
  
Abstract—Skin region detection plays a vital role in wide 

range of image processing applications. This paper proposes the 
human skin region detection using Particle Swarm 
Optimization (PSO) technique with the face detection 
application. It consists of two steps. In the first step, the input 
RGB color image is converted into CIEL*a*b color space. Then 
this is clustered by the Hillclimbing segmentation with K-Means 
clustering algorithm, which will be useful to find the number of 
clusters and the local optimal solutions. In the second step, these 
local solutions are further improved by PSO technique using 
YCbCr explicit skin color conditions in order to find the global 
solution. This global solution helps to detect the robust skin 
region. The experimental results have been compared with our 
existing works and the performance of face detection results 
shows the importance and efficiencies of the optimization 
technique. 
 

Index Terms—Color Space, Face detection, Fuzzy C-Means, 
K-Means, Particle Swarm Optimization, Skin region. 
 

I. INTRODUCTION 
Skin detection is the process of finding skin-colored pixels 

and regions in an image or a video. Skin detection has many 
challenges like illumination conditions and many objects in 
the real world might have skin-tone colors [1]. Skin region 
detection plays a vital role in wide range of image processing 
applications. The applications are face detection [2], human 
tracking [3], gesture recognition [4], content-based image 
retrieval [5] and to various human computer interaction 
domains. The important cue to detect the skin region is by 
skin color. So, color spaces play a major role to detect the 
skin region. Different color spaces like RGB, Normalized 
RGB, HSV, YCbCr [6],[7],[8],[9],[10] and CIEL*a*b [11] 
are mainly used. Since many recent proposals are based on 
the underlying idea of representing the skin color in an 
optimal color space by means of the so-called skin cluster. 

Color information is an efficient tool for identifying skin 
areas if the skin color model can be properly adapted for 
different lighting environments. This fact leads to avoid the 
use of RGB, because the red, green and blue components are 
highly correlated and dependent on lighting conditions. 
Hence, the proposed method is based on CIEL*a*b and 
YCbCr color spaces. Some of the skin color modeling 
techniques are skin detection rule, parametric skin 
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distribution modeling, non-parametric skin distribution 
modeling [7] and edge based [9]. 

Skin detection methods are pixel-based and region-based 
methods. Pixel-based method is computationally easy task 
and can be done very efficiently. Hence most researchers 
have been focused on pixel based skin detection, classifying 
each pixel either as skin or non-skin. But the major drawback 
is that it is time consuming and cannot be applied to a real 
time system, when we apply some new technique like 
skipping technique to over the drawbacks of pixel-based 
method [12]. Another method called region based method 
considered the spatial method of skin pixels. Another major 
failure of detecting skin region occurred, when the input 
image is having complex background [13]. 

Optimization technique is very important in image 
segmentation applications. Since, this helps to minimize 
certain criteria (e.g., intra cluster centre). The optimization 
techniques are Simulated Annealing, Genetic Algorithms, 
Ant Colony Optimization algorithms and Particle Swarm 
Optimization. In that, PSO has been applied to many 
different applications of segmentation [6],[14],[15],[16], 
pattern classification and image analysis. 

This proposed paper deals with 3D Histogram, dynamic 
cluster formation, local and global optimum solution. The 
local optimum solutions are determined by Hillclimbing 
segmentation with K-Means clustering algorithm of 
CIEL*a*b color image. Then these local solutions are further 
refined by the PSO technique, in order to find the global 
solution by YCbCr color space explicit skin color conditions. 
Then the results are compared with our Hybrid approach [17] 
and HSFCM [18]. Finally face detection results shows the 
importance and efficiencies of the Optimization technique. 

The paper is structured as follows: the literature review is 
discussed in Section 2. Section 3, explains the formation of 
clusters by K-Means clustering algorithm. Sections 4 and 5, 
describes the Hybrid approach and HSFCM based skin 
region detection respectively. PSO based skin region 
detection is shown in Section 6. Section 7 shows the 
experimental results with face detection application. The 
conclusion and future work is discussed in Section 8. 

 

II. LITERATURE REVIEW 
Reference [1] performed the skin detection process by two 

phases namely a training phase and a detection phase. 
Highlighted the color space affects to the skin detection 
process and explained the importance of skin detection by 
face detection applications.  

Reference [2] proposed the human face detection 
application by using color spaces and region property 
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measures. Here three different color spaces namely RGB, 
YCbCr and CIEL*a*b were used to detect the skin region. 
RGB and YCbCr color spaces were used to detect the skin 
region by its skin color conditions. Whereas CIEL*a*b color 
space is human perception based one. So, this is used to 
cluster the image by Hillclimbing segmentation with 
K-Means clustering algorithm. Then skin region detected 
from RGB and YCbCr color spaces and skin label identified 
from CIEL*a*b color space were fused. Finally, three region 
property measures were used to detect the human faces. 

