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1.Abstract

Image segmentation is an essential processing step for
much image application and there are a large number of
segmentation techniques. A new algorithm for image
segmentation called Quad tree fuzzy c-means (QFCM) is
presented | this work. The key idea in our approach is a
Quad tree function combined with fuzzy c-means
algorithm. In this article we also discuss the advantages
and disadvantages of other image segmenting methods
like: k-means, c-means, and blocked fuzzy c-means.
Different experimental results on several images in this
article show that the proposed method significantly
increases the accuracy and speed of image segmentation.
Keyword: Image Segmentation; Fuzzy Clustering; Quadtree;
C-means, K-means

2. Introductionin today's world, image segmentation has a
specia effect in image processing. Therefore, it is accounted as
one of the primary steps enhancing the image anaysis. Image
segmentation is defined as a process in which the image is
separated into discrete parts. These segments have some
properties such as color intensity, etc. in common. There are
numerous image segmentation techniques such as Classifier,
Clustering Region Growing, Thresholding, Deformable Models,
Neura Network-Based Approaches, MRF Model-Based
Approaches [1-3].Image segmentation techniques are divided
into two major groups of Histogram Based techniques, and
clustering based techniques. In Histogram Based methods, efforts
are made to find an appropriate threshold level. Threshold is
applied when an image has various measurable characteristics (2,
4, 5). In fact the threshold is accounted as a kind of border. For
instance, in image binarization the values lower than the defined
threshold are equal to zero (black) and the larger values would be
equa to one (white). On other hand, Clustering methods, classify
the data in some clusters which result in data separation. K-
means and C-means are considered as the most important among
clustering based methods
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3.Materialsand M ethods

3.1 K-Means Algorithms

The object of this article to discuss different methods of image
segmentation methods. Particularly, it focuses K-means, C-means
,blocked Fcm methods . We aso and we also propose a new
algorithm for image segmentation.

K-means is one of the simplest methods among clustering
techniques in which an uncomplicated process is used for
clustering the data. Any sample in this method, is dependent to
one and only one cluster and could not be a member of any other
cluster. In order to segment an image into k parts in the current
algorithm, firstly an arbitrary initial value is attributed to cluster
centers. The second step is to evaluate the distance of any pixel
fromthe cluster center. Each pixel would then be considered as
a member of the cluster which it has the minimum distance from.
Euclidean distance is used in order to calculate the pixel
distance fromthe cluster centers[1,6,7] .
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In the above equation dy is Euclidean distance, where x_i is ith
pixel and a_k is the center of the kth cluster. K-means is a
repetitive algorithm. In this method, the distances from cluster
centers are compared to each other. This distance must always be

smaller than the minor value of ¢ (1).
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Where o” is center of pth cluster and o is center of (p-1)th
cluster. Satisfying this condition is equivalent to minimizing the
following relationship. This relationship defines the amount of
error in pixel assignment (S is represents the whole pixels of

image).
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3.2 C-MeansAlgorithm

C-means is one of the most significant and useful
algorithms among clustering techniques. Data are divided
into c individual clustersin this algorithm. The amount c is
pre-defined. The membership possibility of any pixel in
each cluster is evaluated. After segmentation each pixel
would be assigned to the cluster with maximum
membership possibility. Similar to k-means, the main
objective of this algorithm isto minimize the error function
during image segmentation process. In fuzzy state, error
function is defined asfollows [ 1, 8].
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Where indicates the membership possibility of ith pixel in
kth cluster, and is the distance of ith pixel from cluster
center. M.N shows the total number of pixelsin the image.
In the above relationship, m parameter is the fuzzy
coefficient as a real number is larger than one. Regarding
that is a possibility function; the following condition
should always be satisfied.

©)
33  Blocked-FCM Method (BFCM)

Since c-means involves the entire pixels of an image in
various steps of segmentation, running the algorithm
requires continual calculation of M.N.K in possibility
function formula (k is the number of classes). This causes
the runtime of the algorithm to get long. In order to reduce
the runtime of the fuzzy algorithm blocked FCM method
would be an appropriate choice. Initialy the image is
segmented into square blocks in bxb dimensions (these
blocks may have various dimensions of 2x2, 3x3 or
larger). Instead of using the light intensity of each block, it
is possible to utilize the average intensity and standard
deviation of blocks for segmentation. These two statistical
characteristics increase the similarity of the pixels in a
cluster. Running this algorithm, the part of the possibility
function would be calculated. In the next step, the average
values of the pixels in each block are given to the FCM
function as the input matrix. The blocks would then be sub
classified considering the pre-defined clusterg 1] .

