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ABSTRACT

This thesis proposes the image enhancement method based on local area histogram
equalization. Two clustering methods, which consist of fuzzy c-means (FCM) and competitive
Hopfield neural network (CHNN) are implemented to separate the image into regious. The
histogram of each regious local area is created and applied to equalize separately. The
performance of enhancing image depends on the accuracy of the clustering methods. That is, the
more accuracy of clustering, the better performance of enhancing image is. In order to evaluate the
image enhancement method together with the clustering method, the accuracy of them as
mentioned is shown that it is corresponding with the good enhancement performance. Also this
image enhancement method can be applied to multi-spectral image data by using principal
component analysis (PCA) method to reduce dimension of the data. The first three comf;onents by
using a criterion of the variance from the PCA method are selected to show the color image, which
contains the information of all original image over 95%. Experimental results using the simulated
image and the visible band satellite image of Landsat 7 in ETM+ system show the outputs of
image equalized by the local area histogram. The outputs of our scheme are correspond with the
evaluation criterion while ones of image equalized by global area histogram are not. Also
enhancing results from different clustering method is shown, even though there are slightly

different in term of the good enhancement performance.
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ABSTRACT

This paper presents local area enhancement of the segmented color image obtained from the multi-spectral image clustering
by using FCM (fuzzy c-means). In case, the multi-spectral images, which have the number of bands more than that of 3,
must decrease the data volume to remain the number of bands of 3 in order to correspond with the meaning of red, green,
and blue images. PCA (Principal Components Analysis) is then used to transform original multi-spectral images into PCA
images. The first three components having information more than that of original images of 95% is assigned as red, green,
and blue images, namely RGB color image. FCM clustering apply to RGB color image, separately. This method is called
the PCA-FCM technique being the multi-spectral image clustering. By applying such technique, the result images consisted
of red, green, and blue images. separately are the segmented images. By histogram equalization algorithm, the result of loca
area enhancement based on a number of clusters as the segmented image can solve effect of intensity saturation from global
area enhancement and the perceptibility of color image is clearly improved.

Keyword: Image enhancement, Segmentation, Fuzzy c-means, and Principal Component Analysis.

1. INTRODUCTION

Image enhancing method (1], [2] and [3] is important in digital image processing algorithm such as medical image
processing, satellite image processing. One of well-know methods is histogram equalization. It is a simple method based on
probability distribution. Histogram equalization algorithm is utilized fully when local area of image called cluster is used to
enhance separately, namely, local area histogram equalization. In creating local area effectively, we selected the FCM
algorithm to segment all images. Accuracy of segmentation is dependent on quantity of information content. For multi-
spectral images having the number of bands more than that of 3 such as the Landsat 7 satellite image in visible bands being

of 6, the information content of each of the three bands is then surely less than that of all. As mentioned it is the cause of

that not only displaying RGB color image is lost some information content but also segmenting each image is not accurate.
Principal Component Analysis (PCA) is then applied to reduce dimensionality to solve such problem. The numerical
experimental results show that the variance of each cluster of the locally equalized image is high in detail area and low in
smooth and edge area corresponding with the good enhancement performance. Additional, the visually experimental results

are shown by displaying RGB color images to confirm those.

This paper is organized as follows. In Section 2 PCA is described; in Section 3 FCM algorithm for segmentation is
described. The fundamental of histogram equalization algorithm to enhance each of image clusters is described in Section 4.
The experimental results and conclusion are given in Section S and 6, respectively.

. 2. PRINCIPAL COMPONENT ANALYSIS

Principal component analysis (PCA) [4], [5]is an established statistical method for reducing the dimensionality of data. ftis
linear transformation to transform the original data onto the new data called that principal component. Each component
contains a different variance of data and it is also uncorrelated. Normally, the first component contains the most variance.
One contains the highest information content corresponding with the highest contrast. In displaying RGB color image, the
first three components are employed to assign as red, green, and blue. Total variance of them is more than 95 %. By the
mentioned method, RGB color image contains more information detail than that of the three bands of original image.

98 o . .
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The procedure of PCA method carries out as the following steps:

1) Calculate the mean vector m of a pixel vector X, i=1,2,...,N as

2) Calculate the covariance matrix Y defined generally by
Y= E{(X-m)X~m)'}

where X = {X,,X,,...,Xy} isapixel matrix, E is the expectation operator and superscript T denotes the transpose.
The covariance matrix is given by

z= L i(xi —m)(x,—m)" .

