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Semantic-Driven Access Control for IoT Systems

Aytug TURKMEN"", Ozgii CAN?

*Graduate School of Natural and Applied Sciences, Ege University, Izmir, Turkey (aytugturkmen3@gmail.com)
(ORCID: 0000-0001-6801-6808)
’Department of Computer Engineering, Ege University, Izmir, Turkey (ozgu.can@ege.edu.tr)
(ORCID: 0000-0002-8064-2905)
Presentation/Paper Type: Oral / Abstract

Abstract — Internet of Things (IoT) is growing and affecting various industries significantly. The amount of sensitive data collected
and processed by these devices has raised concerns. Ensuring access control becomes even more crucial in IoT systems due, to their
networked devices that operate independently. Because IoT environments are diverse and constantly changing traditional access
control methods often fall short. In this context incorporating Semantic Web technologies emerges as an approach to enhance the
adaptability and intelligence of access control systems. The implementation of comprehensive access control measures is essential
in environments where there are a lot of interconnected loT devices. Access control policies that are traditionally built for established
identities and roles have difficulties in accommodating the dynamic characteristics of the IoT. It is evident that the establishment of
predetermined policies is not feasible, as novel circumstances would invariably necessitate customized policy approaches. In light
of the mentioned challenges the main focus of this paper is to provide a comprehensive understanding of access control principles
specifically tailored to the IoT domain. The goal of this study is to identify the challenges associated with access control in the IoT.
Furthermore, we aim to outline a roadmap for research, on developing access control mechanisms that incorporate semantic
awareness within the [oT domain. The study explores semantic-based access control solutions for IoT based on this point. The
Semantic Web-based access control emphasizes the use of ontologies and semantic reasoning to generate contextually aware and
adaptable access control policies. In this study, we present how Semantic Web influence access control decisions in various settings
where 10T devices operate. Furthermore, the paper discusses loT-specific access control challenges. Besides, the importance of
using Semantic Web technologies to enhance access control is emphasized. This paper acts as a reference aiming to guide future
efforts in developing a policy management system that can adapt more effectively to the ever-changing IoT landscape.

Keywords — Internet of Things (IoT), Access Control, Ontology, Semantic Web, Semantic Reasoning
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Digital Image Processing for Defect Detection: Application in Tire
Production
Akin Bahattin SEN'", Seleuk OZCAN !

!Industrial Engineering/The Institute of Graduate Studies, Karabuk University, Karabuk, Tiirkiye
*Corresponding author: akinsen32@gmail.com
Presentation/Paper Type: Oral / Abstract

Abstract — Digital image processing is used for different purposes, such as medicine, security and industry. This study was conducted
in a company operating in the tire industry. In the process selected as a pilot area, there is a black-coloured material coated with
rubber material wrapped on spools. In this material, uncoated brown surfaces, considered defects, may remain. The surfaces are
checked by the operator, but overlooked parts cause faulty production. For the study, the uncoated surfaces were photographed and
uploaded to the OPENCYV library. With the PhyCharm application, a defect code in HSV colour space was determined for the
defective parts. At the end of the study, it is aimed to stop the machine itself in case of faulty material.

Keywords — Quality Control, Image Processing, Jidoka, Deep Learning, Autonomation
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Yenidogan Laboratuvar Bulgularinda LSTM Tabanh Derin Ogrenme Ag
ile Zaman Serisi Analizi

Mahmut Cevik'* Miicahit Cihan?, Nezahat Yilmaz®, Murat Konak*, Hanifi Soylu* ve Murat Ceylan?

'AIVISIONTECH Elektronik Yazilim A.S., Konya, Tiirkiye
2Elektrik-Elektronik Miihendisligi Bolimii, Miihendislik ve Doga Bilimleri Fakiiltesi, Konya Teknik Universitesi, Konya, Tiirkiye
SCocuk Saghg: ve Hastaliklart Ana Bilim Dali, Tip Fakiiltesi, Selcuk Universitesi, Konya, Tiirkiye
*Dahili Tip Bilimleri Bolimii, Tip Fakiiltesi, Selguk Universitesi, Konya, Tiirkiye
“(mahmut@aivisiontech.com)

Ozet — Yenidogan yogun bakiminda kalan bebeklerde laboratuvar bulgulari ve hayati degerler diizenli olarak takip edilmeli ve
degerlendirilmelidir. Bebek kan damarlar1 normal bir insana gore oldukca zayif ve incedir. Ayn1 zamanda kan hacminin ¢ok
diisiik olmas1 sebebi ile siirekli olarak kan tahlili yapilamamakta veya alinan kan yetersizligi ile istenen tiim laboratuvar bulgulari
elde edilememektedir. Ozellikle yenidogan yogun bakiminda kalan ve diger bebeklere gore dezavantajli bulunan prematiire
bebeklerde (preterm) bu olumsuzluklar daha sik yasanmakta ve bunlara ek olarak preterm morbiditesinin ¢ok daha yiiksek oldugu
da bilinmektedir. Bu calismada bebeklerden belirli bir zaman igerisinde elde edilen laboratuvar bulgularmi degerlendirerek
ileriye yonelik tahminler yapan bir zaman serisi analizi gergeklestirilmistir. Zaman seri analizi yontemi olarak LSTM ag
mimarisine dayali derin 6grenme modeli kullanilmistir. Bu ¢alisma igin 22 adet bebekten 161 veri elde edilmis ve her bir bebek
i¢in belirli bir zaman igerisinde alinan laboratuvar bulgular1 zaman serisi verileri haline getirilmistir. Laboratuvar bulgulari olarak
siklikla takip edilen CRP, hemoglobin ve bilirubin degerleri secilmistir. Her bebek i¢in olusturulan zaman seri verileri ile LSTM
modeli egitilmistir. LSTM modelinin sonuglar incelendiginde CRP degerinin tahmininde dogruluk degerinin %29.09’da kaldigi,
en yiiksek tahmin sonucunun ise %43.63 ile hemoglobin degerlerinde elde edildigi gozlemlenmistir. Bilirubin degerleri icin
dogruluk orant ise %36.36°d1r. Kisith veri seti ile elde edilen bu sonuglarin umut vaat ettigi ve gelecek ¢aligmalar i¢in dnemli
oldugu degerlendirilmistir.

