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Abstract Skin cancer has a major impact on society in India and across the world.
According to the figures given by the National Cancer Institute and SEER, esti-
mated new cases of Melanoma in 2017 are 87,110. This figure is approximated 5.2%
of all new cancer in 2017. As per the data obtained from the WORLD HEALTH
RANKINGS, the death rate per 1,00000 is highest in New Zealand with 7.68% then
Australia with 6.52%. It has been proved from the study that melanoma skin cancer is
almost curable if it is diagnosed early and treated correctly; otherwise, it can spread
to other parts of the body and become incurable. This paper presents the comparative
study of various phases of computer-aided melanoma skin cancer detection system
with the aim of providing the development achieved in the melanoma skin cancer
detection by the research community from earlier period to the current time. This
method starts from the image acquisition step followed by image preprocessing,
segmentation, feature extraction, feature selection and classification steps. The input
to this system is an image of affected skin area, and output labels this input image
benign or malignant melanoma.
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1 Introduction

Cancer is a major disease in which a group of abnormal cells in the body exhibits
uncontrolled growth, while in a normal cell life cycle, the cells generate from other
cells, grow and die when they are damaged. These abnormal cells are defined as
cancer cells, malignant cell, or tumor cells. The severity of the cancer can be imagined
from the fact that it can also spread to other parts of the body. For example, cancer
cells in the skin can travel to the lung and grow up there. So this process of spreading
cancer cells to other parts is called metastasis. There are many different types of
cancer such as leukemia sarcoma, melanoma, and many more [1].

According to the American Cancer Society, an estimated 87,110 new cases of
malignant melanoma will be identified in the USA in 2017 and expected 9,730 people
will die due to melanoma skin cancer in 2017 [2]. In India, skin cancers comprise
about 1-2% of all diagnosed cancers. Various types of skin cancers produce almost
2.4% of total cancer patients who are treated in the surgical oncology department.
There are basically three types of skin cancer. Among these, squamous cell carcinoma
(SCC) was the widespread histological type (55.8%) followed by melanoma (26.1%)
and basal cell carcinoma (BCC, 18.1%).

Among all these skin cancers, melanoma is the deadly form of skin cancer
[3]. Melanoma skin cancer arises when the pigment-producing cells (melanocytes)
exhibit uncontrolled growth and become cancerous. Most pigment cells are found in
the skin and generate pigments which provide color to the skin. It can also arise in
the other parts of the body, such as the eyes, intestines (this is rare). It is very rare in
people with dark skin [4, 5].

Skin cancer may appear as a new spot or mole which could be benign or malignant
melanoma. Benign melanoma is harmless, while malignant melanoma is dangerous
which needs immediate attention. If the melanoma skin cancer is not identified at
starting phase, it could be the basis of death of the patient. As per the melanoma:
statistics approved by the Cancer.Net Editorial Board, 07/2016, the 5-year survival
18 92%, if it is diagnosed at initial stage (Fig. 1).

Basically, doctors use clinical analysis and biopsy process for the analysis of the
skin cancer [2]. Clinical analysis is done using a dermatoscope by expert dermatol-
ogists [6]. Biopsy method is painful and time-consuming as it undergoes removal
of the skin, and these skin samples are tested by many laboratories [7]. Also, the

Fig. 1 Melanoma [2]
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accuracy of clinical analysis was 64%, while accuracy for biopsy method was 68%
which is very low. Considering all these facts, a computer-aided detection (CAD)
method is required which is capable of performing complex image processing and
machine learning to diagnose the skin cancer efficiently and correctly.

2 Literature Categorization

This section below provides the related references and review on work done in the
field of computer-aided detection of melanoma skin cancer. There are various steps
for computer-aided detection of skin cancer such as

(a) Image acquisition
(b) Image preprocessing
(c) Image segmentation
(d) Feature extraction
(e) Feature selection
(f) Classification

2.1 Image Acquisition

It is one of the most important steps of CAD system for melanoma skin cancer
detection. There are numerous image acquisition methods under investigation which
are confocal scanning, laser microscopy, ultrasound, magnetic resonance imaging
(MRI), optical coherence tomography (OCT), biopsy, etc. The usual clinical practice
of melanoma diagnosis is a visual inspection by the dermatologist. Accuracy of
clinical diagnostic is bit unsatisfactory. On the basis of various studies, we can say
that the naked eye clinical diagnosis of cutaneous melanoma has an accuracy rate of
only 60%.

