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ABSTRACT  
 

Image segmentation is the important task for image analysis and understanding it. The segmentation of color image 

is challenging task in the image analysis process. Segmentation of color images gives more information than gray 

scale image. This paper performs segmentation of color image in different color spaces, as segmentation of RGB 

color image not always gives better segmentation results also not more suitable in image analysis and understand-

ing. In this paper the color image is converted into L*a*b, HSV, YIQ color spaces for segmentation. Fuzzy c-means 

(FCM) clustering is used for the segmentation of color images. FCM clustering gives good results for color image 

segmentation as it extracts more information from color images. Analysis of the segmented results in RGB, L*a*b, 

HSV, YIQ color spaces are given in this paper. 
 

Keywords: Image segmentation, RGB color image, L*a*b color space, HSV color space, YIQ color space, Fuzzy c-
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INTRODUCTION 
 

Image segmentation is the process of dividing images into different segments called region with similar features. A 

pixel is the main element of an image. The segments of segmented image are groups of similar pixels with some 

predefined criterion like texture, color, intensity, and gray-level [1]. Filtering noise from an image, medical applica-

tion, satellite imaging application, Face recognition, Fingerprint recognition, handwritten letter recognition is some 

of the applications of image segmentation. According to [2-4], color image contain more attributes than grayscale 

image. Color Image segmentation provides best and easy way to understand and analyze an image. The challenging 

problems in color image segmentation include two main issues, which color space should be used and which suita-

ble technique should be applied because color image is not suitable for segmentation and analysis. It is difficult to 

specify a specific number of colors in color image so, segmentation of color image depends on the choice of color 

space. The common color spaces used for segmentation are RGB (Red, Green, Blue), YIQ, CIE XYZ, HSV (hue, 

intensity, value). The segmentation of color images includes region based technique, Edge detection techniques, 

split and merging techniques and clustering techniques as given in [5-7].  
 

The K-means and Fuzzy C-means (FCM) clustering techniques are widely used for color image segmentation. The 

K-means clustering assign each object to only one cluster and not deal with outliers accurately. Unlike the K-means 

clustering, FCM clustering gives better segmentation for overlapping clusters and also extract more information 

compare to other techniques in color images as given in [4, 8-9].  
 

The clustering based technique proposed by [3] for the combine color space like RGB, YIQ, HSV. Images are seg-

mented using K-means clustering technique and effective robust kernalized fuzzy C-means technique. In [10], the 

FCM clustering technique is used to segment the color image in L*u*v color space. The FCM clustering technique 

is represented for color image segmentation in CIEL*a*b color space in [11] by separating the color of an image 

using a decorrelation stretching technique. This decorrelation technique used to group regions and then FCM is ap-

plied for the segmentation of the satellite image. In [12], the robust color image segmentation method is proposed 
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which is based on weighted FCM Clustering. The distance space between the pixel spaces and the eigenvector space 

is used to modify the objective function based on Euclidean distance for FCM. In this paper, the FCM clustering 

algorithm is applied to the different color spaces and the analysis of it is done. The analysis of this paper is useful for 

the selection of the color spaces for the color image segmentation.  

 

OVERVIEW OF COLOR SPACES FOR COLOR IMAGE SEGMENTATION 
 

The color space is a mathematical representation of the colors which allow the reproducible geometrical representa-

tion of the colors in 2D-3D space. Color spaces gives information about colors at each pixels of an image [13]. Col-

or spaces give useful information like how color spectrum looks like as in [14]. Color space is the combination of 

color models and mapping function. Some common color spaces used for color image segmentation are RGB, YIQ, 

HSV, CIE XYZ among them some are device dependent like RGB (Red, Green, Blue), YIQ, YCbCR and some are 

device independent which include CIE XYZ, CIEL*a*b, CIEL*u*v. Different color spaces have their own applica-

tion so, based on application color model can be used [13-14]. 
 

RGB Color Space 

According to [13], in the RGB image each pixel of image is denoted by Red, Green and Blue components. It is 

widely used color space due to its simplicity. RGB color space represented by three dimensional, Cartesian coordi-

nate system given in [15] other color spaces are produced by adding these three primary colors using linear and non-

linear transformation. The combination of all three colors makes white color and the absence of all three colors 

makes black color. The coordinates inside the cube represent the values of Red, Green and Blue. The origin (0, 0, 0) 

shows black and (1, 1, 1) shows white [13, 15]. 
 