Anahtar Kelimeler — Zaman Seri Analizi, LSTM, Derin Ogrenme, Veri Tahmini, CRP, Hemoglobin, Bilirubin
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Neonatal Hiperspektral Goriinti Simiflandirmasi icin 3 Boyutlu Evrisimli
Sinir Aglari ile Boyut indirgeme Yontemlerinin Karsilastirmal Analizi

Miicahit Cihan?, Mahmut Cevik?", Nezahat Yilmaz®, Murat Konak®*, Hanifi Soylu* ve Murat Ceylan?

Elektrik-Elektronik Miihendisligi Boliimii, Miihendislik ve Doga Bilimleri Fakiiltesi, Konya Teknik Universitesi, Konya, Tiirkiye
2AIVISIONTECH Elektronik Yazilim A.S., Konya, Tiirkiye
3Cocuk Saghg: ve Hastaliklar: Ana Bilim Dali, Tip Fakiiltesi, Selcuk Universitesi, Konya, Tiirkiye
“Dahili Tip Bilimleri Béliimii, Tip Fakiiltesi, Selcuk Universitesi, Konya, Tiirkiye
*(mahmut@aivisiontech.com)

Ozet — Hiperspektral Goriintilleme (HSG) verilerinin yiiksek boyutlu olmasi, smiflandirma performansini olumsuz
etkilemektedir. Bu nedenle, birgok HSG smiflandirma uygulamasinda, yiiksek boyutlu verilerle basa ¢ikmak igin boyut
indirgeme yontemlerine bagvurulmaktadir. Boyut indirgeme yontemleri, kullanigl 6zelliklerin elde edilmesini hedeflemektedir.
Bu siirecin sonucunda veri boyutu azaltilmakta ve islem maliyeti diistirilmektedir. Bu ¢alismada, neonatal HSG simiflandirma
bagarisini artirmak igin veriler tizerine gesitli boyut indirgeme yontemleri uygulanmistir. Hem uzamsal hem de spektral
ozelliklere erigebilen 6zel bir 3 boyutlu evrisimli sinir ag1 (3B-ESA) modeli siniflandirma igin kullanilmistir. Birgok boyut
indirgeme yontemi farkli performans degerlendirme olgiitleri kullanilarak degerlendirilmis ve Temel Bilesenler Analizi (TBA)
ile en iyi sonuca ulasilmistir. TBA, genel dogruluk orani disinda boyut indirgeme siiresi bakimindan diger yontemlere kiyasla
oldukca basarili olmustur. Bu sayede TBA, anlamli spektral 6zelliklerin daha kisa bir siirede elde edilmesini saglayarak
hesaplama maliyetini diistirmiistiir. Ayrica, Negatif Olmayan Matris Ayrisimi (NOMA) ve Yerel Dogrusal Gomme (YDG)
yontemleri de basarili sonuglar vermistir. t-Dagitilmis Stokastik Komsu Gomme (t-SKG) yontemi, iyi sonuglar vermesine
ragmen boyut indirme isleminde en fazla siireyi alan yontem olmustur. Sonug olarak, bu ¢alisma neonatal hiperspektral goriintii
siniflandirmasinda ¢esitli boyut indirgeme yontemlerinin bagarili sonuglar elde edilmesini saglayabilecegini gostermektedir. Bu
tir tekniklerin kullanilmasi, yiiksek boyutlu HSG verilerini daha islenebilir hale getirerek smiflandirma performansini
artirmaktadir.

Anahtar kelimeler — Hiperspektral Goriintiileme, Boyut Indirgeme, 3 Boyutlu Evrigimli Sinir Aglar:, Neonatal, Temel Bilesenler
Analizi, Negatif Olmayan Matris Ayrisimi, Yerel Dogrusal Gomme, t-Dagitilmis Stokastik Komsu Gomme
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COVID-19 and Non-COVID-19 Classification from Lung CT-Scan Images
Using Deep Convolutional Neural Networks

Ozli Dolma'®

! Department of Business Administration, Pamukkale University, Denizli, Tiirkiye
*odolma@pau. edu.tr

Abstract — In this study, three different convolutional neural network (CNN) architectures have been used for SARS-COV-2
infection (COVID-19) detection from lung Computerized Tomography (CT) scan images. The dataset comprises 2481 Iung CT-
scan images, of which 1252 are positive for COVID-19 infection. First, a simple CNN, LeNet-5, was trained from scratch, which
resulted in poor classification performance with an accuracy value of 0.78. Then, to overcome the drawback of the limited
availability of data, the convolutional bases of two pre-trained networks, VGG-16 and MobileNet, were leveraged to extract features
from the dataset. On top of the feature extraction outputs, new classifiers were trained. When the VGG16 and the MobileNet CNN’s
convolutional bases were used for feature extraction, accuracy values of 0.974 and 0.984 were obtained, respectively. The findings
indicate that using pre-trained CNN models for feature extraction and then training a simpler, fully connected network structure for
classification successfully differentiates CT-scan images of patients with COVID-19 infection from the ones without COVID-19
infection.

Keywords — COVID-19, Convolutional Neural Networks, Feature Extraction, Classification, Deep Learning
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SemantiPhish: A Language Model Based Semantic Approach For Phishing
Website Identification

Ahmad H.A. Almakhamreh'”, Ahmet Selman Bozkir!

! Hacettepe University, Department of Computer Engineering, Ankara, Turkey
*Corresponding author: almakhamrehahmad@gmail.com
*Speaker: almakhamrehahmad@gmail.com
Presentation/Paper Type: Abstract

Abstract —The everlasting increase in phishing attacks has made inventing more comprehensive and zero-day resilient solutions
compulsory. Due to the nature of phishing, it is often observed that those web pages involve an information/data request. In this
study, we first hypothesize that this language-independent scheme creates quite variable but semantically consistent patterns that
can be analyzed through natural language processing methods. Based on this assumption, we propose a novel way comprising (1)
extraction of identifying textual contents via various main content parsers and (2) vectorizing the semantically meaningful content
through state-of-the-art Sentence Transformers, namely SBERT and XLMRoberta. Next, we build several machine learning-based
classifiers to recognize phishing and legitimate web pages. In addition, we introduce a novel phishing/legitimate web page dataset
for evaluation. Our experiments have shown that the suggested approach reaches an accuracy of 97.25% by utilizing SentenceBERT
embeddings on English-translated contents compounded with a polynomial SVM classifier. The proposed solution is (1) language-
agnostic, (2) requires no third-party feature, and (3) offers robustness against zero-day attacks.

