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Multi-threshold Infrared Image Segmentation Based on
Improved Artificial Bee Colony Algorithm
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Abstract: To address the problems such as low efficiency and repeated calculation in multi-threshold

selection for the traditional multi-threshold infrared image segmentation, a fast multi-threshold infrared

image segmentation algorithm based on an improved artificial bee colony algorithm is proposed. First,

the artificial bee colony algorithm is introduced in threshold selection to implement multi-threshold

segmentation. Then, to overcome the shortcomings existed in the original artificial bee colony algorithm,

such as low convergence speed and being easy to fall into local optimum, an improvement is made in the

search by leaders, followers and scouts. The improved algorithm is faster and can converge to the optimal

solution more accurately. The experimental result shows that compared with the original artificial bee

colony algorithm, this improved algorithm is faster for the same accuracy and its result is closer to the

optimal solution for the same iterative times. It can implement multi-threshold segmentation of infrared

images very efficiently while keeping its accuracy. It is a feasible segmentation method of infrared images.

Key words: infrared image; artificial bee colony algorithm; image segmentation; multi-threshold

� !"�2015–01–29

#$%&�4X5YZ6[\]7]8^_9` (cxjj2014003)

'()*�:a (1991-) �b�4Xc�de�;<Æfg=+hijkl,=mn
E-mail: china cq xh@163.com

Infrared (monthly)/Vol.36, No.4, Apr 2015 http://journal.sitp.ac.cn/hw



> 36 ?�> 4 @ � � 35

0 AB
���	���
�-��	.��/

�

0�����
�������1


.�2���34����5��6��34�

�
������7��	8�� 
!�9�

�:��
�;�"������	��#$


��	8�����5�!��5#�
;%�

��	�# 	!&���'(1�� �")

�"�*<#�	�")+
��$�	8� 

��)�+6!���)�.�=>#$,-�

����	���%#$�0&,- [1] �'(

[2] ).�*?�6�)+)@,/��A��

 ,0 (maximum between-cluster variance, OTSU)

,-
1,-!2�3-��6�)B,��

Otsu ,-��"4�	#4���5$���

.6
/7�%8�&9�'( [3] ).�*?

�6#0�&�:�1;2A�C���	#

$3-
Æ6'#$D457�)+
#$&9

<8�

6=
Æ67E�	�>F�� ��8

(
3-�?=>#$2)��/7*8�&

9��=>#$+;��	#9��� �!

�
.�7���34�Æ63-�,-,:

;7�=>#$<@E&.A	D450�=

>
/0�
?��6@AG��BH,-�4

6�1�=>#$=>�"4�0I33-	

C�2J3-	3K@3-	45DE3-	C

�L@3-	M@3-�C�B@3-'�'(

[4] ����	=>#$3-���F6
).

�*?�6I33-����	=>,-
/

7�%8�79�'( [5] �C�B@3-	�

)0GH�;2 Otsu -I75
).�*?�

	#$�J,-
K#$�D45�#$%)

0�)+�

C'N�OLC�B@3-@E�M8%

)9	NPOÆ#4AH�.6
#&DQ�B

PQ	ERBPQ�RFBPQ 3�,:�'�

�:�
K'�<�	<DGM86AH��7

�A;#$=>
D=)+���	#$�&

.�D45�

1 opqrstCu
C�B@3- (Artificial Bee Colony algo-

rithm, ABC) �Æ Karaboga E 2005 0).�*

?<=�B>S�9�H(3- [6] �ABC 3-

�B@#9T��Q�B	ERB�RFB�Q

�B�ERB46?S��H
RFBE?S

I/PQJ�@E�?S;J2?S�?�K

U�V:;���	��=>#$9A
WX�

B ABC 3-�
A(1��A;=>#$=>

CY9D�AZ>=>
L[\V�

min f(X), XL ≤ X ≤ XU

: 8 
 XL � XU # & � � ] � X =

(x1, x2, · · · , xd) />�V$�^$� d ��]�

X �2�
E�	M�8L[=>����

_`
ENE�/>O#Fa� Np ��

A19PL?@
G*��A�3+��H 

8�*��]��Ib3-�A�QRS�9

Itermax 
9T tR?@�T i��A+;L[9

xt
i = (xt

i(1), · · · , xt
i(d)), i = 1, 2, · · · , Np

(1) ?@PL(

_`
J�(R� t = 0 
6�UKV: (1)

