
International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 

Volume-7, Issue-12, Dec.-2019, http://iraj.in 

An Experimental short Review on Color Image Quantization 

 

33 

AN EXPERIMENTAL SHORT REVIEW ON COLOR IMAGE 

QUANTIZATION 
 

1
SAMIRA GHORBANPOUR, 

2
VIKAS PALAKONDA,  

3
FITRIA WULANDARI RAMLAN, 

4
RAMMOHAN MALLIPEDDI 

 
1,2,3,4School of Electronics Engineering, Kyungpook National University, Daegu, Republic of Korea,702701 

E-mail: 1samira.ghorbanpour@gmail.com,2vikas.11475@gmail.com,3rwfitri8@gmail.com,4mallipeddi.ram@gmail.com 
 

 
Abstract - Color image quantization corresponds to the process of reducing the number of color in digital images.In the 

literature, color image quantization is regarded as one of the most important technique in image processing due to various 
applications in real-world scenario. From the literature, it is evident that the clustering algorithms are widely adopted in color 
quantization approach.In this paper, we provide a short review on some of the techniques employed for color quantization. In 
this work, we considered the following approachessuch as (a) k-Means Algorithm, (b) Fuzzy c-Means Clustering (FCM), 
and (c) Self-Organizing Map Neural Network (d)Median Cut Algorithm(MC) and analyzed their performance on color 
quantization. To analyze the clustering task, RGB color-coding is employed. We have employed mean square error (MSE) as 
the performance indicator to evaluate the performance of color quantization methods.The experimental results have 
illustrated that all these techniques in comparison are able to find out the significant color in an image and have presented 

image with less number of color.  
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I. INTRODUCTION 

 

Recently, the importance and impact of the color 

image quantization in our life is significantly 

improved and color image quantization is emerged as 

one of the major branch of knowledge in image 

processing.Usually a true image (24-bit image)has the 

capability to exhibit until 16 million unique colors. 

However, due to the diversity of colors imageswith 
more colors can create problems in the most image 

processing applications. Accordingly, search for the 

demonstrating different colors within a limited 

number of colors has been investigated leading to the 

introduction of the color quantization. Color 

quantization possess application in the real-world 

scenarios such astext detection[1], compression, 

segmentation [2], content- based searches[2], 

watermarks [3], and color-texture analysis [4]that 

requires color quantization as a preprocessing stage to 

decrease the number of colors.  

 
In the literature [5, 6],several color quantization 

methods have been proposed. Usually, the procedure 

of color image quantization is divided into two-

stages, namely, palette design and pixel-mapping 

stage. In the palette design phase, the choice of small 

set of colors is required, which displays the original 

image colors with minimal distortion. On the other 

hand, in pixel mapping, every input pixel in the main 

image is assigned to one of the palette colors.Through 

applying different clustering algorithms, color 

quantization methods accomplish a clustering process 
to obtain the palette and accomplish pixel mapping 

with the designed palette. The principal objective of 

the color quantization is to decrease the number of 

unique colors in an image with minimal distortion.In 

some applications, an image with 24-bit pixels can be 

reduced to 8bit  or fewer in the original image. 

Hence, natural images often have a large number of 

color, so it is difficult for the stable offering of these 

images with limited size palettes. 

 

Color quantization methods can be classified into two 

groups: image-independent methods and image-

dependent methods. The image-independent images 

define palettes without providing notice to any 
specific image, therefore, these methods are very fast 

but the results are poor [7].On the other hand, image-

dependent methods describe the palette based on the 

color distribution. Theseimage-dependent methods 

areslow when comparedto the image-independent 

methods but improves the results.In the 

literature,most of the studies have focused on the 

image-dependent approaches that attempt to 

attaingood balance between computational yield and 

optical quality of the quantization output.  

 

Therefore, image-dependent methods can be 
categorized into two groups: hierarchical clustering 

and partitional clustering [7].Hierarchical clustering 

methods process the color quantization that rely on 

statistical analysis of the color distribution and the 

hierarchical clustering methods compute the palette 

only once. By the contrary, partitional clustering 

methods recognize the number of clusters and they 

count the entire cluster at every iteration and 

frequently update the clusters to decrease the 

diversity in the original image. Accordingly, the 

results of partitional clustering methods have higher 
quality, but computation time is more. 

 

In the literature, several partitional clustering 

methods are proposed such asK-means, Weighted 

sort-means, Fuzzy C-means, Self-organizing maps, 
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K-harmonic means,Competitive learning and so on. 

In this paper, we have presented the comparison 
between the K-means,Fuzzy C-means and Self-

organizing maps methods  and Median cut for color 

quantization on 2 true-color images and presented the 

natural output with trivial distortion. 