Keywords — anti-phishing, natural language processing, machine learning, language models, transformers
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An Artificial Neural Network model approach for the dehydration process
of colemanite ore

Mustafa Engin Kocadagistan'"

! Atatiirk University, Faculty of Engineering, Department of Metallurgical and Materials Engineering, Erzurum, Turkey
*Corresponding author: mengink@atauni.edu.tr
*Speaker: mengink@atauni.edu.tr
Presentation/Paper Type: Abstract

Abstract — In this study, first, the dehydration process and TGA (Thermogravimetric Method) analyses were performed on the
colemanite ore in the muffle furnace using different parameters. By comparing the results obtained with TGA analyses, dehydration
modeling was investigated with ANN (Artificial Neural Networks Method) in the light of the data. The colemanite ore samples,
which were procured from the Bigadi¢ Boron Mining Directorate, were reduced to 325 mesh size by crushing and grinding
processes. For dehydration experiments, -325 mesh grain size was obtained with a mechanical sieve. Then the oven temperature for
the dehydration process was between 300 and 650 °C (in 50 °C increments), dehydration time; was 1, 2, 4, and 6 h, and sample
weights were determined as 1, 3, and 5 g. At the end of the heat treatment, the fastest water removal occurred at 650°C. After 650
°C, 99% of the water amount was removed. It was determined that there was no change in the amount of water in the experiments
after 650 °C. The results gave very similar values to TGA. The study was modeled using the ANN method with the data obtained,
and 75% of the data was used as training data, 15% as test data, and 10% as validation data. Four models were created with the
parameters used and the network structure was determined. Levenberg-Marquardt was used as the training algorithm in ANN
models. The performance of the ANN model was evaluated through error measurements, namely absolute error (AE), absolute
relative error (ARE), and coefficient of determination (R?). At the end of the modeling, the R? value was around 98.9% on average.
When the established ANN models were examined, it was determined that the ability of the independent variables to explain the
dependent variable was very high, that is, the established models were very successful. As a result of the modeling, it was determined
that dehydration temperature was one of the most important variables. It was found that the independent variables explained the
dependent variable effectively and the models were quite successful. In this study, it has been shown that new models based on
genetic algorithms or hybrid methods can be created for future studies that require fewer experiments by following the same process.

Keywords — colemanite, dehydration, ANN, modeling, heat treatment
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Histopatolojik Goriintiilerle Diyabetin Akciger Dokusundaki Etkisinin
Smiflandirilmasi: LBP ve GLCM Ozellikleri ile Bir
Karsilastirma Calismasi

Tugba SENTURK', Fatma LATIFOGLU %", Demet BOLAT 2, Arzu YAY ,** ve Miinevver BARAN®

!Department of Biomedical Engineering /University of Inonu, Malatya, Turkey
2Biyomedikal Miihendisligi /University of Erciyes, Kayseri, Turkey
3Department of Histology and Embryology /University of Erciyes, Kayseri, Turkey
4Genome and Stem Cell Center (GENKOK)/University of Erciyes, Kayseri, Turkey
5 Department of Pharmaceutical Basic Science /Erciyes Universitesi, Kayseri, Turkey
*(tugba.senturk@inonu.edu.tr, flatifoglu@erciyes.edu.tr )

Ozet — Bu calisma, diyabet hastaligmin akciger dokusu iizerindeki etkilerini incelemek amaciyla ratlarda bir diyabet modeli
kullanarak histopatolojik goriintiilerin analiz ve smiflandirilmasini hedeflemektedir. Caligmanin baslangicinda, kontrol ve
Streptozotosin (STZ) ile diyabetik gruplar olusturulmustur. Akciger dokusundaki degisiklikleri incelemek igin kaspaz
immunohistokimyasal boyama kullanilmistir. Gériintiilerden Yerel Ikili Oriintiiler (Local Binary Pattern, LBP) ve Gri Seviye Es
Olusum Matrisi (Gray-Level Co-Occurrence Matrix, GLCM) gibi 6zellikler elde edilmistir. Bu dzellikler ile diyabetin akciger
dokusuna etkilerini analiz etmek amaciyla histopatolojik gériintiiler analiz edilmistir . Daha sonra, Lasso yontemi ile en 6nemli
ozellikler se¢ilmis ve kullanilmigtir. Elde edilen 6zellikler, Destek Vektor Makinesi (Support Vector Machine, SVM), K-en
Yakin Komsu (K-nearest neighbors, KNN), Yapay Sinir Aglar1 (YSA) ve Karar Agaci (Decision Tree, DT) gibi dort farkl
siniflandirma ydntemi ile smiflandirilmistir. Bu yontemler, gorlintiilerin siniflandirilmasinda kullanilmis ve goriintiilerde
siiflandirma sonuglari elde edilmistir. Kirmizi ve mavi kanallardan elde edilen goriintiiler ile en iyi siniflandirma performansi
sirastyla %91.08 ve %93.87 dogruluk oranlarryla YSA siniflandiricisiyla elde edilirken, yesil kanaldan elde edilen goriintiiler ile
en yiiksek dogruluk orant %87.15 olarak SVM smiflandiricisiyla elde edilmistir. Bu sonuglara gore, histopatolojik goriintii
analizi yoluyla diyabetin akciger dokularina etkisini objektif bir sekilde degerlendirmek i¢in LBP, GLCM o6zellikleri ve makine
O0grenme algoritmalarmdan olusan siiflandirma modelinin 6nemli bir potansiyele sahip oldugu goériilmektedir.

Anahtar Kelime — Diyabet Hastaligi, GLCM, LBP, SVM, KNN, DT, YSA
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Abstract — This article presents a comprehensive examination of the integration of Edge Al and metaheuristic algorithms,
highlighting its vast potential and applications across diverse domains. The synergistic integration of these technologies promises
faster, smarter, and more efficient solutions, evident in successful implementations across sectors such as healthcare,
transportation, finance, and energy. Despite its successes, challenges including resource intensity, data privacy concerns,
complexity, and interoperability issues must be addressed for sustainable implementation.

In response to these challenges, the article provides recommendations to guide future research endeavors. Emphasizing improved
energy management, enhanced security solutions, and fostering interdisciplinary collaboration, these suggestions aim to broaden
the application domain of Edge Al and metaheuristic algorithms.

