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Abstract:

Images contain lots of uncertainties due to
randomness. The contrast between the objects and the
background can also be viewed as fuzzy in nature. Fuzzy
approach is chosen to minimize ambiguity inherent in the
images. So, different fuzzy thresholding techniques have been
developed to remove the grayness ambiguity/vagueness using
threshold selection. In this paper, a new fuzzy thresholding
technique is introduced which processes Lomax-Gumbel
probability distribution as the membership function. To show
the effectiveness of the proposed method, the results are
compared with fuzzy divergence method using gamma
membership function. Experiments on several images show that
the proposed segmentation method performs better than the
existing method.
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1. INTRODUCTION
Fuzzy thresholding theory is a fuzzy image processing tool
for handling the ambiguity in the images associated with
vagueness and increases the contrast of an image. It is a
popular, fast and inexpensive segmentation technique [1]
.The degree of ambiguity and uncertainty of an image can
be measured by the fuzzy entropy. Fuzzy Entropy is
analogous to the Shannon Entropy [2]. Entropy contains
randomness uncertainty but fuzzy entropy contains
vagueness uncertainty. This vagueness is defined by a
membership function. De Luca and Termini [3] uses the
concept of Shannon’s probabilistic entropy to define fuzzy
entropy. Pal and Rosenfeld [4], Huang and Wang [5] used
the fuzzy membership functions for image thresholding.
The discrepancy between two probability distributions is
called divergence. Kullback and Leibler [6] defined K–L
divergence which based on the idea of Shannon’s entropy.
Measuring the difference between two fuzzy sets by means
of a function which we call fuzzy divergence [7]. Bhandari
and Pal, [8] described the measure of directed divergence
between fuzzy sets. Pal and Pal [9] used the fuzzy
exponential entropy to segment an image. Fan and Xie [10]
defined fuzzy divergence from fuzzy exponential entropy
for image segmentation.
Chaira and Ray [11], [12] used fuzzy divergence and
gamma membership function to threshold an image. Ghosh
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et al. [13] introduced an automated approach to leukocyte
recognition using modified Cauchy techniques.
The Gumbel distribution is an extreme value distribution
of type I, which applied for problems in engineering
[14].Singh and Srivastava used Gumbel probability
distribution for Retinal blood vessels segmentation [15].
The Lomax distribution is a heavy tail probability
distribution used in medical and biological sciences
[16].Zahrani and Sagor [17] defined PLD which used for a
wider range of statistical applications in image processing.
Gupta et al. [14] introduced new statistical distribution
constructed by combining the cumulative density functions
(CDF) of Lomax and Gumbel distributions named as
Lomax-Gumbel distribution.

The main problem in thresholding is to find an optimum
threshold. This process becomes complex when the image
quality is not good due to noise or imprecision, and
fuzziness. In this paper, we used fuzzy lomax-gumbel
principle to threshold the images. Here the thresholds are
selected in the gray scale on the basis of obtained
divergence values.

2. METHODLOGY
In this work, we modified fuzzy divergence of Chaira [11]
by introducing a new lomax-gumbel membership function.
The results are compared by using signal to noise ratio
calculation after thresolding in both the cases. In
multimodal histograms, a selection strategy searches
threshold values in the region between the two consecutive
peaks of the histogram, while in unimodal thresholding
linear search has been used from minimum to maximum of
the gray value. For each threshold value, the membership
values of the threshold image are compared with an ideally
threshold image
2.1 Fuzziness and Membership Function
Let A be an image of size M × M having L gray levels .It
has the membership value of (i, j) pixel in A is ( ) ,
where 0≤ ( ) ≤ 1 . Mathematically the fuzzy image is
represented by A= { ,
},∀
∈ . Let the count
(f) denote the number of occurrences of the gray level f in
the image. Let t is the threshold value, which separates the
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object and the background of the image. The average gray
level of the background region and object region
respectively is finding by the relation:
=

∑

=

.

∑
∑

( )
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.

( )

∑
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The membership values of the pixels have been determined
using proposed lomax-gumbel distributions
2.1.1 lomax-gumbel distribution
Lomax-Gumbel Distribution [14] a new statistical
distribution constructed by combining the cumulative
density functions (cdf) of Lomax and Gumbel
distributions. The cumulative density function (cdf) of
Lomax distribution is given by
( ; , )=1- 1 +

, α, β>0, x≥ 0

(3)

The CDF of the Gumbel distribution is given by
( )=
−
−
,
≥ , ≥ 0, > 0 (4)
Gupta et al. [14] are defined a new distribution using equ
(3) and equ (4) is
( )

( ; , , , ) =
1− 1+

( )

−

=
−

(5)

)
Where
= 1 − (1 +
, α, β, > 0,
≥
, ≥0 ,
is the shape parameter,
is the location
parameter and is the scale parameter.
For getting minimum divergence value, we proposed the
locmax-gumbel function for our experiment is:
( ; , , , )=11− 1+

−

−

(6)

When ≠ 0, = , = 2, = 1
= 1, the
membership function of the object region is computed
(

) =1-3∗ 1 − 1 + 0.5
if aij>t

)

) =1-3∗ 1 − 1 + 0.5

(7)

−

∑

[1 − (1 −
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−
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]
(9)
In a similar manner, the discrimination of image B against
image A is:
∑
( , )=∑
[1 − (1 −
).

