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A New Method for Sea-sky-line Detection Based
on Linear Fitting Algorithm

SHI Lei, ZHAO Jun, YE Zong-min

(No. 93 Department of 91404 Unit, Qinhuangdao 066001, China)

Abstract: Sea-sky-line detection can be implemented by effectively suppressing the background and

enhancing the target in an image according to the features of sea-sky environment. An improved method

for wiping off crass points is proposed on the basis of the linear fitting algorithm. The method is simulated

with the Matlab software. The simulation result shows that this improved method can effectively detect

the positions of the sea-sky-line and ships against the sea-sky background. It provides a good basis for

target recognition and image registration.

Key words: sea-sky-line; linear fitting algorithm; infrared imaging

0 9:
����������
�����

���������	��� 3 
������

���
	���
��������	
��

��
���������
�����

�������	��������
���

������������������

�� [1] ���������������

������������
����� �


!��"����������������

��#$�������%�� [2] 
� ��

�&���#�����	�'��� $

(���!���!��
���#$����

��$(��	����)
*��+!� �

,�����Æ!"����%��
���

�+��
"��� "
�%##$�

1 ABCDE;FG<
��%&�������'��(#

$	 (1) �-	�$�%��+��%.&&)

'���
	(��*	''�/�)�+�

)(�0��
1�,�-�"�	)�/�

.$�2��
*�-	�$3 * ��

'�/�++)(��,	'�$-� [3] � (2)

�0� * ��1
�,	�-�4#��

!"#$�2011–06–27

HI%&�=J (1986-) �K�LMN�>OPQ?�@ARBSTUVCWDXYEFGZ5
http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.32, No.8, Aug 2011



26 � � 2011 H 8 I

(3) .'6/0�,���-�$�
��('

��-!)
2��)*�'�� (4) )-�3

�����.1+��#$
�*�����

�3� (5) )�+�2�7������%'�

/3#$�4��2)�4�$�8#50�

9�
5��%�����1,���

2 [\JK]^_L`MabcN
�����%&�����%'���+

��#$
�67	8�(:�234��29

:��67
�����+5!��8� 

���	���"�6�����

2.1 =d,-

��7#���;
9�8:&9���

8�����<�!;=�&>:��$<;


��7#;;=�����>8:
��<

�=�>4����<?�@�>�4���

,��� 3×3 )��7#=>�,���

!���7#�&
�8��2,�����

��
.)��9>?2'�;A	B?
�@

(�����%C?2����#$�

2.2 /012e

�8�@3D@4�$�
	4���@

3���AEAA��5��8�
�+6B

�3B4�C�D)A�
B1C.�8��

"����D3��8�@3���
7�$�

���C8��#D�>�4�C19�#

E�>FE#�Æ$��F�

7�$����

g(x, y) =
255

{
bc[f(x,y)−a]−1

}
bc(255−a) − 1

(1)

G�
 a � b 	 c � 3 
��G:H��F;	

%��H��	(��I4� f (.GH
J

�$4� f (.@3�

� 1(b) �E�7#	�8�@3�&@(

.����

(a) <IIJ (b) KJF

I 1 KJKFLIJMN

3 AÆOfg
,�L���MG�K�����%�NL

HIO/
����#�9��I�8��$

��MJ����������

3.1 hi=>?

��������M��
1��MD�.

$ (��) @I (��) 8O�.$:
�D:�

���PN��,���KQL��M��
J

L���MG���������

R����+�

y = Ax + B (2)

OO�,����M�� N
��*@F�S


�����A� (x
i
, y

i
) 
�� i = 1, 2, · · · , N �

�.�M�PP (LMS) QR�F(	

A =
N

N∑
i=1

xiyi −
N∑

i=1

xi

N∑
i=1

yi

D
(3)

Infrared (monthly)/Vol.32, No.8, Aug 2011 http://journal.sitp.ac.cn/hw



� 32 ��� 8 � � � 27

B =

N∑
i=1

x2
i

N∑
i=1

yi −
N∑

i=1

xi

N∑
i=1

xiyi

D
(4)

G�
 D = N
N∑

i=1

x2
i
−

(
N∑

i=1

x
i

)2

�

	���NO��F�S
�� (i =

1, 2, · · · , N) �����F; (x
i
, y

i
) �RS
�

Q���)�� M×K 
R l T�Æ
�S�

�F�M	

g
lj

=
1
K

lK−1∑
m=(l−1)K

g
mj

, j = 1, 2, · · · , M (5)

(.R l T�����MO,�	

�G
l
=

(
g

l1
, g

l2
, · · · , g

lM

)T

(6)

O,� �G
l
�-�,��

�G′
l
=

(
g′

l1
, g′

l2
, · · · , g′

lM

)T

(7)

G�
 g′
lj

= |g
lj
− g

l(j+1)
|, j = 1, 2, · · · , M − 1 �

C8 g′
lj
.)��� j � x

i
� y

i
���O��

�M��

�
������,���
���F

;A� (xi , yi) �7��++S)��#$��

�MG�4T
S( G
l
�M���P	 g′

lj
.