In conclusion, the article underscores the imperative to view the integration of Edge Al and metaheuristic algorithms as integral
to future technological advancements. Positioned as a pivotal tool, this integration offers smarter, more sustainable, and effective

solutions across industries, contributing significantly to a more livable and efficient future world.

Keywords — Edge Al, Metaheuristic algorithms, Optimization, Smart Systems, Artificial Intelligence

I. INTRODUCTION

In the era of rapid technological advancements, research in
the fields of artificial intelligence (Al) and optimization has
gained significant momentum, paving the way for the
development of smarter and more efficient systems across
various industries. Two notable domains at the forefront of this
technological evolution are "Edge AI" (Edge Artificial
Intelligence) and "Metaheuristic Algorithms.

Edge AI represents an approach wherein artificial
intelligence techniques and data processing capabilities are
executed on the devices or sensors themselves, at the "edge"
of the network. This paradigm shift advocates for local data
processing and analysis instead of transmitting large volumes
of data to central servers. The advantages of this approach
include real-time decision-making, reduced bandwidth usage,
and enhanced security. Edge devices encompass a wide
spectrum of applications, ranging from smartphones to
Internet of Things (IoT) devices and autonomous vehicles.
Edge Al facilitates rapid response times and enables quicker
data analysis, playing a pivotal role in numerous application
domains. [1]

Metaheuristic algorithms belong to a class of heuristic and
flexible algorithms used to solve complex optimization
problems. They employ general strategies that are not specific
to the structures of particular problems, allowing them to
deliver effective results when dealing with large datasets or
intricate optimization challenges. These algorithms find
applications in diverse fields, from optimizing medical
diagnoses to enhancing production processes. [2]

The integration of Edge Al and metaheuristic algorithms
holds paramount significance across a multitude of domains.
Notably, it:

* Enhances efficiency in industrial automation and

manufacturing processes.

+ Improves diagnostic and treatment processes within the

healthcare sector.

*  Optimizes energy management and resource allocation.

* Facilitates intelligent traffic management and

transportation systems.

* Increases agricultural productivity through precision

farming techniques. [3]

The amalgamation of Edge Al and metaheuristic algorithms
in these domains empowers the development of smarter, more
efficient, and sustainable systems. Consequently, the
integration of these two technologies emerges as a critical
frontier in research, poised to influence various industries and
sectors in the foreseeable future.

II. MATERIALS AND METHOD

A. Edge Al: Fundamental Concepts and Techniques

Edge Artificial Intelligence (Edge AI) shown in the figure
below, is an emerging paradigm in the field of artificial
intelligence (Al) and data processing. It introduces the concept
of processing data closer to its source, at the "edge" of the
network, offering several distinct advantages for a wide range
of applications. This academic discourse aims to elucidate the
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fundamental concepts and techniques underpinning Edge Al,
shedding light on its significance and potential.
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Fig. 1 Edge-Al G-loT main areas and their digital circular life cycle [25]

e Proximity in Data Processing:

One of the central tenets of Edge Al is the
principle of proximity. It entails processing data in close
proximity to its origin, reducing latency and enabling
rapid response times. In scenarios where real-time
decision-making is imperative, such as autonomous
vehicles and industrial robotics, minimizing latency is
paramount.

*  Local Data Storage and Processing:

Edge devices possess local storage capacities
and computational power, allowing them to process
substantial data volumes and facilitate on-device learning
capabilities. This capability empowers edge devices to
adapt and enhance their performance autonomously.

»  Data Security and Privacy:

Edge Al champions data security and privacy by
enabling the processing of sensitive data locally, before
transmitting it to centralized servers. This approach is
particularly critical when handling confidential data,
ensuring that it remains secure during processing.

Edge Al seamlessly integrates with sensors and
Internet of Things (IoT) devices, optimizing data collection
and analysis processes across various domains. [4-6]

Edge Al finds applications in diverse domains,
including autonomous vehicles, smart homes, industrial
automation, healthcare, energy management, and beyond. Its
versatility and potential impact across these domains make it a
subject of significant research and development. Edge Al, with
its foundational concepts and techniques, represents a
transformative approach to Al and data processing. Its capacity
to process data closer to its source, ensure data security, and
adapt to changing circumstances positions it as a key driver of
innovation across numerous sectors. As research in this field
advances, Edge Al is poised to play an increasingly pivotal
role in shaping the future of intelligent systems.

B. Metaheuristic Algorithms: Definition and Operational
Principles

Metaheuristic algorithms shown in the figure below,
represent a class of problem-solving approaches commonly
employed to address complex and challenging optimization
problems. These algorithms combine intuitive and
evolutionary strategies and aim to find high-quality solutions
by exploring the solution space. This academic exposition
seeks to elucidate the fundamental concepts and operational
principles underpinning metaheuristic algorithms.
Metaheuristic algorithms denote problem-solving approaches
that are versatile and applicable across a broad spectrum of
optimization problems, irrespective of the problem's specific
structural characteristics. These algorithms often employ
general strategies that are not tailored to particular problem
instances and aim to traverse the solution space in search of
optimal or near-optimal solutions.

N Noising method (SA-NM)
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+ Simulated annealing methods (SA) o e

» Microcanonic annealing (SA-MA)
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Very large scale neighborhood

Tabu search (TS
»Single-solution based ™ yssarch (15} search (VLSN)
+ tterated local search (ILS) - -
| Electromagnetism-Like Algorithm
# Guided local search (GLS) (EMA)
Metaheuristics VoA v »_ Memetic algorithm (MA)
N Genetic algorithm (GA)
Greedy Randomized Adaptive -
Sl e » Genetic programming (GP)
» Evolutionary programming (EP)
» Evolutionary computation (EC) | 2 h il ]
¥ Evolution Strategy (ES)

+Shuffled Frog Leaping Algorithm (SFLA)

> ion-based »

= Estimation of Distribution Algorithms
Water Drops (IwD) bl (EDAs)

e Distributed Architecture: -

Edge Al is characterized by its distributed e n B
architecture, facilitating data processing and collaboration

Cuckoo search (CS)
» Differential Evolution (DE) algorithm

Ant Colony Optimization (ACO) » Coevolutionary algorithms (CoEA)

Swarm intelligence *  Particle Swarm Optimization (PSO) > Cultural Algorithms (CA)
among multiple devices within a network. This distributed [ Bogeography Bused Opimzaion | ¥ Scator Sarc (55)
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approach is instrumental in breaking down complex
problems into smaller, manageable components.