Although blocked-FCM increases the runtime of the
algorithm, the error arises from segmenting the entire
pixels of ablock in asingle cluster. Therefore, this method
would have inaccuracy in segmentation of border areas,
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where each block belongs to two separate clusters but is
classified in one cluster during.

3.4 Our Proposed QFCM Algorithm

The first step of Quadtree function is to divide the image
into four pieces. Then each one of the blocks are again
divided into four another and this procedure goes on until
the smallest block in size is created, which is then
considered as one pixel of theimage [8,9].

This function has the ability to divide the picture into
different size blocks. The size could vary asin: 1, 2, 4, 8,
16, 32, 64, 128, 256, and 512. Furthermore, the quadtree
is a thresholding function in which the sensitivity for
creating borders and edges of the image varies with the
chosenvalue. (1, 9, 10)

Quadtree fuzzy c-means method is presented in this
article. Quad tree function is able to segment images in
various sized blocks.(9, 10) So that the image would be
segmented to large blocks in low resolution areas and
inversely with small blocks in high resolution areas
(figure 2) as in blocked-FCM, rather than using the light
intensity of each pixel, the average light intensity of
image blocksis used as the input matrix of FCM function.

(b)

Figure 2: Segmenting an image with Quad tree function 1
(a)original image,(b) segmented image with quad tree function
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Using this method not only able to increase the
segmentation precision but also enhances the runtime of
fuzzy algorithm using quad tree concept. As a result the
caculations of this function would decrease. So as to
evaluate the suggested algorithm and compare it with FCM
and BFCM methods, various experiments are done on
reference images which are usually utilized for evaluation
of image processing techniques [reprinted from (11)].

The result of implementing such algorithms on a sample
image is represented in Figure 3 .As observed, the required
implementation times for QFCM algorithm is less than

4.RESUL
BFCM and FCM that indicates the increase on the speed of
c-means.

It is obvious that in order to establish an appropriate sub
classification, the pixelsin a cluster should be as close as
possible to each other and also the clusters should have the
same statistical characteristics.

For this purpose, Table 1 is designed to present some
statistical characteristics such as mean, variance and
standard deviation for each cluster. The less the
characteristic value is, the more similarities would exist
among the pixelsin a cluster.

(©

(d)

Figure 3; (a) The original image, (b) Result of FCAMtechnique on the image, (c) Res uit of BFCM technique on the image, and (d) Res it of

OFCMTechnique anthe Imaze
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According to this figure, it may be difficult to confirm
advantage of proposed method compared the other

approved methods by eyesight. Different clusters based on
statically data in table (, it is possible to compare the
performance of different methods.

Table . Comparison of Algorithms FCM, BFCM With the Proposed Algorithm QFCM. M,VAR, and C Represent

Average, Variance, and Standard Deviation, Respectively

Method | Interaction | The Cluster 1 | Cluster 2 | Cluster 3 | Cluster4 Cluster 5
Count Parameter Comparison

FCM 100 M 14.4092 65.8252 120.3065 | 179.5905 156.2158
VAR 47.6706 | 263.5830 | 136.9021 | 143.8173 64.2382
C, % 47.9165 24.6641 9.7255 6.6776 5.1306

BFCM 87 M 13.2087 | 64.6235 118.0105 | 178.3021 | 155.0183
VAR 46.2034 | 262.1309 | 135.4063 | 142.4073 | 63.1385
C, % 51.4608 | 25.0535 9.8605 6.6927 5.1258

QFCM 69 M 15.0192 66.0352 121.6865 | 180.1704 157.1021
VAR 47.9077 | 263.8840 | 137.0281 | 143.9843 64.7385
C, % 46.0846 | 24.5997 | 9.6197 6.6599 5.1215

5. CONCLUSION

This article aims to improve the function of fuzzy c-means
algorithm in precision and speed using the quad tree
concept. To meet this objective, average block intensity is
applied instead of each pixel's intensity. QFCM method
divides the image into small blocks in border areas; the
classification error in such areas would be much less than
BFCM algorithm. The results arised from implementation
of this algorithm would be shown on some standard
images.
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