NG _

3) Calculate the eigenvalues A of covariance matrix by solving the characteristic equation
2-N=0.

where I is the (N x N) -size identity matrix.

4) Sort the eigenvalues having tite general form as following

(4, 0 0 - 0]
0 4 0 - 0
A={0 0 A4 - O
[0 0 0 Ay |

where 4, > A4, >...> A, . The number of eigenvalues is the same as the number of input data bands. The first eigenvalue

A, contains the most variance—the highest contrast. The other eigenvalues are usually much smaller.

5) Generate each principal component of PCA images by projecting each pixel of original image onto the eigenvectors
denoted by '

N
Y=y, = a;X; =a,X, +apX; +:--+apX,.
=

where g, is eigenvectors by that / =1, 2,..., N . That is, the new brightness value of each pixel in the PCA images is given
by a weighted sum of the corresponding pixels in each of the spectral bands.

3. FUZZY C-MEANS CLUSTERING ALGORITHM

The maip object of this paper is employing the segmenting results as local areas.in each cluster to enhance them. There are
several methods for segmenting images. One of those is clustering method using the fuzzy ¢ -means (FCM) [6]. FCM is an
iterative clustering method to separate an image into optimal ¢ -grounds or clusters based on the similarity of the pixel
levels. The fuzzy c-means algorithm is based on the following objective function

Proc. of SPIE Vol. 4787 99
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N ¢
J(U,v)= ZZ(UH)M |y —vi "3«

k=l inl

whiere Y = {¥, V2s--» Yn} C R" is the data set, ¢ is the number of clusters, 2<c <n, m is the weighting exponent,
2<m<ow, U={u,} being numerical value with rang [0,1] is the-fuzzy ¢ -partition of y and the sum of all cluster

- C .
memberships for each sample is of ""Z u, =1 atany k sample, v ={¥,,V,,...,V,} is the vectors of cluster centers,
L=t
| y, — Vil is the A-norm on R". and A is the positive-definite (11X n) weight matrix—if A is the identity matrix
then it becomes the Euclidean norm.

In this paper, in order to soften 2 sample’s cluster membership, we select the weighting exponent of 2 and the fuzzy c-
partition minimizing J, becomes increasingly blurred. In case of the weighting exponent of 1, the partitions become
increasingly hard. .

The FCM algorithm carries out as the following steps:

1) Set the number of a desired clusters € where 2 < ¢ <n and values of parameters A, m, £.

2) Generate the initial random N x ¢ membership matrix U9,
3) Compute ¢ -cluster centrdids as

Z(u;u' )" Vi

V, =%

PACHA

k=l

where 1 <i<c and £ signify the £ ™ iterative number.

4) Update the membership matrix using the equation

1
1+1
U = ' ) 21
3
Z e —vills
AUl _V; I

where 1Sk <N,and 1<i<c.

5) Calculate max| U, — u;‘ |, if it is more than € = 0.01 then increment £ and go to 3); otherwise, convergence has been
reached and the algorithm stops.

4. HISTOGRAM EQUALIZATION ALGORIMTHM

Definition of histogram is the statistic probabilistic distribution of each gray level; thus histogram equalization is method for
enbancing image based on distribution of one. Also it is simple and effective. In order to increase the contrast of image, one
method by decreasing the number of gray level is reshaping or modifying histogram into a different one with uniform
distribution property. The mentioned method is histogram equalization. Normally, the whole image enhancing method is
performed, called that global histogram equalization. -

100 Proc. of SPIE Vol. 4787



83

Let X ={x;} denote a given image composed of gray levels of L denoted as {X,,X,...,X,_,} and X; is the gray
level of pixel at the spatial location (7, f) by which x(i, j) € {X;, X, 19e-+sX ;1 } . For example, if the gray level is of
256, then x(i, ) € {0,1,...,255}.

The procedure of global histogram equalization algorithm carries out as the following steps:

1) Calculate the probability density function (PDF) of X, as

n
p(Xy) ='A—;

where n, is the total number of pixel with gray level of X, ,k=0,1,...,L-1 and N is the total number of pixels in
the input image. A plot of n, with X, is known as the histogram of the given image.

2) Calculate cummulative distribution function (CDF) of PDF as

k
c(X,) =, (X))
i=0

where for k =0,1,...,L—1, by definition c(X,_)=1.
3) Generate transfer function of Ristogram equalization as
(X)) =X +(X,_ - Xp)e(X,)
where X, is the lowest value of gray level and X, , is the largest value for k=0,1,...,L-1.

