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Abstract 

Image segmentation is the process of separating an image into many regions. It is the first and 

essential step for many applications in computer vision field including object detection, pattern 

recognition and classification. In this paper, a new scheme for automatic color image 

segmentation using Self-Organizing Map(SOM) based fuzzy C-means algorithm is proposed and 

implemented. Initially, an input image is converted into L*a*b* color space. Saliency map is 

also adopted in order to achieve automatic image segmentation. Saliency map and intensity 

values are fed into SOM which is an unsupervised learning method.The resultant vectors 

obtained from SOM are clustered by fuzzy C-means algorithm.Finally, segmented image is 

filtered by fuzzy filter in order to suppress unwanted data and enhance the quality of segmented 

image.Proposed scheme is tested on different color image obtained from the web.The 

segmentation results from the proposed scheme are validated and compared with other existing 

methods. Experimental results proved that the proposed scheme outperforms state-of-the art 

methods. 

Keywords: Color image segmentation, Color space conversion, Fuzzy filter, Saliency map and  

                    SOM based fuzzy C-means clustering  

 

I. INTRODUCTION 

 

Image segmentation is defined as the process of dividing an image into many homogeneous 

regions. Segmentation process divides an image into it constitute objects or regions. The level to 

which the segment is performed relies on the problem being solved.Segmentationshould end 

when the objects of interest in an applicationhave been isolated. The most important 

characteristic for segmentationis image color components for color image and luminance value 

for monochrome image [1].Color image segmentation is a crucial and challenging task, most 

important step in image analysis and also high-level image interpretation and understanding such 

as image filtering, remote sensing, image retrieval, video retrieval, robot vision, object 

recognition, and medical imaging. During image segmentation, an image is segmented into a 

group of pixels where pixels in a region are uniform based on some homogeneous attributes such 
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as intensity, colour, tone or texture, so as to determine and locate the objects and its boundaries 

[2][3]. 
 

Image segmentation techniques can be categorized into many groups like pixel oriented, 

contour-oriented, region-oriented, modeloriented, color oriented and hybrid segmentation [4]. 

Segmentation of colour image is very tough when compared with gray scale image segmentation. 

It is very difficult to analyze the image on all of its color. To address this issue, Computation 

Intelligence (CI) techniques have been utilized for colour image segmentation. CI techniques 

particularly Artificial Neural Network (ANN) deals with approximate models and 

providessolution to complex problems. Several algorithms have been developed for colour image 

segmentation are found in the open literature. [5][6]. 
 

 

Color images has more attributes than gray images. Recently, color image segmentation 

has drawn more attention from researchers.  The requirements of good image segmentation are 

as follows:(i) a single region in a segmented image should not contain significantly different 

colors and a connected region containing a same color should not have more than one label. The 

intensityof a region should be reasonably uniform. Clustering is a method of grouping data, 

where thegrouping is established by determining similarities between databased on their 

attributes or characteristics. The idea behind using clustering is to identify natural groupings of 

data from a large set of datato produce a simplerepresentation of a systems behavior.Hard 

clusteringand soft clustering are the two types of clustering used for image segmentation. In hard 

clustering, data are divided into crisp clusters, where each data point belongsto exactly one 

cluster, e.g., K-means clustering method. On the contrary, soft clustering may associate a 

datapoint with two or more clusters using membership gradeswhich indicate the degrees of the 

data point belonging tothe corresponding clusters, e.g., the fuzzy C-means (FCM)clustering 

method[1][7]. 

 

In this paper, a novel segmentation technique using Self-Organizing Map (SOM) based 

Fuzzy C-Means (FCM) and saliency map is proposed. The captured RGB image is converted 

into L*a*b* space. Saliency map is calculated for each channel. Subsequently, saliency maps are 

combined to get comprehensive saliency map.Intensity values along with saliency maps are used 

to train the SOM. The resultant vectors are clustered by employing FCM. Finally, fuzzy filter is 

used to remove the unwanted data and further enhance the quality of the segmented image. The 

rest of the paper is organized as follows: Section 2 provides review on existing research in this 

field. Section 3 presents the proposed colour image segmentation scheme. Experimental results 

and findings are shown in Section 4. Finally, Section5 deals with discussions and conclusions 

drawn from the work done followed by relevant references. 

