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Automatic Threshold Segmentation Method Based on
Infrared Image Frame Association
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(Department of Electronic and Optical Engineering, Ordnance

Engineering College, Shijiazhuang 050003, China)

Abstract: In the current single-frame image threshold segmentation, the segmentation is susceptible

to mutations, the background segmentation is not obvious and the segmentation effectiveness is poor.

To solve these problems, an automatic threshold segmentation method based on infrared image frame

association is proposed. Firstly, the automatic threshold segmentation method is used to segment a single-

frame image simply. Secondly, the image is processed group by group according to the frame-related

information. Then, the weights are assigned to each frame. Finally, the segmentation threshold of each

frame is determined to improve the anti-interference and segmentation effectiveness. The validity and

feasibility of the method are verified through theoretical analysis and experimental simulation. Compared

with other algorithms, the proposed method is stronger in anti-interference ability. It can segment the

target image clearly from the background and has better segmentation effectiveness and applicability.
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L − 1 T < f(x, y) ≤ L − 1
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f(x, y) =
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L0 0 ≤ f(x, y) ≤ T1

L1 T1 ≤ f(x, y) ≤ T2

· ·
· ·
· ·

Ln−1 Tn−1 ≤ f(x, y) ≤ Tn

Ln Tn ≤ f(x, y) ≤ TL−1
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pi = hi/(M • N), pi ≥ 0,
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pi = 1 (3)
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 ���!"�

t∗ = argmax
0≤t≤L−1

{σ2
B(t)} (10)

(�����3�
�����	���

@:<:;
2.
����@:<�A6�	

Otsu �����=� [6] 


2 h`abcijk\c]^de

,���,&7<��
%	,&��B

�	��3���	9
���
���

=

>�C	,&���

�'�(	�
	�?


��7Æ������
	����>
�

Æ (
) 

��"������Æ (
) 
	�

'7<��,&?(�������D� [15] 	

)�"����
�
	
�'.* ���

����@+6
� 1�@84�3�,&��

��


(a) GAH9A:;

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.37, No.10, Oct 2016



44 � � 2016 X 10 Y

(b) BI<E=>J=?9A:;

: 1 CF=?AHDGH:;

� 1(a) �3�:��
,&7<��	�

1(b)�3��4+52I��
,&7<��


�K� 1 
%	,&����	
?�@��E

�@
���>B	�?�.���
L"/

��	C 	�2��B������
�Æ


��>
���,&7<������FA�

'��
%		:��22	��BB4=*4


�)
#(	+
��C�	2I�	�


��2�FA4
3�
+3	+
��J*�

�
�
�
.* ����	)*M�:C

���:����	�!
��DG


��	"���
J*	
	7<����

���
��K����	(	"�7<��

7Æ������' ���
��"���

�
��"������Æ�DEHI1
�

���	E7J#"�:8:	(	����

��	��
3�


5%�
�
.* �����/�	


��
�:�'���Æ (1) ����'�-2

�	)F������
)F�N�-
 (2) �

7<���'*��+	�����,>�0

�#
L����'7*2�
��
�
�.

* ���K��� 2 �/


�
�.* �����
D6	Æ

D6 1 Æ���� Otsu �
.* ���

FA	����,&��
.*�� � Ti

Ti = argmax
0≤t≤L−1

{σ2
B(t)} (11)

0�	Ti �.���
.*�� �	σ2
B (t)�

.* ����!���
"�


: 2 H?L0@AB1MJM�:

D6 2 Æ��-�
 ��'*��+

Wi =
1

i2+1 + ie

20∑
i=1

ie
(12)

0�	 Wi ;/.����@
C6��
 i ;

/O4���	 e ;/.���
P�
,�

�K
%	.���7��.E"�
�&	�

=>.N��';
��
�

'#	�-

	"	�-��"��."1�����@
C

�'	'#
�
%�����
��&N@

0	�F
*��+��	O0 (12)
!�	�

>O
		��G�-!�'G&2�
G&�

0		�"1������/��0�'72

�	�'6F	H:	�.��02�1
��

QI�-	? �-HG


D6 3 Æ���-�
 �J9�	�!