4) Great the equalized out image of the histogram equalization as

Y = {y(i, N} = f(X)={f(x(, /)| Vx(i, j) € X}.

One drawback of using the global histogram equalization is saturating of some gray levels caused losing information in the
equalized image. To solve such problem, the input image is then decomposed into the variant number of sub-images. After,
histogram equalization is applied to each the sub-image or cluster. This method as mentioned is called local area histogram

equalization.

In local area histogram equalization, let image X is segmented into X ={X,X;,...,X_.} and gray level of X, in r®

cluster denote {X,5,X,;,..., X, } =R, thus
X=x,UxXx,U...UX,
where ¢ is the number of clusters, 2<c¢ <n ., and

x, ={x(i, ))}| x(i, j) c R",Vx(i, ) e X},
x,,nx,=0,R"AR™ =0.

The PDF of the sub-images {X,,X,,...,X_} is

n
pr(er)-__.N’*_'

r

Proc. of SPIE Vol. 4787 101
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The CDF of PDF is

k
c(X)=Y p(X,)

i=0

where 0 < ¢, (X )62 ( X YoeeesCel(Xg) <1

Similar to the case of global histogram equalization, the variant number of transfer functions defined as
(X=X +(X - X0)e (X g)

where £.(X.0) = £,(x(G, NG )= R7,Vx(i, e X.

Each transfer function is applied to the decomposed sub-images to equalize independently. Instituting each of the equalized
sub-images result the equalized image, that is

Y = (i )} = iX)V fo(Xa) U (K )

5. EXPERIMENTAL RESULTS

The data used to test all of results in this paper is the satellite imagery acquired by the Landsat 7 in Enhanced Thematic

Mapper+ system. Also we uge_particularly visible bands—1, 2, 3, 4, 5 and 7. The size of image is 8296x 8871 with 8 bit

resolution which is 256 gray levels. From the data, we selected a sub-region of 256 x256. The sclected area is shown in

Figure 1. All of the original images as mentioned in spatial domain is transformed into PCA domain by using PCA

algorithm so as to reduce dimensionality. The resulted images consist of all the PCA images shown in Figure 2. The number-
of PCA images is the same as the number of the original images. The first PCA image (PC1) is the largest eigenvalue which

mean that it contains the most information content. The other PCA images are lower. We use the first three PCA images to

assign as red band, green band and blue band for displaying RGB color image. The covariance matrix of the original image

indicates as Table 1 and Table 2 is eigenvector of one. Eigenvalues, % variances and % accumulating variances indicate as

Table 3. We see that the sum of 9% accumulating variance of the first three components is more than 95 % and total of one is

100%. The first three PCA components are selected and segmented by using FCM algorithm as mentioned, separately. In

this paper, let the number of clusters is of 3. The number of clusters of the three segmented PCA images is then of 3. The

three segmented PCA image shows in Figure 3. For example, the gray level range of 1™ 2% and 3" clusters in PC1 image is

between 92 to 256, 1 to 58 and 59 to 91 respectively. The 1* 2% and 3® cluster area is detail, smooth and edge arca

respectively. The variance of each cluster of the local and global equalized PC1 image together with the gray level range of
each cluster indicates in Table 4. A good enhancement algorithm (7] should give high variance in detail area, low variance

in smooth and edge area. By discussion from Table 4, we see that the local area histogram equalization based on the variant
number of cluster as FCM algorithm is the good method. That is, detail area, 1" cluster, having high variance is high

enhanced while smooth and edge area, 2% and 3* cluster, having low variance is low, all compared with variance of original
PCI image. Altematively, the global area histogram equalization method indicates that fow variance in detail area and high

in smooth and edge area not only caused of saturating in the equalized image but also lost information. It is not good

method to“use with the satellite imagery that results need to interpret later. Results of equalizing the PCl, PC2 and PC3

images based on the global and local area histogram equalization is shown in Figure 4 and 5, respectively. To confirm

results corresponding with Table 4, both of the RGB color image of the original PC1 images and the RGB color images

resulted from global and local area histogram equalization shows in Figure 6, 7 and 8. The right side of them is the enlarged

image of some part from the square block in left side. From those results, we see that the RGB color image from local area

histogram equalization based on FCM segmentation contains more detail than that from global area histogram equalization,

"

6. CONCLUSIONS

In this paper, we propose the enhancement method of color image obtained from the FCM-PCA technique using local arca
histogramr equalization. The image of 6 bands is transformed by PCA algorithm into PCA domain so as to reduce

dimensionality. We selected the first three PCA components to assign as red, green and blue components—RGB images.
They have information content more than that of original images of 95%. The FCM algorithm is applied to segment each of

102 Proc. of SPIE Vol. 4787
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the mentioned PCA images by which let the number of clusters is of 3. All of the segmented images are enhanced by global
and local area histogram equalization. The experimental results show that RGB color PCA image equalized locally not only

have more detail but also preserve edge.
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Table 1 Covariance matrix of original image.