The skin region detection performed by Normalized RGB 
color space using the histogram-based skin-color model. 
Then the faces were determined based on x and y projections 
of the image. The validations of the region as face or not were 
performed by the Neural network. Finally tracking a human 
was performed by using the information of the center 
positions of faces and Kalman filter as in [3]. 

Reference [4] proposed a new approach to hand gesture 
analysis. This approach consisted hand detection and 
localization, fingers extraction and features identification and 
combination to digit recognition. Hand detection and 
localization performed by using extraction of skin region and 
edge detection. Fingers extraction was based on the hand 
anatomy properties. At last, digit recognition was performed 
by histogram of the detected fingers. 

Reference [6] proposed the chrominance based mouth 
detection approach using PSO rule mining. The high values 
of Cr and low values of Cb considered as the mouth region. 
PSO had been tuned to separate pixels properly. 

Reference [7] used a non-parametric classification scheme 
based on a histogram similarity measure by various color 
spaces and the resolution of histograms. Also compared the 
results with three methods namely Gaussian, Bayesian and 
Thresholding. 

Reference [8] set hypothesis that “luminance inclusion 
does increase separability of skin and non-skin clusters”. 
This approach used a new color space which contains error 
signals derived from differentiating the grayscale map and 
the non-encoded-red grayscale version and performed the 
reduction of space from 3D to 1D.  

Reference [9] also proposed the luminance based 
clustering. Edge detection could be used to construct a 
free-form skin color model. Gradient method by Sobel 
operator detected edges at finest scales and has smoothing 
action along the edge direction. 

Reference [10] proposed a fast adaptive skin detection 
approach that worked on DCT domain of JPEG image and 
classifies each image block according to its color and texture 
properties. The color and texture features adopted by YCbCr 
color space, since it is more valid than other color spaces for 
skin detection. The experiment carried out in two ways: first, 
the accuracy and efficiency of the method were compared 
with existing adaptive methods and non-adaptive method. 
Second, the advantage of using both color and texture 
features. 

Reference [11] proposed an unsupervised algorithm 
named Independent Histogram Pursuit for segmenting 
dermatological lesions. This method was used to find a 
suitable image-dependent linear transformation of an 
arbitrary multispectral color space to aid segmentation of 

dermatological images. The spectral bands was enhanced the 
contrast between healthy skin and lesion. Then the remaining 
N-1 combinations were estimated. 

Reference [14] proposed the image classification by 
hybridization of Particle Swarm Optimization with the 
K-Means algorithm. This method was performed in two 
steps: in the first step, different PSO heuristics was optimized 
by the K-Means algorithm. In the second step, determined the 
reliability parametric values for different variants of PSO and 
K-Means algorithms. 

Reference [15] proposed a new dynamic clustering 
approach based on particle swarm optimization. Binary 
particle swarm optimization was used to automatically 
determine the optimum number of clusters. Then the chosen 
clusters were refined by K-Means clustering algorithm. The 
experiments were conducted by both synthetic images and 
natural images. 

Reference [16] proposed a robust tracking algorithm used 
an adaptive tracking window associated with five parameters. 
These parameters were optimized by a PSO algorithm. The 
fitness function for particles was calculated by appearance 
histogram. 

The above existing works show the importance of skin 
region detection. This will be useful for different 
applications, mainly face detection and face recognition. The 
drawbacks identified by the existing works could be 
optimally reduced through combining these concepts and the 
performance measures of skin region detection results are 
compared with our previous works [17] and [18] with human 
face detection application. 

 

III. CLUSTER FORMATION BY K-MEANS CLUSTERING 
ALGORITHM 

K-Means clustering algorithm is one of the simplest and 
efficient unsupervised learning algorithms for clustering 
problems such as image segmentation. Such efficient 
algorithm could be used here for identifying the number of 
clusters and the local solutions. 