Dermoscopy readers may refer to [8, 9] for performance analysis of existing image
acquisition techniques. From the study of these research papers, it could be concluded
that dermoscopy is the best suitable noninvasive method for image acquisition. There
are various types of dermoscopy such as dermoscopy using non-polarized light that
visualizes the subsurfaces of the PSL by using the microscope and immersion fluid
[10—12] which makes the skin layer more transparent. This technique is also known
as dermatoscopy, cutaneous surface microscopy, magnified oil immersion bioscopy,
and epiluminescence microscopy (ELM).

To further improve the accuracy of image acquisition, a modified dermoscopy
was conducted with cross-polarized light which eliminates the need of immersion
liquid and direct contact of instrument with skin [10, 13]. This method is sometimes
referred as video microscopy or XLM (X-polarized epiluminescence [10, 14].
Another image acquisition related to dermoscopy is transillumination technique
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(TLM) which provides the better clarity of the image by directing the light on the
skin in a manner so that back-scattered light illuminates the skin lesion. The device
used for this method is called nevoscope [2, 15, 16].

Therefore, dermoscopy is referred to all techniques that provide the visualization
of PSL by using surface microscopy [comp. analysis of pigmented skin].

In simple ELM, the diagnosis accuracy could be extended up to a certain limit. To
further improve the clarity of the acquired image, digital dermoscopy analysis and
D-ELM have been developed [17, 18]. But this digital evaluation of PSL requires
sophisticated image processing software to help physicians in diagnosis process.

2.2 Preprocessing

In CAD system, the major challenge is to differentiate or detect lesion from the
healthy skin as transition between the lesion and the surrounding skin is smooth.
In digital dermoscopy, an image is taken in digital format to obtain clear image
but it could be possible that image might have various artifacts such as hair, air
bubbles, ruler markings, specular reflections, interlaced video field misalignment.
These artifacts further degrade the quality of the acquired image and increase the
chances of inaccurate detection of the lesion because there is very much similarity
between the lesion and surrounding skin [19].

Therefore, preprocessing is the first step to improve the quality of the acquired
images by removing the noise (unwanted signals) or artifacts such as hairs, bubbles.

If image preprocessing is not performed properly, then it might cause the inaccu-
rate classification of an image [19] as well as increases the computation time.

There are various image preprocessing techniques for each artifact type. Toremove
hairs in dermoscopic image, dull Razor is used [20, 21], Kiani and Sharfat [21],
Hoshyar et al. [22] improved it further to remove light-colored hairs. We can also
apply various filters such as adaptive median filter, median filter, Gaussian filter, mean
filter, Wiener filter, and adaptive Wiener filter for removing various noises such as
Gaussian noise, salt-and-pepper noise, Poisson noise, and speckle noise [23].

In addition to further improve the image quality, some image enhancement meth-
ods are also used. In these methods, most important is color correction or calibration.

This method involves in recovery of real colors of a photographed lesion which is
taken from low-cost digital camera [21, 24, 25]. Other approaches are illumination
correction, contrast enhancement, and edge enhancement. To improve the contrast
various methods like histogram stretching, histogram equalization, FFT, homomor-
phic filtering [26] could be used.
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2.3 Segmentation

67

Image segmentation is the most important techniques after the preprocessing step. It
is a process of continuously dividing an image into multiple parts until the region of
interest (ROI) related to particular application has been detected. This step determines
the eventual success or failure of the image analysis. There is a rare chance of failure
of an efficient segmentation method. Here we have briefly provided an overview
of various segmentation algorithms which are being used for dermoscopic image

analysis as provided in

Method used Advantages and
disadvantages
Threshold-based segmentation Advantages:
It is the simplest image segmentation method. In this method, a * Computationally
single threshold value t is considered and the pixel located at inexpensive
coordinates(x, y) with grayscale value f is assigned to class 1 if f < ¢ | * Fast and simple for
or else the given pixel is allocated to class 2 The selection of the implementation
threshold depends on the value at which ROI becomes identified Disadvantages

correctly. This method converts a grayscale image into binary image.
Here are some algorithms of thresholding: (Otsu’s method, local and
global thresholding, maximum entropy, histogram based, etc.) [2, 19,
27-29]. Among all these segmentation algorithm, it has been
concluded that Otsu algorithm gives optimum result