RLa� Np �+��19PL�B@�

X0
i = XL

i + rand(0, 1)× (XU
i − XL

i ), i = 1, 2, · · · , Np

(1)

:8
 X0
i L[QRS�9 0 �B@8�T

i ��A
�M3G��A�c3) fi(i =

1, 2, · · · , Np) 
c3)>%��*W19ERB

@
%Z�*W19Q�B@�

(2) Q�BPQ

�6QR t S��Q�B?@8�*��

A Xt
i 
RL]T�A r ∈ [1, 2, · · · , Np/2](i �= r)


X-V: (2) YaJ��A V �

V (j) = xt
i(j)+(−1+2×rand())×(xt

i(j)−xt
r(j))

j = 1, · · · , d (2)

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.36, No.4, Apr 2015



36 � � 2015 � 4 �

9�ÆU3-�ZGd�#AH��(


`M3Ja���A�c3)>
��'V�

 �A Xt
i �c3)>��*%
6�X-V:

(3) ]Tc3)%H��A�Æ�V*RQ�B

?@�

Xt+1
i =

{
V, f(V ) < f(Xt

i )

Xt
i , f(V ) ≥ f(Xt

i )
(3)

(3) ERBPQ

ERBUK[.V: (4)EJ�Q�B?@

8]T%H�� Xt+1
i , i ∈ [1, 2, · · · , Np/2] 
D

=\�V*RERB?@�

Pi =
f(Xt+1

i )
Np/2∑
i=1

f(Xt+1
i )

(4)

(4) RFBPQ

)KQ�BPQ�ERBPQW�0��

VPL?@�ZIe�J?@�9�J2?@�

(�?@��85fgK�
 ABC 3-<=R

FBPQ@E?S�a��9
).�h0�R

FBPQ,:�IbN*��AO�] limit R̂

��(
9�I3��AXÆ�RFB
X-V

: (1) PQYaJ��A
�XV: (3) VO�

A��*%
ÆPc3)%H��A�'( [7]

Y.
 limit �>bZ9 d × Np/2 <+/7%8

�79�

�K;^Q�BPQ	ERBPQ�RF

BPQ
+K?@�(�V*R�_>i�
B

�3-QRS� t `�[a�S� Itermax <3

-7j�

2 vwxopqrst

2.1 \]^_`abc

EOL ABC3-8
Q�B�A��KEQ

�B@AF��RLQbPQ�<J�A��

d?,-�,d5��
��RcSERB?@

)d�?S���
'( [8] 83K@3-�H

4�HkeT�Uf
E ABC 3-�Q�BP

Q8QÆEePQeT�bCSQR8�AH�

A9 Xg 
6�lQ�B�AV Xg X-V: (5)

��Qb
YaJ��A�

N(j) = xt
i(j)+(−1+2×rand())×(xt

i(j)−xt
g(j))

j = 1, · · · , d (5)

:8
 i ∈ [1, 2, · · · , Np/2] �

g�
d?,-EQR�V*NPOÆ#

4AH��9��hE.#4AH
lQ�B�

AE?@8RL]T*��AX-V: (6)��

Qb;YaJ��A�

R(j) = xt
i(j) + (−1+ 2× rand())× (xt

i(j)− xt
r(j))

j = 1, · · · , d (6)

A�
*%#&K4V: (2) 	: (5) �:

(6) JYa� 3 ��A�c3)>
6�]T'

8c3)>A���A19V*R�Q�B�

Xt+1
i = max(f(V ), f(N), f(R)) (7)

