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Abstract

Infrared thermograph is of great significance in electric equipment monitoring, but due to both the limitation in
thermograph technology and surrounding interferences, infrared electric images are always fuzzy by nature, and thus
the segmentation of infrared electric image is a challenging task. To handle this ambiguity, we first calculate the two-
dimensional histogram of image to make full use of spatial information, and then transform the two-dimensional
histogram into fuzzy domain employing fuzzy membership. A new kind of two-dimensional fuzzy entropy, namely
two-dimensional fuzzy Renyi entropy, is defined and employed to compute the fuzzy entropy of object and
background respectively, and thus the image is segmented following maximum entropy principle. Compared with
other typical methods by experiments, the presented method is verified to be more effective and robust.
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1. Introduction

Infrared thermograph for equipment fault detection has been widely used in power systems for the
reasons that general fault of power equipment such as discharge and overheating always involves the
variation of temperature [1]. Typical steps of online automatic monitoring based on infrared thermograph
include capturing the infrared image of electric equipment and then analyzing the image by computer. In
this process, image segmentation is an indispensable step to recognize the overheated equipments or parts.
However, on one hand, as the infrared thermograph is extremely sensitive to the change of temperature,
the heat exchange between the object and surrounding environment, combined with the scattering and

* Corresponding author. Tel.: +86-28-87282237.
E-mail address: fansonghai@126.com.

1876-6102 © 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of University of Electronic Science and Technology of
China (UESTC). Open access under CC BY-NC-ND license.
doi:10.1016/j.egypro.2011.10.055


https://core.ac.uk/display/82242314?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/

412 Songhai Fan et al. / Energy Procedia 12 (2011) 411 — 419

absorption effect of air on thermal radiation, leads to low contrast, blur edge and almost invisible texture
of infrared thermograph image. On the other hand, duo to the limitations in camera technology, infrared
image sensor have lower spatial resolution and less sensitivity than visible images sensor which also lead
to low image quality, such as blurring and great noise, low target-to-background contrast, low
luminance[2]. Therefore, it is a complex challenge to make precise segmentation of thermal infrared
imagery.

Among all the segmentation methods, image thresholding has attracted much attention for its simplicity
and effectiveness. Excellent reviews on early thresholding methods can be found in [3], and the latest
development in this topic is summarized in [4]. Of all the thresholding methods, entropy-based method is
widely studied and is considered effective. Recently, Renyi entropy is applied in image thresholding[5].
Later, this work in one-dimensional histogram is extended into two-dimension with much better effects
by Sahoo et al. [6] Fuzzy sets play a significant role in many deployed systems because of their capability
to model nonstatistical imprecision[7]. The notion of entropy, in the theory of fuzzy sets, was first
introduced by Luca and Termini [8]. There have been lots of applications of fuzzy entropies in image
segmentation. Cheng et al.[9] proposed fuzzy homogeneity vectors to handle the grayness and spatial
uncertainties among pixels, and to perform thresholding. Tao et al. [10] presented a approach for object
segmentation using ant colony optimization algorithm and fuzzy entropy. Cheng et al. [11] presented a
thresholding approach by performing fuzzy partition on a two-dimensional histogram based on the fuzzy
relation and the maximum fuzzy entropy principle. Zhao et al.[12] presented an entropy function by the
fuzzy C-partition (FP) and the probability partition (PP) which was used to measure the compatibility
between the PP and the FP.

Sahoo et al.[6] presented an image thresholding method based on two-dimensional Renyi entropy,
taking into account the fuzzy nature of infrared image, this paper extended Sahoo’s method into fuzzy
domain. The performance of the presented method is compared with the existing entropy-based object
segmentation methods.

This paper is organized as follows: In Section 2, we present a brief description of image thresholding
based on two-dimensional Renyi entropy. In Section 3, we describe the definition of two-dimensional
fuzzy Renyi entropy and the newly proposed thresholding method. In Section 4, we report the
effectiveness of our thresholding method when compared with other famous methods. In Section 5, we
present some concluding remarks about our method.

2. Image Thresholding Based on Two-dimensional Renyi Entropy
2.1. Two-dimensional histogram of image

The two-dimensional histogram of a given image can be computed as follows[11]. Calculate the average
gray value of the neighborhood of each pixel. Let g(x,y) be the average of the neighborhood of the pixel
located at the point (x,)). The average gray value for the neighborhood of each pixel is calculated as

g0, ) =L L7y )+ £y =D 0
L)+ (=101 40.5)

where| ] denotes the integer part of the number ». While computing the average gray value, disregard the
two rows from the top and bottom and two columns from the sides. The pixel’s gray value, f{(x,y), and the
average of its neighborhood, g(x,y), are used to construct a two-dimensional histogram using,

h(m,n) =Prob(f(x,y)=m and g(x,y) =n) 2)
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where m,n e G, and G is the set of all gray levels of the image. For a given image, there are several
methods to estimate this density function. One of the most frequently used methods is the method of
relative frequency. By this method, the normalized histogram is approximated by using the formula

n..

