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Abstract: Development of abnormal cells in the skin is known
as skin cancer or melanoma, which can spread other parts of the
body. Melanoma rarely occurs in eye, mouth and intestines. In
this study, the classification of melanoma using shearlet
transform coefficients and naive Bayes classifier isdiscussed. The
melanoma images are decomposed by the shearlet transform.
Then, from the shearlet coefficients, predefined number of (50, 75
and 100) coefficients are selected from the decomposed subbands.
The selected subband coefficients are directly applied to the naive
Bayes classifier. Performance of skin cancer classification system
is measured in terms of accuracy. Results show that a better
classification accuracy of 90.5 % is achieved at 3rd level with 100
coefficients of shearlet transform and naive Bayes classifier for
skin image classification system.
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I. INTRODUCTION

The abnormal growth of cell which can't control by healthy
cells by atransformation in the skin is known as skin cancer.
The early diagnosis of skin cancer is required because it
spreads fast. Convolution Neural Network (CNN) based Skin
lesion classification with nove regularizer isdiscussedin [1].
Initially, the skin lesion images are fed into CNN for training.
Novel regularizer method is used for classification. The
evaluation of skin lesion change is discussed in [2] by
accurate segmentation and registration techniques. Diameter
features, border, shape and asymmetry features are extracted.
Scale-invariant feature transform is used for segmentation.

Skin dermoscopic image classification using multiple
CNN is discussed in [3]. The softmax layer is used for
classification. Skin cancer classification system using deep
learning is described in [4]. The aexnet layer in the CNN
perfoms the convolution in each layer and classification is
made by softmax layer.
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Skin lesion classification using deep ensemble learning is
described in [5]. Neural network architecture is used for
feature extraction. ResNet-50 and Inception V3 architecture
are used for classification. Effective diagnosis of melanoma

skin cancer using dermoscopy images is described in [6].
Asymmetry, color, border irregularity and diameter features
are used. Classification is made by backpropagation neural
network.

Skin disease classification using deep CNN and
multi-class Support Vector Machine (SVM) is described in
[7]. The feature extraction step is made by deep CNN and
error-correcting output codes. The machine learning SVM
classifier isused for classification. Skin lesion analysis using
CNN is described in [8]. The degp CNN architecture with
color histogram distribution, multiscale color local binary
pattern and edge histogram is used to extract features. The
random forest classifier is used for classification.

Image classification based on deep learning for medical
diagnosisis described in [9]. CNN extracts the features with
aexnet and googlenet. Supervised learning classifier is used
for classification. Skin cancer detection using various
classifiers is described in [10]. The input skin images are
preprocessed by  histogram  adjustment,  contrast
improvement, grayscale conversion and noise filtering.
Thresholding technique is used for segmentation. The
extracted features are geometric circularity features, texture
features, wavelet transform. SVM, Kk-nearest neighbor
classifier are used.

Decision support system for skin cancer classification is
described in [11]. The asymmetry, border, color and diameter
rule is applied for feature extraction. Then k-nearest
neighbor, Bayesian and multilayer perceptron is used for
classification. Combination of three different featuresis used
for skin cancer classification is discussed in [12]. Shape
features, color features and histogram of oriented gradients
and fractal features are combined to extract the features.
SVM classifier isused for classification.

In this work, an efficient method for skin cancer
classification system using dermoscopic images by shearlet
transform coefficients and naive Bayes classifier is
presented. The organization of this paper as follows: In
section 2, materids and methods for skin cancer
classification system are given. The result and discussion of
skin image classification in terms of accuracy is explained in
section 3. The last section concludes the skin cancer
classification system.
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Il. PROPOSED METHOD

The workflow of skin cancer classification system is
shown in figure 1. In this technique, shearlet coefficient
selection using rank features and classification using naive
Bayes classifier are employed. The input skin cancer images
are given to the transformation module, which decomposes
the given input images to obtain the sub-band coefficients.
After that feature extraction stage selects the features
according to their rank by t-test. Then the selected features
are classified by naive Bayes classifier as normal or
abnormal.