 

II. RELATED WORKS 

Arumugadevi and Seenivasagam [1] proposed image segmentation method which is based on 

FCM and ANN. Proposed method is tested on Berkeley database. Effectiveness of the proposed 

method is evaluated in terms of accuracy, sensitivity and specificity. Results shown that the 

proposed method outperforms other methods taken for analysis. Samira Chebbout et al. [3] 

provided a detailed survey of different clustering algorithms used for color image segmentation. 

Jobin Christ and Parvathi [7] used FCM algorithm for MRI image segmentation.FCM algorithm 

provided better result than KNN.Chen Zhang et al.[8] tried to segment the colour image using 
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saliency map.In this approach, the acquired RGB color image was separated to R, G and B color 

channels, and the color information for each channel was calculated. The R saliency for each 

pixel in the R channel, the G saliency for each pixel in the G channel, and the B saliency for each 

pixel in the B channel was calculated respectively. Then comprehensive saliency map was 

obtained by adding R, G and B saliency map.The results indicated that the proposed method can 

segment out objects from the color image accurately. In 2012, Napoleon et al. [9] segmented the 

color image using SOM and saliency map.The captured RGB image is converted into L*U*V* 

space.Saliency and intensity values are used to train SOM. Output of SOM is filtered by hit map 

filter.Clustering is performed by SOM based k-means algorithm and SOM based C-means 

algorithm.Results showed that the SOM based c-means algorithm provided good segmentation 

than SOM based k-means algorithm. Ahmad Khan et al. [13] proposed a segmentation method 

using SOM and FCM. Results showed that the proposed technique outperforms state-of-the art 

methods. Rajaby et al. [16] presented a color image segmentation technique using FCM 

algorithm.Results proved that the FCM algorithm can effectively segment the colour image than 

other clustering algorithm. 

 

III. PROPOSED COLOR IMAGE SEGMENTATION SCHEME 

This section explains the functioning of the proposed color image segmentation technique.Figure 

1 depicts block diagram of the proposed segmentation method.Proposed scheme involves the 

following processes: 

 Color space conversion 

 Saliency map calculation 

 SOM 

 Fuzzy C-means algorithm 

 Fuzzy filter 

 

 

Figure 1. Framework of the proposed scheme 
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3.1 Colour space conversion 

Several types of image acquisition devices are available in the market. Most of the devices return 

3D (colour) image.However, different devices give different RGB values for the same incident 

light.To make uniform distribution of colours, the Commission International de l’Eclairage (CIE) 

has recommended two alternative colour space namely L*u*v* and L*a*b* colour space [10]. In 

this study, L*a*b*colour space is employed. CIE L*a*b conversion is non-linear, and the 

conversions are still reversible.This conversion performed in two steps (i) RGB to XYZ 

tristimulus transformation and (ii) XYX to L*a*b* conversion.XYZ conversion is defined as: 

                                                (1) 

                                              (2) 

                                              (3) 

The coefficients aij are determined by a colourimetric characterization of the hardware 

utilized.Then L*a*b* colour space conversion is expressed as follows: 

                    (4) 

                                     (5) 

                                      (6) 

3.1 Saliency map calculation 

An accuracy of any pattern recognition problem is based on the extraction of objects of interest 

in image. This is achieved by detecting salient object and removing background information as 

well as other redundant information [11] [12]. Therefore, this study proposed a method for object 

detection and segmentation based on the saliency map. The color space L*a*b* is appropriate for 

saliency map calculation. The L* channel is sub divided into four according to four quadrants 

and one cluster center window. Intensity saliency map for each pixel in each sub image in L* is 

calculated as, 

 

                                              (7) 

 

 
 

                                       (8) 

Similarly, for a* and b* channel, apply the same procedure,  

                                                   (9) 
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                                                  (10) 

Final intensity saliency map is obtained by computing Euclidian norm 

                                (11) 

Pixel value of saliency map is normalized between 0 and 255. 