pbi; = N XU (3)

where NxM denotes the image size, and n,; denotes the number of pixels whose gray value equals i and

local average value equals j. The two-dimensional histogram plane can be described as Fig.1
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Fig. 1. Two-dimensional histogram plane
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where Area 1 and Area 3 denote back-ground and objects respectively, while Area 2 and Area 4 denote
edges and noise. So a threshold vector (¢,s5), where ¢ is a threshold for pixel intensity and s is another
threshold for the local average of pixels, should be determined to divide them. According to the maximum
entropy principle, the determined threshold vector should make area 1st and area 3rd have the maximum
information.

Suppose the Area 1 and Area 3 have different probability distributions. According to the threshold
vector (¢,s), we denote P, (object) and P, (background) as:

ps = pif
i=0 j=0
PR “
p, = y by
2.2. Two-dimensional RENYI entropy

According to the definition of Renyi entropy[5], the a priori Renyi entropy for each distribution as

1 =1 s—1 & p
og2 > (p )
H () = i=0 j=0 "
b =—— = (5)
L—-1L-1 plj
log 2. > (—5)*
Hg (t) _ i=s j=t Ppg
I-q

where the parameter ¢ is a real number not equal to one associated with the extensitivity of the system,
and it is system dependent. With the additivity rule, the corresponding Renyi entropy #, is formulated

as the following sum of each entropy:
_ g0 B
H,=H]+H, (6)
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By maximizing H_,i.e.,
t,n =argmax[Hj + Hj] (7
(t,5)
the luminance lever 7,, is considered to be the optimal threshold value in Renyi entropy based

thresholding approach[6].
3. Image Thresholding Based on Two-Dimensional Fuzzy Renyi Entropy
3.1. Fuzzy set of image

There are many kinds of functions available for mapping an image into a fuzzy field, such as S-
function, Z-function, T -function, trigonometric function, etc. For the reason that S-function and Z-
function are smoother than others, and they can express the fuzziness of image much better, we selected
S-function and Z-function as the membership function in the paper, which is defined as following,

0, [<a
((l_)%, a<l<b
o) =5(|a,b,c)=1 ¢~
B Ul Sy ®
(c—a)(c—b)
1, [>c

(=21 |a,b,c)=1-S(]a,b,c)

where / is an independent variable, (i.e., the gray level of a certain pixel in the image), and (a,b,c) are
the parameters which determine the shape of the trigonometric function, they are limited by the condition
that 0<a<b<c<L-1, in which L means the gray levels of the image. When a set of optimal
parameters (a,b,c) obtained, the optimal threshold can be expressed as[10]:

o a+.(c—a)b—a)/2; (a+c)/2<b<Zc ©)
c—+f(c—a)(c—=b)/2; a<b<(a+c)/2
3.2. Fuzzy RENYI entropy of image
Mapping an image into a fuzzy field employing the function defined above, we got
pl . HoOhO) poWAD) | pp(L—DA(L 1)
o - > > )
Po Po Po (10)
pi . Hs(OAO) ;MDA | pp(L-DA(L-1)
B ) E) s

Pp Dp Ps

where B, =370 1, (Dh(D) , py = 30wy (DA(I) .
According to the definition of Renyi entropy[5], we define the Fuzzy Renyi Entropy (FRE) of Object O
and Background B as:
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1=0
o
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HWF£A%L{%qu
1 (11)

1=0
B

3.3. Two- dimensional Fuzzy Renyi entropy (2DFRE) of Image

When defining the two-dimensional fuzzy Renyi Entropy(2DFRE) of image, we first calculate the two-
dimensional histogram of image as Fig.1, and then transform the each axis of the two-dimensional
histogram into fuzzy domain employing the S-function and Z-function defined above, i.e.

Hoy =S(x,a,b,c) Mgy =Z(x,a,b,c) (12)
/'IOYZS(yslsm»n) ,uBy=Z(y,l,m,n)

where the parameters x and y are independent variables denote the gray level of the pixel itself and the
average gray level of the neighborhood, respectively. Parameters (a,b,c) and (/,m,n) determine the

shape of the membership function along X axis and Y axis respectively. The fuzzy-transform of two-
dimensional histogram is illustrated in Fig.2.
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Fig. 2. Fuzzy transform of two-dimensional histogram

And thus four fuzzy sets is defined as follows[11]:

Objectx = ¥ Yox _ 5 Sxa.b.0)
xex X xeX X

ObjectY = ¥ 2oL = & S,l,m,n)
ye¥ Y yey y

(13)
BackgroundX =Y, (%) =y Z(x,a,b,c)

xex X xeX X

BackgroundY =Y’ ug()) =y Z(y,a,b,c)
yer Y yeYy y

where Z(9=1-S(9.