* Extremely susceptible
to noise

 The choice of correct
threshold value is critical
because incorrect choice
may result in over- or
under-segmentation

Region-based segmentation

In this segmentation, the main concept is to classify or categorize a
particular image into number of categories or regions. So we need to
assign a class or category to which each pixel in the image belongs
Region growing is a simple region-based segmentation method that
merges or groups pixels by examining neighbor pixel of initial seed
point and determine whether that pixel should be added to the group
or not

Region splitting and merging is another region-based segmentation
method which divides an image into uniform regions. This algorithm
starts by assuming that the entire image is a single region. Then
calculate the homogeneity criteria if it is false, then divide the region
into four smaller regions, and repeat this splitting until no further
splitting is required [30]. Now, these small square regions are merged
to form larger irregular regions. This process ends when no further
merges are possible

Some other famous algorithms for region-based segmentation are:
(seeded region growing, watershed segmentation, etc.) [19, 27-29]

Advantages:

* Gives better result in
comparison with other
segmentation methods

* Proper selection of seed
gives accurate result than
any other methods
Disadvantages:

» Computationally
expensive

* Selection of noisy seed
by user leads to flawed
segmentation
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Method used Advantages and
disadvantages

Fuzzy C-means method [19, 27-29]. It is one of the most popular Advantages:

unsupervised segmentation techniques. It is a method which * FCM unsupervised and

categorizes one piece of data into two or more clusters. This method | converge very well

was developed by Dunn in 1973 and later enhanced by Bezdek in Disadvantages:

1981. It is widely used in medical image segmentation like brain
tumor detection, MRI.

* Sensitive to noise.
Determination of fuzzy
membership is not very
easy

Edge detection approach [31, 32]

It is a process of locating an edge in the selected image [33]. The
edge representation of the image not only consists of significant
information but also reduces the amount of data to be processed;
therefore, this method is used by advance computer vision algorithms
like medical image processing, biometric. The following steps are
used for edge-based segmentation:

Transform the original image into edge image which consists of all
edges

Now process the image to identify object boundaries

Transform the result in simple segmented image [34]

The edge detection method could be categorized into two classes

Advantages:

* This method is suitable
for images which have
good contrast among
regions
Disadvantages:

* This method is not
suitable for the images
which have too many
edges or ill-defined

* It is less resistant to
noise as compared to

such as Gradient and Laplacian techniques
The most frequently used edge detection techniques are Roberts edge

detection, Sobel, Prewitt, Canny, Log edge detection, Marr—Hilderth

edge detection [35]

Neural network approaches [19, 27-29]. In neural network Advantages:

segmentation, an image is processed using ANN or a set of neural
networks. In this method, small area of an image is given as input,
and after performing the decision-making process, it marks the area
of the input image into lesion or healthy tissues for medical image
processing such as brain tumor, MRI.

* There is no
requirement to develop
complex programs

* This method uses the
parallel processing
capability of neural
networks
Disadvantages:

* Training time is long;
* Initialization may
affect the result;

* Overtraining should be
avoided

2.4 Feature Extraction

In computer-aided detection of melanoma, features of skin image play an important
role to determine whether it is benign or malignant melanoma. In the initial stage,
both benign and malignant melanoma appear very much similar [2]. All these features
are categorized as internal and external features. Internal features such as blue-white
veil, cancerous area of skin, irregular streaks are extracted from dermoscopic image.
External features are age of a person, family history related to cancer, itching on the
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skin, etc. [2]. Basically, which features should be extracted depend on the diagnosis
method used for identifying melanoma. For example, asymmetry, border, color, and
diameter are the features of the ABCD rule for melanoma skin cancer detection [21].
Therefore, for an effective computer-aided detection system, it is required to extract
only those features which can be understood by a computer.