2.2 fg^_`abc

OL ABC 3-�ERBPQH4��WX

i]T
d?LhA��h6Y�c3)>i

+�?SiNPmQERB
0j6)+3-�

M85�g�
d0+�Rjkc3)>%A�

?SmQ��ERB
D=K?@��85l

�Z[
��nZ3-�PQH 
D=jk3

-M8�#4AH�


'( [9] �Uf
QÆ\�)�[]4;

^hERBQbeT
Q�B�A i VQ�B�

A j W �\�)am9

aij =
1

1 + ED
(8)

:8
ED � i� j W � Euclidean(_:`a)


a < aij ≤ 1�6�ba*�bo Th(0 < Th < 1)


k aij < Th<
L[Q�B�AW I`*n


�<H4WXi]TeTK?@�%cd�k

aij ≥ Th <
L[Q�B�AW I`*/
9

ERBRL]T*�Q�BX-: (2) ��Q

b
;EÆU?@�85�efVg+;E*

al)^moOÆ#4AH�

2.3 pq^_`abc

Infrared (monthly)/Vol.36, No.4, Apr 2015 http://journal.sitp.ac.cn/hw



> 36 ?�> 4 @ � � 37

OL ABC 3-8�RFBPQ,:�K4

: (1) ���A<J�
d?,:n0*��h

�5�.�
ij��A+�OÆ#4AH
K

4: (1) 7�<J��A N t
i 
d+;oj�A

E.#4AH�k*?+���ArEAH�

I/PQ
plH4: (1) m��A Xt
i �*�

2)��<J
+;7� d(d ���2�) �<

J��A N t
1, N

t
2, · · · , N t

d 
6�UK: (9) 4aV

*RRFB�PQqZ�

Xt+1
i = max(f(N t

i ), f(N t
1), f(N t

2), · · · , f(N t
d)) (9)

3 yDz{E|}

9pr3-�0&5
_`
plK4,-�

,:s.pr�n�AH�
6�ba Np=10


Itermax=500 
 d=3 
#&K4OL ABC 3-�

:� ABC 3-O�t� 30 Sls
7�Au�

pr79 (oL 1) �

� 1 q.��?3-EA[efV�#$

79�

v 1 wxyz

{rstpu / vtwu {qstpu / vtwu rstv (s) rs{�|

uv{�| (65,100,151)/30 (65,100,151)/30 215.263 6.43648

}w ABC xx (65,101,152)/1 (65,126,191)/1 5.64718 6.39450

yw ABC xx (65,100,151)/4 (65,114,168)/1 6.26146 6.42952

(a)}wyz (b)}w ABC xx

(c)uv{�| (d)yw ABC xx

y 1 {qxy{z 3 ~�stpu

D�8+;z.
OL ABC 3-�h#$

.� 
g#$7�|�
g0{P!��,-

A�C3-}�*8G#$.� �!�
g|

<~}
�c5;<M��C').�3-�m

+;�%G#$.� �!�
=�7��{

|A�CH6OL ABC 3-�{|A�C
D

45<+�d 30 Spr7��A�C79\�

2 �[�

D^:�79+;z.
:��� ABC 3

-<NPs�AH�
��7��A�C>+

y 2 stpuz{�|~}

6OL ABC 3-�A�C>�

4 z~

QÆ��~�"`��@AG�3-8�

C�B@3-
).�*?�6:�C�B@

3-��=>�%#$3-�13-N�OLC

�B@3-@E�M8%)9	NPOÆ#4

AH�.6
#&DQ�BPQ	ERBPQ�

RFBPQ 3 �,:���:�
K'<�	

<DGM86AH��;�79LB
C':�

�3-V,-A�C3-�79*k
=��

��U�M3E
�0&GPQ��#AH�=

>
'D45�A�C>|H6OL� ABC 3

(TF� 42 G)

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.36, No.4, Apr 2015


