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Abstract

This study aims to use some geometrical features to investigate and classify two common skin
lesions, nevi and melanomas. Two sets of malignant and benign lesions were investigated; the first
set contains 70 images from melanoma-diagnosed patients and the second set contains 100 of
regular nevi images. A two-steps processing method is followed. First, segmentation of the skin
lesions based on the optimal threshold determined by the histogram is performed, then a clustering
operation using the Fuzzy C-Mean algorithm clusters the geometrical features. Asymmetry index,
compactness, circularity and eccentricity were proposed as significant geometrical features. To
validate the clustering results, the Euclidean distance between centroids was computed.
Eccentricity well separates all objects under analysis and can differentiate between selected classes
of skin lesions.

Keywords: geometrical features, clustering.

1. INTRODUCTION

Research over the last few years has confirmed that melanoma is the deadliest form of skin
cancer that has a mortality rate of up to 65-70% among the population that is diagnosed with this type
of skin cancer [1]. Melanoma is the 19" most common type of skin cancer worldwide [2]. Both the
Skin Cancer Foundation and the Melanoma Research Alliance claim that one person dies, in the world,
every hour because of melanoma. The new American Cancer Society report [3] estimates that
melanoma can be ranked as the fifth disease in the US, in point of the mortality rate, and it is estimated
that 96,480 new cases of melanoma will be diagnosed in the near future. This is a 5.6% rising in 2018.
These worrying data confirms that an early detection of melanoma increases the survival rate.

To analyze the skin lesions, a variety of image features have been proposed, among them the
geometrical features [4], parameters related to the lesion contour [5, 6], features extracted from the
histogram of the skin lesion image and features of the second order [7] are widely used. In 2013,
Sadeghi et al. [8] have proposed a study based on lesion orientation, color and texture. Their study
leads to a classification accuracy of 76.1%. In 2013, Ramteke and Jain [9] implemented in MATLAB
an algorithm that uses ABCD factors (asymmetry, border irregularity, color and diameter) and the
TDS (total dermatoscopic score) for skin lesion classification. Using these features, the accuracy of
malign skin lesion detection was improved to 90%. Also, Jain et al. [10] showed that parameters such
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as asymmetry, contour irregularity, color and diameter can be used to classify normal skin and
melanoma cancer lesion. Giotis et al. [11] proposed a decision support system to localize and extract
the skin lesion and to compute the color and texture descriptors. A diagnostic accuracy of 81% is
reported. In 2016, Jafari et al. [12], developed a set of color features to characterize different color
characteristics of melanoma and achieved a classification rate of 76% for skin lesions using the
variance, distribution and image color intensity. Chandrahasa et al. [13], used asymmetry, contour,
color, diameter, and the second order characteristics (contrast, energy, correlation, homogeneity)
features and demonstrated that color had the greatest ability to differentiate between regions in the
image. Garg et al. [14] by using the ABCD rule and asymmetry, border irregularity, color and lesion
diameter features have investigated the skin lesions.

In this paper, the same ABCD (Asymmetry, irregular Borders, Color, Diameter — lesions
larger than 6 mm) rule is used to investigate the skin lesions based on various geometrical features
which can provide meaningful information about the irregularities of the skin lesions and their
diameter. The proposed geometrical features will compensate the limited accuracy (between 59% and
88%) of ABCD rule in diagnosing melanoma. The following geometrical features, asymmetry (A),
compactness (COMP), circularity (CIRC) and eccentricity (E) were computed. The image processing
stages include skin lesion segmentation to separate the target lesion from skin [15], geometrical
features extraction and classification by using Fuzzy C-Mean algorithm [16]. To analyze the clustering
results [17], the Euclidean distance [18] as a validity measure between the centroids of the detected
clusters is calculated.

2. MATHEMATICAL APPROACHES

a. Skin lesion segmentation

The segmentation stage is performed to separate the skin lesion from normal surrounding skin.
The segmentation steps are described as: (i) the image is imported into the application; (ii) the color
image is transformed into a gray level image; (iii) circumscribing an ellipse to the object; (iv)
histogram of detected object is formed and the optimal threshold is established; (v) by using the
optimum threshold, the elliptical mask is built; (vi) detect and extract the object from image and
compute the features; (vii) the result of this algorithm is a vector of features {Al, E, CIRC,
COMP}.

b. Asymmetry index (Al) belongs to shape features and allows to investigate the symmetry of
the skin lesions. Benign lesions have a symmetrical shape and malignant lesions show an
asymmetrical shape. Al is computed as [19]:

Al= 22 4100 )
A

where, A is the total area of the image, AA is the difference between the image area and the
segmented lesion area.

c. Eccentricity (E) represents the elongation degree of an ellipse [20]:

R .
E= [l-_mn 2
~ (2)

max
where Rmin and Rmax are the minimum and maximum distances from the foci of the object to
the contour of the object.

d. Circularity (CIRC) indicates how compact or elongated a region of interest is [21]:

AnA

CIRC =7 3)
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where, P denotes the perimeter of the lesion’s border. Perimeter and area are measured by
counting the pixel edge. An edge is viewed as a boundary between pixels inside the object and pixels
outside the object. Area is the sum of pixels inside of the object.

