[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-30]

[ DOI: 10.61186/jsdp.21.2.79]

odLlaiwl b g Yo paw Haglas (A0
o 93 (J2oa Groe (5 05 S )

" pmas glwal Jezo I ians Mo dis s Oligy
Ol 00,5 3 00,5 e oSy (oo 5 (538 BASIS ¢ gealS (ciige iyl (pulis 57
Olrl 0,5 50 00,5 e oSty ¢ pwiige 5 (538 BASEIS ¢ Fgeals pwiiges 09,5 jlolil T
Olrl 05 50 00,5 e oSty (o 5 (538 BASEIIS ¢ Fgrpals (cwiges 09,5 HletilsT

oS>

Olared Wilgi oo @Bgody (andld b &5 widud (oaduy GLodg S0 (B g s 9 S LieS (S O I (S
Sliday Cowgy plbyw (b pglai Guied) slp (awgd (rex Gaoe S5Ok gy S Mg (nl 50 Wil Hpée
S 5 sl CatBoost v 55 51 gedaws 12 30 (o 9 Camlouils ooliiw! zbaw 90 10 Gwos 550l 31 (Golpsuion Juwo jo .05 o0
T oo duglio (rivy arlivo o9y 9 Al ST Guoe oAl b (g3loiudion Joo gulis -3940 o0 0dliiw] L Juko (s
SIS 2 50 a4z (golduiny Juo 9 Shos 3,18 Cowgy (sl yw prglai Guies) 53 (5 ke 8 5o (3leiioy Joo 45 wa3 oyl
VGG-Ensemble ;| oolisuw! a5 oud 0815 yLis (ruiomod .Cawlod gy yis Joiwno Gwos (5 u50b sl Juw oolod 31 JS )0 az g b WS
Sgadet i S g2 50 1y o 0,Shas ( xbusgd azze o JuSid g CatBoost oS4y o b oS 5 g (ol gy JUS 50

Cawlodld

A et a5 (Cawgy Gl juw (20 (6 SOl (Baos (5 S OL 1 gulS (55l

Classification of skin cancer images using two-level
ensemble deep learning

Pouyan Jaberi', Shahla Nemati*?, Mohammad Ehsan Basiri3

Master Student, Department of Computer Engineering, Shahrekord University, Iran?
Assistant Professor, Department of Computer Engineering, Shahrekord University, Iran?
Associate Professor, Department of Computer Engineering, Shahrekord University, Iran®

Abstract

Today, despite the tremendous advances in medical science and technology, access to a specialist doctor
is still considered a major challenge. This challenge is of great importance for diseases such as cancer.
Skin cancer is the 13th most common cancer in men and the 15th most common cancer in women. While
some skin problems are benign and harmless, some of them can be malignant masses, which will remain
harmless if they are diagnosed in time. When consulting a specialist doctor may be time-consuming and
expensive, an intelligent system can be a fast alternative or, at least, an efficient preliminary treatment
solution. For skin cancer, such intelligent system may utilize the images of suspicious skin masses labeled
according to their benign or malignant state by specialist physicians. These labeled images are useful for
training intelligent systems which should diagnose the potential problems in unseen new images.

In this research, a novel deep learning-based approach is proposed for the problem of classifying skin
cancer images into two categories of benign and malignant images. In the proposed model, powerful
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deep learning models for image classification including VGG, ResNet, and Inception are used in two
levels. Specifically, we formed two ensembles; VGG ensemble which consists of VGG-16 and VGG-19
models and ResNet ensemble which consists of ResNet152, ResNet50, and Inception models. CatBoost
algorithm is used in each level to combine the models on that ensemble. Finally, at the next level, two
ensembles were combined using the CatBoost algorithm. The proposed ensemble model tries to improve
the accuracy and consistency of the results by aggregating the deep models at its two levels. In order to
show the utility of the proposed model, a subset of ISIC public dataset for skin cancer images is used for
training and evaluation of models. The performance of the proposed ensemble model is compared with
several deep neural networks and previous similar researches. Specifically, we compared the results
achieved by the proposed model with those obtained by existing similar deep models and those used as
building blocks of the proposed model. The results show that the proposed model performs better in
classifying skin cancer images. The performance of the proposed model, both in each of the classes and
in general, has been better than all independent deep learning models. It has also been shown that using
VGG ensemble along with this proposed model by combining its results with the help of CatBoost and
forming a two-level ensemble has improved its independent performance in each class.

Keywords: Deep Learning, Ensemble Learning, Skin Cancer, Benign, Malignant.
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