Input melanoma images

Shearlet transform

coefficient
selection

Naive bayes classifier

Fig. L. Work flow of the skin cancer image classification
system.

A. Shearlet Decomposition

Good Shearlets are a multiscale framework. It is
constructed by parabolic scaling, trandation and shearing and
applied to some generating functions. In multivariate
problem, shearlets allows to encode the efficient anisotropic
features. Shearlets used for sparse approximation functions

fe SZ(KZ). It is a natural wavelet extension that contains
the multivariate functions. The shearlet transform is obtained
by,
2 -2 3
|t~ felg SLE?(ogE), E—o, (g
where the constant L denotes the maximum curvature of
the curve for the magnitudes of f,f and f .The shearlet

transform is used in other fields like mammogram
classification [13], Face recognition technique [14] and
satellite image dencising [15]. In this study, shearlet
transform is used to decompose the skin cancer image
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features.

B. Coefficient Selection from Shearlet Transform

All The coefficients are selected from the shearlet
decomposed sub-bands by applying statistical t-test and sort
them as maximum to minimum in sub-band individually.
From alarge number of shearlet coefficients, the first 50, 75
and 100 coefficients are selected. These selected coefficients
are given asinputs for classification.

C. Naive BayesClassification

Naive Bayes classifier is a simple machine learning
classifier algorithm. It makes the classification posterior in
Bayesian agorithm. It is represented by the Bayesian
network. It is used as a solution for spam and text detection.
Naive Bayes classifier can perform more complicated
classification methods. The Bayesruleis,

P(K/L)=—P(VF'5()LF;(K) @

Nalve Bayes classifier performs well for large number of
data points because finding the parameters for probability
functions can be done quickly. Naive Bayes classifier is used
in other fields like eligibility of blood donor’s and emotion
recognition [16-17] and heart disease prediction system [18].
It isused to classify the selected coefficients.

1. RESULTSAND DISCUSSION

The performance is evaluated by using the PH2 database,
which is freely downloadable from the PH2 database link
[19]. It contains 100 dermoscopic color images with
melanocytic lesions. The resolution of dermoscopicimagesis
768x560 pixels. The sample normal and abnormal imagesin
PH2 database is“shown in figure 2.

F F

Fig. 2.Sample normal and abnormal imagesin PH2 database
(8) Norma images, (b) Benign images and (c) Malignant
images.
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The shearlet transform is applied to extract the features of
input skin cancer images, and they are decomposed into
different sub-band. The first 50, 75 and 100 coefficients are
selected from shearlet sub-bands and used for classification.
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Also, performance is evaluated in terms of accuracy. Table 1

shows the accuracies obtained by using 50, 75 and 100
coefficients of 4th levels of shearlet transform.

Table- |: Classification accuracies obtained by shearlet coefficients using naive Bayes classifier

Shearlet transform

Naive Bayes Classification accuracy (%)

Decomposition level 50 - Coefficients 75 - Coefficients 100 - Coefficients
1 775 80.5 88
2 90.5 87 95
3 915 80.5 90
4 88 845 90.5

From Table-1, it is observed that 100 coefficients produce
the highest accuracy of 95% at the 2nd level of shearlet
decomposition. Also, it is observed that other 50 and 75
coefficients produce 91.5 % and 84.5 % of accuracy. The
performance of shearlet transform with naive Bayes classifier
isshownin Fig 3.
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Fig. 3.Performance of shearlet transform with naive
Bayes classifier.

V. CONCLUSION

An efficient method for skin cancer image classification is
presented. The coefficients of sub-bands are selected by rank
features using the t-test. 50-coefficients, 75-coefficients and
100- coefficients are selected from different levels of shearlet
decomposition. These features are given as inputs for naive
Bayes classification. Results show that the 100-coefficients
produce a better classification accuracy of 95 % at the 2nd
level of shearlet decomposition comparing with 50 and 75
coefficients at the same level of decomposition.
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