| Komang Arianaet al. / International Journal of Engineering and Technology (I1JET)

Color Image Segmentation using Kohonen
Self-Organizing Map (SOM)

| Komang Ariana™, Rukmi Sari Hartati %, | Ketut Gede Darma Putra™, Ni Kadek Ayu Wirdiani *

*Information Technology Department, Faculty of Engineering, Udayana University

Jimbaran, Bali, Indonesia

' km.arianal992@gmail.com

3ikgdarmaputra@gmail.com
*ayu_wirdi@yahoo.com

"Electrical Engineering Department, Faculty of Engineering, Udayana University
Jimbaran, Bali, Indonesia
2 rshartati @gmail.com

Abstract— Color image segmentation using Kohonen Self-Organizing Map (SOM), is proposed in this
study. RGB color space is used as input in the process of clustering by SOM. Measurement of the distance
between weight vector and input vector in learning and recognition stages in SOM method, uses
Normalized Euclidean Distance. Then, the validity of clustering result is tested by Davies-Bouldin Index
(DBI) and Validity Measure (VM) to determine the most optimal number of cluster. The clustering result,
according to the most optimal number of cluster, then is processed with spatial operations. Spatial
operations are used to eliminate noise and small regions which are formed from the clustering result. This
system allows segmentation process become automatic and unsupervised. The segmentation results are
close to human perception.
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I. INTRODUCTION

Image segmentation has been widely used in image processing. Segmentation aims to get the meaningful
partsin an image. Previously, image segmentation is more done in binary images and grayscale. But now, color
image segmentation has an important role in many applications, such as object recognition, image classification,
and etc. The aim of color image segmentation is to identify homogeneous regions in color images that are
important.

Many image segmentation techniques have been developed, such as pixel-based techniques, region-based
techniques, and boundary-based technique. Clustering is one of the techniques in pixel-based image
segmentation. Each pixel is classified in a particular class based on certain similarity criteria. Many clustering
methods have been used in image segmentation applications. One of the most commonly used is K-means
clustering method [1]-[4].

One of clustering method based on artificial neural network which is the most commonly used is Self-
Organizing Map (SOM). SOM studies each inputs component and then classifies the input into the
corresponding class. SOM has been applied in image processing, e.g. for image compression [5], and color
guantization [6]. SOM is also widely used in image segmentation applications [7]-[9]. In color image, SOM is
used to perform color reduction, then followed by Simulated Annealing (SA) to obtain the results of
segmentation [7]. SOM is also used for the sonar image segmentation by taking action to the existing noise [8].
Euclidean distance is commonly used to measure the distance between input vector and weight vector in SOM
method [7],[8]. Mahalonobis distance has aso been utilized in the measurement of the distance to the SOM
method [9]. In this study, determination of the winner weight for each input, is done by calculating the distance
using Normalized Euclidean Distance.

Determination of the optimal number of cluster in clustering process is aso a challenge. There are many
indexes to determine the cluster validity such as Dunn Index, Silhouette Index, and others. Validity Measure has
been widely applied as cluster validity measurement in image segmentation application [1],[10]. In this study,
the cluster validity measurement will be done in 2 ways, by Validity Measure (VM) and Davies-Bouldin Index
(DBI). The validity measurement is done by forming 2 clusters to 10 clusters, then calculate the validity of each
cluster. Cluster with the minimum values of DBI or VM indicates the cluster is well separated [10], it means that
number of cluster isthe most optimal cluster.

Image segmentation in [4] takes advantage of post-processing to improves the segmentation results obtained
from the clustering process. Noise and small spatial area are removed by utilizing neighbourhood function.

The system proposed in this research is a method of image segmentation using SOM. Distance measurement
which is used in this study is Normalized Euclidean Distance. Determination of the optimal number of cluster
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uses Validity Measure (VM) and Davies-Bouldin Index (DBI). The results from these two techniques will be
compared, and get the best way in determining the optimal number of the cluster. That process is very important,
because it is acrucial step to get the final segmentation results. In last stage, post-processing in [4] is applied to
improve the segmentation result.

Il. RESEARCH METHOD

Fig. 1 shows an overview of the proposed system. Section 2 will explain each part of the image segmentation
systemin this study.
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el el With SOM Kohonen }> - Normalized Euclidean Distance
Y
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Fig. 1. Overview of the proposed system

A. Clustering with SOM

Clustering process in this study uses RGB color values of each pixel as an input to SOM method.
Neighbourhood topology which is used in SOM method in this study, is linear array or also known as one-
dimensional (1-D) topology. Computation of SOM algorithm is divided into two stages, the stage of learning,
and recognition stage. SOM method in this study is adopted from the research in [8]. In this study, to determine
the distance does not use Euclidean Distance, but it uses Normalized Euclidean Distance.