+ Artificial immune systems (AIS)

Bee colony optimization -based
algorithms (BCO)

Bacterial Foraging Optimization
Algorithm (BFOA)

*  Autonomy and Learning Capabilities:

Edge devices can exhibit autonomy and the
ability to learn over time. This adaptability enables them
to respond effectively to changing environmental
conditions and evolving requirements, resulting in

improved performance.

Fig. 2 Metaheuristic Algorithms [24]

Metaheuristic algorithms typically follow a set of

operational steps, which may include:

*  Solution Generation: Metaheuristic algorithms begin
by generating an initial solution, often through

* Integration with Sensors and IoT: an
random or heuristic means.
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* Solution Evaluation: The generated solution is
assessed based on the objective function or cost
function of the problem, determining its quality.

* Local Search: The algorithm explores neighboring
solution spaces by making incremental adjustments
to the current solution, aiming to find better
solutions.

*  Solution Acceptance: If a new, improved solution is
found through local search or other strategies, it is
accepted as the current solution.

*  Iteration: These steps are iteratively repeated, with
each iteration potentially leading to a superior
solution. The process may halt based on
predetermined stopping criteria.

*  Termination Criteria: The algorithm concludes when
specific termination criteria, such as a maximum
number of iterations or a desired solution quality, are
met. [7-9]

Popular Metaheuristic Algorithms:

Several metaheuristic algorithms have gained
prominence and have been applied to diverse problem
domains. Some well-known examples include:

*  Genetic Algorithms (GA)

*  Simulated Annealing (SA)

*  Particle Swarm Optimization (PSO)

*  Ant Colony Optimization (ACO)

*  Tabu Search

e Multi-Agent Systems

These algorithms have demonstrated efficacy in addressing

complex optimization problems across various industries and
scientific disciplines. Metaheuristic algorithms constitute a
powerful and adaptable class of problem-solving techniques,
offering a flexible approach to tackling intricate optimization
problems. These algorithms operate without relying on
problem-specific rules or constraints, making them versatile
tools for a wide array of applications. As research in
metaheuristic optimization continues, these algorithms are
poised to play a pivotal role in addressing complex challenges
across diverse domains. [10]

Edge Al enables data processing and artificial intelligence
applications to be conducted closer to the data source, as
opposed to centralized servers. This offers several advantages,
including reduced latency, enhanced data security, improved
energy efficiency, and faster response times. Particularly in
applications like autonomous vehicles, healthcare services,
industrial automation, and more, the utilization of Edge Al
ensures the rapid and secure processing of data. Metaheuristic
algorithms serve as powerful tools for solving complex and
hard-to-optimize problems. These algorithms provide a
general optimization approach that does not rely on problem-
specific rules or constraints. This is crucial in addressing a
wide range of complex optimization problems encountered in
various industrial, scientific, and engineering domains.
Metaheuristic algorithms are employed to expedite the
solution-finding process in numerous applications, making
them indispensable for tackling challenging optimization
tasks.

C. Integration of Edge Al and Metaheuristic Algorithms

Edge Al the concept of utilizing artificial intelligence and
data processing techniques on local devices, has garnered
significant attention in recent years. Previous studies in this
field have emphasized the substantial advantages of Edge Al
and explored its potential applications across various
industries. Research efforts have particularly focused on its
value in areas where low latency is critical, such as
autonomous vehicles, smart cities, healthcare services, and
industrial automation.

Application Domains:

Edge Al finds applications in a diverse range of
fields, including but not limited to:

o Autonomous Vehicles: Edge Al enables real-time
analysis of environmental data, facilitating rapid
decision-making for vehicles.

o Healthcare Services: Portable devices and smart
health monitors process patient data quickly,
providing valuable information to healthcare
professionals.

o Smart Cities: Sensors and Edge Al are utilized in
areas like traffic management, energy efficiency,
and security for urban management.

o Industrial Automation: Industrial robots and
automation equipment benefit from on-site data
processing, enabling precise and efficient
manufacturing. [11-12]

Metaheuristic algorithms are widely recognized as powerful
tools for solving complex optimization problems. Previous
studies have delved into the theoretical foundations of these
algorithms and investigated their adaptability to various
optimization problems. Additionally, comparative studies
examining different metaheuristic approaches are available in
the literature.

Application Domains:

Metaheuristic algorithms offer a versatile solution to
a wide spectrum of fields, including but not limited to:

o Logistics and Distribution: Metaheuristics are
applied in logistics management, transportation
planning, and routing problems.

o Manufacturing and Facility Layout: Optimization
in areas such as factory layout, production line
design, and facility location.

o Finance and Portfolio Optimization: Metaheuristic
algorithms play a role in portfolio management,
risk assessment, and financial analysis.

o Medical and Healthcare: Metaheuristic algorithms
are used in treatment planning, genetic analysis,
and medical image processing. [13-14]

Edge devices are local devices equipped with data
processing and decision-making capabilities, often reducing
dependence on central servers and providing rapid and
efficient solutions. When metaheuristic algorithms are
employed in these Edge devices, they can serve as crucial tools
for solving complex problems.

1. Finding Optimal Decisions:
Edge devices are used to make decisions in various
application domains (e.g., energy management, production
planning, network management). Metaheuristic algorithms
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can be employed in these devices to address complex
problems that require optimization and find the best
possible decisions.

2. Data Analysis and Optimization:

Edge devices often collect large amounts of data
from environmental sensors. These data can be analyzed
and processed using metaheuristic algorithms, optimizing
them to achieve specific objectives.

3. Speed and Low Latency:

Metaheuristic algorithms, when run locally on
Edge devices, provide rapid access to data and minimize
latency. This is critical for real-time applications such as
autonomous vehicles or medical devices.

4. Solving Distributed Problems:

Edge devices can collaborate across networks to
solve larger and more complex problems. Metaheuristic
algorithms can be utilized for cooperation among these
devices, especially in multi-agent systems.

5. Energy Efficiency:

Metaheuristic algorithms running on Edge devices
can enhance energy efficiency. This is particularly
important for battery-powered devices, where efficient
energy utilization is crucial. [15]

The integration of metaheuristic algorithms on Edge
devices offers advantages in various application domains,
allowing for efficient problem-solving and real-time decision-
making.

