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Abstract: In power systems, to use computer vision and image processing technology to detect zero-value

insulators is very important for the safe operation of power systems. An automatic zero-value insulator

detection algorithm based on infrared images is proposed. Firstly, an input image is preprocessed and the

insulator is positioned precisely by combining the GLOH descriptors with machine learning. Then, the

boundary points in the image are extracted by using a graphic method. The initial contour searched is

used as the initial value. A GVF Snake model is used to check the precise contour of the insulator string

so as to separate the insulators. Finally, automatic zero-value insulator detection is realized by analyzing

the statistical histogram. The experimental results show that the proposed algorithm can detect the zero

value insulators effectively.

Key words: infrared image; zero value insulator; graphic method; the K-means clustering; GVF Snake

�����2017–09–20

�����OPNQROSTPU (61772032) �OPVQWRRXPU (5212D01502DB)

YZ���[\] (1983-) �^�_`STU�abV�OW�XYZcd[\eÆ]fV^g_`haij�
E-mail: 343633557@qq.com

Infrared (monthly)/Vol.38, No.12, Dec 2017 http://journal.sitp.ac.cn/hw



b 38 c�b 12 d � � 39

0 ef
������
���
�	
����


�����
������
��
����

�
�������������������

�����
 !��	"�
����
��

���	"�
�
�����
��
�#�

���
 ����
��������!�

�������������"�
���	

���	"�
���$����

���"��	�
	"�
� %#�


���!�&�$"���"�
������

#�!��$%��'���������%


���!&��� �
�( ���"
)

'!(	"�
�
�)&�����!���

 ���!#$��*��

"�
'�("*�+##)���!�

	"�
�!( ,�$* [1] "*�++, 

%-$.�& &%'��
,&'�	"�


�!( ,
( ,�� 110 kV ��-(�


�������!
)
�!�.�$)
"

��
���/�, %-$.�&/*�*�

, +-�"
*,!(�0�
Æ1�
-+

"0�
��	�,	"
1-�*,
*1

�
)
2�23!(�0
�)	"�
��

!(�( ,�&� 3	��������

!�-+�!�
.44 ����
�$)�

#/
�#!(!50�$* [2] $.� XP–160

�
��+/"�5����!
1'��,

 +- ���!���
165#��%*�

5�"��	"
610)'�"	"�
��

$* [3] $.����
����!,7�$(

 ,
7���
�, 3
����
���

�!,7�-81��-8�98-"
92

�+/%:%&5���
������!�

&$"�$* [4]  ���
�����!,7

$( ,���$.34
7���
�, 

3
���
����!,7�-81��5

8�98-"
$.�+/%:%&5���


������!�&$"
,�
���""

2�#:3
�$* [5] �����!�� -

(��
�4�*9���%:����"
&

/;'���!��	�"-(��
���

%:�(6�# ,
)5�7;<�
��

%:
6( ,�*)&%$7�$* [6] 8-

����!�"= (	) "��
���#<


&/;'.��!�" = (	) "��
�)

+3+0�6/�"*�
1"*�+=�


����,��#$. ,�

-.���"���>�*)&%$7�

7�)
�/)'$7
>���
�08+

0�$70-+��9:�:$"*�++#

)���!�	"�
�)'�"�,
��

GLOH 12�&'�/?@��0208�


�
�<4 ���8;
<9���, ,
[7] "��!�?:%
)
?:=> ,A*

�
���@?34�*,@?"
�� GVF

Snake �0�"�
���0234�
A3$

)�
��-�
 9)
$.��1 �
-

9	"�
��)'�"�

1 ghikl
�
��!�
.@����6��A!

B�5A
��+�5#B��Æ�B.@;

6C.@�C=.@�D��!�<
��9E

��!$)��&"���F)�!CC	�+

/*��+/Æ7D�55A�G8
�HE�

�F9-D��$"�I�:=.@�HE��

����
;J E,�
���!��F�

�K&�
7>#.@�

GL �!���"<G��"<G�7

�<?
�<;.@�9:
�= �!�?


�4?�)@���1 �>A�?M@�

!� H-
I)�
��08�

2 mjknl
2.1 2op34

�
�08		"�
��"�$�J

5��12�
��BD6.
J� �!�

�A��&�"�'�&N"*��>A��

&�" ,
H�B$$ (Difference of Gaussian,

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.38, No.12, Dec 2017



40 � � 2017 � 12 �

DoG) �&�" [8] �Harris C%�" [9] �Harris-

affine �/�" [10] � Hessian-affine �/�" [11]

��F)DIOK�/��()J�)�!E

F�K��CK�;B-K��
Hessian-Affine

�/�"�,)
>L-MN� (G2DI

+K�&
)�#�"*DIOK�/��O:

