Research Article

Multi-Class Skin Problem Classification Using Deep Generative

Adversarial Network (DGAN)

Maleika Heenaye-Mamode Khan ,! Nuzhah Gooda Sahib-Kaudeer ©®,"
Motean Dayalen ,2 Faadil Mahomedaly ,2 Ganesh R. Sinha ®,’
Kapil Kumar Nagwanshi (9,* and Amelia Taylor (°

'Department of Software and Information Systems, University of Mauritius, Reduit, Mauritius

2Accenture Technology, Ebene Cyber, Mauritius

*Department of Electronics and Communication Engineering, Myanmar Institute of Information Technology,
Mandalay, Myanmar

*Department of Computer Science and Engineering, Amity University Rajasthan, Jaipur, Rajasthan 302006, India
*Malawi University of Business and Applied Sciences, Blantyre, Malawi

Correspondence should be addressed to Ganesh R. Sinha; drgrsinha@ieee.org and Kapil Kumar Nagwanshi; dr.kapil@ieee.org
Received 22 December 2021; Accepted 3 March 2022
Academic Editor: Andrea Loddo

Copyright © 2022 Maleika Heenaye-Mamode Khan et al. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

The lack of annotated datasets makes the automatic detection of skin problems very difficult, which is also the case for most other
medical applications. The outstanding results achieved by deep learning techniques in developing such applications have im-
proved the diagnostic accuracy. Nevertheless, the performance of these models is heavily dependent on the volume of labelled data
used for training, which is unfortunately not available. To address this problem, traditional data augmentation is usually adopted.
Recently, the emergence of a generative adversarial network (GAN) seems a more plausible solution, where synthetic images are
generated. In this work, we have developed a deep generative adversarial network (DGAN) multi-class classifier, which can
generate skin problem images by learning the true data distribution from the available images. Unlike the usual two-class classifier,
we have developed a multi-class solution, and to address the class-imbalanced dataset, we have taken images from different
datasets available online. One main challenge faced during our development is mainly to improve the stability of the DGAN model
during the training phase. To analyse the performance of GAN, we have developed two CNN models in parallel based on the
architecture of ResNet50 and VGG16 by augmenting the training datasets using the traditional rotation, flipping, and scaling
methods. We have used both labelled and unlabelled data for testing to test the models. DGAN has outperformed the conventional
data augmentation by achieving a performance of 91.1% for the unlabelled dataset and 92.3% for the labelled dataset. On the
contrary, CNN models with data augmentation have achieved a performance of up to 70.8% for the unlabelled dataset. The
outcome of our DGAN confirms the ability of the model to learn from unlabelled datasets and yet produce a good diagnosis result.

1. Introduction

According to Tizek et al. [1], one of the most common health
problems affecting people of all ages worldwide is skin
diseases. Acknowledging that many of these diseases can be
treated nowadays, the burden of skin problems is still sig-
nificant. A Bulletin of the World Health Organization in
2005 states that skin diseases have a significant impact on
people’s quality of life, causing lost productivity at work and

school and discrimination due to disfigurement [2]. Given
the rise in the prevalence, seriousness, and consequence of
skin diseases worldwide, studies and research are carried out
periodically to help analyse and reveal the patterns, twists,
and statistics about these diseases. The global burden of skin
diseases is analysed in a study carried out by Coffeng et al.
[3]. This study shows that skin diseases are responsible for
1.79% of the global burden of disease, measured in disability-
adjusted life years (DALYs), that is, the number of years lost
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due to ill-health disability early death due to 15 skin con-
ditions in 188 countries. The findings reveal that dermatitis
turned out to be responsible for the most global DALY's with
a total burden of 0.38% followed by acne vulgaris (0.29%),
psoriasis (0.19%), urticaria (0.19%), viral skin diseases
(0.16%), fungal skin diseases (0.15%), scabies (0.07%),
melanoma (0.06%), pyoderma (0.05%), cellulitis (0.04%),
carcinoma (0.03%), decubitus ulcer (0.03%), and alopecia
areata (0.01%).

Presently, most of the conclusions on skin problem cases
are drawn mainly based on skin doctors” or dermatologists’
years of experience or their subjective analysis, which is not
all the time guaranteed to be free of misjudgement. A very
high level of expertise is needed to differentiate between, for
example, two fungal infections since they have pretty much
the same symptom growth type. It is not that obvious to
diagnose a skin disorder considering the number of factors
to be considered, namely the skin lesion morphology, col-
our, type of growth, and the different symptoms. According
to Onsoi et al. [4], many misdiagnose skin disorders. Fur-
thermore, due to this enormous reliance on practitioners
and their costly consultation and physical examination fees,
many people tend to neglect or fail to afford medical care for
their skin.

Despite the alarming statistics, skin disorders have re-
ceived relatively little attention worldwide. Computer-aided
software can help diagnose skin problems, and the results
might be more reliable and reproducible. The recent de-
velopment in image processing and deep learning in the
medical field has raised interest in exploring its application
in detecting skin diseases. So far, there is limited research
conducted on deep learning in detecting and diagnosing skin
problems. However, given the good performance of similar
applications in other medical domains, there are scopes in
exploring deep learning techniques to detect skin problems.
In addition, the training of deep learning models, which
need large datasets, provides more research direction for
exploring ways of overcoming the challenges of limited
labelled datasets.

2. Related Work

Based on human anatomy studies by Doctors of Medicine,
Hoffman [5], and Stoppler [6], the skin is the largest body
organ that covers the whole human body with an average
surface area of about 20 square feet and an average weight of
6 pounds. However, despite being considered the first line of
defence of the human body, the skin is not utterly resistant.
Subsequently, the skin is constantly prone to various ex-
ternal and genetic factors. As a result, skin diseases affect
people worldwide, irrespective of their ages, skin colour,
living conditions, or socioeconomic status. However, a re-
cent study, the Skin Cancer Index 2018, shows that geo-
graphical and geopolitical factors make skin cancer
occurrences more common and sometimes deadly in par-
ticular regions over others [7].

Researchers are developing computer-aided applications
to automate the process of skin problem detection [8-12].
Techniques have been devised to perform the core processes
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of image capturing, preprocessing, segmentation, feature
extraction, and image classification. Clinical image capture
can be obtained using nonstandard cameras, mobile phones,
and digital cameras [13, 14]. Dermoscopy can equally be
used to capture skin images. Dermoscopic images have the
advantages of bright lighting conditions and a considerable
low noise level [15]. To detect the skin lesion, Unver and
Ayan [16] have applied the YOLOv3 model in dermoscopic
images. The ISBI 2017 dataset was utilised for training the
classifier in this work. This technique produces a bounding
box that can then extract the coordinates.