)� x
i
�M���P(�H�!�S)�T?

�&�

3.2 ÆBCD

,����U#� 320×240�,����V

E�7#@����� 20 
��
��)��

16×240 �F�S
���.)-��P��


JV� 20 
-�P��	(.)���<�

�A�W���QU:8O��
 2×20��U

�E w �

VV�B���(.� 2×20�U�E w !

�WXW%���R�XF�R��-�.)P

����P σ2 	M� E 
J�S����M�

E (PP�� E �X E > σ2 
*����R

�X�
J��T?
(.�
Y��E w1 �R

"X��E w1 FR"���P σ2 	M� E �

R"��E�R�XX�T?Y��-�.)

P����A���S���� E (PP�

� E �X E > σ2 
*����R�X�
J�

�T?
(.�
Y��E w2 ���WXX�

T?�#�9�� ���
J��8�$

�����F�#�

T?X�@
���MG���E w2 !�

MG�������KQMG��M��
(.

���+�H� A 	 B �.
���>*��

�Y�R�:�
����������M�

�
1�KQ�Z[���ZG��

4 Matlab jPQRkl
RB�����
� Windows %&�
�

Matlab \+�����%��!�2SGN

L�NLZN[��� �����I�

8���!���SG� � 2 �Z����

(a) <IIJ (b) T[\IJ

I 2 U]^V]LT[\^\WX

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.32, No.8, Aug 2011



28 � � 2011 H 8 I

(a) <IIJ (b) T[\IJ

I 3 YÆ^V]LT[\^\

%&�����,����� 3�7�$D�

 ��������%&�����,��

��L�,�������W�����+�

����,���!�SGNL�� 2(a) 	

� 3(a) �H]��
� 2(b) 	� 3(b) ���,

���!�����%@(.����

5 km

����%���F�����"_�

*`^�*>:��_I�=_����%�

��������`���
B1))�

�� abZ����
������ ��

���`�����
[������%�H

���������
J�����*�

F;
B1��aJ���N�!�4T
,�

ab2���� �������%67
�

�2��Æ!"����%���NLHIO

/
�����89�%��� ����

����F;
�����	��aJc�

2b��;d�

KL?@

[1] M\�ccd�e]ef̂ g_dIJeN^\`f
hgiahfÆ [J]. OnoPQRS, 1991, 20(2):

17–22.

[2] bgi�jcj�kdfhTeijklfL[l\
^\km [J]. UVWXYZpqp[, 2005, 20(3):

338–340.

[3] m\g�lhÆ�]nifT[\jk_don
fhlokmmm [J]. PQoOn, 2004, 34(5):

390–394.

prst 24 uq

[7] Ju J, Kolaczyk E D, Gopal S. Gaussian Mixture Dis-

criminant Analysis and Sub-pixel Land Cover Char-

acterization in Remote Sensing [J]. Remote Sensing

Environment, 2003, 84(4): 550–560.

[8] nk�Mpq�rsofei^rptnoLpi
uqrJ_s\q�t [J]. v`p[, 2006, 10(3):

312–318.

[9] vr�ass�wu�tfei�utvLpiuu
vvJjfhlokm [J]. bcp[, 2006, 35(1):

40–45.

[10] dww�wex�xhxf fgwhxijyk
[M]. �x�yyyzy� 1999.

[11] lzzf lmzn{lmop{qr|}Z~s
t [M]. {T�{Tyyah{|yzy� 1998.

[12] wupflmvwoop{qgxykoyz [M].

�x��xz{z[|yyzy� 1996.

[13] Gitelson A A, Kaufman Y J, Stark R, et al. Novel

Algorithms for Remote Estimation of Vegetation

Rraction [J]. Remote Sensing of Environment, 2002,

80(1): 76–87.

[14] {|�w}_�x}f~}|}~~k�|}|
~��~�vq�� [J]. H�p[, 2008, 34(11):

1964–1969.

Infrared (monthly)/Vol.32, No.8, Aug 2011 http://journal.sitp.ac.cn/hw