The fuzzy relation Object and Background are subsets of the full Cartesian product space
X xY respectively, i.e.

Object = ObjectX x ObjectY < X xY (14)

Background = BackgroundX x BackgroundY — X xY (15)
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the membership function x,(x,y)and u,(x,y) can be obtained as follows[11, 13],
Lo (X, V) = Hox oy (X, ) = min( Ly , Hoy ) (16)

g (X, ¥) = Ly, gy (X, ¥) = min(Lyy , figy) (17)

Then we can mapping the two-dimensional histogram into fuzzy domain employing the member
function x4, (x,y), wy(x,y) obtained above, we got

Pe) :M,(x’y) e{0,1,..L. -1} (18)
Pé.x,y) :M,(x’y)e{o,l,...L—l} (19)

P

where /(x, y) denotes value of element located at (x,y) in the two-dimensional histogram, and
By =X L0 2o Ho (X, 0)h(x, ) (20)

Py =0 2oty (%, Y)R(x, y) 1)

According to the definition of Renyi entropy[5], we define the two-dimensional fuzzy entropy of
Object O and Background B as:

q
H(t,s)= Llog Zf;(l) f;:) {Mj (22)
1-¢q Po
q
HI(5) = ——log 31 (uw_ww] )
l—¢ Ps

With the pseudo additivity rule, the corresponding Renyi entropy H, is formulated as the following

sum of each entropy:
H'=H}+H]}] (24)
We followed the maximum entropy principle[6] to search for the optimal threshold, i.e.

Lo

,=argmax[H} + H}] (25)

(a,b,c,l,m,n)

3.4. Thresholding based on 2DFRE

To obtain the optimal threshold it is required to obtain the optimal combination of all the fuzzy
parameters. Therefore, the segmentation problem can be formulated as an optimization problem. We use
the particle swarm optimization (PSO)[14] method to effectively obtain the optimal combination of the
fuzzy parameters. The proposed method consists of the following major steps:

1)  Find the 2D histogram of the input image;

2)  find the optimal combination of fuzzy parameters;

3)  Compute the fuzzy entropy.
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Step 1) needs to be executed only once while steps 2) and 3) are performed iteratively for each set of
fuzzy parameters. Once the optimal threshold vector (%, s) is obtained, the imaged is segmented into object
and background as showed in Fig.1.

4. Experiment and Discussion

In order to verify the validity and robustness of the presented method, we segment a large number of
images of different gray level distributions by the proposed method and compared the results with those
of other famous methods including Ostu’s method[15]( method based on the variance between classes),
Tao’s method[10](method based on one dimension fuzzy entropy), Sahoo’s method[6]( method based on
two-dimensional Renyi entropy) and Cheng’s method[11](method based on two-dimensional fuzzy
entropy).

The parameters in the experiments are set as follows, the size of the population PSO is set to be 30, the
iteration of generation is set to be 20. Parameter ¢ is selected by the method introduced in [16]. The
resulted binary images are illustrated in Fig.4~8.

From Fig.4 we can find out that as a one-dimension method based on the variance between classes,
Ostu’s method don’t considerate both the fuziness of infrared image and the spatial information, so its
effect is not so good when apply to infrared electric image.

From Fig.5 we can find out that, as a method based on one-dimensional fuzzy entropy, Tao’s method
don’t considerate the information of local neighborhood. It failed when applied to segment Fig.3(c). In
addition, Tao’s method expressed certain extent of over-segmentation in Fig.3(a) .

As a method based two-dimensional Renyi entropy, Sahoo’s method considerate not only the gray level
of the pixel itself, but also the neighbor pixels around it, so its result is much better than those of Tao’s
method. However, it does not take in account the fuzziness of image, it expressed some kind of over-
segmentation when applied to Fig.3(a). and some kind of under-segmentation when applied to Fig.3(b).

(b)

Fig. 3. The original infrared electric images

Fig. 4. The results of Ostu’s method

417



418 Songhai Fan et al. / Energy Procedia 12 (2011) 411 — 419

Fig. 5. The results of Tao’s method

-~
”~

Fig. 6. The results of Sahoo’s method

Fig. 8. The results of Our method

4

As a method based on two-dimensional fuzzy Shannon entropy, Cheng’s method got almost the same
result with the presented method at a first glance. However, Shannon entropy is not well suitable for the
discription of nonadditive information content which exists in the field of image segmentation[5]. The
results of Cheng’s method on Fig.3(a) and Fig.3(c) expressed certain extend of over-segmentation as that
of Tao’s method, which is also based on Shannon entropy.