To enhance the quality of the images before processing,
Unver and Ayan and Hajgude et al. [16, 17] have applied the
adaptive median filter. Hajgude et al. [17] have classified lesions
from normal skin images using multilevel thresholding using
the Otsu method. Vineela et al. [18] adopted the region-based
segmentation for skin cancer detection. On the other hand,
Amarathunga et al. have applied a threshold-based segmen-
tation method to separate healthy skin from the affected skin.
This work adopted morphological operations to remove objects
of the same type, such as noise in the background and fore-
ground. The watershed algorithm was applied to identify the
disease area of the skin. When extracting features from skin
lesion images, features such as colour, texture, and shape are
generally used since these are the only properties ruling in the
lesion area [19-22]. Several classification techniques such as the
support vector machine (SVM), the K-nearest neighbor (k-
NN), the minimum distance from mean (MDM), and the
convolutional neural network (CNN) have been tested in
several previous skin disease detection projects (Bhattacharya).
CNN is currently spurring interest in its application in the
medical domain as it has demonstrated outstanding capabilities
and has achieved a satisfactory level of accuracy. Boman and
Volminger [23] have distinguished melanoma from seborrheic
keratosis and solar lentigo using a deep convolutional neural
network to classify skin cancer. The initial results showed that
the authors could classify benign and malignant melanoma. In
the same line, Shanthi et al. [24] have used CNN on the
DermNet database, where four types of diseases, namely acne,
keratosis, eczema herprticum, and urticaria, were considered.
They used only 30 to 60 samples for each class. Deep learning
requires a considerable amount of data to reach a reasonable
performance. Since there are limited skin disease datasets, most
applications use pretrained CNN models and apply transfer
learning.

Automated skin disease detection applications are
complex to develop because of the different variations such
as the skin tones, location of the disease, and types of image
acquisition equipment. In addition, multi-class classifica-
tion is challenging as skin problems have distinct char-
acteristics. On the other hand, CNN has attained excellent
results in the medical field as in other fields and thus
provides hope in developing automated medical systems
[30, 31]. Generative adversarial network (GAN), yet an-
other technique, is attracting the attention of researchers
since it can model complex real-world image data. It also
can restore balance in imbalanced datasets [32]. However,
so far, only a few applications have adopted GAN for the
data augmentation along with binary classification only
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TaBLE 1: Comparison of the state-of-the-art methods.

Authors Techniques

Datasets used

Performance and observation

Hameed et al.

[25] Pretrained AlexNet model

A probability-based stepwise
integration (PSI) approach for
segmentation refinement

Bi et al. [26]

Al-Masni et al.
[27] networks

9,144 images obtained from
different sources available
online

Done multi-class classification for healthy, acne,
eczema, benign, or malignant melanoma. A
recognition rate of 86.21% was reached. The

authors have catered for overfitting using k-folds

Able to segment melanomas with fuzzy boundaries

ISBI 2016, ISBI 2017 and PH2 and heterogeneous textures compared with other
dataset

work conducted so far. However, the main focus is
on the segmentation process
Skin lesion segmentation using convolution
network. An overall segmentation accuracy of

Deep full-resolution convolutional Public datasets: ISBI 2017 and 94.03% for the ISBI 2017 test dataset and 95.08%,
PH? respectively, for the PH2 dataset. However, the

authors have worked until the segmentation of the
lesions only

ISBI 2017 skin lesion

Yuan and Lo Enhanced convolutional-
[28] deconvolutional networks

Unver and You Only Look Once (YOLO) and

Own created dataset
consisting of 4,740 clinical

ﬁ’g}n (2019) the GrabCut algorithm
Handcrafted techniques and

Sun et al. [15] VGGNet

Wu et al. [11] Pretrained EfficientNet-B4 CNN

algorithm

segmentation challenge,
trained on 2000 images

PH? and the ISBI 2017

SD-198

Worked on the segmentation process only

A recognition rate of 90% challenges in the
segmentation process because of the presence of
other artefacts such as hairs, bubbles, and ruler

marks
Used VGGNet and has achieved a performance of
VGGNet of 50.27%. The authors have analysed the
performance of handcrafted techniques and deep
techniques. The authors have concluded that the
performance is different when using labelled
datasets and real unlabelled datasets

A diagnosis assistant was built based on the
pretrained model. An overall diagnostic accuracy
0f 95.8% was achieved. However, no work has been
conducted with respect to overfitting, and there

1mages was no analysis of the hyperparameters that may
influence performance when using CNN
Used the architecture of ResNet50, ResNet40,
ResNet25, ResNet10, and ResNet7 models for
Budhiman et al. ResNet without data augmentation ISIC 2018 training the datasets. Experiments were conducted

(29]

with and without data augmentation. The
validation accuracy achieved was 83% on data
without data augmentation

[33]. Table 1 analyses the existing work in this field, which
eventually identifies the research gap. To contribute to
developing a robust skin cancer detection and classification
application, we have explored the capability of GAN on our
dataset. We have developed an enhanced CNN in addition
to transfer learning. Section 3 shows the architecture of the
proposed model. Section 4 details the development of the
solution while the evaluations of the work are exposed in
Section 5.
The main contributions of this study are as follows:

(i) eConstruction of a custom deep learning generative
adversarial network (DGAN) to overcome the
challenges of limited labelled datasets. DGAN uses
the CNN as generator and discriminator model,
thus providing a dense network for an efficient
classification.

(ii) eTraining of the DGAN model and achieving a good
level of stability.

(iii) eBuilding of two custom enhanced CNN models by
fine-tuning the required parameters and applying
traditional data augmentation.

(iv) eEvaluation of DGAN and
augmentations.

traditional data

3. Materials and Methods

3.1. Datasets. There are several datasets that are available
online for research purposes. However, they vary in terms
of the types of skin diseases that they capture. Since several
types of skin diseases (see Figure 1) are being considered,
namely acne, vulgaris, angioma, carcinoma, keratosis,
nevus, café-au-lait macule, dermatofibroma, eczema, ke-
loid, psoriasis, dermatitis ulcer, steroid acne, versicolor,
heat rash, and vulgaris, a new dataset has been constructed.
Images have been taken from the PH2 [34], SD-198 [35],
Interactive Atlas of Dermoscopy [36], and DermNet
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(d)

(e)

®

FIGURE 1: Type of skin disease. (a) Acne. (b) Nevus. (c) Angioma. (d) Eczema. (e) Dermatitis ulcer. (f) Heat rash.

dataset (https://apps.lib.umich.edu/database/link/11961).
The PH? dataset has 200 dermoscopic images, of which 40
are melanoma and 160 are nevus cases. On the other hand,
SD-198 dataset is a clinical skin lesion dataset comprising
6584 clinical images of 198 skin diseases. Interactive Atlas
of Dermoscopy contains more than 1000 clinical cases with
both clinical and dermoscopic images. DermNet stores 23
types of skin diseases with a total of 19,500 images. Images
in the PH2 dataset were in bitmap (BMP) format and were
converted in JPEG format. However, it is to be noted that
resolutions vary from image to image and from category to
category. A new dataset was constructed by randomly
taking images from the 4 mentioned datasets for each skin
problem considered in this study. The total number of
images in the dataset was 13,650. Table 2 lists the number of
images that have been considered for each type of skin
disease. In this research, for each skin disease category, half
of the images were labelled and the rest were unlabelled.