 

The rest of the paper is organized as follows. We 

have presented the detailed description of K-means 

clustering, Fuzzy C-means method,Self-organizing 

maps method and Median cut method in Section 2, 3, 

4 and 5 respectively. In section 6, we have presented 

the brief explanation about the performance 

evaluation measure. In section 7 we demonstrated the 
experimental resultsand finally section 8 concludes 

the paper. 

 

II. K-MEANS CLUSTERING METHOD 

 

From the literature, it is evident that K-means 

clustering methods is one of the most popular 

clustering methods, which is applied for data 

clustering.K-means approach starts with an initial k 

random clusters.  In k-means clustering, all the input 

data is given to the cluster that has the minimal 
intervals in the data in every repetition. The centroid 

of the cluster is computed as the mean of certain data, 

and it is repeated up to the centroid of the cluster does 

not vary. Therefore, from the centroids of the centroid 

of the final clusters the palette color are selected. In 

[8], the authors have introduced the k-means 

algorithm and we adopt the same method in our work. 

 

A common k-means clustering algorithm issummed 

up as follow: 

 

Step1: Select k centroids vectors in space 
Step2: Assign every inputto the cluster which consists 

of the nearest centroid 

Step3. Re-calculate the entirecentroid vectors that 

display the average of the vectors that allocated to 

this cluster 

Step4. Repeat stages 2 and 3 until the method attain 

the stopping criterion. 

The K-means clustering aims is to minimize an 

objective function (sum of squared error (SSE)): 

arg min   X − μi 
2

xϵSi

k

i=1

 

(x1,x2,….xn) is a set of observation where μi is the 

average of points in Si .The target of k-means 

clustering is divided inton observation into k (≤ n) 

sets S={S1,S2,…,SK} for minimizing of the within-

cluster sum of squares. 

 

III. FUZZY C-MEAN CLUSTERING METHOD 

(FCM) 

 

In the field of clustering research, one of the 
significant fuzzy clustering algorithms is the Fuzzy 

C-means clustering algorithm (FCM).FCM is a re-

iterative algorithm.However, the fuzzy c-means 
algorithm resembles with the k-means algorithm. 

Until now, several FCM algorithms have been 

proposed that are applied in different area such as 

pattern recognition, image processing, clustering and 

so on. Nevertheless, there exists some problem still in 

using FCM.  

 

Fuzzy c-means clustering (FCM) initially starts with 

k clusters. In this method, every data has a grade that 

belongsto the clusters. FCM compute the centroid of 

the clusters by the grade of data and repeats the 

process of computing until the algorithm 
converges.FCM method is very slow because if an 

image has a big value of data, computing the grade of 

data takes a lot of time. In [9], the authors explained 

the fuzzy c-means algorithm that applied in this work. 

The main aim of the effort of FCM is to attainthe 

optimal fuzzy C-partitions of X by means of 

minimization of the appendix objective functional: 

 

arg min  wij
m

c

j=1

n

i=1

 Xi − cj 
2
 

where    

wij =
1

 (
 xi−c j 

 xi−ck 
)

2

m −1c
k=1

 

The goal of FCM is to separated a limit set of n 
elements X={x1,x2, … xn} into a set of c fuzzy 

clusters with regards to given criteria.From the given 

limited set of data, the algorithm provides a list of c 

cluster centers C={c1,c2,…,cc} and a partition matrix. 

i=1,...,n, j=1,...,c, that any element of wij declares the 

grade of each data xi belongs to cluster cj. 

 

IV. SELF-ORGANIZING MAPSMETHOD 

(MOP) 

 

A self-organizing map (SOM) comes under the 
category of artificial neural network (ANN) that 

belongs to an unsupervised learning model.SOM 

applies a one-dimensional self-organizing map with 

K neurons. In this method, the winner node is defined 

with minimum distance node and next step updates 

the weights of the winner node and neighboring 

nodes. This process repeats up to the summation of 

weight change to less than a standard threshold. By 

the final weights, the palette color is selected. In [10], 

brief description of the SOM is presented and we 

employ it in our work. 

 

V. MEDIAN CUT ALGORITHM 

 

In[11], the authors have introduced the median 

cut.Median cut algorithm is one of most popular 

method in image processing.The idea of the median 

cut algorithm is to have each entry in the color map to 

show a similar number of pixels in the original image. 
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In the median cut algorithm, the color space divided 

based on the distribution of the original colors. The 
procedure of the Median cut is as follows: 

 

Step1: At first, the task is to detect the smallest box 

that includes all the colors in the image. 