−((

).

](10)

Therefore, the total fuzzy divergence between images A
and B is
( , )= ( , ) + ( , ).
∑
So, D (A, B) =∑
[2 − (1 −
+
).

−(1-

(
+
).
]
where (i,j)=0,1….(M-1)and
membership value of the pixel where
the (i,j)th pixel of the image A and B.

and

(11)
the
are

2.3 Threshold selection
The membership values of the thresholded image are
compared with an ideally threshold image. So, the above
Eq. (11) becomes
∑
D(A,B) =∑
[2 − (1 −
+ 1).
−
(
).
(12)
The divergence value of each pixel is calculated for whole
image and corresponding gray level is noted. The gray
value corresponding to the minimum divergence is chosen
as threshold.
2.4 Signal-to-Noise ratio
The performance of proposed method with chaira’s
method is evaluated by using the measuring signal noise
ratio which defined as:
=

In likewise manner, the membership function of the
background region is computed by choosing = is given
by
(

( , )
=∑

Signal-to-noise ratio (SNR)

− ( −

−
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− ( −

if aij≤
(8)
)
Where C is constant and its value is 1/ (fmax-fmin), where
fmin and fmax are the minimum and maximum gray level in
the image respectively and t is the threshold value.

(13)

The comparative study is presented in Table 1.

3. EXPERIMENTAL RESULTS
The proposed fuzzy thresholding algorithm described
above is tested on cameraman image size of 256x256,
blood image size of 160x160, blood1 image size of
130x130 and blood cell image size of 140x140. Figs. 1(a)4(a) are the original images, Figs. 1(b)-4(b) are the
histograms of original images, Figs 1(c)-4(c) and 1(d)-4(d)
are the results obtained by the method in fuzzy divergence
by chaira and the proposed method, respectively.

2.2 Fuzzy divergence
Chaira extended the concept fuzzy divergence for getting
threshold for an image using from fuzzy exponential
entropy which defined by Fan and Xie [10]. In an image of
size M× M with L distinct gray levels, the discrimination
of image A against image B is defined as
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Figure 1 (a) Input image cameraman, (b) histogram of the
cameraman image, (c) thresholded using fuzzy divergence,
(d) thresholded using proposed method

Volume 6, Issue 5, September – October 2017

(c)

(d)
Figure.2 (a) Input image blood (b) histogram of the blood
image, (c) threshold using fuzzy divergence, (d) threshold
using proposed method
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(d)
Figure 3 (a) Input image blood1 (b) histogram of the
blood1 image, (c) threshold using fuzzy divergence, (d)
threshold using proposed method
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(d)
Figure 4 (a) Input image blood cell (b) histogram of the
blood cell image, (c) threshold using fuzzy divergence, (d)
threshold using proposed method

Page 170

International Journal of Emerging Trends & Technology in Computer Science (IJETTCS)
Web Site: www.ijettcs.org Email: editor@ijettcs.org
Volume 6, Issue 5, September- October 2017

ISSN 2278-6856

0.28

0.05
0.04

0.27
0.03

0.26

0.02
0.01
0
0

0.25
0

100

200

300

(a)
0.36

50

100
150
200
(b)
Figure 6 (a) Plots of gray level/fuzzy threshold using
fuzzy divergence method on the blood image, (b) plot
using proposed method
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Figure 5 (a) Plots of gray level/fuzzy threshold using
fuzzy divergence method on the cameraman image, (b)
plot using proposed method
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Figure 7 (a) Plots of gray level/fuzzy threshold using
fuzzy divergence method on the blood1, (b) plot using
proposed method
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Figure 8 (a) Plots of gray level/fuzzy threshold using
fuzzy divergence method on the blood cell, (b) plot using
proposed method
In Table 1, signal to noise ratio and gray values are
statistically represented for each type of the images. We
found the value of SNR of the proposed method is better in
all cases except blood1 image where it is equal. The SNR
is high means the images are less noise and more clear.
Plots for fuzzy divergence against the gray level are shown
in Fig 5, Fig 6, Fig 7 and Fig 8. It is observed from the
plots that the fuzzy divergence is minimum at a particular
gray level. Proposed Figure (Fig 5(b)-8(b)) is more flat
than divergence method. So it gives better result.
Fig. 4(a) is a low contrast, vague image. It is very clear that
the image obtained by the proposed method Fig. 4(d) more
distinct than Fig. 4(c).In the case of Fig.1 and Fig.2, we
found that the images obtained by lomax-gumbel method
are more segmented compared than other method. From
all the point of view, it is observed that lomax-gumbel
membership leads to better segmentation in comparison
with Gamma method [11].
Table 1: Signal to noise ratio and gray values
Type
Threshold
SNR
Image by Gamma by Gamma
Cameraman 87, 88
1.6564
Blood

Based on the concept of fuzzy divergence with lomaxgumbel, a new thresholding method is proposed in this
paper. We have conducted experiments on many images.
Proposed method compare with Chaira’s fuzzy divergence
method. The thresholds obtained in proposed case yield
better segmentation of the objects from the background. It
avoids over segmentation and give smooth enhance result.

38

0.5766

Threshold by
SNR by
Lomax-Gumbell Lomax-Gumbell
86
1.6653
34
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