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1  Introduction 
 
This image segmentation is a process of dividing an 
image into non-overlapping regions consisting of groups 
of connected homogeneous pixels. Typical parameters 
that define the homogeneity of a region in a 
segmentation process are color, depth of layers, gray 
levels, texture, etc [1]. A good example of image 
segmentation is skin detection, which is achieved by 
classifying the image pixels into two groups; skin pixels 
and non-skin pixels using skin color information. The 
process of utilizing skin color information as a cue in 
skin detection has gained much attention because skin 
color provides computationally effective yet, robust 
information against rotations, scaling and partial 
occlusions [2]. Skin color detection is primarily an 
important process in applications such as face detection 
[3-5], gesture analysis [6], Internet pornographic image 
filtering [7], surveillance systems [8-12]. In order to 
make use of skin color information, many researches 
have been directed to understanding its characteristics. 
Research analysis has shown that human skin color has a 
restricted range of hues and is not deeply saturated, as 
the appearance of skin is formed by a combination of 
blood (red) and melanin (brown, yellow) [13].  
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Therefore, human skin color does not fall randomly in a 
given color space, but rather clustered within a small 
area in the color space. Several studies have shown that 
the major difference in skin color among different 
people lies largely in their intensity rather than in their 
chrominance [14]. Thus, if an image is first converted 
into a color space, which provides a separation of 
luminance channel and two chrominance components 
like the normalized (r, g, b) color space, then skin-like 
regions can easily be detected [15]. Research has been 
performed on the detection of human skin pixels in color 
images and on the discrimination between skin and non-
skin pixels by use of various statistical color models. 
Some researchers have used skin color models such as 
Gaussian, Gaussian mixture of histograms [16, 17]. New 
technique for skin color detection by estimating the 
distribution of skin and non-skin pixels in the color 
space using labeled training data is discussed in [18].  
In this paper we suggest strongly the Improved 
Chromatic Skin Color model (ICSC) for two 
fundamental reasons; it can be easily constructed form 
training data as well as it has been proven that it’s 
performance can reach over than 90%. The paper is 
organized as follows. Section 2 explains the ICSC 
model. Section 3 describes the threshold technique. The

 
 

An ICSC Model for Detecting Human Skin in JPEG Images 

 
HANI. K. ALMOHAIR,  

Computer and Information Technology 

King Fahd University of Petroleum and Minerals, 31261, KFUPM 
Dhahran, Eastern Region, SAUDI ARABIA 

 

Abstract—The detection of human skin color has proven to be a useful and robust technique for detecting 
nude images, face detection, localization and tracking. This paper presents an Improved Chromatic Skin 
Color model to detect the human skin in JPEG images; the ICSC model detected the human skin with 
detection rates more than 90%. A threshold method and 2D Gaussian model will improve the accuracy of skin 
regions detected 
 

Keywords— Skin color models, Pixels classification, Skin detection
Received: December 6, 2020. Revised: April 14, 2020. Accepted: April 21, 2020. Published: April 30, 2020.    

results and discussion is given in section 4. Section 5 
discusses the conclusion.  
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Figure1: Various people images (A), skin 

area for histogram analysis (B), histogram for

 
selected skin area (C) 

(A) (B) 
(C) 

Figure2: Cluster of Skin color distribution. 

(C)

 

 

2  ICSC Model  

The various color spaces can be easily converted to 
RGB representation, however, the RGB is not necessary 
for characterizing skin color since it is not the best color 
representation in the color spaces. A triple [r,g,b] 
doesn’t represent only color but also brightness, due to 
that property it was used to represent skin color in there 
chromatic color space. Chromatic colors (r,g) [4, 19], 
known as  “ pure “ colors in the absence of brightness, 
are defined by: 

  

 

 

Color blue is redundant after the normalization because  

 

r+g+b=1. 

A color histogram is the distribution of colors in the 
color space; Figure (1-A) shows a various people’s 
images, and corresponding area for histogram analysis 
shown in Figure (1-B). The histogram of the skin-color 
selected is illustrated in Figure (1-C). The color 
distribution of the skin color is clustered in small area of 
the chromatic color space, skin colors of different 
people are very close but they differ mainly in 
intensities. Figure 1 and 2 show a skin color distribution 
and clustering of fifty people with different skin colors 
in the chromatic color space, the distribution was 
obtained by analyzing skin of different races, including 
Asian, African, American, Arabic and Caucasian. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

 

 

)2(,
BGR

G
g

BGR

R
r







)1(
)/(100

0)/(10

00)/(1

























































B

G

R

BGR

BGR

BGR

b

g

r

WSEAS TRANSACTIONS on SIGNAL PROCESSING 
DOI: 10.37394/232014.2020.16.9 Hani. K. Almohair

E-ISSN: 2224-3488 76 Volume 16, 2020



 

 

Figure 3: first column the original image, real 
skin pixels (A), real and non-real skin pixels 

detected (B), and the real skin pixels detected (C). 

 

The skin color distribution can be represented by 2D 
Gaussian model by substituting the mean and covariance 
of the color distribution in chromatic color space into 
the Gaussian distribution model. Where mean and 
covariance values can be easily estimated by using 
equations 3 and 4. 

