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An Intelligent Skin Color Detection Method 
based on Fuzzy C-Means with Big Data

Introduction
There is a lot of discussion about complexion research in the 

previous image processing. Related information technology has 
been booming because the popularization of computers for 40 
years. Therefore, portraits and identification-related to applications 
are relatively active. Other algorithms normalized a gallery of face 
images, and compress the face data that only saves data in the 
image. This is considered useful for face recognition. A probe image 
is then compared with the face data. One of the earliest successful 
systems is based on template matching techniques [1] applied to 
a set of salient facial features, providing a sort of compressed face 
representation.

Color studies in the past focused on face recognition only. It 
explored the identification of a person’s face or tried to find out 
the typology of people [2]. In the clothes market, it is difficult for 
women to find out the right color to match their skin. Definitely, it 
is the desire that women want to achieve However, knowing one’s 
skin color is another big issue for people. 

The main purpose of this study is to get color mode for women 
through innovated program to analyze a large amount of digital 
images. Finally, another program for clustering information based 
on Fuzzy c-means theory helps to get the result of grouping.

There is a lot of color studying data, such as clothes application 
with skin color. Hsiao et al. [3] used the skin color detection with 
color harmony theory and created an expert system. The system 
could help people input their skin color and get the right option  
for clothes color. There is an evaluation procedure inside and helps 
people with decision making. 

 
Research process is shown in Figure 1. Moreover, it is described 

as follows,

1. First, collect as much data as possible through the 
internet or from digital devices (such as scanners, cameras or smart 
phones). – A huge data were collected from the internet.

2. Input the picture into program “Face RGB” for human-face 
extraction via face recognition; on the other hand, facial features 
are generated for information analysis. 

3. Perform the identification of six points based on their 
relative positions.

4. After colour capture of the six points for the action, a 
debugging process in the program is used to delete outliers.

5. The RGB information is captured by the inner program 
and automatically converted into Lab values.

6. The colour FCM program is adopted for clustering the 
colour data (Lab) gathered using the Face RGB program. It uses 
fuzzy theory [4] to do the clustering.

7. Each clustering group has designated number, or an 
iterative clustering number is automatically generated by the 
program.

8. Grouping results can be presented in the 3D-space scatter 
plot and the seat instructions are marked.

Theory foundation 
Data clustering is the process of dividing data elements into 
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Abstract

When purchasing clothes, people always rely on intuition or follow the fashion trend for color selection. People never understand how to select the 
right color to match with them. A systematic method for detecting skin colors for clothes is proposed in this study. In the method, face recognition with 
considerable images was first discussed. Next, the innovative method of capturing color with points was used along with making complexion aggregated 
analysis. In the study, RGB was conversed to be the Lab space for the collected data which were then analyzed based on fuzzy clustering to get grouping. 
The results are presented in the final grouping lab value and RGB index. In addition, a Face RGB program was constructed to capture color automatically 
from 12000 images. Some 17 clustering results were obtained by the Color FCM program constructed in this study. The results can be used to select the 
customized color of clothes and an expert system can further be made in the future.
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classes or clusters so that items in the same class are as similar 
as possible. These indicate that the strength of the association 
between data element and a particular cluster. Fuzzy clustering is a 

process of assigning these membership levels, and then using them 
to assign data elements to one or more clusters [5] (Figure 1). 

Figure 1: The procedure of the research study. There are 3 programs to deal with data filter, colour detection and data clustering.

Fuzzy c-means has been a very important tool for image 
processing in clustering objects in an image. In the 70’s, 
mathematicians introduced the spatial term into the FCM algorithm 
to improve the accuracy of clustering under noise [6]. Furthermore, 
FCM algorithms have been used to distinguish between different 
activities using image-based features such as the Hu and the 
Zernike Moments [7]. The FCM algorithm attempts to partition 
a finite collection of n elements { }1, 2,....,X x x xn=  into a 
collection of c fuzzy clusters with respect to some given criterion. 
Given a finite set of data, the algorithm returns a list of C cluster 
centres { }1, 2,....,C c c cc=  and a partition matrix, 

 [ ]0,1 , 1,......, , 1,.....,i jW i n j cω= ∈ = =

Where iiW each element ix  tells the degree to which element  
belongs to cluster ic . Refer to (1)-(2) the FCM aims to minimize an 
objective function [4]:
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In fuzzy clustering, every point has a degree of belonging to 
clusters, as in fuzzy logic, rather than belonging completely to just 
one cluster. Thus, points on the edge of a cluster may be in the 
cluster to a lesser degree than points in the center of cluster. An 
overview and comparison of different fuzzy clustering algorithms 
is available.

Any point x has a set of coefficients which given the degree of 
being in the kth cluster wk (x). Refer to (3), with fuzzy c-means, the 
centroid of a cluster is the mean of all points, weighted by their 
degree of belonging to the cluster:
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The degree of belonging, wk(x), is related inversely to the 
distance from x to the cluster center as calculated on the previous 
pass. It also depends on a parameter m that controls how much 
weight is given to the closest center [4]. 