4. Development

4.1. Image Preprocessing. Several techniques can be used for
image preprocessing to convert the image into an appro-
priate format for later processing and remove noise and
artefacts that may be present in the image. In the first in-
stance, image scaling, which resizes the images to a specific
width pixel [37], is being applied, followed by colour space
transformation. Since colour information is critical in skin
disease detection systems, attempts are made to withdraw
the most convenient colour of images for advanced pro-
cessing, as proposed by Al-Jumailya et al.. Next, contrast
adjustment techniques are applied to enhance the brightness
of dark images. Since the images for the model training were
chosen from different online dermatology resources and

TaBLE 2: Number of images for each skin disease.

Number of images
900 (450 labelled and 450 unlabelled)

Type of skin disease

Acne vulgaris

Angioma 1200 (600 labelled and 600 unlabelled)
Carcinoma 800 (400 labelled and 400 unlabelled)
Keratosis 1000 (500 labelled and 500 unlabelled)
Nevus 1100 (550 labelled and 550 unlabelled)
Café-au-lait macule 900 (450 labelled and 450 unlabelled)
Dermatofibroma 950 (475 labelled and 475 unlabelled)
Eczema 1200 (600 labelled and 600 unlabelled)
Keloid 800 (400 labelled and 400 unlabelled)
Psoriasis 900 (450 labelled and 450 unlabelled)

750 (375 labelled and 375 unlabelled)
800 (400 labelled and 400 unlabelled)

Dermatitis ulcer
Steroid acne

Versicolor 750 (375 labelled and 375 unlabelled)
Heat rash 800 (400 labelled and 400 unlabelled)
Vulgaris 900 (450 labelled and 450 unlabelled)

may be of various sizes and colour spaces, image scaling and
colour space transformation were adopted to rescale all
images to standard image size and colour space. In this
phase, all the images will be converted into RGB space, the
standard Internet colour system, and the default colour
standard of digital cameras. After analysing the potential
image restoration techniques, the median filter followed by
the Gaussian filter was utilised to smooth the images. This
was also useful to lower the effect of small elements such as
thin hairs that are sometimes present in the skin lesion
images. Table 3 presents a list of notations to understand
equations used in this article.

4.2. Data Augmentation Using Deep Generative Adversarial
Networks (GANs). Figure 2 shows the high-level
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TasLE 3: List of notations.

Notation Description

x Gaussian distribution as input and is

R¢ Real data in a given d dimensional space

y Output

Poa Mapping function from x to real data y

G Generator function

D Discriminator function

% Value function of the generator and discriminator together to a minimax game

SD True positive

SR True negative

GD False positives

GR False negatives

Online Dataset

Selection of images for the
classes considered

— Cluelenm Bl Drincet

\

Customized CNNs
based on ResNet50
and VGG16

/

Build GAN Model

Train Models

FIGURE 2: High-level architecture of the proposed solution.

architecture of proposed solution. Deep learning is gaining
more popularity in image classification and can extract and
select more features than traditional methods [38, 39].
However, large annotated datasets are required to gain from
the potentials of deep learning. Unfortunately, it is observed
that there are many unlabelled datasets in real life, which
requires professional experts for the annotations. Recently,
one appealing method that emerged is the GANs. Udrea and
Mitra [40] have used GANs for training skin images and
have classified them into pigmented and nonpigmented
lesions. In other medical applications for diabetic retinop-
athy, Lim et al. [41] have generated GAN images for data
augmentation. The performance had shown significant
improvement compared with when GANs were not utilised.
Motivated by these recent developments, GAN has been
explored in our work. GANs are generative models that
generate samples similar to the training dataset by learning
the true data distribution. It uses deep learning methods,
such as convolutional neural networks (CNNs). It classifies
the test samples based on the reconstruction error instead of
compressing the input into a latent space. GAN consists of
two sub-models: the generator and the discriminator [42].
The generator produces fake samples. It attempts to generate
the realistic samples that belong to the training sample. On
the other hand, the discriminator model attempts to

distinguish the true images from the generator’s fake
samples, thus reprimanding the generator for producing
unrealistic samples [33, 41]. Figure 3 illustrates the archi-
tecture of the GANs. Mathematically, the generator’s
weights are optimised to maximize the probability that fake
data are classified as belonging to the real data. The dis-
criminator’s weights are optimised to maximize the prob-
ability that the real input data are classified as real while
minimising the probability of fake input data being classified
as real. In a given d dimensional space, for x € R4, y=
P e (x) is @ mapping from x to real data y. The two net-
works can be described as a min-max game with the fol-
lowing equation:

minmax V (G, D) = E(log{l - D[G(x)]}). (1)
G D

The first part of (1) shows the log probability of the
discriminator predicting that the input sample is genuine,
and the second half reflects the probability of discriminator
predicting that the generator’s output is not genuine. We
have trained our model until the optimal situation is
reached, that is, when an output obtained from the generator
(G) cannot be concretely labelled by the discriminator (D)
as real or fake, showing that the networks cannot be im-
proved further. We have built the generator and
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discriminator to implement our deep learning GAN
(DCGAN). In this work, we have used a noise vector having
100 elements from a Gaussian distribution as input termed
as x. We have used a noise vector with 100 elements from a
Gaussian distribution as an input in this work. We have
considered a limited number of images from each class
representing skin diseases. Well-trained GAN should give
the impression of generating real data samples from noise
vectors.