$

T̄ =
1
20

20∑
i=1

Ti, σ2 =

20∑
i=1

(Ti − T̄ )

20
(13)

0�	 T̄ � 20���
 �J9�	σ2 �-�

-
 ��$


Infrared (monthly)/Vol.37, No.10, Oct 2016 http://journal.sitp.ac.cn/hw



� 37 ��� 10 � � � 45

D6 4 Æ��-�
���'K$	�,>

�0�#
���'7*2�	���"P


�� �

{
Wi = 1/2Wi if |Ti − T̄ | ≥ 10σ

Wi = Wi if |Ti − T̄ | < 10σ
(14)

Tlast = WiTi (15)

0 (14) �K$ �,>�0
C0	 Tlast �"

P�"
 �


���#D62�
�� �	9
��

�
��
��	�


�������4

D17�IJLR	
8/� "M	
���

�)3�&'2.


3 deflmdg
���S��

D	��	5%,�&

N����'�N0
5%
EQ&NJK	

+
-�JK 32@T��

 Intel Core i5 CPU

	 8GHz RAM ���	L�JK	 Windows 7 T

��
	 MATLAB R2011b
��&NR5
,

&�M
89� 640×480 


3.1 2�3./g%�&'4567

5&N� 3 -4./��099
7<�

��������	����'.* ���


� 3���,&7<��
� 3(a)��-4.S

�99�3�,&��
7<��	� 3(b) �

��
N-/�7<���4.S�99�


����
�5%������� ����

�'2��1
������ 4 �/


(a) LTUFOJ=?9A:;

(b) P89A:;FLFOJH:;

: 3 VQ=?:;

: 4 ABGJ:;

�� 4

/�		,&��4.S�99

�	9
��"���
���	�P

��

� �$�	�
��
�� 	QD 0��

�	��������	����(����

�
DR


3.2 9:;<='>?45

��)��D�M	N05%��
��


	��.* ����
�"��
 Otsu �

�	%N [13] �ÆHS� [16] 
�����C&

N
�C&N���� 5 �/


(a) VQ=?:; (b) Otsu AB

(c) RITUAB (d) H?LAB

: 5 VUAHJVWJ1MABOK

�� 5
%	��,&��
@W4.
D

1�>	�5.��E5�D1/9
8/
	

�-���'.* ����	/���
��

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.37, No.10, Oct 2016



46 � � 2016 X 10 Y

������ 5(b) �� 5 (c) 	� 5(d) �/
9

�K
%	� 5(c)�� 5(d)
������#


� 5(b) 	�� 5(d) ���
����C� 5(c)

)��
; 1�N�����
���� �	

���� (������E 10 N&N��



�J9�) 	�������>�
��S(W

�P��P$ (Misclassification Error, ME)[17] �

C�M���1�
#X
ME 
�':; 0 	

"�����'�


n 1 o 5 pqrstÆuvwxyz

QLTX AB1M YYUZ (ms) ME

Otsu AB 0.32 0.83 0.152

RITUAB 0.43 0.81 0.106

H?LAB 0.49 0.95 0.087

��� 5 
����	1�; 1 ��E
/

���
�
%�
%	�
�
�� �M

-�5��V	(NO�����Z
ME W�

�/�
���"(	"������"0


(a) LFOVQ=?:; (b) Otsu AB

(c) RITUAB (d) H?LAB

: 6 LFOUAHJVWJ1MABOK

� 6(a) ���4.S�99�
,&��

��
��
 Otsu �	�-���' ���

�9
45�P:,[
8/	W����	�

�������	
ÆHS�
��DQ#X

���	�������	
�,��
�
�

���9
��1��7<����
8/	

/	�R��-���"��� �	�
�

����C� 6(b) 	� 6(c) ��Æ	"�5%

+
�
�
.* �����
\99
	

3�
)>


4 h{
��.3� �����	1�7<��

��
��	�����+
,&�
�
.

* �����
,��@	&N	�M���


��
	
'
	��	��
 Otsu �
%

ÆHS�
���'�&N�C
&N;�	

5%������
����	�>
\99



�
���������
 ME�CÆHS

������V� 0.019 	����)I��


5%��9
!�2�
���Æ	��
K

���SY	�
	�����2�
&�


�T
]8��
��K�-���
&N[

^\�	�Z	�'�
�F


��5%��
+
,&���
�
�

���D	��2.�#
�I
 ����

�	(	������SY
2.
%[Æ


����	"	X/Q	��3�
��2.