$P� Hessian-Affine �/�"�,?G��&

�/���&�

CD35A�!7�
HG�C-����

��
�O��"08IQ
J����+0L

-�B-�P7;QR+K�A��&S/08

�
��:$P�K-08 11 � (Gradi-

ent Location and Orientation Histogram, GLOH) 1

2� [12] ���&12�GLOH ��L12��

!�&)5 L-MJ�P7�HG�K�)T

+K<
E.)�@ [13] �

2.2 89q:;<

�2�IQ
"����&*,2�K�,

�>#NR��&
�� kmeans  ,2��


����=U
�O ,H5�

(1)��@?�K L�S% {T1, T2, · · · , Ti, · · · ,
T

K
} 
 Ti ;PV i L�S%
 i = 1, 2, · · · , K �

(2) ��FL�& Tj $(3 K L�S�Æ

7 di = ||Tj − Ti|| 
-FL�&MG3Æ7� 
"��S%H+G�

(3) WGX.��& �S% {T1, T2, · · · ,
Ti, · · · , TK

} ��NT
1Æ�S%+UK��
-2�G2��
���=UO, L �

L = {(T̄1, μ1), (T̄2, μ2), · · · , (T̄i, μi), · · · , (T̄K , μK )}
(1)

(�
 μi ,V i LG�IJ>"
IJ>" μi

,V i LG�L��&1� V iLG�K>"

T̄i 6P$"� ���

2.3 2op?@

7
���Q�+Q�
��!*,"5

�!
WG 2.1 R ,23"5�!�+�L�

&1�
O, {T (1), T (2), · · · , T (k), · · · , T (m)} ��
� T (k) ;P"5�!�V k L�&%��&1

�
<9-C=�& ��=U��IJ
1)


 L ��>"?$7�	�,�
���&�

��( (2)��"5�!�&�/�R�+

L!�% (x, y) �SM" V (x, y) �

V (x, y) =
H∑

h

1
2πσ2

exp(− (x − xh)2 + (y − yh)2

2σ2
)

(2)

(�
xh ; yh ;PNT9��&1��V hL

�
��&�"5�!�L ��!�%�S

AY;BAY
 1 ≤ h ≤ H 
H ;P�
��&

�C*� σ ;P�&�/�L-�

$7 V (x, y) 	��)�)L�0�>"�

��)�)(>"
V;P!�% (x, y) T)�


�L���/
)N(!�%�T6V;P!

�% (x, y) T)!�
�L��/��/W� 

,$7�U!�%
Z�V�"5�!�&�

/�L�!�%��"
23�
��/�

3 mjkrs
)
V 2R�
��08&�
�G2�


�L���/
60-�
�02$)*?
U

J L"���/�+J$)
-�
�Z�

!�"�*?�

-!�%*,[%
[%6PWG+0�

VV�0?7BD�
7TX!�%6P�,

WX��$* [14]����,?G��!�?


YZ�:$-P�$* [14]���, ,?G�

�!�@??:%�

Xu�?("*�K-W�O'8 (Gradient

Vector Flow Field, GVF) 
1"*� GVF *,�

�[X�� GVF Snake�0 [15] ?"�-Y34

P�� GVF Snake �0 @?34�1+�Q

Y$02
6�@?34�+�"D-?



V9E GVF �8��;34ZRLJ�7P4

����Q2�, ,Y*�!�?:%
<9

)
K�7[%K�?:=>�, [16] =>*�

!�@??:
)402B$)*�!�. 

 4 
=34��"D-?
�

Infrared (monthly)/Vol.38, No.12, Dec 2017 http://journal.sitp.ac.cn/hw



b 38 c�b 12 d � � 41

4 tmmjkuvw
 )+Q
Æ�!
GL��V 1R��!

K&� , ���K&�
<9)
V 2R�

� ,���
�08
U)
V 3R� , 

�
���$)�

	"�
�	 ,ST?�
�,H\]

E^ (�%\) ��!�%-$.+UE=�]

E^��!(
>�$0�,	"�
� [17] �

3
Q2�8
-��1 ��ZLÆ"�/

��H4
HVLÆ"�/�"'\])�U

�/
V�$0(�
�,	"�
��:$�

�,O��H� 1 LP�

] 1 _^_[W
]

5 no
-8A�\X��]`���!aH,+

O�`-b� (DS-2TD2136T-25) ;^�^!E

Y_K�3"/
���GQ`c, 8∼14 µm�

PK��,��
�����!
7C=

�!,2�W:
G��
����=U�)