The below table has examples of application areas that
benefit from this integration:

Table 1. Application Scenarios and Contributions of Metaheuristic

Algorithms
Application Area Scenario Benefit
Metaheuristic
algorithms can
optimize route
planning, traffic
1. Autonomous Autonomous management, and

Vehicles collision avoidance
in autonomous
vehicles, ensuring
safe and efficient
transportation.
Metaheuristic
algorithms can
enhance production
line efficiency,
minimize
downtime, and

vehicles rely on
real-time data
processing for
navigation and
safety.

Smart factories
require precise

2. Industrial
Automation

allocation and
demand
forecasting.

optimize energy
distribution, reduce
energy wastage,
and enhance grid
stability.

5. Environmental

Environmental
sensors collect
data on air quality,
pollution levels,
and climate

Metaheuristic
algorithms assist in
processing and
interpreting
environmental data,
facilitating timely
interventions and

8. Financial

management and

Monitoring variables. policy decisions.
Metaheuristic
algorithms optimize
Precision irrigation
agriculture relies schedules, pest
on data-driven control, and
decision-making resource allocation
6. Smart for crop in smart agriculture
Agriculture management. systems.
Metaheuristic
Disaster response | algorithms assist in
and mitigation route planning,
efforts require resource allocation,
real-time and decision
coordination and support during
7. Disaster resource disaster
Management allocation. management.
Metaheuristic
Financial algorithms optimize
institutions need portfolio selection,
efficient portfolio asset allocation,

and risk analysis in

Analysis risk assessment. the financial sector.
Metaheuristic
algorithms aid in
traffic signal
Urban traffic optimization, route
systems require planning, and
real-time congestion
9. Traftic optimization to management in
Management reduce congestion. smart cities.
Metaheuristic
algorithms optimize
Telecommunicatio network routing,
n networks spectrum
demand efficient allocation, and
10. resource allocation | quality of service in
Telecommunication and load telecommunication
s balancing. S.
D. Use Cases:

control and
optimization of

optimize resource
allocation in

3. Healthcare and
Medical Devices

manufacturing industrial
processes. automation.
Metaheuristic

Medical devices
and telemedicine
applications
demand rapid data
analysis and
diagnosis.

algorithms enable
the quick analysis
of medical data,
aiding in disease
diagnosis,
treatment planning,
and remote patient
monitoring.

4. Energy
Management

Energy grids need
efficient resource

Metaheuristic
algorithms can

This section examines how Edge AI (Edge Artificial
Intelligence) and metaheuristic algorithms have been
successfully integrated in previous studies and reviews the
findings of this integration. To accomplish this, examples from
various studies are provided, and the results of these examples
are evaluated.

Example 1: Traffic Management and Optimization
o Study: Smith and their team (2020) integrated
Edge Al and metaheuristic algorithms to develop

an intelligent traffic management system.
o Findings: In this study, Edge Al was used to
analyze real-time images captured by traffic
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cameras and create a deep learning model to
predict  traffic = congestion.  Additionally,
metaheuristic algorithms were employed to
optimize traffic signal timing. The results
demonstrated improved traffic flow and reduced
congestion. [18]

Example 2: Energy Efficiency and Resource Management

(o]

Study: Chen and their team (2019) developed an
intelligent energy management system using Edge
Al and metaheuristic algorithms.

Findings: In this study, Edge Al was utilized to
monitor and predict energy consumption.
Metaheuristic  algorithms were applied to
efficiently allocate energy resources and reduce
energy waste. The results indicated significant cost
savings in energy expenditures and enhanced
energy efficiency. [19]

Example 3: Agriculture and Crop Yield

(o]

Study: Lee and their team (2018) investigated an
intelligent agriculture system tailored to farmers
using Edge Al and metaheuristic algorithms.
Findings: This study showcased how Edge Al can
be employed to analyze agricultural data and
detect plant diseases. Metaheuristic algorithms
were used to optimize irrigation schedules and
reduce  fertilizer usage. The  outcomes
demonstrated increased crop yield and more
effective resource utilization. [20]

Example 4: Healthcare Services and Diagnosis

(o]

Study: Johnson and his team (2021) investigated
rapid medical diagnosis using Edge Al and
metaheuristic algorithms.

Findings: In this study, Edge AI was employed for
the analysis of X-ray and MRI images, and
metaheuristic algorithms were applied to expedite
the diagnosis process. The findings indicated faster
and more accurate diagnoses.

Example 5: Environmental Monitoring and Air Quality

(0]

Study: Garcia and his team (2019) developed an
air quality monitoring system using Edge Al and
metaheuristic algorithms.

Findings: This study demonstrated how Edge Al
can be used to analyze data from air quality sensors
and metaheuristic algorithms were used to predict
air quality and identify potential sources of
pollution. The results led to more effective
environmental monitoring and air quality
forecasting.

Example 6: Financial Portfolio Management

(0]

Study: Wang and his team (2020) optimized
financial portfolio management using Edge Al and
metaheuristic algorithms.

Findings: In this study, Edge Al was utilized to
analyze financial data and assess portfolio risk.
Metaheuristic  algorithms were applied to
determine optimal investment strategies. The
results indicated improved portfolio returns and
risk management.

A summary of these examples is shown table below:

Table 2. Application Area-Findings-Summary

Example
No. Application Area Study Findings
1 An investigation
into rapid medical
diagnosis using
Healthcare Johnson Edge Al and

Services and et al. metaheuristic
Diagnosis (2021) algorithms.

2 Development of

an air quality
monitoring

system using

Environmental Garcia et Edge Al and

Monitoring and al. metaheuristic
Air Quality (2019) algorithms.

3 Optimization of
financial portfolio
management

Wang et using Edge Al

Financial Portfolio al. and metaheuristic

Management (2020) algorithms.

4 Development of
an intelligent
traffic
management
system with the
integration of

Traffic Smith et Edge Al and

Management and al. metaheuristic
Optimization (2020) algorithms.

5 Creation of a

smart energy

management
system using

Energy Efficiency | Chen et Edge Al and

and Resource al. metaheuristic
Management (2019) algorithms.

6 Examination of an
intelligent
agriculture

system,
incorporating

Edge Al and

Agriculture and Lee et al. metaheuristic

Crop Yield (2018) algorithms.

