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Abstract

Skin disorders are identified visually by expert medical doctors before the detailed examination stage. In
addition, some automatic computer-aided diagnostic methods have been developed to help the doctor at
the visual examination stage. These methods are mostly based on skin color classification because the
color change in skin is important for medical doctors. However, proposed classification methods are
based on complex mathematical equations. Therefore, methods proposed in the literature are difficult to
understand by medical doctors and these methods cannot be used without a computer. In this study, a
new classification method that based on simple mathematical operations and can be used without a
computer is proposed. In the first stage of the study, relation between the primary light color values of
the images was inspected visually and visibly obvious differences were determined to create new
attributes. Then the classification was made in the following way If primary light color order is R>G>B
and then the R/G ratio is between the determined range, the image sample was classified as skin image.
Determined ratio (R/G ratio range of skin samples) was determined by the method of decision trees.
Finally, the obtained new attributes were classified by using well-known classifiers again and the
classification accuracy (99.2%) of the proposed method was approved.
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Introduction
Since a small disorder in skin functions might affect other parts
of the body the skin functions have great importance [1]. Skin
disorders can be primarily identified by expert medical doctors
by inspecting visually at the skin [2]. Then the further
diagnostic techniques such as the biopsy scraping, wood light
and etc. are used [3]. Expert medical doctors pay attention to
the size, shape, color, and location characteristics of the skin
during the visual inspection [4]. In addition, automatic
computer-aided diagnostic methods have been developed to
help medical doctors in recent years [5-7]. Main aim of the
computer-aided diagnostic methods is the skin segmentation.
Skin segmentation is primarily used to the large area of skin
such as the face, hand and etc. [8-10]. However, the search area
can be reduced for objects of interest and then the
objectionable skin regions can be detected [11]. In the skin
segmentation process, geometric, color, image transformation
attributes based various skin image features are used to
examine the skin [12]. However, most used feature is the skin
image colors. Especially the classification of primary colors of
light of the images (Red, Green and Blue) is most used method
for skin segmentation [13-15].

The aim of the light color classification is to determine whether
image belongs to skin. This process is determined by the

combination of primary colors of light. So value of each
primary color of light is used to classifiers as inputs. In the
classification process, many different classifiers have been
used in the literature [16-18]. Also quite successful results
were obtained by using classifiers. However classifier
algorithms consist of highly complex mathematical equations.
Therefore, it is difficult to understand the operation logic of the
system by expert medical doctors. Moreover, diagnosis of
disease by using classifiers without computer assistance is not
possible.

In this study, a new classification algorithm based on simple
mathematical operations and light color of skin images was
proposed. Thus, by using only color values of skin images, the
medical doctors can easily diagnose mathematically the skin
diseases without computer support. In the first stage of the
study, new attributes were created by using the relationship
with each other of the light-color values. Then, depending on
the value of new attributes, images of skin samples were
distinguished (classified) from the others. Then, to evaluate the
success of the proposed method, the attributes created were
classified with well-known classifiers. After all the findings
and evaluations, method has been proposed to assist the expert
medical doctors to diagnose the skin diseases with high success
rate as 99.2%.
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Material and Methods
Dataset used in the study consist of primary light-colors (Red,
Green and Blue) of image samples of faces. These image
samples were obtained from the skin textures of people from
various ages (young, middle, and old), gender and race (white,
black, and Asian). Image processing methods were not used
since the aim is to propose the simple and easy to use method.
The number of samples is 245057 which 50859 are skin
samples and 194198 are non-skin samples. So dataset is the
matrix that 245057 × 4 dimensional. Each row is has an image
sample and first third column have a light color values of the
image samples. First column has blue color values, second
column has green color values, third column has red color
values and the fourth column has class labels. Class labels
represent the skin and non-skin images. "1" means skin image
and "2" means non-skin image. The color values range from
0-255. Also this dataset is publicly available at UCI Database
[19]. Some samples of facial images can be seen in Figure 1.

Figure 1. Some image samples used in this study.

In this study, data were examined visually, first. In this way, it
tried to determine the significant characteristics of the dataset.
Visually distinguishing characteristics of dataset can be seen in
Figures 2 and 3.

Figure 2. Graphical representation of image samples.

Figure 3. Statistical Graphics of color values.

As seen in the Figures 2 and 3, the magnitude order of color is
the red, green, blue for skin samples, from larger to smaller.
However, in non-skin samples, there is no particular order.

Furthermore, the RED/GREEN, RED/BLUE and GREEN/
BLUE ratios are the distinguishing attributes for skin samples.
So the order and ratio can be used as a classifier feature. Only
the "R/G" was selected to provide implementation easiness and
high processing speed in practice.

Here, the important thing is to determine the distinguishing
R/G ratio. This obstacle was also solved with the decision-tree
method because the decision-tree method can be identified the
limit values of classes [20]. Therefore, by using the decision
tree method the distinguishing R/G ratio range was identified
for skin samples. Consequently, the classifier features are as
follows:

For a test image,��   � > � > �, ���������_1    ��   ������   ��   " 1 " .����,   ���������_1    ��   ������   ��   " 2 " . (1)
Then��   �/�, �� ��� ����, ���������_2    ��   ������   ��   " 1 " .����,   ���������_2     ��   ������   ��   " 2 " . (2)
Then the test image is determined as,�� ���ℎ ���������� ��� 1, ��������, ��� − ���� (3)
Also, graphical representation of these equations can be seen in
Figure 4.

Figure 4. Graphical representation of the proposed classification
method.