B. Normalized Euclidean Distance

The calculation of the Normalized Euclidean Distance is a modified form of the Euclidean Distance.
Normalized Euclidean Distance of two vectors, between vector u and vector v is shown by Equation (1) [11].

)

where,

w=ph, V= )
] v

[[v]] isthe normalized value of vector v. Itsvalueis expressed in Equation (3).
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C. Validity Measure (VM)

VM is one of the indexes to test the validity of clustering results. VM is commonly used in application of
image segmentation based on clustering [1,10]. VM is calculated using Equation (4).

VAL = y[inn‘aj @

inter

where intra is intra-cluster distance, inter is inter-cluster distance, and y is a function of the number of cluster
that is formed. Equation (5) is used to find the value of intra-cluster distance.

intra = %zk: Z”x -z,

i=1 xeC;
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where N istotal number of pixelsinimage, k is number of clusters, and z; is center of cluster Ci.
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In addition to calculate VM, takes the minimum value of inter-cluster distance [10]. Equation (6) is used to
find the inter-cluster distance.
inter = mi n(”zi = sz) (6)

wherei=12...k,andj=i+1, ..., k.

y is multiplied by the quotient between distance of intra-cluster and inter-cluster. Equation (7) is used to
caculatey.

y=cN21)+1 0

where ¢ is a constant value in range of 15 to 25, N (2,1) is a Gaussian function for the number of clusters (k).
The Gaussian function is shown in Equation (8).

e ®
N(uo)= el 2
270°
VM should be minimum to obtain optimal result and achieve well-separated cluster [1].
D. Davies-Bouldin Index (DBI)

DBI wasintroduced in 1979 by David L. Davies and Donald W. DBI is used to evaluate the clustering results.
DBI is afunction to measure the ratio of the total within-cluster scatter (spread of the cluster) and the between-
cluster separation (distance between clusters) [12]. Equation (9) is used to calculate the spread of cluster value.

1
S, == 2 [x-z ©
Ti xeC;
where T; is number of member ini" cluster (C;), and z; isthe i cluster center.

Distance between clusters is cal culated by Euclidean distance between the center of i cluster and center of ™
cluster. Equation (10) is used to calculate its distance.

dy =|z -z

Rjjisratio value between i" cluster and j™ cluster, which is calculated by Equation (11).

R, :{Si +SJ} (11)
i dij

Find the maximum value of the ratio (D;), it is used to find the value of DBI. Equation (12) is used to
calculate value of D;.

(10)

D, = max;. ;. Rij (12)
Then, DBI valueis calculated by using Equation (13).
1 K
DBl =—)>» D.
K Zl ! (13)

where K is number of cluster.

DBI with the most minimum value indicates the most optimal clustering results and achieve well-separated
cluster.

E. Spatial Operations

Spatial operations are performed after the results of clustering is obtained. There are two spatial operations
are applied, noise removal and region merging.

Noise and details that do not need in the results of clustering, are eliminated with a statistical filter [4]. Noise
removal process is done by creating a histogram for the pixel at position (x,y) on the image which has been
labelled with its cluster information. Equation (14) is used to make the histogram.

Hizlxy)= > 1 14

e

where W(x,y) isa filter with specific radius, which the center isapixel in position (x,y).
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The new label of pixel at position (x,y) which is symbolized by /(x,), is determined by using Equation (15),
as defined :
I'(x,y) =argmax, H(z | x,y) (15)

The second spatial operation is region merging. Threshold value for number of pixelsin aregion (ThA) is
determined in the amount of 0.003 times of total pixelsinimage. So, if the number of pixelsin theregionisless
than ThA, it will be combined with its neighboring regions. The selected neighboring region, is selected from the
maximum number of areawhich is neighbor with region that will be merged.

Region on this operation is based on the concept of 8-connected neighborhood. This means, the neighbors of
apixel interms of vertical, horizontal, and diagonal .

111.RESULTS AND ANALYSIS

Analysis in this study uses images from the Berkeley Segmentation Dataset (BSDS) [13]. There are 4 test
images, which are shown in Fig. 2.

@ (b) (© (d
Fig. 2. Original test images: (a) Img01.jpg, (b) Img02.jpg, (c) Img03.jpg, (d) Img04.jpg

The program is made with VB .NET programming language, using Visual Studio 2012 Development Tools.
The user interface of this systemisshownin Fig. 3.

Fig. 3. User interface of the proposed system

Initialization of parameters on SOM and spatial operations that are used in analysisin this study, are shown in
Tablel.