 ��=U�H 
20�
��/�� 2	�

�:$�,�"	"�
��&/�� 2(a)	_

?�!
�!�,�+L�
��
U��Z�

�a�4 �� 2(b)	K&�9�b-�!��

2(c)	08�,��
���/
� 2(d)	��

, ,Y*�@??:%�� 2(e) 	)
 GVF

Snake G���
�$)�!�� 2(f) 	�"&

/
�!���+L	"�
��

(a) `d]a (b) ba[cbdc]a (c) \c�]dde

(d) edfeg (e) \c�fg (f) ^F\c�

] 2 ^F\c�bhh

6 xy

	"�
��"	��i
���!#$

��9:
"*�++#)���!�	"�


�)'�"�,�(�,f'� GLOH 12

�� K-means _G$. ,��, ,� GVF

Snake ���
)-9	"�
��)'�"�

-8&/>--�:$�,��#< �:$�

,g<G 	"�
�����"
6,X�

�H�
�08 ,��
�$) ,�>�

�)�"�U"#�
�
H="�
��`h

�
���
HI��

[1] eij�k�a�b�J�jkflicfmjK
gk	lc�dfl�b^F\c�mnm[ [J].

LMNO, 2012, 36(2): 171–175.

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.38, No.12, Dec 2017



42 � � 2017 � 12 �

[2] hof�PeQ�Rin�jkncloopahh
^F\c�bjkfl [J]. LSTUVNOUW,

2015, 30(2): 55–60.

[3] qp[kqmoopa��b\c�XqhhgY
r [J]. LZL[, 2011, 11: 42–47.

[4] rfg�nsr�othkoopa��ps^F\
c�hh\bqr [J]. L]^_`, 2013, 2: 40–44.

[5] sÆu�mp�itt�jkoopa��pjv
suu\c�hh\bqr [J]. abLS, 2016, 6:

49–52.

[6] wa��th�suv�jks (^) Fkvsu\

c�v�hhxwwxl [J]. L]^_`, 2015, 4:

14–18.

[7] Chung F R K. Spectral Graph Theory [M]. Provi-

dence: American Mathematical Society, 1997.

[8] Lowe D G. Distinctive Image Features from Scale-

invariant Keypoints [J]. Int J Comput Vis, 2004,

60(2): 91–110.

[9] Harris C, Stephens M. A Combined Corner and Edge

Detection [C]. Manchester: 4th Alvey Vision Confer-

ence, 1988.

[10] Mikolajczyk K, Schmid C. Scale and Affine Invariant

Interest Point Detectors [J]. Int J Comput Vis, 2004,

60(1): 63–86.

[11] Mikolajczyk K, Tuytelaars T, Schmid C, et al. A

Comparison of Affine Region Detectors [J]. Int J

Comput Vis, 2005, 65(1/2): 43–72.

[12] Kristina Mikolajczyk, Cordelia Schmid. A Perfor-

mance Evaluation of Local Descriptors [J]. IEEE

Trans on Pattern Analysis and Machine Intelligence,

2005, 27(10): 1615–1630.

[13] cty�my�snkqm GLOH_�zowjKx

�bkpmn [J]. defghVij, 2013, 30(5):

271–274.

[14] kq�rx�{zJ�jkqmsjKb]atu_[

[J]. lmnZoUUW (zpTUq), 2015, 43(9):

60–66.

[15] Xu C Y, Prince J L. Snakes, Shapes and Gradient

Vector Flow [J]. IEEE Transactions on Image Pro-

cessing, 1998, 7(3): 359–369.

[16] qv�i|{kvwxyg}bfez{_[ [J].

defr{, 2004, 21(3): 21–23.

[17] ysky~||�Æz\c�oopÆhh��

[J]. tuLSNO, 2007, 26: 18–24.

zÆ|} 37 ~{

[21] Atkinson R. Atmospheric Chemistry of VOCs and

NOx [J]. Atmospheric Environment, 2000, 34: 2063–

2101.

[22] �| · }{|�}}~}vkwi~jk~kxy
z{|}~�h�m [M]. ���v�	�~���
2009.

[23] Atkinson R, Arey J. Atmospheric Degradation of

Volatile Organic Compounds [J]. Physical Chem-

istry, 2003, 103: 4605–4638.

[24] Huang M Q, Zhang W J, Wang Z Y, et al. Mass

Spectrometry Study of OH-Initiated Photooxidation

of Toluene [J]. Chinese Journal of Chemical Physics,

2011, 24(6): 672–678.

[25] Maxut A, Noziere B, Fenet B, et al. Formation

Mechanism and Yield of Small Imidazoles from Re-

actions of Glyoxal with NH+
4 in Water at Neutral pH

[J]. Physical Chemistry Chemical Physics, 2015, 17:

20416–20424.

[26] Liu Y, Liggio J, Staebler R, et al. Reactive Uptake

of Ammonia to Secondary Organic Aerosols: Kinet-

ics of Organonitrogen Formation [J]. Atmospheric

Chemistry and Physics, 2015, 15(23): 13569–13584.

Infrared (monthly)/Vol.38, No.12, Dec 2017 http://journal.sitp.ac.cn/hw