There are some conventional clinical diagnosis methods such as ABCD rule,
Menzies method, and seven-point checklist. Among all these conventional meth-
ods, ABCD rule of dermoscopy works as the most effective method for many com-
puterized melanoma detection systems due to its implementation simplicity [36].
After pigmented skin lesion was determined, the features extracted from affected
skin lesion and its surrounded normal skin area are divided into color based, border
based, symmetry and texture based [37]. Rahil et al. [36] proposed an effective feature
extraction method which combines texture and border features extracted from pig-
mented skin lesion. Abdul et al. [19] used a graylevel co-occurrence matrix (GLCM)
in which contrast, correlation, homogeneity, and energy features are used with three
additional features related to geometry of the image. Therefore, feature extraction
creates new features from functions of the original features.

2.5 Feature Selection

In machine learning, feature selection is the process of selecting a subset of relevant
features (variables, predictors) for use in model construction. Basically, this step is
done after feature extraction and before classification step. It is a technique which
reduces dimensions widely used for efficient data mining and knowledge discovery.
But it is required to ensure that important information should be preserved during
dimensionality reduction.

For developing the method of feature selection, different researchers have taken
different approaches [11]. A very useful review on feature descriptors was given
by Maglogiannis and Doukas [4] in 2009. Others methods are leave-one-out (LOO),
sequential floating forward selection (SFFS), and sequential floating backward selec-
tion (SFBS), considered for this purpose. Ganster et al. [38] used SBFS and SFFS
with subset size between 10 and 15 features. But the performance of this method
degrades for more than 20 features.

According to the study, melanoma recognition methods perform well for small
subsets followed by a slight increase up to medium-sized subsets [12], while per-
formance of melanoma identification decreases for larger subsets. This thing was
confirmed by Ruiz et al. [14] using SBFS and SFFS evaluation and discovered
that minimum error rate was achieved using subset of six features and a significant
increase in classification error rate is observed for subset of more than 20 features.

Yashar et al. [39] defined a particle swarm optimization—support vector machines
(PSO-SVM) feature selection method that reduced the number of features effectively
and chosen the best subset for their purpose. PSO computationally is less expensive
than other methods.
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2.6 Classification

Lesion classification is the final step in computerized analysis of melanoma skin
cancer detection. This step is used to decide whether the skin lesion is malignant or
benign. To perform the classification task, the existing systems use different classi-
fication methods to the features that were extracted in prior stage. There exist some
different classifiers such as logistic regression, discriminant analysis, artificial neu-
ral network, K-nearest neighborhood, support vector machine, decision trees, and
support vector machine (SVM) [15]. The classification performance is evaluated
w.r.t. classification accuracy, sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), likelihood ratio, etc.

Year | Classification method [Source] Sensitivity Specificity Accuracy
(%) (%) (%)
2011 | kNN classifier [40] 60.7 80.5 66.7

Ramlakhan et al. [40] used the OpenCV
kNN classifier to categorize skin lesion as
benign or malignant. In this classifier,
learning process is based on training
instances. The class to which test sample
belongs is based on the majority of its
k-most similar instances of training set

2012 | Multilayer perceptron [41] 70.5 87.5 76
Mariam A. Sheha et al. used the MLP
which is a three-layer feedforward neural
network. It uses two techniques for
classification which are automatic MLP
and traditional MLP. In first one, given
data are categorized into three subsets
which are training, validation, and testing
to perform classification, while in second
one, complete data are used for training

92.3 91.6 92

2015 | SVM classifier with RelisfF filter-based | 86 73 76.7
method [42]

Luis Rosado et al. [42] used the SVM
classifier with ReliefF filter by using the
features of asymmetry criterion, border,
and color criterion

2015 | The classification is performed by the 95 83.33 90.63
SVM in two stages. In the first, classifier
is constructed in training stage, and then
classifier performance is done by using
tests which are independent of training
set [43]
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3 Conclusion

Early detection of melanoma skin cancer plays an important role to decrease its
death rate drastically. This paper has discussed all the phases of computer-aided
melanoma skin cancer detection method in detail. From the review presented in this
paper, it has been concluded that there are many algorithms for melanoma skin cancer
detection starting from the painful laboratory testing to the computer-aided detection
system, and among these algorithms, SVM classification gives more accuracy and
sensitivity than kNN classifier and multilayer perceptron. Therefore in future to
eliminate the drawbacks of these algorithms such as pain or problem that a patient
feels during laboratory testing and to increase the accuracy of melanoma detection,
the computer-aided diagnosis (CAD) by using some advanced algorithms like deep
learning, machine learning are used.
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