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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�EE�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�RRÃR�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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1 ��������	�
���������������������������

������� 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�� � }�~ ��� �
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