4.3. Generator. We have constructed the generator using
four up-sampling layers to double the size of the image. We
have five convolution layers and have used the ReLU
function for the activation layer. The architecture is illus-
trated in Figure 4. First, an arbitrary space is created, which
is a 100-element Gaussian random number to produce an
output of 2D array with 32 x 32 x 3. In the deep GAN, the
first layer has enough nodes to represent a low-resolution
version of the image, that is, 16 X 16 x 3 or 8 x 8 x 3. From
several experiments conducted, we have considered
16 x 16 x 3. Thus, the first dense layer represents
256 x 16 x 16. The activations from these nodes are then
reshaped to pass into a convolution layer, 16 x 16 x 256,
having 256 different 16 x 16 feature maps. The next part is to
up-sample the low-resolution image to a higher resolution
version. A stride of 2 x 2 was used. This process was con-
tinued until a 32 x 32 output was obtained. The output layer
has three filters, and the “same” padding was used to pre-
serve the dimension of 32 x 32 x 3 pixels. The tanh activa-
tion was used in the last layer so that the output falls within
[-1,1]. Conv_2D_3_256 represents the function up-sam-
pling also known as deconvolution, meaning that there are
256 convolutional neurons, having a filter of 3 x 3. FC in
Figure 4 denotes the fully connected layer.

4.4. Discriminator. The discriminator outputs the score of a
sample belonging to the real dataset or the synthetic dataset.
It is to be noted that the discriminator’s training sample
consists of both real sample from the original dataset and the
fake samples that have been generated from the generator.
Our discriminator consists of 5 dense layers as shown in
Figure 5. The classifier has 4 convolution layers with max-
pooling layers. The ReLU function was used for each layer
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Generated Images

Discriminator

g I
il k)

Real Data Sample

Input: 100 length Vector

. 4

FC_(256x16x16) + RELU

@

Reshaped to 16x16x256

@

Normalisation + Up-sampling
Conv_2D_3_256+RELU

@

Normalisation + Up-sampling
Conv_2D_3_128+RELU

@

Normalisation + Up-sampling
Conv_2D_3_64+RELU

@

Normalisation + Up-sampling
Conv_2D_3_32+RELU

@

Normalisation +
Conv_2D_3_3+Tanh

FIGURE 4: Architecture of generator.

except where sigmoid function was applied for the last layer
to map the output value to the range [0, 1]. The discrimi-
nator uses max-pooling of stride 2, with a filter size of 2 x 2.

4.5. Training of the Model. First of all, the generator makes a
prediction on a batch of noise samples. Initially, the gen-
erator initialises a set of weights and the output is eventually
meaningless values, as shown in Figure 6.

While training, we want the discriminator to think that
the output of the image by the generator is real. Back
propagation is used to update the model’s weights to allow
the generator to produce good fake images. Thus, the
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Input: RGB Image

@

Conv_2D_3_32+RELU
Max-Pooling_2 + Dropout(0.2)

@

Conv_2D_3_128+RELU
Max-Pooling_2 + Dropout(0.2)

@

Conv_2D_3_256+RELU
Max-Pooling_2 + Dropout(0.2)

@

Flatten to 16x16x256
(FC Layer)

. 4

Output[0,1]-Sigmoid

FIGURE 5: Architecture of discriminator.

Generated
Synthetic
Image

Generator
(Random
Weight)

Random

Value (Noise)

FIGURE 6: Architecture of generator.

discriminator inputs a set of samples. The first half repre-
sents the output from the generator and the second half
represents samples from the real datasets, as illustrated in
Figure 7. The discriminator is trained so that the discrim-
inator can distinguish between real and fake skin problem
images. Note that this process was done for each class of skin
problem.

First, the weights of the discriminator are frozen. Then,
we feed the generator with random noise and allow the GAN
to output a probability. The value would be less than 0.5 as
expected as the output of the discriminator was set close to 0
if it is not genuine. Now, we make the GAN understand that
the outcome should be 1. In this case, the results in the errors
are being propagated to the generator. The generator’s
weights are then tuned with every sample in the batch to
make the output of the GAN close to 1. In this way, the
generator learns to produce skin problem samples that re-
semble real skin problem images. This process is repeated for
every batch on the training set.

4.6. Hyperparameter Fine-Tuning. As illustrated in Figure 5,
dropout is being used [43]. This process prevents our model
from overfitting. After several experiments, we have used
NAdam [44] over AAdam [45] for our optimiser using
default parameters, except for the learning rate. The latter
was updated at each epoch as in [46]. The binary cross-
entropy loss function was used with a batch size of 30.

5. Results and Discussions

5.1. Performance of DCGAN. We have trained the generator
and the discriminator from scratch; while inspiring the
promising results, GAN has achieved in different applica-
tions [33, 41, 47]. This implementation uses Keras API on
TensorFlow for modelling. We have used Python, which is
hosted on the Anaconda development platform. The images
were preprocessed as described earlier, and some of the
resulting images after applying the filters are illustrated in
Figure 8.

Both the discriminator and the generator were trained.
Then, the training loss of both the generator and discrim-
inator was analysed and is displayed in Figure 9. The loss
convergence towards the end shows that the GAN model has
reached optimality. The optimised model is used to classify
the images. 70% of the original datasets were considered for
the training and 30% for testing each class of images. Note
that 30% of images were taken as unlabelled data. Table 4
demonstrates the accuracy of each class of images using
DCGAN. The accuracy can be computed using the following
equation[48]:

SD + SR
accuracy = 5
Y = SD+SR+GD+GR

(2)

where SD be the true positive, SR be the true negative, GD be
the false positives, and GR be false negatives.

For example, of 300 images of keratosis, our model could
correctly classify 265 images. Likewise, 235 of 240 steroid
acnes were correctly classified. The overall accuracy of the
model is 91.1%. The precision of the model has also been
computed and is computed based on the (3). The precision
of the overall model is 88%.

SD
Total Number of PR edictions’

(3)

precision =

5.2. Performance of Enhanced ResNet50 and VGG16 with Data
Augmentation. We have also used data augmentation and
the two pretrained deep learning models, namely ResNet50
and VGGI16. Data augmentation is the process of trans-
forming each image into diverse possible ways and adding all
of the augmented samples to the dataset to increase its size
[49]. The applied transformations include factors or pa-
rameters such as centring, zoom, flip, shift, rotation, shear,
and variations in brightness and contrast, as discussed in
(Alberio et al.). In addition, Grochowski and Mikofajczyk
[50] addressed that image augmentation is a technique used
to address issues such as insufficient images for training or
uneven class balance within datasets. Figure 10 shows the
augmentation on images, and Figure 11 represents seg-
mented images.

