and Educators (ICYCSEE), Harbin, China:

Springer New York LLC, 2015: 196—203

11 $"&"'"#% "P"Q"# 4"j"#k?"l+m+)%B+C"[+\(2+n"f+o+p+q"r+s()
.(+(,+/+0(4([+t+u+)ev+h 7+8 # 2009; 30(8): 1039—1045

12 $"&"'"#w "P"Q"#wV"W"X"#wx"y+z"#wC"{")w[+\ 2 MRF A"]_^ :
V W 4 ["t"u")|d"f"g"h+i 6+7+7"8 # 2009; 41(7): 682—685

13 Lehmann B, Ramanandan S K, Siantidis K, Kraus D. Ex-

tended active contours approach for mine detection in syn-

thetic aperture sonar images. The 11th International Sym-

posium on Ocean Electronics (SYMPOL), Kochi, India:

IEEE Computer Society, 2011: 73—78

14 Landau L, Castellano A, Airimitoaie T, Buche G, Noe M.

Benchmark on adaptive regulation-rejection of unknown/

time-varying multiple narrow band disturbances. European

Journal of Control, 2013; 19(4): 237—252

15 Ren Zemin. Variational level set method for two-stage im-

age segmentation based on morphological gradients. Math-

ematical Problems in Engineering, 2014; 2014: 1—11

16 Ervik A, Yngve Lervag K, Tollak Munkejord S. A robust

method for calculating in-terface curvature and normal vec-

tors using an extracted local level set. Journal of Compu-

tational Physics, 2014; 257: 259—277

17 ZHENG Qiang, DONG Enqing. Narrow band active con-

tour model for local segmentation of medical and texture

images. Acta Automatica Sinica, 2013; 39(1): 21—30

18 Shi Yonggang, Karl W C. A real-time algorithm for the

approximation of level-set-based curve evolution. IEEE

Transactions on Image Processing, 2008; 17(5): 645—656

19 Chan T F, Vese L A. Active contours without edges. IEEE

Transactions on Image Processing, 2001; 10(2): 266—277

20 Lankton S, Tannenbaum A. Localizing region-based active

contours. IEEE Trans Image Process, 2009; 17(11): 1—32


