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Abstract: Because the battlefield environment is complex and changes quickly, a fast detec-

tion/localization algorithm against shore island background is proposed. The algorithm can search for

the infrared ship targets of interest, such as the ship docked at the port, without prior training. In this

method, only a single target image is used to find the similar matching ship in the field of view, without

learning the target to be searched for prior. A local regression kernel extracted from the image to be

searched for is used as a descriptor for measuring the similarity of a pixel and its neighborhood. Then,

the remarkable feature is extracted from the descriptor and is compared with the similar features in the

target image. The comparison is conducted by using a cosine similarity matrix. The experimental results

show that this algorithm is excellent in performance because it recognizes the ship target successfully

against the complex background.

Key words: cosine similarity; infrared target; shore island background; target recognition

����2015–12–11

RS���c� (1987-) �T�dUVef�gh�ijkWXlmnoYZ� E-mail: n13791268762@126.com

Infrared (monthly)/Vol.37, No.2, Feb 2016 http://journal.sitp.ac.cn/hw



p 37 q�p 2 r � � 43

0 st
����������	�
�����

������������������


�������
� (��) �	�/��
�

� [1] �����������������

������/��������� ���

��!���������"������

�����#����$�%������#

�&������� !�'(�� (���)

�
��� )�"�"*�+# [2−4] �,�

�!���$%�&��!��'-���"

(#�+�.��/�����$%&&��

!'��!� *���)0!1���!�*

(&&"2)#**��/�$�+,)�

�,(�"�����/
���,3)4	

�%���

1 uvwx
 "����#�-.�&5�,Æ+�

�'-�/0�+�01���$���6�

���'7(����8�'���/���

232945�/'7��/
�67� 1�

01���(��

8 1 :9:;<)�8

1.1 [\,-

01��=>?*��'7�/
���

�+,�@����.;
����A��/

<-��=B0�.>�?�@��!1/

ABC���;�2!."DEFG��H

I�-�0JAK�/<3CDEL [5] 0�

L145���/�� T �(��� Q �F

283'�����2��-��=B�

���GM67�F25G%����	��

�H��4I#� [6] �,8�5/6J-2

��H8 Q � Ti �6N�/6K��/6

77 F
Q
� F

T
i
O8 T � Q ��/677 F

Q

� F
T

i
�L89:

01��90JM;��AK;��NOP

/�/	����,@%���!��Q�/

6 (-��=B) ���!<�DELL1 (3C

DEL77) 45��AÆ;��%,:0P;

/�����RP��<��AS;��T10

2=0

2 ]^y_
M=">�+���
��+,�@Q>

R>
�&�;�$���3�&�?��

�.>

2.1 @ABC`DEFGMaHIb

-��=B�+?UV��W��	��

S�XL�TL�U��!.6Y���-�

0J�Z@A%��0J$%[�J/4B�

KK�VL��-�B�.L� ���B

.JC��

K (x
l
− x;H

l
) =

K
[
H−1

l
(x

l
− x)

]
det(H

l
)

,

l = 1, · · · , P 2 (1)

\��x
l
= [x1 , x2 ]

T
l �DEM/�P 2 �-�WF

(P × P ) ��]��"^�=77��J�

H
l
= hC−1/2

l
∈ �(2×2) (2)

\��h ���T-GH���C
l
���N� x

�OIP�-��	WFJ�DE (x1 , x2) XL

=1K�S�2��_�U77�=77

H
l
W�G%�����-�LM0J��XN

����YZ-�B�KK�VL�����

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.37, No.2, Feb 2016



44 � � 2016 � 2 �

=77�01`Q���4a[� K(.) �,-

2��!.;K\�-��=B�

K (x
l
− x;H

l
) =

√
det(C

l
)

2πh2

× exp
{

(x
l
− x)T C

l
(x

l
− x)

2h2

}
(3)

O;��� x�Ob�015@%��/4

P�� K (x
l
− x;H

l
) �,5�0���R\ x

l

� H
l
����]c�'��"^!�-�LM

/6��FP����-�Qb�-��=B

�� Kj (x
l
− x;H

l
) N j 3/�,N.;���

����/4P�

W j
Q
(x

l
−x) =

Kj
Q
(x

l
− x;H

l
)

P 2∑
k=1

Kj
Q
(x

l
− x;H

l
)

,

{
j = 1, · · · , n
l = 1, · · · , P 2

(4)

W j
T
(x

l
−x) =

Kj
T
(x

l
− x;H

l
)

P 2∑
k=1

Kj
T
(x

l
− x;H

l
)

,

{
j = 1, · · · , n

T

l = 1, · · · , P 2

(5)

\��n � nT ����(��� Q ��/��

T ���-��=B�Q���

2.1.1 cdef

_�!de
�R�-�/65ÆR�0

%(�"`f!a�
�SR�TJC W
Q
�

W
T
�@�����3UN=1 wj

Q
� wj

T
J�

�77�!�HUSN W j
Q
(x

l
−x) � W j

T
(x

l
− x)

VU!��

W
Q

= [w1
Q
, · · · ,wn

Q
] ∈ �P 2×n (6)

WT = [w1
T
, · · · ,wn

T
T ] ∈ �P 2×n

T (7)

;�&�� W
Q
��4I#��,Wbc

?�ATQ/65dI/6W�Ug WQ �

W
T
) A

Q
����

F
Q

= [f1
Q
, · · · , fn

Q
] ∈ AT

Q
W

Q
∈ �P 2×n (8)