We have used the architecture of the ResNet50, which
consist of one convolutional layer and 16 residual modules
between two pooling layers [51]. It uses 3 x 3 filters for the
convolution. On the other hand, the architecture of VGG16
has 19 weight layers consisting of 16 convolutional layers
with 3 fully connected layers and 5 pooling layers [52]. We
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FIGURE 7: Model training.
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FiGure 8: Examples of preprocessed images.
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FIGURE 9: Training loss of generator and discriminator.

have developed the models based on the architectures of the
two CNN models and have trained it on the same datasets
used for DCGAN. However, experiments were conducted on
fully labelled datasets and partially labelled datasets as well.

TaBLE 4: Performance of model using DCGAN.

Class of skin disease =~ Number of test images  Accuracy (%)

Acne vulgaris 270 92.1
Angioma 360 89.2
Carcinoma 240 92.1
Keratosis 300 88.7
Nevus 330 96.6
Café-au-lait macule 270 91.3
Dermatofibroma 285 83.2
Eczema 360 86.4
Keloid 240 94.2
Psoriasis 270 96.0
Dermatitis ulcer 225 82.4
Steroid acne 240 98.3
Versicolor 225 93.5
Heat rash 240 82.5
Vulgaris 270 90.2

We have fine-tuned the parameters to reduce overfitting and
have varied the learning rate at different epochs. It was tested
with the same dataset used for DCGAN. Table 4 displays the
results of the two enhanced ResNet50 and VGG16 models
after the application of traditional data augmentation.

Figure 12 exhibits the performance of ResNet50 and
VGG16 after data augmentation with fully labelled datasets.
Similarly, Figure 13 gives the interpretation for partially
labelled datasets. The overall performance for ResNet50 after
applying data augmentation is 70.8% and that of VGG16 is
64.9%. There is a significant difference in the overall per-
formance of the models when using labelled and unlabelled
datasets with data augmentation. This confirms the fact that
data traditional data augmentation has some limitations
when working with unlabelled images, which eventually
impact the performance rate. A summary of our achieve-
ment is illustrated in Table 5.

5.3. Evaluations. As discussed in [33, 53] (Guan and Loew),
CNN requires a large amount of annotated data for training
amodel from scratch, which is not feasible in most cases. For
some time now, data augmentation is being adopted to
increase the number of images in datasets. As in previous
work [29, 54, 55], we have also experimented with data
augmentation and CNN with both labelled and partially
labelled datasets. From the results obtained, we have
achieved an overall performance of 70.8% for our enhanced
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FIGURE 12: Performance of ResNet50 and VGG16 after data augmentation with fully labelled datasets.

ResNet50 after performing data augmentation, and likewise,
we have reached a performance of 64.9% for the VGGI6.
From the findings emanated from a research conducted on
the classification of melanoma skin cancer by Budhiman
et al., it was concluded that a better validation performance
was obtained on a dataset without data augmentation using
ResNet. This is the case in our research work, where DCGAN

has achieved better results compared with the traditional
data augmentation. However, in a work carried out by Ayan
and Unver [16, 56] to classify melanoma, the results of the
ISIC augmented dataset outperform the results of the non-
augmented datasets. Nevertheless, it is observed that only
two classes of data were considered. Gradually, GAN has
emerged and is known to address the challenges of limited
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Performance of ResNet50 and VGG16 after data augmentation with Partly Unlabeled datasets
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FIGURE 13: Performance of ResNet50 and VGG16 after data augmentation with partially labelled datasets.

TaBLE 5: Summary of overall performance.

GAN

Performance (%) (labelled dataset)

Performance (%) (unlabelled dataset)

Data augmentation

Performance (%)
(unlabelled dataset)

Performance (%)
(labelled dataset)

ResNet50 VGGl6 ResNet50 VGGI6

92.3 91.1 85.9 80.2 70.8 64.9
TaBLE 6: Comparison of state-of-the-art techniques.

Authors Number of classes Technique Accuracy (%)
Rashid et al. [33] 7 types of skin lesions GAN 86.1
Ali et al. [57] 2 classes (malignant and benign melanoma) DCGAN 91.9
Sedigh et al. [53] 2 classes (malignant and benign melanoma) GAN 71.1
Udrea and Mitra [40] 2 classes (pigmented vs. nonpigmented lesions) DCGAN 92.1
Proposed work 15 types of skin diseases DCGAN 91.1

TaBLE 7: Existing work using CNN models.

Authors Details

ResNet50 on ISIC 2018
CNN on ISIC 2018

Budhiman et al. [29]
Ayan and Unver [16]

Technique Accuracy (%)
ResNet50 without data augmentation 83
CNN with data augmentation 81

unlabelled dataset [33, 40, 47, 57]. Udrea and Mitra have
achieved a validation performance of 92% for melanoma
and nonmelanoma skin problem. On the other hand, a
result of 86.1% was reached by Rashid et al.. Most of the
work conducted focuses on two-class images. Inspired by
the appealing performances and ability of GAN, the latter
has been investigated and applied to our dataset. We have
been able to classify 15 different types of skin problems. We
have compared our work with existing research whereby
GAN was also used to classify skin problem as listed in
Table 6.

Rashid et al. [33] have achieved a performance of 86.1%
for 7 classes of skin problem, while we have achieved an
accuracy rate of 91.1% for 15 types of skin diseases. The other
work listed has achieved a higher performance compared
with our work. However, they have considered only two
classes of images, while in our case we have developed a
multi-class model for 15 types of skin problem.

From the comparison made in Table 7, Budhiman et al.
have classified images into normal and cancerous, that is, 2
classes. A result of 83% was obtained without data aug-
mentation. In this case, the ISIC dataset was enough since
only 2 classes of images were required. Data augmentation
was not required since the number of labelled data was
sufficient for the two classes of images, and it was developed
using the pretrained ResNet CNN models. On the other
hand, Ayan and Unver [16] have classified melanoma into
benign and malignant using a custom-built CNN model and
have achieved an accuracy of 81% with data augmentation.
We have achieved far better results using the DCGAN, and
in addition, 15 types of skin problems have been considered.

6. Conclusion

In this work, we have developed two CNN models based on
the ResNet50 and VGGI16 architecture using data
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augmentation on both labelled and unlabelled datasets. We
usually experiment many challenges when developing CNN
models for medical applications owing to the lack of labelled
datasets. At the same time, GAN is being emerged, known to
be a model based on a generator and discriminator model
that generates synthetic images and that classifies the test
samples based on the reconstruction error. Thus, we have
developed a DGAN for the classification of 17 classes of skin
problems. We have trained the model and fine-tuned the
parameters to make the GAN stable, which is a great
challenge when developing such applications. The perfor-
mance achievement for our multi-class classification has
reached 92.3%, showing its capabilities of working with
unlabelled datasets, outperforming the results achieved
when using traditional data augmentation. As a future di-
rection, more experiments should be conducted to analyse
the performance of GAN for multi-class classification and to
determine the ways to make GAN stable to improve its
performance. It is equally important to test with different
types of data with many variations in terms of illuminations,
colour, texture, among others.