0.4940 0.5676 0.9125 -0.2854 0.3685 0.5376
0.5676 0.7048 1.0910 -0.3055 0.3727 0.5708
0.9125 1.0910 1.8599 -0.3811 1.0360 1.2471
-0.2854 ,|. -0.3055 -0.3811 2.0613 1.2805 0.5218
0.3685 0.3727 1.0360 1.2805 .4.3034 '3.3298
0.5376 0.5708 1.2471 0.5218 3.3298 2.9024
Table 2 Eigenvectors of covariance matrix as mentioned.
PCI PC2 PC3 PC4 PCS PC6
0.1152 03174 -0.2049 -0.1015 -0.4597 0.7889
0.1271 0.3771 -0.3039 -0.0263 -0.6136 -0.6101
0.2741 0.5735 -0.4260 0.2036 0.6108 0.0007
0.1799 -0.6100 -0.7515 -0.1729 0.0255 0.0166
0.7163 -0.2302 02152 0.6020 -0.1559 0.0305
0.5916 0.0556 0.2705 -0.7452 0.1193 -0.0649
Table 3 Eigenvalues , % variances and % accumulating.
Component 1 2 3 4 S 6
Eigenvalues 78,973,000 | 31,927,000 | 10,895,000 | 860,000 404,000 200,000
% Variances 64.070778 | 25.90237 8.839111 0.697718 0.327765 0.16226
% Accumulating | 64.070778 | 8997315 98.81226 | 99.50997 99.83774 100

Table 4 Variance of the original and local-global equalized PC1 image.

Cluster No. 1 2 3
Gray level range 92-256 1-58 59-91
Original PCI] image 301.751573 100.156885 85.994220
Global equalized image 151.166356 840.805675 1040.058375
Local equalized image 2156.376154 292.067078 83.876950
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Figure 2 Component images of the original images.
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Figure 5 Local histogram equalization of component images.
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Figure 8 Color component image of PC3, PC2, and PC1 via local histogram equalization.
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Abstract

One of important issues for enhancing image based
on local area histogram equalization (LHE) is a
clustering or segmenting jechmique. That is, the more the
accuracy of separating image into specified classes is
needed, the better the performance of enhancement is.
As mentioned objective, in this paper, the competitive
Hopfield neural network (CHNN) is then proposed for
clustering to the LHE based image enhancement. By
using simulated image, standard image and mutispectral
image from Landsat 7 satellite, experimental results are
shown in both accuracy of clustering and variance of the
enhanced image. The criteria for a good enhancement
algorithm is that it can give high variance in detail area,
low variance in smooth and edge areas. Also comparing
the variance of the enhanced image by both LHE and
global area histogram equalization (GHE) methods
_ shows that one from LHE outperforms. In addition, the
enlarged image from small area is shown clearly by
visualization. All results compare with the conventional
methods such as fuzzy c-means (FCM).

Keywords: Image enhancement, Clustering, fuzzy c-
means, competitive Hopfield neural network.

1. INTRODUCTION

In digital image processing algorithms applied to
medical imagery, satellite imagery and radar imagery,
etc., important algorithm is image enhancing method
[1] and [2]. One of well-known methods is histogram
equalization (HE). It is a simple method that is based on
probability distribution of image statistics. The fact that
HE method to enhance pixel of the whole image called
global histogram equalization (GHE) is not good. To
improve the enhancing procedure, the classified image

CCECE 2003 - CCGEI 2003, Montréal, May/mai 2003
0-7803-7781-8/03/$17.00/© 2003 IEEE

by some clustering methods is firstly implemented. The
HE method is then applied into each classified area. The
algorithm is named local area histogram equalization
(LHE). The clustering process for classifying a pixel
into a specified classes is implemented. The
performance of LHE method dependent on the accuracy
of clustering technique is considered. Noise is added to
evaluate the clustering technique. As mentioned reason,
competitive Hopfield neural network (CHNN) based on
the global information of gray level distribution of the
whole image together with incorporating the winner-
takes-all (WTA) learning mechanism [5] is mainly
applied as clustering process. Secondly, we use fuzzy c-
means (FCM) to compare results.