Step2: In the second step, sort the surrounding colors 

along the longest axis of the box. 

Step3: After that split the box into two areas at the 

median of the sorted list. 

Step4: Repeat the above procedure until the original 

color space has been separated into 256 areas. 

 

VI. PERFORMANCE EVALUATION 
 

In our work to measure the performance of the color 

quantization, we employ mean square error (MSE) as 

the performance metrics. The evaluation metric, MSE 

is defined as: 

 

Mean Square Error (MSE): Mean square error 

evaluates the quantized image by comparing it with 

the original image. In general, MSE is a non-negative 

value and less value of MSE indicates the better 

performance. The mean-square error is calculated by 
the following: 

 

MSE(X, X  ) =
1

HW
   X h, w − X (h, w) 

2

2
W

w =1

H

h=1

 

 

Where X and X  illustrate original and quantization 
image respectively. In addition, H and W present 

image height and width respectively. 

 

VII. RESULTS AND DISCUSSION 

 

In this section, we present the experimental results, to 

analyze the performance of the four color 

quantization techniques, k-means clustering , Fuzzy 

c-mean clustering ,Self-organization maps and 

Median cut algorithms. In this experimental setup, we 
have considered two true-color(24-bit) test 

imagenamely a) Lena image and b) Pepper image 

with  different k(k=16,32,64and128) that is 

commonly used in the literature.The color 

quantization is implemented in the RGB lab space. 

We have presented the quantized images for the Lena 

image and pepper image in the figures from 1 to 8 for 

the different k values (k= 16, 32, 64, 128). Along the 

quantized images, we have also presented the mean 

square error to evaluate the quantized image using the 

four color quantization tables for different k values 
i.e., for (k= 16, 32, 64, 128) in the table 1.  We have 

each color quantization technique for 10 times and 

presented the mean and standard deviation results in 

the table 1. The color quantization technique with low 

MSE value is regarded as the best. 

  

 

 
 

 
 

 
Fig.1. The results of Lena image by k-meansalgorithm with 

differentk (16 32,64and 128). 

 

 
 

 
Fig.2. The results of Lena image by fuzzy c-means with 

different k (16 32,64and 128). 
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Fig.3. The results of Lena image by self-organizing maps with 

different k (16 32,64and 128). 

 

 
 

 
 

Fig.4. The results of Lena image bymedian cut algorithm with 

different k (16 32,64and 128). 
 

From the table1, we can observe that in term of MSE, 

the K-means method has the lowest value for the both 

Lena and Pepper images for all the different k values. 

The minimum value of MSE indicates that the 

robustness of K-means is high when compared to the 

other methods.Table1 also reveal that SOM has the 

second best value and the fuzzy C means stands in the 

third position and median cut has the least 
performance in terms of the MSE Values. 

 

 

 
 

 
 

 
Fig.5. The results of Peppers image by k-means algorithm with 

different k (16 32,64and 128). 

 

 
 

 
Fig.6. The results of Peppers image by fuzzy c-means with 

different k (16 32,64and 128). 
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Fig.7. The results of Peppers image by self-organizing maps 

with different k (16 32,64and 128). 

 

 
 

 
Fig.8. The results of Peppers image bymedian cut algorithm 

with different k (16 32,64and 128). 

 

 
Table1. The results of MSE comparison values of the color 

quantization methods. 

 

The performance of SOM is comparable to the K-

means in some cases. The main reason for the 
performance degradation of SOM is that when SOM 

uses a big enough size of map for learning, the 

influence of the winner is decreased.The performance 

of FCM is not convenient in term of minimizing 

MSE.  

 

From the results, we can observe that higher value of 

k exhibit better performance in terms of MSE 

whereas as less values of k exhibits poor 

performance. We can observe this scenario for all the 

four color quantization algorithms in 

comparison.From the experimental results, we can 
also observe that the k-means clustering is simple 

method but efficient in terms of the color 

quantization. The only problem that k-means suffers 

is due to its time complexity. 

 

VIII. CONCLUSION 

 

In this work, we presented a short review on four-

color quantization algorithms (K-means, fuzzy c-

means, self-organization maps and median cut 

algorithms) different models of color image 
quantization. We have adopted the mean square error 

as the performance indicator to evaluate the 

performance of the four-color quantization algorithms 

in comparison. From the experimental results, we can 

observe that the K-means algorithm is best 

performing algorithm among the other techniques in 

comparison. K-means clustering technique achieve 

low mean-square error values for both the Lena and 

pepper image for different k values.In future works, 

we would like to propose our approach to the color 

quantization with better performance. 
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