Data Availability

The ISBI 2017 and PH2 datasets data used to support the
findings of this study are included within the article.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] L. Tizek, M. Schielein, F. Seifert, T. Biedermann, A. Bohner,
and A. Zink, “Skin diseases are more common than we think:
screening results of an unreferred population at the munich
oktoberfest,” Journal of the European Academy of Derma-
tology and Venereology, vol. 33, no. 7, pp. 1421-1428, 2019.

[2] W. H. Organization “Epidemiology and management of
common skin diseases in children in developing countries,”
Technical Report D, World Health Organization, Geneva,
Switzerland, 2005.

[3] L. E. Coffeng, S. D. S. Pion, S. O’Hanlon et al., “Onchocer-
ciasis: the pre-control association between prevalence of
palpable nodules and skin microfilariae,” PLoS Neglected
Tropical Diseases, vol. 7, no. 4, https://doi.org/10.1371/journal.
pntd.0002168, Article ID 2168, 2013.

[4] W. Onsoi, J. Chaiyarit, and L. Techasatian, “Common mis-
diagnoses and prevalence of dermatological disorders at a
pediatric tertiary care center,” Journal of International
Medical Research, vol. 48, no. 2, https://doi.org/10.1177/
0300060519873490, Article ID 030006051987349, 2019.

[5] M. Hoftman, “Picture of the skin: human anatomy,” 2014,
https://www.webmd.com/skin-problems-and-treatments/
picture-of-the-skin.

[6] M. C. Stoppler, “Medical definition of skin,” 2021, https://
www.medicinenet.com/skin/definition.htm.

[7] Anonymous, “Skin cancer-index 2018,” 2018, https://derma.
plus/en/skin-cancer-index-2018/.

[8] A. Amarathunga, E. P. W. C. Ellawala, G. Abeysekara, and
C.R.]J. Amalraj, “Expert system for diagnosis of skin diseases,”

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

11

International Journal of Scientific & Technology Research,
vol. 4, pp. 174-178, 2015.

P. S. Ambad and A. S. Shirsat, “A image analysis system to
detect skin diseases,” IOSR Journal of VLSI and Signal Pro-
cessing, vol. 06, no. 5, pp. 17-25, 2016, https://doi.org/10.9790/
4200-0605011725.

N. S. ALKolifi ALEnezi, “A method of skin disease detection
using image processing and machine learning,” Procedia
Computer Science, vol. 163, pp. 85-92, 2019, https://doi.org/
10.1016/j.procs.2019.12.090.

H. Wu, H. Yin, H. Chen et al., “A deep learning, image based
approach for automated diagnosis for inflammatory skin
diseases,” Annals of Translational Medicine, vol. 8, no. 9,
p. 581, 2020, https://doi.org/10.21037/atm.2020.04.39.

J. Liu, W. Wang, J. Chen, G. Sun, and A. Yang, “Classification
and research of skin lesions based on machine learning,”
Computers, Materials & Continua, vol. 62, no. 3, pp. 1187-
1200, 2020, http://www.techscience.com/cmc/v62n3/38348.
Y. Yan, J. Kawahara, and G. Hamarneh, “Melanoma recog-
nition via visual attention, Lecture Notes in Computer Sci-
ence,” in Proceedings of the International Conference on
Information Processing in Medical Imaging, pp. 793-804,
Springer, Hong Kong, China, December 2019.

M. Duan, K. Li, X. Liao, and K. Li, “A parallel multi-
classification algorithm for big data using an extreme learning
machine,” IEEE Transactions on Neural Networks and
Learning Systems, vol. 29, no. 6, pp. 2337-2351, 2018.

X. Sun, J. Yang, M. Sun, and K. Wang, “A benchmark for
automatic visual classification of clinical skin disease images,
Computer Vision - ECCV 2016,” in in Computer Vision
-ECCV 2016Springer International Publishing, New York,
NY, USA, 2016, https://doi.org/10.1007/978-3-319-46466-4_
13.

H. M. Unver and E. Ayan, “Skin lesion segmentation in
dermoscopic images with combination of YOLO and Grab-
Cut algorithm,” Diagnostics, vol. 9, no. 3, p. 72, 2019, https://
doi.org/10.3390/diagnostics9030072.

M. J. Hajgude, A. Bhavsar, H. Achara, and N. Khubchandani,
“Skin disease detection using image processing with data
mining and deep learning,” International Research Journal of
Engineering and Technology (IRJET), vol. 6, no. 4, pp. 4363—
4366, 2019.

L. S. Vineela, G. T. R. Sankar, K. N. Prasanth, K. Vamsidhar,
and S. G. R. Krishna, “Skin cancer detection using region
based segmentation,” International Journal of Innovative
Science, Engineering ¢ Technology, vol. 6, no. 4, pp. 42-46,
2019.

C. L. Aruta, C. R. Calaguas, J. K. Gameng, M. V. Prudentino,
A. Anthony, and C. Lubaton, “Mobile-based medical assis-
tance for diagnosing different types of skin diseases using
case-based reasoning with image processing,” vol. 3, no. 3,
pp. 115-118, 2015.

D. A. Okuboyejo, O. O. Olugbara, and S. A. Odunaike,
“Automating skin disease diagnosis using image classifica-
tion,” Proceedings of the World congress on Engineering and
Computer Science, vol. 2, pp. 850-854, 2013.

M. Manerkar, U. Snekhalatha, S. Harsh, J. Saxena, S. Sarma,
and M. Anburajan, “Automated skin disease segmentation
and classification using multi-class SVM classifier,” in Pro-
ceedings of the 3rd International Conference on Electrical,
Electronics, Engineering Trends, Communication, Optimiza-
tion and Sciences (EEECOS 2016), Institution of Engineering
and Technology, Tadepalligudem, India, June 2016, https://
doi.org/10.1049/cp.2016.1528.


https://doi.org/10.1371/journal.pntd.0002168
https://doi.org/10.1371/journal.pntd.0002168
https://doi.org/10.1177/0300060519873490
https://doi.org/10.1177/0300060519873490
https://www.webmd.com/skin-problems-and-treatments/picture-of-the-skin
https://www.webmd.com/skin-problems-and-treatments/picture-of-the-skin
https://www.medicinenet.com/skin/definition.htm
https://www.medicinenet.com/skin/definition.htm
https://derma.plus/en/skin-cancer-index-2018/
https://derma.plus/en/skin-cancer-index-2018/
https://doi.org/10.9790/4200-0605011725
https://doi.org/10.9790/4200-0605011725
https://doi.org/10.1016/j.procs.2019.12.090
https://doi.org/10.1016/j.procs.2019.12.090
https://doi.org/10.21037/atm.2020.04.39
http://www.techscience.com/cmc/v62n3/38348
https://doi.org/10.1007/978-3-319-46466-4_13
https://doi.org/10.1007/978-3-319-46466-4_13
https://doi.org/10.3390/diagnostics9030072
https://doi.org/10.3390/diagnostics9030072
https://doi.org/10.1049/cp.2016.1528
https://doi.org/10.1049/cp.2016.1528

12

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

R. Sumithra, M. Suhil, and D. S. Guru, “Segmentation and
classification of skin lesions for disease diagnosis,” Procedia
Computer Science, vol. 45, pp. 76-85, 2015, https://doi.org/10.
1016/j.procs.2015.03.090.