This paper is organized as follows. In Section 2,
FCM and CHNN for clustering process are described.
The fundamental of HE algorithm to enhance each of
image clusters is described in Section 3. The
experimental results and conclusions are given in
Section 4 and 5, respectively.

2. REVIEW OF CLUSTERING MEHODS

The main purpose of this paper employs the
clustering results as local areas in each cluster to
enhance them. There are several methods for clustering
images, for instance, the hard ¢-means (HCM), FCM
[4], and CHNN. The fact that performance of HCM is
lower than that of both the FCM and CHNN, then we
neglect to review it. In subsection below, the clustering
methods are reviewed.

2.1 The Fuzzy C-Means Clustering
It is an iterative clustering method to separate an

image into optimal c-grounds or clusters based on the
similarity of the pixel levels. Normally in the most of
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papers, process of calculation of the FCM algorithm
dependents on the size of data. The larger the size of
data, the more time used for calculating is. To reduce
the consumed time, the FCM algorithm is modified to
correspond with the global information of gray level
distribution of such the image. The FCM algorithm is
based on the following objective function

LU= @) lg-vP

k=1 1=1

where g=1{g,,8s»..-&,}» by that n is a total number of
gray levels, is the gray level set, ¢ is the number of

clusters, 2<c<n; m is the weighting exponent,
2<m<®; v={W,V,,...,v.} is the vectors of the

cluster centers, || g, ~v, || is a distance metric between
the data vectors y, and the vectors of the cluster centers
v, , called the Euclidean norm. U = {,} is the fuzzy ¢~
partition matrix of y . Since KCM algorithm is based on
calculation of the fuzzy c-partition matrix, the
following condition is for it, '

u, €l01], 1sisc, 1sksn; Y u, =1, 1<ksn,

=1

Zu,,>0, 1<i<gc.

k=1
To minimize the objective function, the FCM algorithm
is presented as the following steps:
1) Set the number of a desired clusters ¢ where 2 <
csnand m, €.

2) Generate the initial random nxc membership
matrix U(O).
3) Generate the histogram of an iniage {h} being

the total number of pixels at k* gray level.
4) At iteration ¢,t=12,..., Compute ¢ -cluster
centroids or ¢-meam vectors using

W= W) gh Y Y b, 1Sise

k=i k=1
»

where ¢ signifys the ¢ ™ iterative number.

1

(g -vh)
u:l=l/2( &~V )

J= " 4% _V; "

5) Update U - ) to UYD - using

91

where 1<k<n.,and I1<i<c.
6) Calculate max(]| U(Hl) —U(’) 1], if it is more than

£ then increment ¢ and go to Step 4); otherwise,
convergence has been reached and the algorithm

stops.
2.2 Competitive Hopfield Neural Network

We will summaries the procedure of CHNN

algorithm as It is always convergent.

1) Set the number of a desired clusters ¢ and define
the gray levels g={g,,8;»---»&,} Where n is a
total number of gray levels.

- 2) Compute the square of Euclidean distance
measure between the gray level pairs g, and g,
using

dx_y = d(gx’gy) = (gx _gy)2
and the histogram {4}, where x,y =1,2,...,n.

3) Set the initial number of the neurons of » by ¢
and initial value by randomness.

4) Calculate the input-output function at the x* gray
level and the i* cluster by using

(1, if Net,, =max{Net,,,..., Net, },
=710, otherwise.

4) Calculate the total input of each neuron at the x*
gray level and the i* cluster by using

Net,, =-Y'd, hV, /> hY,,.
yal y=1

5) Count the number of neurons for the new state, if
there are no changing neurons, then go to Step
6). Otherwise, go to Step 4).

6) Output the state of neurons that indicates the gray
level assigned to one of clusters.

3. HISTOGRAM EQUALIZATION

Simple and powerful method to enhance image is
histogram equalization (HE). It can be categorized into
two methods: global and local histogram equalization,
all based on distribution of gray level. Global histogram
equalization (GHE) employs the histogram information
of the whole image to generate transform function. The
disadvantage of GHE is losing significant contrast in
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background and other small areas. To solve this
mentioned problem, local histogram equalization (LHE)
is used. Each local area from the clustering method is
defined for LHE. Histogram of such each area is
obtained and also transform function of that area is
generated. LHE can then adapt to local brightness
features of image.