CIEL*a*b Color Space 

According to [15] CIE (Commission International de l’ Eclairage) color system was developed which meets the 

need of human observers. X, Y, Z are its main three parameters. The value of X, Y, Z computed using a linear trans-

formation from RGB color coordinates. Equation (1) shows RGB to XYZ color transformation as in [15]. 
 

(
𝑋
𝑌
𝑍

) = (
0.607  0.174  0.200
0.299  0.587  0.114
0.000  0,066  1.116

) (
𝑅
𝐺
𝐵

) (1) 

 

CIEL*a*b color space is derived from the CIE XYZ space. Where L stands for lightness of color, *a stands for 

red/green coordinates, *b stands for blue/yellow coordinates. It is device independent and able to control the intensi-

ty and color information more compare to RGB. It gives more difference between colors from each other as it device 

independent [16, 17]. The difference between two colors can be calculated as Euclidean distance which is in the 

Equation (2) as in [18]. 

ΔE* = [ΔL*2 + Δa*2 + Δb*2]1/2                 (2)  

 

Where, ΔL is the difference between lightness or darkness, Δa is the difference in red and green and Δb difference in 

blue and yellow. 
 

HSV Color Space 

HSV (hue, saturation, value) is also widely used and more suitable color space to human eyes. The alternative color 

space of HSV is HSL (hue, saturation, lightness), HSI (hue, saturation, intensity). According to [13,15,17] hue (H) 

denotes base color or same shades either in degrees or numbers, saturation (S) describe how white the color is or the 

ratio of colorfulness of brightness. Saturation always represents in terms of degrees where 100% means color is fully 

saturated. Lightness defines darkness of color in terms of percentage where 0% mean black color and 100% mean 

white color. Table.1, color representation and its hue values as in [19] are given. 
 

Table -1 Color Representation and its Hue Value 
 

Hue(degree) Hue(value) Color 

0 or 360 0 or 6 Red 

60 1 Yellow 

120 2 Green 

180 3 Cyan 

240 4 Blue 

300 5 Magenta 
 

Equation (3) to (6) shows the transformation from RGB space to HSV space [19]. 
 

H=across

1
2

(2𝑅−𝐺−𝐵)

√(𝑅−𝐺)2−(𝑅−𝐵)(𝐺−𝐵)
 

(3) 
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V=  
𝑚𝑎𝑥(𝑅,𝐺,𝐵)+𝑚𝑖𝑛 (𝑅,𝐺,𝐵)

2
 

 

(4) 

                       S={
𝑚𝑎𝑥(𝑅,𝐺,𝐵)−𝑚𝑖𝑛 (𝑅,𝐺,𝐵)

𝑚𝑎𝑥(𝑅,𝐺,𝐵)+𝑚𝑖𝑛 (𝑅,𝐺,𝐵)
} for  L < 0.5 

 

(5) 
 

 

                         S={
𝑚𝑎𝑥(𝑅,𝐺,𝐵)−𝑚𝑖𝑛 (𝑅,𝐺,𝐵)

2−𝑚𝑎𝑥(𝑅,𝐺,𝐵)+𝑚𝑖𝑛 (𝑅,𝐺,𝐵)
} for L ≥ 0.5 

(6) 

YIQ Color Space 

According to [14, 15, 17] This color space is designed to separate chrominance (color information) from luminance 

(grayscale information Y) which obtained from the RGB model using linear transformation. It is device depended on 

which Y is a combination of red, green and blue intensities and useful for edge detection in image, the other two I 

(hue) and Q (saturation) represent color information, I contains orange and cyan hue information and Q contains 

green and magenta hue information. As it is Linear in nature and require less computational task also has minimum 

overlap between segmented and non-segmented regions. Equation (7) shows the conversion from RGB to YIQ as in 

[15]. 
 

   (
𝑌
𝐼
𝑄
)  =  (

0.299  0.587  0.114

0.596 − 0.274 − 0.322

0.211 − 0.253 0.312

)   =(
𝑅
𝐺
𝐵
)  (7) 

Where 0≤ R≤ 1, 0≤ G≤ 1, 0≤ B≤ 1 

 

 FCM FOR SEGMENTATION 

 

FCM clustering is the modified version of the K-means (hard clustering) clustering. It is type of Soft clustering 

technique. Clustering is the process to classify the image in such a way that same group of data is in one group and 

at the same time different group of data having separation. In the FCM data elements can belong to two or more 

clusters based on the degree of belongingness.  