Implementation Method and Procedure

Face RGB
In the research of Yoshikawa [8] for the skin-whitening 

project for Japanese women in SHISEIDO Co., Ltd., Tokyo, Japan, a 
spectrometer is used for capturing skin colour. Its measurement 
is as the forehead, cheek and jaw line. This study extends this 
approach to the six points for the basic operations of facial skin-
color capture. It will produce identification points after feature 
recognition, through calculation and design relative position to set 
at six locations. Figure 2 shows each feature point described by 
the relative position, six distributions on the forehead (6) and four 
points around the upper and lower cheek (1-4) and chin (5). The 
intercepted six points will be different in each image based on the 
beginning of human facial feature recognition points.

Color FCM
In this study, we collected over 13000 female images. In the 

first step, we used Image Comparing program to filter it. Human 
skin color captured by Face RGB program was being operated. The 
available data is 12,588, so we can collect more than 12000 items 
of LAB color. For clustering, based on Fuzzy theory to create Color 
FCM program (Figure 2).

The intuition behind this approach is that spreading out the 
k initial cluster centers is a good thing. The first cluster center is 
chosen uniformly at random from the data points that are being 
clustered After that, each subsequent cluster center is chosen 
from the remaining data points with probability proportional to its 
squared distance from the point’s closest existing cluster center.

http://dx.doi.org/10.31031/TTEFT.2018.01.000525
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Figure 2: The result of Face RGB, it is six point color captured from one image.  

The exact algorithm is as follows:

1. Choose one center uniformly randomly from the data 
points.

2. For each data point x, compute D(x), the distance between 
x and the nearest center that has already been chosen.

3. Choose one new data point randomly as a new center, 
using a weighted probability distribution where a point x is 
chosen with probability proportional to D(x)2.

4. Repeat Steps 2 and 3 until k centers have been chosen.

5. Now that the initial centers have been chosen, proceed 
with standard Fuzzy C-means [9]. 

Refer to (4), it is the formula of distance percentage. It is the key 
issue in program editing, and will be the final decision.
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Results & Discussion

Figure 3: There are 3 programs in the case study. It presented all details and results by each step, finally classify the image and see 
belonged group. Classification could be a favor to create expert system for next step. 

Figure 3 shows facial skin color was captured via Face RGB from 
six points among 12,000 female images. The course of the study is 
to design with debug mechanism. It may interfere with the non-face 
color removed, sorted out facial skin color information. 11088 data 
were obtained after Face RGB, and followed by the theoretical basis 
of fuzzy clustering, and the development of Color FCM program, 
the program combined Face RGB information obtained by the 

calculation program. Finally, 17 groups were obtained as the result. 
Figure 4 presents the result in 3D plotter.

Results of the study for facial reference can also be used in this 
program with logical operators. Other countries or regions of skin 
color research and discussion can also be adopted. It could be an 
issue of clothes and skin color in local. Design automation program 
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is used for computing and organizing big data, but also can be 
applied to daily photographic record of analysis and observation. 
Therefore, the huge amount of data that comes by daily cumulative 
record, and the huge amount of data calculation can be repeated 
again and again in the calculation and generation process (Figure 
4). This way such information is bound to increase the reference 
value.

Figure 4: There is another option in Colour FCM. It can show 
17 groups in 3D space to easily understand the clustering 
distribution.

Big data is a broad term for data sets so large or complex that 
traditional data processing applications are inadequate. Challenges 
include analysis, capture, data duration, search, sharing, storage, 
transfer, visualization, and information privacy. The term often 
refers simply to the use of predictive analytics or other certain 
advanced methods to extract value from data, and seldom to a 
particular size of data set. Accuracy in big data may lead to more 
confident decision making. And better decisions can mean greater 
operational efficiency, cost reduction and reduced risk (Figure 3).

Analysis of data sets can find new correlations, to “spot business 
trends, prevent diseases, and combat crime and so on.” Scientists, 
business executives, practitioners of media and advertising and 
governments alike regularly meet difficulties with large data 
sets in areas including Internet search, finance and business 
informatics. Scientists encounter limitations in e-Science work, 
including meteorology, genomics, connectomics, complex physics 
simulations, and biological and environmental research [10].

Conclusion

In the study, we created 3 programs to do the facial skin color 
study. Simply based on the intelligent way, huge data and even 
complicated issue was calculated. Owing to the reason that it 
could be a recording cycle to indicate the trend everywhere and 
every time, the procedure is more important than the result. The 
study also hopes that it could be applied into big data type and IOT 
(internet of things).

After the study, it can be seen that people will get their skin 
color and know the color location and thus choose the right color 
for matching. In the future, female will be aware of their skin color 
grouping. Furthermore, each group can be the next color to makeup 
colour; do color harmony or aesthetic applications of computing. 
Also expert systems can be done to develop and extending this 
research in the future. Finally, it can be applied in the clothes 
market. There will be a great contribution and value.
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