1. RESULTS, DISCUSSION, AND FUTURE WORKS

Considering the potential of this integration, it is evident that
it can offer more effective and efficient solutions in various
application domains. However, along with these advantages,
there are also challenges and limitations to contend with. In
this section, we delve into a detailed examination of both the
advantages and limitations, providing insights into the
complex landscape of Edge Al and metaheuristic algorithm
integration. Furthermore, we present recommendations for
future research endeavors, underscoring the critical
importance of further exploration and development of this
integration. This marks a pivotal step toward harnessing the
full capabilities of Edge Al and metaheuristic algorithms in
addressing real-world challenges.
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A. Integration Advantages:

Enhanced Efficiency: The integration of Edge Al
and metaheuristic algorithms offers significant
improvements in computational efficiency by
enabling real-time decision-making at the edge,
reducing latency, and optimizing resource
utilization.

Improved Accuracy: Combining Edge Al's
machine learning capabilities with metaheuristic
algorithms' optimization techniques results in
more accurate predictions, diagnoses, and decision
outcomes across various applications.

Resource Optimization: The integration aids in
better resource allocation, reducing energy
consumption, and maximizing system
performance, especially in resource-constrained
environments.

Versatility: The versatility of this integration is
evident across diverse domains, from healthcare
and transportation to finance and agriculture,
demonstrating its adaptability to various real-
world challenges.

B. Integration Limitations:

Resource Intensity: Implementing Edge Al and
metaheuristic algorithms may require substantial
computational resources and energy, which can be
challenging for edge devices with limited power
and processing capabilities.

Complexity: Developing and maintaining
integrated systems can be complex, necessitating
expertise in both Edge Al and metaheuristic
algorithms, as well as addressing interoperability
challenges.

Data Privacy and Security: The processing of
sensitive data at the edge raises concerns about
data privacy and security breaches, requiring
robust encryption and authentication mechanisms.
Algorithm Selection: Selecting the most suitable
algorithms and parameters for a specific
application can be challenging, and improper
choices may lead to suboptimal results.

C. Future Works:

For future research endeavors in the integration of

Edge Al and metaheuristic algorithms, the following
recommendations are proposed:

e Optimization Techniques: Investigate
novel optimization techniques that can
further enhance the synergy between
Edge Al and metaheuristic algorithms
while minimizing resource consumption.

e Security Solutions: Develop robust
security and privacy solutions to
safeguard sensitive data processed at the
edge, ensuring compliance with data
protection regulations.

e Edge Device Advancements: Explore
advancements in edge devices, including
hardware accelerators and energy-
efficient processors, to support more

complex Al and
computations.

e Interdisciplinary Collaboration: Promote
interdisciplinary collaboration between
Al researchers and optimization experts
to foster a deeper understanding of
integration possibilities and challenges.

e Real-World Applications: Focus on real-
world use cases and validate integration
benefits through empirical studies in
domains such as smart cities, healthcare,
and autonomous systems.

These recommendations aim to guide future research
efforts in harnessing the full potential of Edge Al and
metaheuristic algorithm integration while addressing
associated challenges.

algorithmic

IV.CONCLUSION

In this article, we have presented a comprehensive
exploration of the potential and application domains of the
integration of Edge Al and metaheuristic algorithms. It is
evident that this integration has the capability to offer faster,
smarter, and more efficient solutions across a range of
different sectors. Given the successes of this integration in
various application areas, from healthcare services to
transportation management, and financial portfolio
management to energy efficiency, it is inevitable to believe
that these technologies will be a significant part of future
transformations.

However, alongside these advantages, the implementation
and sustainability of this integration come with challenges and
limitations. Factors such as resource intensity, data privacy,
complexity, and interoperability issues represent hurdles that
need to be overcome to realize the full potential of this
integration.

In this context, recommendations have been provided to
guide future researchers and promote progress in this field.
Suggestions such as improved energy management, security
solutions, and interdisciplinary collaboration play a crucial
role in enabling the integration of Edge Al and metaheuristic
algorithms to have a broader application domain.

In conclusion, this article emphasizes the need to consider
the integration of Edge Al and metaheuristic algorithms as a
part of future technological developments. This integration can
serve as a vital tool to provide smarter, more sustainable, and
more effective solutions across various industries, contributing
significantly to a more livable and efficient world in the future.
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Abstract — Skin cancer is the abnormal growth of skin cells and one of the most common cancers of all. There are several types
of skin cancer. Melanoma, a form of skin cancer, has increased 237% in Turkey in the last 30 years. While the U.S. adds about
one million new cases of melanoma each year, this rate in Turkey is 1.9 per 100 thousand men and 1.3 per 100 thousand women.
The death rate from skin cancer is 1 in 100 patients worldwide. As with all cancers, early diagnosis of this cancer is crucial, and
artificial intelligence (Al) appears to be a promising technology for detecting early-stage skin cancer from dermoscopic images
in recent years. Al-based studies for skin cancer classification are usually performed using three different types of images:
dermoscopic images, clinical images, and histopathological images. In this study, a new deep learning model called CNN-BM
(Convolutional Neural Network-Based Model) is proposed for skin cancer diagnosis using dermoscopic images. In this context,
HAM10000, a commonly employed public dataset consisting of 10015 dermoscopic images, is utilized. The proposed model not
only increases the success rate in the training process, but also reduces the execution time. CNN-BM consists of convolution,
max pooling, dropout, flatten, and activation layers. Relu and sigmoid functions are chosen as activation functions. CNNs are
sensitive to the batch size values, which significantly affects the quality of the model. Unlike other deep learning models used in
the literature for skin cancer diagnosis, the proposed model uses a small batch size to prevent overfitting and increase the
regularization effect. Similarly, by incorporating a dropout layer and dense-sparse-dense training techniques into the model,
overfitting is avoided and the success rate of the network is increased. To determine the most efficient values for the
hyperparameters, a trial-and-error method is employed. Research findings indicate that the success of the model is superior to
other studies in the literature with 86.48% accuracy and 85.13% precision rates.

Keywords — skin cancer, cancer detection, CNN, CNN-BM, deep learning

I. INTRODUCTION

Skin cancer is the abnormal growth of skin cells and one
of the most common cancers of all [1]. As with all cancers,
early detection of skin cancer is critical. The heavy
workload in the medical field necessitates a practical
method for early detection of skin cancer. Given the current
state of artificial intelligence (AI) technology, it is
foreseeable that this need can be met by an intelligent
(expert) system that employs an Al-based technique.