FCM is based on the objective function and its aim to minimize this objective function as in [22]. 

 

𝐽(𝑈, 𝑍) = ∑ ∑ µ
𝑖𝑗
𝑝𝑁

𝑗=1
𝑘
𝑖=1 ||𝑦

𝑗
− 𝑧𝑖||

2    (8) 

 

Where, N is the number of data points, k is the number of clusters with 2 ≤ 𝑘 < 𝑁,𝑥𝑘is the pixel element of the im-

age,µ
𝑖𝑗
𝑞  is the membership function which create fuzzy partitions for the randomly selected cluster center for each 

data poits that contains membership of 𝑦
𝑗
 in the cluster i which having membership values between 0 and 1, 𝑧𝑖 is the 

cluster center, p determines the degree of fuzziness of the resulting clusters or classification which is always p=2. In 

FCM partitioning is done by optimizing the objective function and membership function µ
𝑖𝑗
𝑞  iteratively to find best 

distance and location of the clusters and its values, cluster center  𝑧𝑖 also updated with the  ||. ||2 which is any sec-

ond order norm and Euclidean distance ‘||𝑦𝑗 − 𝑧𝑖||
2’ between the image pixels (data elements) and the cluster cen-

ter. 𝐽(𝑈, 𝑍) is the weighted sum which is the distance between the cluster center and image pixels of the cluster. It is 

minimizing when image pixels are close to the cluster center, which pixel element close to the cluster center having 

high membership values and rest elements having low membership value which far from the cluster center. Steps for 

FCM are. 

1. Load color image. 

2. Initialize random number of cluster k, location of cluster center and termination criteria. 

3. Calculate the fuzzy membership as in [22] 

µ
𝑖𝑗

=∑ (
||𝑦𝑗−𝑧𝑖||

||𝑦𝑗−𝑧𝑛||
)

−2

𝑝−1
𝑘
𝑛=1      (9) 

4. Compute the fuzzy centers as in[22]  

𝑧(𝑖)=  
∑ µ𝑖𝑗

𝑝𝑁
𝑘=1 𝑦𝑗

∑ µ
𝑖𝑗

𝑝𝑁
𝑘=1

               (10) 

5. Update the Fuzzy membership values  𝑈(𝑞+1) where, U=(µ
𝑖𝑗

). 

6.     Repeat step 4) and 5) until   ||U(q+1) – U(q)|| ≤ β.     

         Where, ‘q’ is the iteration step. 

β is the termination criterion between 0 and 1. 
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 RESULTS OF FCM AND DISCUSSION 
 

The flow of work for a segment the natural color images in different color spaces using the FCM clustering tech-

nique is given in Fig. 1. The FCM technique is tested on different color images, including satellite images which are 

collected from [23, 24]. Input images are color images which are sharpened for the sharpening the edges of the im-

ages mainly for satellite images. The sharper image converted into L*a*b, HSV, YIQ color spaces to check segmen-

tation result and finally apply the FCM technique to segment the color image. 
 

In Fig. 2(a), the input image is an RGB satellite image is shown. The sharpen RGB image is shown in Fig. 2(b). The 

FCM clustering algorithm is applied with termination criteria 0.00001and the number of cluster centers as 4, 5 and 

6. Corresponding segmented result is shown in Fig. 2(c), (d) and (e) for cluster center as 4, 5 and 6, respectively. 

The input RGB image first sharpen and convert into L*a*b, HSV, YIQ color spaces. The original size of the image 

is 300*300 pixels and it was resizing into 185*185 pixels to reduce the computational time. In Fig.  3, Fig.  4 and 

Fig.  5, the different segmentation results using 4, 5 and 6cluster centers in L*a*b, HSV and YIQ color spaces are 

shown, respectively.  
 