 

    
(a)         (b) 

    
(c)         (d) 

Fig. 1. Segmentation results of Hillclimbing segmentation with K-Means 
clustering algorithm 

(a), (c) Original image (b), (d) Segmented labelled image 

The input color image is first converted into CIEL*a*b 
color space. Since CIEL*a*b color space is human 
perception based color space. 3D histogram and histogram 
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size (number of bins) (here 10) are used to find the histogram 
peaks. This is used to obtain the number of initial seeds for 
K-Means clustering algorithm. The results of K-Means 
clustering algorithm and the number of cluster are passed to 
PSO technique for further refinement, in order to obtain the 
global best solution. 3D histograms assume dependence of 
one channel on the other and which is more realistic. This 
could be the same implementation as in third color space [2], 
[17], [19] and finding local solutions [21], [22]. Fig. 1 shows 
the sample labelled segmentation results of Hillclimbing 
segmentation with K-Means clustering algorithm. 

Table 1 shows the performance measures of automatic 
cluster formation by Hillclimbing segmentation with 
K-Means clustering algorithm. 

TABLE I: CLUSTER FORMATION BY HILLCLIMBING SEGMENTATION WITH 
K-MEANS CLUSTERING ALGORITHM 

Input image Image Size 
Number of 
Clusters 

Duration 
(sec) 

Fig. 1 (a) 125x83 4 1.375 
Fig. 1 (c) 150x105 3 1.563 

IV. HYBRID APPROACH 
In this approach, the results obtained from RGB and 

YCbCr skin color conditions based segmented results and the 
skin label identified from Hillclimbing segmentation with 
K-Means clustering algorithm are hybrid, in order to detect 
more skin regions. 

The RGB skin color detection is based on the following set 
of conditions [2]: (R, G, B) is classified as skin 

 
(a) In case of uniform daylight illumination 
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where R, G and B are the components of RGB color space. 

 
(b) In case of under flashlight or daylight called lateral 

illumination 
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where R, G and B are the components of RGB color space. 

The skin color region segmentation by RGB color space is 
performed by the logical OR operation of (1) and (2). Fig. 2 
shows the sample results. 

Then the original RGB color image is converted into 
YCbCr color space. The YCbCr color space represents color 
as luminance (Y) computed as a weighted sum of RGB 
values, and chrominance (Cb and Cr) computed by 
subtracting the luminance component from B and R values. 
The range of chrominance for skin gives a rectangular region 
spanning [2]: 

 
)3(17312212777 ���� CrANDCb  

where Cb represents the difference between the blue 
component and a reference value and Cr represents the 
difference between the red component and a reference value. 
Fig. 3 shows the sample results. 

 

    
(a)         (b) 

    
(c)         (d) 

Fig. 2. (a), (c) Original image (b), (d) RGB color space skin color condition 
based segmented image 

 

    
(a)         (b) 

    
(c)         (d) 

Fig. 3. (a), (c) Original image (b), (d) YCbCr color space skin color condition 
based segmented image 

 
Hybrid approach used the K-Means clustering algorithm. 

K-Means is the histogram-based approach, in which pixels 
are classified using the image histogram according to their 
color intensity. Hence, 3D histogram based Hillclimbing 
segmentation is performed. This segmentation process helps 
to dynamically form the number of clusters and make the 
segmentation more robust in terms of speed and region 
formation. Fig. 1 shows the Hillclimbing segmentation with 
K-Means clustering algorithm based segmented labelled 
image. 

Fig. 4 shows the result obtained by our Hybrid approach 
discussed in [17]. 

 

    
(a)          (b) 

    
(c)          (d) 

Fig. 4. (a), (c) Original Image (b), (d) Hybrid approach result 
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1. The input RGB color image is converted into CIEL*a*b 
color space. 

2. The CIEL*a*b color space components undergone the 
calculation of histogram in 3D, in order to find the histogram 
peaks. 

3. This peak value is used as the number of clusters of 
K-Means clustering algorithm. 

4. The return values, the number of cluster and cluster 
centres of K-Means clustering algorithm are passed to the 
proposed PSO technique. 

5. The PSO technique uses the return values of K-Means 
and take the argument as RGB color image as in step 1. Here 
this original image can be converted into YCbCr color space. 

6. The PSO technique used to find the global optimum 
solution from the initial solutions of K-Means clustering 
algorithm with the following explicit skin color conditions 
and prerequisites: 

 i) Population is derived from Hillclimbing segmentation 
with K-Means clustering algorithm. 

 ii) Maximum and minimum chrominance values are 
assigned to Cb=125 & Cr=172 and Cb=75 & Cr=132 
respectively. 

 iii) The solutions of K-Means clustering algorithm are 
assigned to the best values of the proposed method. 

 iv) The number of iteration is assigned to 100. 
 v) Individual weight and social weight of the particles is 

2 each. 
 vi) Inertial factor (w) is 1. 
 vii) PSO technique stores the chrominance components 

previous best position of each particle and the best global 
position of particles by using equations (1) and (2). 