Let X={x,} denote a given image composed of
gray levels of L denoted as {X,,X,,...,X,,} and x; is
the gray level of pixel at the spatial location (i, /) by
which x(i, j) € {X,,X,,..., X, }. For example, if the
gray level is of 256, then x(i, j) € {0,1,...,255} .

The procedure of HE algorithm is summarized as the
following steps: .

1) Compute the probability density function and

cummulative distribution function using

px)=%, «r.)=§pcx,)

where n, is the total number of pixel with gray
level of X,, k=0,1,...,L-1 and N is the total
number of pixels in the input image. A plot of 7,
with X, is known as the histogram of the given
image. By definition, ¢(X,), where k=1L-1, is
of 1.

3) Generate transform function of HE as

(X)) =X, + (X, - Xo)e(X,)

where X, is the lowest value of gray level and
X, _, is the largest value for k=0,1,...,L-1.

4) Output the equalized image
Y = {y(, )} = FX) = {f (2 NI Vx(, ) e X} .

In case, X is clustered into X ={x,,X,,...,X,} and
HE as previous is then applied to each cluster by its
histogram. The equalized output image is as that from
LHE process. '

* 4, EXPERIMENTAL RESULTS

In this section, we illustrate both the accuracy of
clustering methods and the performance of enhancing
image. First, both of the clustering methods is tested
with simulated image of sizes 200 by 200 consisted of
three areas shown in Fig. 1(a). The largest area of
33,343 pixels is like as background of image and its
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gray level is of 50. The circle and square areas are of
3,852 and 2,805 pixels and their gray level is of 130 and
200, respectively. Fig. 1(b) shows the noisy image with
additive Gaussian noise with zero mean and variance of
0.003. FCM and CHNN are applied to classify both the
noise-free image and the noisy image. For the noise-free
image, both methods give the same classification in
results but for the noisy version, CHNN can classify
more exactly than FCM as indicated in Table 1. To
confirm the performance of enhancement, we use the
standard image, Lena image and the visible band
satellite image of Landsat 7 in system ETM+, both of
sizes 512 by 512, shown in Fig. 2(a) and Fig. 3(a),
respectively. The visual results of enhancing image
employed GHE and LHE by FCM and CHNN are shown
in Fig. 2(b), (c), and (d) and Fig. 3(b), (c), and (d),
respectively. The numerical results of standard image
are indicated in Table 2 seeing that there are
corresponding with the good performance enhancement
{3] in all clusters or areas, and also CHNN is more
appropriate than FCM clearly. For the results of TM
image indicated in Table 3, even though in detail area,
the variance from FCM is more slightly than CHNN,
but in smooth and edge areas the variance from CHNN
is less than that from FCM. Additional, in Fig. 4, some
part of the enlarged detail image of all Fig. 3 illustrates
that the enhanced image by LHE with both clustering
methods is better than that by GHE.

5. CONCLUSIONS

Equalizing histogram from the local area classified by
such the clustering methods, CHNN show that not only
the accuracy of clustering is clearly better exact in the
simulated image but also the performance enhancement
outperforms when comparing with FCM in all clusters
for standard image. For TM image, not only in detail
area the variance of FCM is more than that of CHNN,
but also in the smooth and edge areas it is still higher.
Thus, CHNN has better trended as mentioned reasons.
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©
Figure 1. (a) noise-free simulated image (b) noisy image

(C))

and clustering by (¢) FCM (d) CHNN
Table 1. Noisy image clustering accuracy

Cluster No. Actual FCM CHNN

pixels Method Method

Cluster #1 33,343 31,919 33,343
Cluster #2 3,852 4,953 3,923
Cluster #3 2,805 3,128 2,802

©

C)]
Figure 2. (a) original image, results from (b) GHE and
LHE by (c) FCM (d) CHNN

equalized Lena image
Defined Cluster detail smooth edge
Original image | 998.75 87.79 735.70
GHEed image 1597.95 161.54 1781.53
LHEed image 1020.25/ 56.07/ 1136.52/
(FCM/CHNN) 1021.96 56.42 1085.90

© (@)
Figure 3. (a) TM image, results from (b) GHE and LHE
by (c) FCM (d) CHNN
Table 3. Variance of the original and local-global
equalized TM image
Defined Areas Detail Smooth Edge
Original image 287.23 39.52 367.99
GHEed image 517.18 153.35 1270.89
LHEed image 1353.24/ 411.05/ 1756.39/
(FCM/CHNN) 1308.23 323.55 1624.31
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Figure 4. The some part of the enlarged detail image
corresponding with Fig. 3.
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