?RD@"#����
�
�Æ�U!��

���2.�M����	��"�3
���

�	4��R]DQA."�S
����


AB��

[1] \T]�_V^`^Y_=>JWZ:;AB [J].

CDEF, 2014, 7(5): 779–785.

[2] _a[�T\�T`] ĈT:;ABbaQL [J]^
GHIJKL, 2006, 2(1): 240–242 ^

[3] Reddi S S, Rudin S F, Keshavan H R. An Optimal

MuItiple Threshold Scheme for Image Segmentation

[J]. IEEE Transactions on Systems, Man and Cyber-

netics, 1984, 14(4): 661–665.

[4] Ub^�UVM�__ X̂WN`UZYa1MAB
JcXbcQL [J]. CDOPFQRSTU, 2007,

12(3): 216–220.

[5] Ud`�YZ\�[\a^XW Otsu 1MLJc
XbcQL [J]. VWXYQZ[\], 2008, 21(6):

746–757.

[6] Zhou M. Low SNR Infrared Weak Target Image Seg-

mentation Algorithm[J]. Laser and Infrared, 2004,

34(3): 225–228 ^

Infrared (monthly)/Vol.37, No.10, Oct 2016 http://journal.sitp.ac.cn/hw



� 37 ��� 10 � � � 47

[7] cZd�]ef�̂ dF�g [̂eJehQLfbU
:;ABFJg^ [J]. EF^_[`, 2008, 16(2):

333–337 ^
[8] hi�fcd^\jRIk_aJRe`]J:;
AB [J]. bcde, 2006, 28(7): 395–399.

[9] ^af�bc_�T`g�g^[eJg�hla
AHbfYL [J]. CDEF, 2014, 7(5): 759–767.

[10] Ma M, Liang J H, Guo M, et al. SAR Image Segmen-

tation Based on Artificial Bee Colony Algorithm[J].

Applied Soft Computing, 2011, 11(8): 5205–5214.

[11] iÆ�ic�ji�g \̂jm]kQLJXWad
1McX:;AB [J]. EF^_[`, 2014, 22(2):

517–523 ^
[12] Zang H, Zhao B J, Mao E K. A Real-time Effective

Method for Infrared Point Target Detection in Spa-

tially Varying Clutter [C]. Beijing: CIE International

Conference on Radar, 2001.

[13] Muller M ^ Saliency Measures in Cluttered IR Im-

ages for ATR [C]. SPIE, 1999, 3699: 150–154.

[14] TV�i`��\dl�g m̂^:;henefJ
=?jZAHio [J]. EF^_[`, 2015, 5(23):

1424–1433.

[15] Æf =̂?9A:;AHgh?LQLnj�ok
kl [D]. el�ijm�ng`��2008.

[16] Liu H Q, Zhao F, Jiao L C. Fuzzy Spectral Cluster-

ing with Robust Spatial Information for Image Seg-

mentation [J]. Applied Soft Computing, 2012, 12(3):

3636–3647.

[17] fpp^:;ABmoYLnj [D]. hq�hq�
�mn`��2011.

r|}~ 29 �s

�kni��E�
1	Dn-.�&p


�jkni���
1	ni�*�&p	�

l	�t7�M
�
�EQ������mi


,�Ln� FSD 1��mi
,�Ln�m

i
'!oq<1�
���'�2�	��

���2�
1��'��C	�M


1�;�	2�1�kDn	jkDn
u

(p9r(	u(p��C6	�mi
,�L

n� FSD1���2�1J9r(� 31.4%	�

mi
,�Ln�mi
'!oq<1���

2�1J9r(� 53.1%
�vjkDnjk�


po-.I>	���2���

�kp

CJ9�V 1 w	1��2���

�V 4.6

w
��m�vjkDn��t7�V1	�	


�lL�
�t�
,�����	���

0���� AOTF �EDn�t7
pk	


AOTF Dn-.�l�


AB��

[1] Td]�mg�fqq�g^ hSEidejk
[M]. �s�m�xyr� 2011.
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