e. Compactness (COMP) quantifies the degree to which an object (i.e. segmented skin lesion)
is compact [22]:

P 2
4ntA

COMP = (4)

f. The histogram of a monochrome image is defined by Ivanovich [23] as "the relative
frequency of the gray level occurrence in the image." The same author mathematically defines the
histogram as follows:

For a f (X, y) image, with a pixel size M x N, the histogram is computed with the following

equation:
l M-1N-1

h(i) = VN 2250, f(m,n)), i=0,..,L-1;, 5)
where & is defined as: o
|1 dacd x=y
oY) = {O daca x=#y ©)

Running the histogram pixel by pixel requires a gray level control, and the histogram function
fulfills the condition [24]

S hi) =1 @)

i=0

g. The Fuzzy C-Means method (FCM) allows an element of the dataset to belong to two or
more clusters. Assigning an object to a cluster is done through the degree of membership such as:

1 ZUiT 0
U = - K = Ll (8)
$ (- 2
K= ("Xi _KK")
FCM minimizes the following objective function:
J(U,K) = iZl‘,g(uij)m x K, (9)

where, x={x,X,,...x,} is the set of measured features; K={K,K,,..,K,} is the set of
centroids and k is the number of clusters; ||xi ~K;| denotes a metric able to calculate the distance

between an element and centroid of a cluster. me[0,0) is the fuzzification degree and the value m = 2
was selected. U = (u;),« represents the matrix of the degree of membership; u; is the degree of

ij
membership of an element x; to cluster j, which satisfies the following conditions:
u;e[0,1], Vi=1..,n,Vj=1..k

K 10
duy=1Vi=1..,n 10
j=1

h. Euclidean distance (ED) computes the distance between the centroids of the clusters [18]:
ED=\/(xM —xs)2+(yNI —ys)2 (11)
Where (x,,Y,) are the centroid’s coordinates of the melanoma class and (x, y,) represents

the centroid’s coordinates of the nevi class. These coordinates were calculated for Al, E, CIRC and
COMP features.

29



ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI — FASCICLE Il

3. METHOD

The framework of the proposed method consists of four blocks (see figure 1): (i) the image
segmentation by using histogram threshold method; (ii) compute the features of the segmented objects:
(iii) clustering data and ED calculation; and (iv) selection of the meaningful feature based on the
maximal values of ED.
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Figure 1. The framework of the proposed approach

The hardware and software platform was a computer with the following configuration:
Processor: Intel (R) Core (TM) i3-6006U, CPU 1.99GHz, installed memory (RAM): 4Gb, system
type: 64bit operating system-based processor and application software: MATLAB R2018a. The
proposed method is tested on the images free downloaded from the Digital Archive of the Department
of Dermatology of the University Medical Center in Groningen (UMCG), used for the development
and testing of the MED-NODE system for the detection of skin cancer in macroscopic images. Two
sets of malignant (70 images from melanoma-diagnosed patients) and benign lesions (100 images nevi
images) were investigated.

4. RESULTS AND DISCUSSIONS

Figure 2 displays the results of the segmentation stage. The features of interest were computed
and stored into a vector of features {Al, E, CIRC, COMP}. Data associated to each feature over the all
images in database are grouped using the FCM. The number of clusters was assumed to be k = 2.
Figure 3 shows the result of clustering and data in Table 1 illustrates the average ED values between
the centroids.
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(@
Figure 2. Segmentation results. (a) Original RGB image. (b) Ellipse circumscribed to
the lesion. (c) The elliptical mask. (d) The elliptical mask containing the skin lesion. (e) The
color image converted into a gray level image. (f) The histogram image. (g) Mask associated

with skin lesion.
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Figure 3. A comparison of the clustering for each geometrical feature. Red
corresponds to melanoma, and blue to nevi. (a) CIRC; (b) Al; (c) COMP; (d) E.
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Table 1. The average ED values between the centroids of the detected clusters
CIRC Al COMP E

414.08 429.8 1155.02 577.2

A better clustering solution is achieved when the distance between centroids is maximal. In
this case, the more distinct the classes are then more relevant the features are. The results of the
comparison shown in Fig. 3 indicate that for feature COMP (see Fig. 1(c)), no conclusions can be
drawn on this experiment as the almost all objects are allocated to the melanoma class. In this case, the
higher ED values are not a reliable indicator for clusters validity. The vector of features is reduced to
{Al, E, CIRC}. All clusters are evenly distributed so, we cannot conclude which feature is more
important for our declared goal. To rank the remaining features, the Euclidian distance is analyzed.
From data in Table 1, we observed that a reasonably well separated clusters are for Al, CIRC and E
features. This finding is interpreted as follows: two data belonging to the two different clusters will
contribute to the classification task less if they were close separated than they are far away.

5. CONCLUSIONS

The problem analyzed in this paper is devoted to extracting subsets of geometric features
which are most discriminative in skin lesions classification, simultaneously with clustering features.
ED between centroids indicates the separability of clusters. The greater the distance is, the more
relevant the features are. Experiments demonstrate that E feature provide a reasonably well separated
clusters and is relevant in classification of healthy nevi from melanomas.
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