F
T

= [f1
T
, · · · , fn

T
T ] ∈ AT

Q
W

T
∈ �P 2×n

T (9)

2.2 ghiVjklmWXEXY

;�&�,���%��1"�2�/6

F
Q
� F

T
XY�e5�����ZDE��

������D+Q�L1!f��ZhXY

�[hXY01/<3CDEL770�L

1�\3CDEL��J�
�/4P=1

�J\

ρ
(
f

Q
, f

Ti

)
=

〈
f

Q

‖f
Q
‖ ,

f
Ti

‖f
Ti
‖

〉

=
fT

Q
fTi

‖f
Q
‖ ‖f

Ti
‖ = cos θ

i
∈ [−1, 1] (10)

\��f
Q
� f

Ti
∈ �d �U=1��3CDE

L Y,�]L (D�) $%�![^�VL$

%� 3CDEL775!�J�����

Frobenius J\��%
�M;/4P77\Z

f��L1\�

ρ
(
F

Q
,F

Ti

)
=
〈
F

Q
,F

Ti

〉
F

= trace

(
FT

Q
F

Ti

‖F
Q
‖

F
‖F

Ti
‖

F

)
∈ [−1, 1] (11)

F
Q

=

[
F1

Q

‖F
Q
‖

F

, · · · , Fn
Q

‖F
Q
‖

F

]
(12)

FTi
=

[
F1

Ti

‖FTi
‖F

, · · · ,
Fn

Ti

‖FTi
‖F

]
(13)

!._2�3CDEL77�!��].��

!�(])=1�`L�]LDEL��L

1��%W!.g>3CDEL�a�a!.

+,f����^D&b9�67��3�

�/Q�����DEL�,!W�Uhi77

FQ ,FTi
�B.,)�

ρ
i
= ρ

(
F

Q
,F

Ti

)
=

n∑
l=1

f lT

Q
f l

Ti

‖F
Q
‖

F
‖F

Ti
‖

F

=
n,d∑

l=1,j=1

f (l,j)
Q

f (l,j)
Ti√√√√ n,d∑

l=1,j=1

|f (l,j)
Q |2

√√√√ n,d∑
l=1,j=1

|f (l,j)
Ti

|2

= ρ
(
colstack(F

Q
), colstack(F

Ti
)
) ∈ [−1, 1] (14)

\��f (l,j)
Q

, f (l,j)
Ti
�A l �=1 f l

Q
� f l

Ti
�_]�

colstack(.) ]cUhi��77

Infrared (monthly)/Vol.37, No.2, Feb 2016 http://journal.sitp.ac.cn/hw



p 37 q�p 2 r � � 45

8 2 cjdkel

8 3 cjdkel

;�&�`f��mDE�n?5��'

����&!.]/ Q` T aEDE�!SQ

�T@%oi�U ρ2
i
`j3�U (1 − ρ2

i
) �O

&���(@%0�[� f �

f(ρ
i
) =

ρ2
i

1 − ρ2
i

(15)
2.3 b\cd

;�p201�����#���

2.3.1 cden
(1) JC W

Q
� W

T
(��+� Q,T �/4

P�-��=B�K) �

(2) �WQ ������	�,8= d �/

6=1�6NUgDE A
Q
�

(3)UgW
Q
�W

T
)A

Q
�JC F

Q
� F

T


2.3.2 opqrstuvw
(1) � � 3 � � � / Q T

i
(� � i ∈

[0, · · · , M − 1]) ��� ρ
i
� f(ρ

i
) �,JCDE

��

(2) 8)�Q� f(ρ
i
) ��
�2�/

3 z{|x}
01��%��Uqfghk945�'

7�/��%��>e?*�G%`�/�E

���0�(��� 2�� 3 "c�W�l:

6N��/	�0P!._2�r���sf

�tF?*hi;�uF	�2�945�'

7�/�;/r��Sv�"�����;#

EF+,'7�/	�67

4 y~�
01m2���nKtF?*�!$%�

�����"���/	���G%-��

=B0�/6.>��,G%3CDEL77

0�/6EDEL�L145r���	�

tF?*'7�/(YN�#E�RP��u

F+,��$%1o.j?*sf���;'

7�/k.	��67

ghOP

[1] Mundy J L, Ponce J, Berg T L, et al. Toward

Category-Level Object Recognition [M]. Heidelberg:

Springer, 2006.

[2] Shechtman E, Irani M. Matching Local Self-

Similarities across Images and Videos [C]. Minneapo-

lis: IEEE Computer Society Conference on Com-

puter Vision and Pattern Recognition, 2007: 1–8.

[3] Shechtman E, Irani M. Space-time Behavior-Based

Correlation-OR-How to Tell If Two Underlying Mo-

tion Fields Are Similar without Computing Them?

[J]. IEEE Trans Pattern Anal Mach Intell, 2007,

29(11): 2045–2056.

[4] wp��lm�inxqroj:<sptuyqv
z [J]. z{kl|m}no, 2014, 36(1): 194–197.

[5] ipq�wr��st�{xursxyz|<9
:�v{Æ};tw [J]. uvwx~, 2005, 32(9):

160–163.

[6] xy~�z{|�}y|xzy��}{8t Zernike

~~|��}<~� [J]. uvwÆ�, 2007, 27(3):

696–698.

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.37, No.2, Feb 2016


