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Abstract: Over the last decades, the incidence of skin cancer, melanoma and non-melanoma,has increased at a continuous rate.
In particular for melanoma, the deadliest type of skin cancer, early detection is important to increase patient prognosis.
Recently, deep neural networks (DNNs) have become viable to deal with skin cancer detection. In this work, we present a
smartphone-based application to assist on skin cancer detection. This application is based on a Convolutional Neural Network
(CNN) trained on clinical images and patients demographics, both collected from smartphones. Also, as skin cancer datasets are
imbalanced, we present an approach, based on the mutation operator of Differential Evolution (DE) algorithm,to balance data.
In this sense, beyond provides a flexible tool to assist doctors on skin cancer screening phase, the method obtains promising
results with a balancedaccuracy of 85% and a recall of 96%. Index Terms—skin cancer detection, smartphone application, deep
learning, convolutional neural network

I. INTRODUCTION
The skin cancer occurrence, melanoma and non-melanoma, has increased at a constant rate over the last decades. The World Health
Organization (WHO) estimates that 2-3 million non-melanoma cancers and 132,000 melanomas occurevery year in the world . The
presence of skin cancer is strongly related to the incidence of ultraviolet radiation caused by sunlight exposure. Due to the lack of
pigmentation, caucasian people are under the highest risk. Early detection is important to increase patient prognosis [1-8].
Several computer-aided diagnoses (CAD) have been pro- posed to tackle automated skin cancer detection. Nowadays, most
approaches are based on Convolutional Neural Networks (CNN) trained on dermoscopy images. However, in emerging countries
such as Brazil, in particular in the countryside there is a lack of dermatologists and dermatoscopes, which constraints the use of a
CAD system based on dermoscopy images. In this context, smartphones may be useful devices to handle this problem. According to
the Ericsson report in 2019 the total number of maobile subscriptions around the world was around 8 billion. In Brazil, a medical
device that magnifies the lesion for better visualization around 78% of the population have their own smartphone. Therefore, a
smartphone-based application to assist clinicians to diagnose skin cancer during the screening process seems to befeasible [9-12].
Proposed a deep learning model based on convolutional neural network (CNN) for Android platforms. Their model was tested on the
grand challenge PHDB melanomadataset and outperformed the known baseline model in terms of accuracy and computational
efficiency. presented an iOS mobile application for skin cancer also using a CNN. The model was trained on the HAM10000
dataset, which contains 10,000 dermoscopy images clustered into different types of skin lesions [13-16].

Il. PROBLEM STATEMENT
There are many types of human cancers, the most common type of these cancers isthe skin cancer. It is severe among the faired-
skinned population in Europe, North America, and Australia.
There are two major types of skin cancer, name malignant melanoma and non-melanoma basal cell, squamous cell, and Markel cell
carcinomas, etc. Melanoma is more dangerous and can be fatal if not treated. If melanoma is detected in its early stages, it is highly
curable, yet advanced melanoma is lethal.
But the diagnostic processes have some disadvantages which can be analyzed andimproved upon.
The main diagnostic for this type of situation is to get a biopsy test but there liesthe problems which can be addressed.

Biopsy normally scrapes of a portion of the skin tissue for examination whichcould lead to some possible complications which are:
1) Excessive bleeding (hemorrhage)

2) Infection

3) Puncture damage to nearby tissue or organs

4)  Skin numbness around the biopsy site.
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I1l. PROPOSED SYSTEM
CNN or the convolutional neural network (CNN) is a class of deep learning neural networks. In short think of CNN as a machine
learningalgorithm that can take in an input image, assign importance (learnableweights and biases) to various aspects/ objects in the
image, and be able to differentiate one from the other.

CNN works by extracting features from the images. Any CNN consists of thefollowing:

1) Theinput layer which is a grayscale image

2) The Output layer which is a binary or multi-class labels

3) Hidden layers consisting of convolution layers, RELU (rectified linear unit) layers, the pooling layers, and a fully connected
Neural Network

It is very important to understand that ANN or Artificial Neural Networks, made up of multiple neurons is not capable of extracting
features from the image. This is where a combination of convolution and pooling layers comes into the picture. Similarly, the
convolution and pooling layers can’tperform classification hence we need a fully connected Neural Network.

Before we jump into the concepts further let’s try and understandthese individual segments separately.

Image features}- 1 Combination [Emr|_l Clinical informati

'

Clinical image

Image feature extractor Feature reducer [lassifier
Convolutional and pooling layers Reduced features

Fig.1: Proposed architecture of CNN

V. EXPERIMENTAL RESULTS
A. TestResults

random
cv2
upload(filename):
img cv2.imread(os.path.join(train_dir, filename))
img cv2.resize(img, (224, 224) )
img img /255
img

pre_result(image):
x = model.predict(np.asarray([img]))[0]

classx = np.argmax(x)
{Labels[classx]: x[classx]}
images = random.sample(validation_generator.filenames, 16)

idx, filename enumerate(images):

img = upload(filename)

prediction = pre_result(img)

print("class: %s, confidence: %f" % (list(prediction.keys())[0], list(prediction.values())[0]))
plt. imshow(img)

plt.figure(idx)

plt.show()
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V. CONCLUSION AND FUTURE STUDY

In this paper, we presented a smartphone based application to support the diagnostic of skin cancer using convolutional neural
networks. The results obtained with clinical information presentsan average balanced accuracy of 85% and a recall of 96%. The study
of the impact of clinical information has shown that clinical information is relevant to cancer detection and recall in about 1.4%,
1.1% and 2.4%, respectively. since it improved on average the balanced accuracy, precis-Regarding the data balancing approach,
the weighted loss function presented the best results but the approach based on the mutation operator of differential evolution is
competitive. It is worth mentioning thatthese results are promising but yet preliminary since our collected dataset is small. The next
phase consists of applying this approach to a real world scenario to assist doctors in the screening process. We also continue to collect
more data to improve our results.
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