 

 

 
 

Fig. 1 Flow of Work 

 

     

(a) (b) (c) (d) (e) 

Fig. 2(a) Input RGB satellite image (b) sharpen RGB satellite image (c) segmented image using 4 clusters in RGB space (d) segmented 

image using 5 clusters (e) segmented image in RGB color space using 6 clusters  

 

   

 
 

(a) (b) (c) (d) 
 

Fig. 3(a) Input sharpen satellite image in L*a*b color space (b) segmented image in L*a*b color space (c) segmented image using 5 clus-

ters (d) segmented image using 6 clusters in L*a*b color space  

 

    
 

(a) (b) (c) (d) 

Fig. 4(a) Sharpen input satellite image in HSV color space (b) segmented image in HSV color space (c) segmented image (d) segmented 

image using 6 clusters  

 

    
 

(a) (b) (c) (d) 

Fig. 5(a) Sharpen input satellite image in YIQ color space (b) segmented image using 4 clusters (c) segmented image using 5 clusters (d) 

segmented image using 6 clusters  

Input color 

image 

Sharp the 

image 

Color space 

conversion  

Apply 

FCM 

Segmented 

image 
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Fig. 6 shows that the input image is RGB image which is natural color image and shows the FCM segmented images 

and final segmented images with 5, 6, 7 clusters respectively. The original size of the image is 600*474 pixels and it 

was resizing into 235*297 pixels to reduce the computational time. Fig.7, Fig.8, Fig.9 shows the different segmenta-

tion results using 5, 6, 7 clusters in L*a*b, HSV, YIQ color spaces respectively. 
 

    
 

(a) (b) (c) (d) 

Fig. 6(a) RGB input image (b) segmented image in RGB color space using 5 cluster(c) segmented image in RGB color space using 6 clus-

ters (d) segmented image in RGB color space using 7 clusters  

 

    
 

(a) (b) (c) (d) 

Fig. 7(a) Input image in L*a*b color space (b) segmented image in L*a*b  Color space using 5 clusters (c)  segmented image in L*a*b 

color space using 6 clusters (d)  segmented image in L*a*b color space using 7 clusters  

 

    

(a) (b) (c) (d) 

Fig.8 (a) Input image in HSV color space (b) segmented image in HSV color space using 5 clusters (c) segmented image using 6 clusters 

(d) segmented image in HSV color space using 7 clusters  

 

    

(a) (b) (c) (d) 

Fig.9 (a) Input image in YIQ color space (b) segmented image using 5 clusters (c) segmented image using 6 clusters in YIQ color space (d) 

segmented image using 7 clusters in YIQ color space  

 
Table -2 Comparison of Segmentation Results of Satellite Image into RGB, L*a*b, HSV, YIQ Color Space using Different Clusters 

 

Parameters RGB L*a*b HSV YIQ 

Figs 
Fig. 

2(c) 

Fig.  

2(d) 

Fig.  

2(e) 

Fig.  

3(b) 

Fig. 

3(c) 

Fig.  

3(d) 

Fig.  

4(b) 

Fig.  

4(c) 

Fig. 

 4(d) 

Fig. 

5(b) 

Fig. 

5(c) 

Fig. 

5(d) 

No. of 

clusters 
4 5 6 4 5 6 4 5 6 4 5 6 

No. of 

iteration 
70 94 100 59 82 83 51 52 58 27 65 68 

Execution 

time in 

seconds 

2.72763 4.23252 5.01652 3.32019 4.31004 4.57221 2.70648 2.98759 3.59454 2.19067 2.90088 3.51072 
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Table -3 Comparison of Segmentation results of Natural Color Image in RGB, L*a*b, HSV, YIQ Color Space using Different Clusters 

 

CONCLUSION 

 

In this paper, color images are segmented using Fuzzy C-means (FCM) clustering technique in different color spaces 

and simulation results are compared. The FCM clustering technique is easy to understand and extract more infor-

mation from images. It is good for color image segmentation because in the FCM data elements are belong to more 

than one cluster. Number of images are tested using the FCM in RGB, HSV, L*a*b, YIQ color spaces. Simulation 

results given in Table 2 and 3 show that conversion of color images reduces the computational cost compare to the 

RGB color space. It also shows that FCM requires an initial number of cluster centers and as the number of cluster 

center are selected higher, it gives better segmentation, but also increase the execution time, number of iterations 

and data complexity with extra segmentation of neighborhood cluster. But when the number of cluster centers is 

selected less than resulting clusters are overlapping. 
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