 
         (1) 
 
 
         (2) 
 
 
         (3) 
 
 
         (4) 
 
 
 
 By using the adaptive threshold method, we can classify 
the skin and non-skin pixels, where the skin pixels 
represented with the white color. 

 

3  Threshold Technique 

  The final step in the detection of human skin in JPEG 
images is creating a skin-segmented image by using a 
threshold value of probability. If the probability of a 
pixels in the input images (image under test) is more or 
equal to the estimated threshold value. It would be 
supposed that this pixel represents skin color, if it 
doesn’t, then it would be supposed that it doesn’t 
represent skin color. The skin color pixels are white and 
the other ones are black in skin-segmented image, the 
threshold value used in skin-segmented image is called 
an optimal threshold value, where the minimum increase 
in region size is observed while decreasing the threshold 
value [20]. As a suitable compromise to discriminate 
between the skin and non-skin pixels, an optimal 
threshold value should be obtained. It is obtained 
through the proportion of the true positive TP over the 
ensemble of regions of skin, which is approximately 
equal to the proportion of true negative TN over the 
ensemble of regions when that proportion doesn’t 
contain skin equivalently when the proportion of false 
negative FN equals the proportion of false positive FP 
[21]. Since this method is better for illumination 
variations, and for different skin colors, pixel considered 
as skin if the value is greater than the estimated optimal 
threshold value.  

 
In this model, the threshold value selected start from 1 
and decremented the threshold value in steps of 0.1 until 
0.0 is reached. At each threshold value the TP and FN 
are determined and applied to the formula TP+FN=1. If 
true positive values plus false negative values are equal 
approximately to one, this value is considered as the 
optimal threshold value. The optimal threshold value 
was determined by a conducted test designed for testing 
the data images to prove the formula TP+FN=1. The 
testing data includes many images of different humans 
of different races. Besides, the skin and non-skin pixels 
are classified according to each image. Figure 3 shows 
how the optimal threshold value in our model was 
determined.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 shows the number of the skin and non-skin 
pixels for all the above cases 

 
Real skin pixels (A) 128557 

Real and non-real skin 
pixels detected (B) 

128509 

Real skin pixels detected  
(C) 

125945 

TP 0.979 
FP 0.019 
FN 0.02 

 

Table 1: Number of real and non-real skin pixels 
detected 
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Figure 4: Original images (A) and the skin region detected (B) 
 
 
 
 

Figure 5: Original Non-skin Images (A) and 
skin region detected (B) 

 

Figure 6: Original images that contain 
luminance (A) and skin region detected (B) 

  

 
From the table above, the TP and FN were estimated. 
The TP is recognized from the proportion of pixels 
detected as skin which are really skin pixels to the total 
number of real skin pixels, while the FN identified from 
the proportion of pixels detected as skin which are not 
real skin pixels to the total number of real skin pixels. It 
is wroth mentioning that these TP and FN values prove 
the formula TP+FN=1. 
The obtained optimal threshold value is equal to 0.1. 
This optimal value is estimated after a conducted test for 
the training data with different threshold values. From 
the table above we found   TP + FN = 0.979 + 0.02 = 
0.999  
 
 
The procedure for creating the ICSC model is as 
follows: 

1. Collect a set of JPEG images of different people 
from the Internet or from any available images 
database. 

2. Select manually the sample skin colored region 
from each image, this resulted in big number of 
the skin colored pixels. 

3. Create a color histogram of the samples 
selected. 

4. Estimate the mean and covariance of the color 
distribution in chromatic color-space based on 
mean and covariance functions. 

5. Substitute the estimated parameters into the 2D 
Gaussian distribution model. 

6. By using the adaptive threshold method, the skin 
and non-skin pixels are classified, where the 
skin pixels represented with the white color. 

 

4  Results and discussion  

Improved Chromatic Skin Color model (ICSC) is 
applied to a set of testing data images of more than fifty 
images download from the Internet, belonging to people 
of different races, The Accuracy of the (ICSC) used to 
detect human skin in JPEG images is measured by the 
Correct Detection ratio (CDR) and False detection Ratio 
(FDR). Where the CDR defined as the proportion of 
pixels detected as skin, which are really skin pixels to 
the total number of real skin pixels, and the FDR is the 
proportion of pixels detected as skin which are not real 
skin pixels to the total number of real skin pixels. Figure 
4 shows some images and the skin detection regions, the 
detection rates reached more than 90%. The non-skin 
images results are shown in Figure 5. Images that 
contain luminance are also detected correctly, but with 

detection rates more than 80 and less than 90% as 
illustrated in Figure 6. 
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5  Conclusion 

In this paper, an Improved Chromatic Skin Color model 
(ICSC) is proposed and implemented successfully for 
detecting human skin in JPEG images, Since ICSC 
model needs to classify skin and non-skin pixels, the 
adaptive threshold method has been improved the 
accuracy of the skin region detected effectively. ICSC 
model has better performance for detection rates above 
90% (Figure7). This result shows that our model is more 
appropriate to avoid false detection areas while still 
remaining a high degree of correct detection. It has been 
found that the more luminance in images, the less 
detection ratio (Figure 8). 
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