J. Boman and A. Volminger, Evaluating a Deep Convolutional
Neural Network for Classification of Skin Cancer,” Ph.D.
Dissertation, School of Electrical Engineering and Computer
Science, KTH ROYAL INSTITUTE OF TECHNOLOGY,
Stckkholm, Sweden, 2018.

T. Shanthi, R. S. Sabeenian, and R. Anand, “Automatic di-
agnosis of skin diseases using convolution neural network,”
Microprocessors and Microsystems, vol. 76, 2020 https://doi.
0rg/10.1016/j.micpro.2020.103074, Article ID 103074.

N. Hameed, A. M. Shabut, and M. A. Hossain, “Multi-class
skin diseases classification using deep convolutional neural
network and support vector machine,” in Proceedings of the
2018 12th International Conference on Software, Knowledge,
Information Management & Applications (SKIMA), IEEE,
Phnom Penh, Cambodia, December 2018, https://doi.org/10.
1109/skima.2018.8631525.

L. Bi, J. Kim, E. Ahn, A. Kumar, D. Feng, and M. Fulham,
“Step-wise integration of deep class-specific learning for
dermoscopic image segmentation,” Pattern Recognition,
vol. 85, pp. 78-89, 2019, https://doi.org/10.1016/j.patcog.2018.
08.001.

M. A. Al-masni, M. A. Al-antari, M.-T. Choi, S.-M. Han, and
T.-S. Kim, “Skin lesion segmentation in dermoscopy images
via deep full resolution convolutional networks,” Computer
Methods and Programs in Biomedicine, vol. 162, pp. 221-231,
2018, https://doi.org/10.1016/j.cmpb.2018.05.027.

Y. Yuan and Y.-C. Lo, “Improving dermoscopic image seg-
mentation with enhanced convolutional-deconvolutional
networks,” IEEE Journal of Biomedical and Health Infor-
matics, vol. 23, no. 2, pp. 519-526, 2019.

A. Budhiman, S. Suyanto, and A. Arifianto, “Melanoma
cancer classification using ResNet with data augmentation,” in
Proceedings of the International Seminar on Research of In-
formation Technology and Intelligent Systems (ISRITI),
pp- 17-20, Yogyakarta, Indonesia, December 2019.

B. Py, K. Li, S. Li, and N. Zhu, “Automatic fetal ultrasound
standard plane recognition based on deep learning and iiot,”
IEEE Transactions on Industrial Informatics, vol. 17, no. 11,
pp. 7771-7780, 2021.

D. Cao, K. Zeng, J]. Wang et al., “Bert-based deep spatial-
temporal network for taxi demand prediction,” IEEE Trans-
actions on Intelligent Transportation Systems, 2021.

V. Sampath, I. Maurtua, J. J. A. Martin, and A. Gutierrez, “A
survey on generative adversarial networks for imbalance
problems in computer vision tasks,” Journal of Big Data,
vol. 8, no. 1, 2021, https://doi.org/10.1186/s40537-021-00414-
0.

H. Rashid, M. A. Tanveer, and H. A. Khan, “Skin lesion
classification using GAN based data augmentation,” in Pro-
ceedings of the 41st Annual International Conference of the
IEEE Engineering in Medicine and Biology Society (EMBC),
IEEE, Berlin, Germany, July 2019, https://doi.org/10.1109/
embc.2019.8857905.

T. Mendonga, P. M. Ferreira, J. S. Marques, A. R. S. Marcal,
and J. Rozeira, “PH?- a dermoscopic image database for
research and benchmarking,” in Proceedings of the 35th
Annual International Conference of the IEEE Engineering in
Medicine and Biology Society (EMBC), pp. 5437-5440, Osaka,
Japan, July 2013.

(35]

[36

(37

(38]

[39

(40]

(41

(42

(43

(44

(45

(46]

[47

(48]

Computational Intelligence and Neuroscience

J. Yang, X. Sun, J. Liang, and P. L. Rosin, “Clinical skin lesion
diagnosis using representations inspired by dermatologist
criteria,” in Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition, IEEE, Salt Lake
City, UT, USA, June 2018, https://doi.org/10.1109/cvpr.2018.
00137.

P. A. Lio and P. Nghiem, H. Peter Soyer, M. D Vincenzo De
Giorgio, M. D Domenico Piccolo et al., Interactive Atlas of
dermoscopy: giuseppe argenziano,” Journal of the American
Academy of Dermatology, vol. 50, no. 5, pp. 807-808, 2004,
https://www.sciencedirect.com/science/article/pii/
$50190962203033358.

L. sheng Wei, Q. Gan, and T. Ji, “Skin disease recognition
method based on image color and texture features,” Com-
putational and Mathematical Methods in Medicine,
vol. 201810 pages, 2018, https://doi.org/10.1155/2018/
8145713, Article ID 8145713.

S. S. Yadav and S. M. Jadhav, “Deep convolutional neural
network based medical image classification for disease di-
agnosis,” Journal of Big Data, vol. 6, no. 1, https://doi.org/10.
1186/s40537-019-0276-2, 2019.

J. Wang, Y. Yang, T. Wang, R. S. Sherratt, and J. Zhang, “Big
data service architecture: a survey,” Journal of Internet
Technology, vol. 21, pp. 393-405, 2020.

A. Udrea and G. D. Mitra, “Generative adversarial neural
networks for pigmented and non-pigmented skin lesions
detection in clinical images,” in Proceedings of the 2017 21st
International Conference on Control Systems and Computer
Science (CSCS), pp. 364-368, Bucharest, Romania, May 2017.
G. Lim, P. Thombre, M. L. Lee, and W. Hsu, “Generative data
augmentation for diabetic retinopathy classification,” in
Proceedings of the IEEE 32nd International Conference on
Tools with Artificial Intelligence (ICTAI), pp. 1096-1103,
Baltimore, MD, USA, November 2020.