7. Finally, the cluster of the skin region mapped to the 
original RGB components of the input image and other 
clusters are eradicated. Here all non-skin region color 
components are assigned to zero. 

PSO technique is used to optimize the objective functions 
that are mainly used to minimize within cluster distance 
(between pixel and the cluster mean) and to maximize among 
cluster distance (between cluster pairs). In this methodology, 
the number of clusters is not known priori. This is derived 
from the Hillclimbing segmentation with K-Means clustering 
algorithm. Fig. 6 shows the sample results obtained from 
combining the K-Means clustering algorithm and PSO with 
YCbCr explicit skin color conditions [21, 22]. 

 

    
(a)          (b) 

    
(c)          (d) 

Fig. 6. (a), (c) Original image (b), (d) Hybrid PSO based skin region 
detection result 

VII. EXPERIMENTAL RESULTS AND DISCUSSION 
In this section experimental results and discussion are 

carried out for our different techniques. All the techniques 
were implemented in Matlab7.0 on a 2.4GHz Pentium IV 
machine running on 256MB RAM using the image 
processing toolbox. The images are chosen from the standard 
database and downloaded from the internet, which consist of 
both indoor and outdoor scenes under different lighting 
conditions totally 275 images. 

All the techniques were followed to detect the human skin 
region by color spaces and clustering algorithm. Also more 
than one color space were used, since no one color space 
provides satisfying results for the segmentation of all kinds of 
images. The sample results obtained from each technique is 
shown in the previous sections 4, 5 and 6. 

The results of all techniques are very clear to detect the 
human skin region alone. They are varied in terms of 
computation time and the percentage of detection, which are 
shown in Fig. 8 and Fig. 9 respectively. 

Sample skin region detection results obtained by Hybrid 
approach [17], HSFCM [18] and Hybrid PSO [21, 22] are 
shown in Fig. 7. Table 2 shows the duration of skin region 
detection. From the results shown in Fig. 7, Fig. 8, Fig. 9, 
Fig.10 and Table 2, Hybrid PSO method produced better 
results and also an effective method than others. Even though 
other techniques results have less percentage of skin region, 
which were robustly detected only the skin region. 

 

          
(a1)      (b1)      (c1)      (d1) 

          
(a2)      (b2)      (c2)      (d2) 

          
(a3)      (b3)      (c3)      (d3) 

          
(a4)      (b4)      (c4)      (d4) 

          
(a5)      (b5)      (c5)      (d5) 

Fig. 7. Comparison results 
(a1-a5) Original images (b1-b5) Hybrid approach results (c1-c5) HSFCM 

method results (d1-d5) Hybrid PSO method results 

Table 2 illustrates the performance measure of 
computation time of various skin region detection 
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techniques. 

TABLE II.  COMPUTATION TIME OF SKIN REGION DETECTION 

Image 
Fig. 8       Size 

Elapsed Time (sec) 

Hybrid 
Approach 

HSFCM 
Hybrid 

PSO 
a1         154x103 2.593 16.156 2.141 
a2         154x103 2.688 17.782 2.110 
a3         125x83 1.703 5.671 1.688 
a4         150x105 2.235 5.156 2.079 
a5         170x123 2.125 6.188 2.547 
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Fig. 9. Performance of skin region detection 

All the techniques were first detected the skin regions by 
using the procedures discussed in the Sections 4, 5 and 6. 
Then face detection were performed by using three region 
property measures [2] namely Golden ratio, EquivDiameter 
and Solidity. 
The region property measure values used are: 
(a) The Golden ratio values ranges between 0.97 and 2.27. 
(b) EquivDiameter=sqrt(4 * Area / pi). Where Area 
represents area of the bounding box and pi is 3.14. 
(c) Solidity value ranges between 0.07 and 0.26. 

Fig. 10 shows the sample face detection results of three 
different techniques. 
 

          
 

          
 

          
 

          
 

          
 

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

Fig 10. Face detection results 
(a) Original images (b) Hybrid approach based face detection results 

 (c) HSFCM method based face detection results (d) Hybrid PSO method 
based face detection results 

VIII. CONCLUSION AND FUTURE WORK 
This paper proposed the three techniques namely Hybrid, 

HSFCM and Hybrid PSO for skin region detection with 
human face detection application. All techniques 
dynamically formed the clusters by Hillclimbing 
segmentation. From the experimental results of both skin 
region detection and face detection application, PSO 
technique has high detection rate than the other techniques. 
In the future work, texture and spatial information can be 
used instead of skin color condition, which will improve the 
high robust skin region detection. 
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