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Study of Small Target Detection in Single Frame
Image Based on Local Characteristics
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(Department of Instrument Science and Opto-Electronics Engineering, Beihang

University, Beijing 100191, China)

Abstract: A grey level model of small targets in the spatial domain is established on the basis of the

point spread theory in target imaging. The basic characteristics of the target, background and noise are

analyzed. After the open and close morphologic operation is implemented, the grey level variation in

each pixel position is derived. Thus, the potential target areas are determined. The multi-orientation and

multi-degree gradient of each potential area are studied. The detection of small targets is implemented

in a single frame. The result shows that this method can effectively suppress uneven background clutter,

enhance target signals and improve the detection of bright and dark small targets in a single frame. For

an image with a signal-to-noise ratio (SNR) of 0.89, a SNR gain of 34.74 can be obtained.

Key words: small target detection; background clutter suppression; multi-orientation gradient and

multi-degree
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(f ⊕ b)(s, t) = max{f(s − x, t − y) + b(x, y)} (3)
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GV C(x, y) = max{f(x − L/2 + i, y − L/2 + j)}

− min{f(x − L/2 + i, y − L/2 + j)} (7)
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fb(x, y) =

{
f(x, y), f(x, y) − f ◦ b(x, y) < t

f ◦ b(x, y) − t, f(x, y) − f ◦ b(x, y) ≥ t

(10)
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f · b(x, y) + t, f · b(x, y) − f(x, y) ≥ t

(11)
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Tx+ = G(xm, ym) − G(xm, ym + k) (14)

Tx− = G(xm, ym) − G(xm, ym − k) (15)

Ty+ = G(xm, ym) − G(xm + k, ym) (16)

Ty− = G(xm, ym) − G(xm − k, ym) (17)

1�	 T *6*�	 G *62���+��

,)0�I1	%CI0 k � 1 
 3 
 5 �

B��3�*�"�F,)0�MGLJN�

O���&,��(
*�.�B��3*�	

KB��3��/�0�*��N�"��!

"	G!KJ"��!"*��EL�ÆK�/

�0�(�	G>%����PO#C 1 Æ/�

Infrared (monthly)/Vol.35, No.2, Feb 2014 http://journal.sitp.ac.cn/hw



� 35 ��� 2 � � � 41

*�	FL��	4APO#���� 2E�1

*�.#��C/�3*��N�"R��L

M	GJ*"&,���&,�

4 pKfgqh~
�� 2 ��P4'+�����2��H

+��$+S (T) Q2@	�A4� 3 56�

(a) <A==F>@RUSVQR>7B89@

(b) <A==F>@RWSVQR>7B89@

@ 3 F>@RMN�UXWYSVQR>7B89@

� 3 �	.���&,�SZÆ�(TT

&,��G>I	3U�#�$+��%%�V

�&������BE	� 3(a)�)%&,�+

�A0���&,�+�	������-�

�K�����5G	0+�2-!"#���

�	�2���������#&	�����

�&�	�A4� 4 56�

(a) <A==F>@R[UJ\NKR>7B89@

(b) <A==F>@R[UJ\NKR>7B89@

@ 4 F>@R[UJ\NKR>7B89@

�� 3 �J	� 4 ������/I��

V�&����+���	4� 4(b) 56	��

>�8,�����+���*�EO	�-#

����&���V>0Æ����0L�O

B��'���	4� 4(a)56	-#����

&���%%1.+�2-"��&,���

FF � 4(a) �/)Æ��&,��<9(	

Æ2�+����)Æ��&,�+����

�%.	0�
QH.�)%�J&��	�A

4� 5 56�� 5 �SZÆP#J&��	=�

&,�59���+�:?6��Q�+��

��5G	�-#3$����Æ�R.	2%

,)P�������+��WX���Æ�

R.�

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.35, No.2, Feb 2014



42 � � 2014 � 2 �

@ 5 <A==WY@Q>7B89@

��
QSE" ���%	##��&

�5L BSF ���J�7 ISNR ��D-%.

J"	�*G4��

BSF =
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1�	 σin � σout %C��*������M
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SNR = |ft − μ|/σ (20)
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