I.J. Goodfellow, J. Pouget-Abadie, M. Mirza et al., “Generative
adversarial nets,” in Proceedings of the 27th International
Conference on Neural Information Processing Systems - Vol-
ume 2, ser. Nips'14, pp. 2672-2680, MIT Press, Cambridge,
MA, USA, November 2014.

N. Srivastava, G. Hinton, A. Krizhevsky, I. Sutskever, and
R. Salakhutdinov, “Dropout: a simple way to prevent neural
networks from overfitting,” Journal of Machine Learning
Research, vol. 15, no. 1, pp. 1929-1958, jan 2014.

T. Dozat, “Incorporating nesterov momentum into Adam,” in
Proceedings of the Workshop Track - ICLR 2016, pp. 1-4,
OpenReview, San Juan, Puerto Rico, May 2016.

A. Tato and R. Nkambou, “Workshop track -iclr 2018 im-
proving adam optimizer,” 2018, http://rgdoi.net/10.13140/RG.
2.2.21344.43528.

M. Heenaye-Mamode Khan, N. Boodoo-Jahangeer,
W. Dullull et al., “Multi- class classification of breast cancer
abnormalities using deep convolutional neural network
(CNN),” PLOS ONE, vol. 16, no. 8, https://doi.org/10.1371/
journal.pone.0256500, Article ID €0256500, 2021.

X.Yi, E. Walia, and P. Babyn, “Generative adversarial network
in medical imaging: a review,” Medical Image Analysis, vol. 58,
2019 https://doi.org/10.1016/j.media.2019.101552, Article ID
101552.

S. Basheer, K. K. Nagwanshi, S. Bhatia, S. Dubey, and
G. R. Sinha, “FESD: an approach for biometric human
footprint matching using fuzzy ensemble learning,” IEEE
Access, vol. 9, pp. 26 641-26 663, 2021.


https://doi.org/10.1016/j.procs.2015.03.090
https://doi.org/10.1016/j.procs.2015.03.090
https://doi.org/10.1016/j.micpro.2020.103074
https://doi.org/10.1016/j.micpro.2020.103074
https://doi.org/10.1109/skima.2018.8631525
https://doi.org/10.1109/skima.2018.8631525
https://doi.org/10.1016/j.patcog.2018.08.001
https://doi.org/10.1016/j.patcog.2018.08.001
https://doi.org/10.1016/j.cmpb.2018.05.027
https://doi.org/10.1186/s40537-021-00414-0
https://doi.org/10.1186/s40537-021-00414-0
https://doi.org/10.1109/embc.2019.8857905
https://doi.org/10.1109/embc.2019.8857905
https://doi.org/10.1109/cvpr.2018.00137
https://doi.org/10.1109/cvpr.2018.00137
https://www.sciencedirect.com/science/article/pii/S0190962203033358
https://www.sciencedirect.com/science/article/pii/S0190962203033358
https://doi.org/10.1155/2018/8145713
https://doi.org/10.1155/2018/8145713
https://doi.org/10.1186/s40537-019-0276-2
https://doi.org/10.1186/s40537-019-0276-2
http://rgdoi.net/10.13140/RG.2.2.21344.43528
http://rgdoi.net/10.13140/RG.2.2.21344.43528
https://doi.org/10.1371/journal.pone.0256500
https://doi.org/10.1371/journal.pone.0256500
https://doi.org/10.1016/j.media.2019.101552

Computational Intelligence and Neuroscience

(49]

(50

[51

(52]

[53

(54]

(55]

[56

(57]

M. D. Bloice, C. Stocker, and A. Holzinger, “Augmentor: an
image augmentation library for machine learning,” 2017,
https://arxiv.org/abs/1708.04680.

A. Mikolajczyk and M. Grochowski, “Data augmentation for
improving deep learning in image classification problem,” in
Proceedings of the 2018 International Interdisciplinary PhD
Workshop (IIPhDW), pp. 117-122, Poland, Europe, May 2018.
H. Chougrad, H. Zouaki, and O. Alheyane, “Deep convolu-
tional neural networks for breast cancer screening,” Computer
Methods and Programs in Biomedicine, vol. 157, pp. 19-30,
2018, https://doi.org/10.1016/j.cmpb.2018.01.011.

K. Simonyan and A. Zisserman, “Very deep convolutional
networks for large-scale image recognition,” 2014, https://
arxiv.org/abs/1409.1556.

P. Sedigh, R. Sadeghian, and M. T. Masouleh, “Generating
synthetic medical images by using gan to improve cnn per-
formance in skin cancer classification,” in Proceedings of the
2019 7th International Conference on Robotics and Mecha-
tronics (ICRoM), pp. 497-502, Tehran, Iran, November 2019.
K. W. Lee and R. K. Y. Chin, “The effectiveness of data
augmentation for melanoma skin cancer prediction using
convolutional neural networks,” in Proceedings of the IEEE
2nd International Conference on Artificial Intelligence in
Engineering and Technology (IICAIET), pp. 1-6, Kota Kin-
abalu, Malaysia, September 2020.

T.-C. Pham, C.-M. Luong, M. Visani, and V.-D. Hoang,
“Deep CNN and data augmentation for skin lesion classifi-
cation,” in Intelligent Information and Database Systems.
ACIIDS 2018. Lecture Notes in Computer Science, N. Nguyen,
D. Hoang, T. P. Hong, H. Pham, and B. Trawinski, Eds.,
vol. 10752, Cham, Switzerland, Springer, 2018.

E. Ayan and H. M. Unver, “Data augmentation importance
for classification of skin lesions via deep learning,” in Pro-
ceedings of the Electric Electronics, Computer Science, Bio-
medical Engineerings’ Meeting (EBBT), pp. 1-4, Istanbul,
Turkey, April, 2018.

M. S. Ali, M. S. Miah, J. Haque, M. M. Rahman, and
M. K. Islam, “An enhanced technique of skin cancer classi-
fication using deep convolutional neural network with
transfer learning models,” Machine Learning with Applica-
tions, vol. 5, 2021 https://doi.org/10.1016/j.mlwa.2021.100036,
Article ID 100036.

13


https://arxiv.org/abs/1708.04680
https://doi.org/10.1016/j.cmpb.2018.01.011
https://arxiv.org/abs/1409.1556
https://arxiv.org/abs/1409.1556
https://doi.org/10.1016/j.mlwa.2021.100036