In fact, this method also determines the new attribute matrix
(245057 × 2 dimensional) characteristically related with the
data set. Rows are image samples and the columns are attribute
values that determined by the proposed method. This matrix
was used as the inputs to some well-known most used
classifiers. Thus the accuracy of the method proposed was
tested and verified. Well-known classifier methods used are:
Support Vector Machines (SVM), Naive Bayes and K-Nearest
Neighbor (KNN) [21-24]. Furthermore, the well-known ROC
method was used to measure the classifiers success (accuracy)
[25]. In addition, 10-fold cross-validation method was used for
more reliable result [26].

In the experiment stage, the samples having R>G>B feature
were represented as "1". Meanwhile, samples having other R-
G-B order were represented as "2". Thus, the first attribute
values were created because "1" represents the skin samples
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and "2" represents the non-skin samples. Created first attribute
values can be seen in Figure 5. Note that the number of
samples is too much so, spaces between the different labels are
may not be seen clearly.

Figure 5. Created first attribute values.

As shown in the Figure 5, attribute values are the same at the
rate of 97.27% with known class labels. So the first attribute
created is quite enough to distinguish the difference between
the skin samples and others. However the success can be
further improved. For this aim, the second attribute can be
created to increase the classification success. Thus the second
attribute can compensates the incorrectly classified samples
according to the first attribute.

Figure 6. R/G ratio of samples.

Figure 7. Created second attribute values.

In the second attribute creation phase, R/G ratio was used as
attribute. Distinguishing R/G ratio was also identified by using
decision-tree method. According to the dendrogram generated
by the decision tree method, R/G ratios between 1.15 and 1.9
represent the skin samples. Samples within this range were
represented as "1" while other samples were represented as

"2". Thus, the second attribute values were created because "1"
represents the skin samples and "2" represents the non-skin
samples, again. R/G ratio can be seen in Figure 6 and the
second attribute values created can be seen in Figure 7.

As shown in the Figure 7, second attribute values are the same
at the rate of 98.08% with known class labels. So, again the
second attribute created is quite enough to distinguish the
difference between the skin samples and others. However two
attributes should be used together since the aim is to increase
the success. Thus, an attribute can compensate the lack of
another attribute. If so the sample should be identified as skin
image if both attribute values are "1". Classification success
rate obtained from use of both attributes is 99.2%. This success
rate was calculated as follows: Segmentation (Labeling or
classification) was identified by the proposed method. Then the
obtained classification (segmentation) labels were compared
with known class labels. Also, increased success with use of
both attributes can be seen when Figure 8 is compared with
Figures 5 and 7.

Figure 8. Classification result with the use of both attributes.

Subsequently, the matrix (245057 × 2 dimensional, rows are
samples and columns are attribute values) consisting of the
both attribute values was used as inputs to classification
methods. At the same time, the raw data were classified by
using same classifiers. The classifier accuracy with using
attributes proposed by this study and the classifier results for
raw data can be seen in Table 1.

Table 1. Accuracy rates of classifiers.

Classifiers Accuracy with using
proposed attributes

Accuracy with
using raw data

Naïve Bayes 99.20% 92.39%

Support Vector Machines 99.23% 93.17%

K Nearest Neighbor 99.21% 93.48%

As seen in the Table 1 column 2, accuracy rate of the method
proposed is almost same with classifiers success. However,
these classifier successes (Table 1, column 2) are thanks to
attributes obtained by the proposed method. The accuracy rates
of the classification of raw data are lower if compared to
proposed method.

In addition, the classification algorithms are complex and it is
difficult to understand by expert medical doctors but proposed
method is very simple because it is based on basic
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mathematical operations (+, -, × and ÷ ). This simplicity allows
the using of proposed method without a computer. If so, the
following can be said with the findings:

1. Classifiers have confirmed the success of the proposed
method.

2. The proposed method can be used without the classifier
because accuracies are almost same.

3. The proposed method is based on simple algorithm
compared with classifiers. It also provides ease of use for
medical doctors.

4. Proposed method is also available with a single attribute,
because the success rate is high.

5. Success can be increased using the “R/B” and/or “G/B”
features. However, in this case, the processing speed may
be decreased.

Finally, the proposed method was compared also with some
previous studies. Comparison results can be seen in Table 2.

Table 2. Comparision of proposed method with previous studies.

Proposed Methods Accuracy

Proposed Method In This Study Average 99.21%

Hoeffding Tree Classifier [27] 97%

A Novel Method for Imbalanced Data [28] 96%

Logisitic regression [29] 91.92%

As seen in Table 2, proposed method is superior also to
previous methods proposed in literature.

Conclusion
In this study, a new skin segmentation method can be applied
easily is proposed for expert medical doctors to diagnose the
skin disorders. The proposed method is based on the
relationship of color components of images. If order of color
components is R>G>B and then the R/G ratio is within the
requested range (between the 1.15-1.19) it can be said that the
test sample is skin image. The most important advantage of the
method is applicable with simple mathematical operations.
Also, the success rate of the proposed method is 99.3%.
Moreover, it also provides high success with using only one of
the proposed feature extraction processes.

The use of the proposed method is as follows:

1. The photo of the skin area to be identified is taken.
2. If order of value (magnitude) of the image color

components is R>G>B and then the R/G ratio is between
the 1.15-1.9 ranges, the image is determined as skin.

3. Else the image is determined as skin disorder.

Note that the process can also be accomplished by providing
only one of the R>G>B or R/G ratio conditions.
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