TABLEI
Initialization of Parameters on SOM Method and Spatial Operations
No Parameter Value
1 o 0.2
2 Epoch (T) 200
3 Radius of noisefilter 3
4 Threshold Region (ThA) 0.003 * total pixels
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Tests are performed on each image by forming 2 until 10 clusters. From each cluster which is formed, then
calculate the value of Vaidity Measure (VM) and Davies-Bouldin Index (DBI). Each value of VM and DBI
with minimum value showed the most optimal number of cluster. Results of validity measurement for each test
images, are shown in Tablell.

TABLEII
Validity Measurement Results
Image Validity Index Number of Cluster
4 5 6 7 8 9 10
Davies-Bouldin
Img0l.jpg | Index 2586 | 2.35| 2394 | 2.149 | 2.878 | 2.907 | 3.349
Validity Measure 3.388 | 1.654 | 3.047 | 3.024 | 16.14 | 115 | 31.82
Davies-Bouldin
Img02.jpg | Index 3.263 | 2.397 | 2.803 | 3.001 | 3.793 | 3.892 | 4.501
Validity Measure 7584 | 4701 | 4594 | 4691 | 8.66 | 8.911 | 48.11
Davies-Bouldin
Img03.jpg | Index 3.137 | 3.122 | 4.609 | 4.497 | 4.944 | 4.766 | 4.736
Vaidity Measure 1459 | 16.93 | 17.78 | 14.86 | 13.73 | 13.97 | 17.66
Davies-Bouldin
Img04.jpg | Index 2073 | 1.978 | 1.959 | 2.774 | 2.744 | 3.175 | 3.252
Vaidity Measure 3.099 | 3752 | 298 | 1694 | 3.132 | 2526 | 8.253 | 7.775 | 7.107

The cells with blue color in Table |1 show the most optimal number of cluster for all test images by Davies-
Bouldin Index, and the green areas are the most optimal number of cluster by Validity Measure. From the
results, the optimal clusters of all test images are shown in Table I11.

TABLEIII
Optimal Cluster for All Test Images

Optimal Number of Cluster
No Image Davies-Bouldin Validity Measure
Index
1 ImgOL.jpg 2 5
2 Img02.jpg 2 6
3 Img03.jpg 2 2
4 Img04.jpg 2 5

The validity measurement using Davies-Bouldin Index, by average produces 2 clusters as optimal cluster.
While the optimal cluster results with Validity Measure are more varied and larger than the results obtained by
DBI.

Segmentation results with the optimal number of cluster obtained by DBI for each test images are shown in
the Fig. 4.

(b)
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Fig. 4. Clustering Results : (a) Img01.jpg, (d) Img02.jpg, (g) Img03.jpg, (j) Imaged4.jpg. Noise Removal Results: (b) Img01.jpg, (€)
Img02.jpg, (h) Img03.jpg, (K) Image04.jpg. Region Merging Results : (c) Img01.jpg, (f) Img02.jpg, (i) Img03.jpg, (I) Image0d4.jpg

System can show the results separately, depend on its cluster. Fig. 5 show each clusters from the
segmentation results obtained by DBI.

@ (b)
(c) (d)
(e ()
) (h)

Fig. 5. Each cluster from Img01.jpg : (&) Cluster 1, (b) Cluster 2. Each cluster from Img02.jpg : (c) Cluster 1, (d) Cluster 2. Each cluster
from Img03.jpg : (e) Cluster 1, (f) Cluster 2. Each cluster from Img04.jpg : (g) Cluster 1, (h) Cluster 2
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The result of image segmentation on Img0L1.jpg has successfully separates star fish object of other objects.
For Img02.jpg, flower crown has been secured properly. Result of image segmentation for Img03.jpg with DBI,
form 2 clusters as the optimal cluster, first cluster is the deer with little region from the background, and the
other one is background area, like grass, leaves, and so on. The segmentation result for Img04.jpg also can
successfully separates the horses of the grass.

IVV.CONCLUSION

Color image segmentation with Kohonen SOM method has been created successfully. Distance measurement
method with Normalized Euclidean Distance can performs color clustering well, and generates image
segmentation results, which are close to human perception. With this proposed method, image segmentation
process can be done automatically and unsupervised , by using cluster validity measurement.

Validity measurement of 2 indexes, Validity Measure (VM) and Davies-Bouldin Index (DBI) relatively
yields distinct of optimal number of clusters. For each test images, the optima number of clusters which are
produced by DBI, on average are less than the results which are obtained by VM.

Spatial operations, which are implemented, relatively can improve the segmentation results. Noise removal
step, success to eliminate the noise which is formed from the clustering results. Region merging step can
eliminates unnecessary small region accurately.
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