 

3.3 Self-Organizing Map 

 

SOM is a kind of Artificial Neural Network (ANN), introduced by Kohonen in 2001 [14]. SOM 

is used to automatically determine the dominant colors and the optimal number of clusters in the 

input image[13]SOM is trained with set of input vectors such as intensity and saliency map in 

order to obtain lower dimensional representation of the input image in the form of a feature map 

that maintains the topological relationship and metric within the training set. SOM is 

anunsupervised leaning type of network which means that the network has the ability to learn 

theclassification of a training set without any external supervision. Initially, weights of SOM are 

assigned with small random values.The classification procedure is invokediteratively and it 

assigns the input vector to the cell in the network on the basis of similarity of weight values.Best 

matching unit will return smallest Euclidean distance.Best matching unit is defined as, 

         (12) 

 

 

The weights of the best matching unit and its neighboring units are updated as, 

 

           (13) 

Where, t is the iteration,  represents the neighborhood radius, L is the learning rate. 

3.4 Fuzzy C-Means Clustering 

FCM is a type of clustering method which allows one piece of data to be in the right position to 

two or more clusters and mostly used in pattern recognition.  Let X={x1, x2, ..., xn}stand for a 

data set with n data which must be clustered into C clusters (1 <C ≤n) where xk(1 ≤k ≤n)denotes 

a data point. The FCM objective function for partitioning x into C clusters is given by, 

 

                                        (14) 

 

Where Vc is the centroid, ukc is the fuzzy membership function of nth data point to the C
th

 

cluster, m is the fuzziness. 
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                                       (15) 

 

                                                  (16) 

U and v must be updated according to Equations (15) and (16) until stopping criterion reached. 

3.5 Fuzzy filter 

The resultant image is further enhanced by applying Asymmetrical Triangular function with 

Moving Average (ATMAV) fuzzy filters. The moving average filter using fuzzy asymmetrical 

triangular membership function is defined by, 

  (17) 

  (18) 

    (19) 

The output of fuzzy filter is computed using equation (23) 

      (20) 

The detailed steps of proposed algorithm are given in Table 1. 

Table 1.Proposed colour image segmentation algorithm 

Step 1: Read an image I 

Step 2: Convert the RGB image int L*a*b* space 

Step 3: Compute the intensity of each channel 

Step 4:Calculate the saliency map using Equation (11) 

Step 4:Train the SOM  

Step 5:Cluster the image using FCM 

Step 6:Filter the segmented image using fuzzy filter. 

 

IV. EXPERIMENTAL RESULTS 

Several experiments are conducted to test the performance of the proposed scheme. There is no 

common algorithm for the measurement of image segmentation. The colour image segmentation 

scheme is applied on various natural images. The performance of proposed method is evaluated 
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by computing accuracy, precision, recall and time [19] [20].Precision gives information about 

the validity of segmentation result and recall gives information about the correctly identified 

edge pixels in an image. Higher value of precision and recall indicates a good performance by 

the segmentation method. Entropy is used to compute the randomness or information content in 

an image. It helps to calculate the uniformity measure in an image. Lower value of entropy 

indicates good segmentation. Table 2 compare the performance of proposed scheme with other 

existing methods including saliency map [11], SOM-fuzzy [13] and FCM-SOM [16] in terms of 

evaluation measure mentioned above. 

Table 2 Performance comparison 

Methods Time Accuracy Precision Recall Entropy 

Jabarullahet 

al.[11] 

0.62 85.22 0.38 0.66 0.35 

AhmedKhanet 

al.[13] 

0.73 88.63 0.41 0.56 0.31 

Rajabyet 

al.[16] 

0.65 90.12 0.48 0.65 1.25 

Proposed 0.52 93.51 0.56 0.75 0.12 

 

From the Table 2, it is observed that the proposed scheme provides better segmentation with 

low computational overhead than start-of-art methods considered for comparison from the 

literature.Figure 2 demonstrates outcome of the proposed scheme, it is observed that the 

segmented image is more accurate. 

Original image Segmented image 
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Figure 2. Segmentation results 

V. CONCLUSION 

Color image segmentation using SOM based FCM is presented in this paper. SOM is trained 

with intensity and saliency map. Subsequently, the resultant values are clustered with FCM 

algorithm. The segmented image is further processed by ATMAV filter to enhance the quality of 

the image.Experimental results revealed that the proposed scheme has more success rate in 

detecting unknown objects in unknown scenes. Further to this, proposed method is compared 

with other state-of -art techniques and the result suggested that proposedmethod outperforms in 

terms of accuracy, precision, recall and time. 
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