Based on two-dimensional fuzzy Renyi entropy, the presented method considerate not only the spatial
information, but also the fuziness nature of infrared image, in addition, as a generalization of Shannon
entropy, Renyi entropy is more suitable for the description of nonadditive information than the former[5].
Therefore, we can found out that the results of the presented method are much more desirable than others
as illustrated in Fig.(8).

5. Conclusion

Based on the concept of Renyi entropy, a new kind of two-dimensional fuzzy Renyi Entropy is put
forward and applied in the field of image segmentation with rather good effects. Therefore, the
application of two-dimensional Renyi entropy is generalized into fuzzy fields. When non-fuzzy
approaches are extended into fuzzy domain, it results in much better segmentation at the cost of the
exponential increment of computational time, therefore, the use of fast optimization algorithm is
absolutely necessary. For its excellent convergence speed and stablility, PSO is selected in this paper to
accelerate the search of fuzzy parameters in this paper. The presented method costs about ten seconds
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when segmenting a 320x240 image of 256 gray levels on our computer(Core(TM)2 Duo CPU T7100
1.80GHz, 2G memory, Matlab(R2007a). If coded with C or C++, this cost may be reduced further.
However, when used in real-time situation, it is still not fast enough, therefore, our future work will focus
on decreasing the computational complexity of the algorithm .

Acknowledgements

This work was supported in part by the Project of Sichuan Electric Corporation under Project No.
ChuanDianKe (2007) 10.

References

[17 Y. Luo and G.Y. Tu, “Computer vision technology and application in power systems,” Automation of Electric Power
System. Vol.25, pp.76-79,2003.

[2] Hu Hongguang, “Infrared technology based diagnosis of electric power apparatus and its management,” Beijing,
P.R.C:China Electric Power Press, 2006, pp.35-41 (in Chinese)

[3] P. K. Sahoo, S. Soltani, A. K. C. Wong, Y. C. Chen, “A Survey of Thresholding Techniques,” Computer Vision Graphics
and Image Processing,Vol.41, pp.233-260, 1988.

[4] M. Sezgin,B. Sankur, “Survey over image thresholding techniques and quantitative performance evaluation,” Journal of
Electronic Imaging,Vol. 13, pp. 146-165, 2004.

[5] Sahoo P, Wilkins C, Yeager J. “Threshold selection using Renyi’s entropy,” Pattern Recognition, Vol.30, pp.71-84, 1997.

[6] Sahoo P K, Arora G. “A thresholding method based on two-dimensional Renyi’s entropy,” Pattern Recognition, Vol.37,
pp. 1149-1161, 2004

[7] B. Ebanks, “On measures of fuzziness and their representations,” Journal of Mathematical Analysis and Applications,Vol.
94, pp. 24-37, 1983.

[8] A. Deluca,S. Termini, “A definition of a non-probabilistic entropy in the setting of fuzzy set theory,” Information and
Control,Vol. 20, pp. 301-312, 1972.

[91 H. D. Cheng, C. H. Chen, H. H. Chiu, H. Xu, “Fuzzy homogeneity approach to multilevel thresholding,” /EEE
Transactions on Image Processing, Vol.7, pp.1084-1088, 1998.

[10] Wenbing Tao, Hai Jin, L. Liu, “Object segmentation using ant colony optimization algorithm and fuzzy entropy,” Pattern
Recognition Letters, Vol. 28, pp. 788-796, 2007.

[11] H. D. Cheng, Y. H. Chen, X. H. Jiang, “Thresholding using two-dimensional histogram and fuzzy entropy principle,” IEEE
Transactions on Image Processing, Vol.9, pp.732-735, 2000.

[12] M. Zhao, A. M. N. Fu, H. Yan, “A technique of three-level thresholding based on probability partition and fuzzy 3-
partition,” I[EEE Transactions on Fuzzy Systems, Vol. 9, pp. 469-479, 2001.

[13] L.A.Zadeh, “Probaliblity Measures of Fuzzy Events,” Journal of Mathematical Analysis and Applications, Vol.23, pp.
421-427, 1968.

[14] M. Clerc, J. Kennedy, “The particle swarm-explosion_stability_and convergence in a multidimensional complex space,”
IEEE Transactions on Evolutionary Computation, Vol.6, pp. 58-73, 2002.

[15] Ostu. N, “A threshold selection method from gray-level histograms,” /EEE Trans. Systems Man Cybernet,Vol.9, pp. 62-66,
1979.

[16] N. Pavesic,S. Ribaric. “Gray level thresholding using the Havrda and Charvat entropy,” Melecon 2000: Information
Technology and Electrotechnology for the Mediterranean Countries, Vols 1-3, Proceedings, 2000