Review of the literature reveals that the Al-based studies
for skin cancer classification are usually performed based
on three different types of images [2].

Fig. 1. Examples of the types of images where Al-based studies are
carried out for the diagnosis of skin cancer: a. dermoscopic image, b.
clinical image c. histopathology image [2].

There are different types of skin cancer, and it is one of
the most common cancers of all. Melanoma, a form of skin
cancer, has increased 237% in Turkey in the last 30 years.

e Dermoscopic images
o Clinical images
« Histopathology images

Examples of these images are shown in Fig. 1.

Dermoscopic, also known as, dermatoscopic, images are
taken with a high-resolution digital single-lens reflex
(DSLR) camera or smartphone. Clinical images are taken
with the camera without touching the lesion. Histopathology
is the study of changes in organs, tissues, and cells under the
microscope using various methods.

Although melanoma is the least common form of skin cancer
(less than 2%), it is the highest risk form. Basal cell
carcinoma, along with melanoma, is the most common form
of basal and areal cancer in the group of skin cancers. While
the United States adds about one million new cases of
melanoma each year, the rate in Turkey is 1.9 per 100,000
men and 1.3 per 100,000 women. The death rate from skin
cancer is 1 in 100 patients worldwide [2].

According to the latest statistics, 91,270 and 192,310
new cases of melanoma were diagnosed in the United States
in 2018 and 2019, respectively [3].
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The rate of melanoma and the number of deaths from this
disease are expected to increase in the coming decades [4]. A
recent report shows a 53% increase in the diagnosis of new
melanoma cases per year from 2008 to 2018 [5].

In a study conducted by Haenssle et al., the deep learning
method InceptionV4 was trained on a large dermoscopic image
dataset containing more than 100,000 benign lesions and
melanoma images, and its performance was compared with 58
dermatologist diagnoses [6]. The results show that in the test
dataset with 75 benign lesions and 25 melanoma images,
dermatologists had a sensitivity of 86.6% and a specificity of
71.3%, while the deep-learning method achieved a sensitivity
of 95% and a specificity of 63.8%.

In a study by Tschandl et al., popular deep-learning
architectures known as InceptionV3 and ResNet50 were
applied to a combined dataset of 7895 dermoscopic and 5829
close-up lesion images for the diagnosis of non-pigmented skin
cancers [7]. Performance was compared with 95 dermatologists
who were divided into three groups based on their experience.
In the study, deep learning algorithms were found to achieve
the same accuracy as human experts and were found to
outperform the accuracy rate of the dermatologist groups for
early stage and intermediate cancer cases.

Codella et al. developed a method consisting of deep-
learning algorithms in the ISIC-2016 dataset and compared the
performance of this method with 8 dermatologists to classify
100 skin lesions as benign or malignant. It was highlighted that
the corresponding method with 76% accuracy and 62%
specificity outperformed the success of dermatologists who had
70.5% accuracy and 59% specificity [8].

The rest of this paper is organized as follows. Section 2
provides information about the dataset used in the study and
explains the proposed methodology. The experimental results
are analyzed in Section 3. Finally, Section 4 concludes the
paper and highlights some possibilities for future work.

II. MATERIAL AND METHOD

A. Dataset

The HAMI0000, a commonly used public dataset
consisting of 10015 dermoscopic images, was utilized in this
work since it is reported in the literature as a reference database
for academic machine-learning studies [9].

HAMI10000 was created by Stanford University by
collecting data obtained from various patients at the Research
Hospital [10].

The disease types and sample numbers in the dataset are as
follows:

e Mel - 1113 patterns (Melanoma),

e NV - 6705 patterns (Melanocytic nevi),

e BCC - 514 patterns (Basal cell carcinoma),

e AKIEC - 327 patterns (Intraepithelial carcinoma &
Actinic keratoses),

e BKL - 1099 patterns (Benign keratosis),

e DF - 115 patterns (Dermatofibroma),

e VASC - 142 patterns (Vascular lesions).

The cancer risk of the diseases included in the dataset is
given in Fig. 2. In addition, sample images of disease types are
presented in Fig. 3.

Cancer Cancer Onset Not Cancer
melanoma actinic keratoses

basal cell intraepithelial
carcinoma carcinoma

Fig. 2. Classification of disease types in the HAM10000 dataset
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Fig. 3. Images of disease types in the HAM10000 dataset. a. Melanoma
cancer, b. Basal cell carcinoma, c. Actinic Keratoses (Solar Keratoses) d.
Intraepithelial Carcinoma (Bowen's disease) e. Benign keratosis, f.
Dermatofibroma, g. Melanocytic nevi, h. Vascular lesions

In this dataset, which consists of 10015 dermoscopic images
with a size of 450x600 and includes 7 diagnostic categories,
information on patient age, sex, and diagnostic region can also
be found.

B. Proposed Deep-Learning Architecture

Deep learning is a subfield of machine-learning that is
essentially a neural network with three or more layers. These
neural networks attempt to simulate the behavior of the human
brain and perform the learning process from a large amount of
data. While a single-layer neural network can still make
approximate predictions, additional hidden layers can help
optimize and improve accuracy. Deep learning is the
foundation for many Al applications and services that improve
automation by performing analytical and physical tasks without
human intervention. A key concept that has gained attention in
recent years is the dense-sparse-dense paradigm, which has
further improved the capabilities and efficiency of deep neural
networks.

Deep learning focuses on artificial neural networks inspired
by the interconnected structure of neurons in the human brain.
Traditionally, neural networks were designed with densely
connected layers, where each neuron in one layer is connected
to each neuron in the subsequent layer. While this approach
offered good modeling capabilities, it also presented problems
in terms of computational resources and overfitting.

The dense-sparse-dense paradigm attempts to address these
issues by introducing sparsity into neural network architectures.
Sparsity means that only a subset of the connections is active,
while the rest are set to zero. This sparsity can be achieved by
various techniques, such as pruning, which removes
connections with small weights, or structured sparsity, which
imposes patterns on the connectivity of the network.

The introduction of sparsity reduces the overall size of the
network, resulting in significant computational savings in
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training and inference. In addition, sparsity promotes a more
efficient representation of data by forcing the network to focus
on relevant features and discard redundant or less informative
connections. This not only improves generalization, but also
reduces overfitting, leading to better performance on unseen
data.

However, sparse networks alone may have limited
informative power due to the smaller number of connections.
To overcome this limitation, the dense-sparse-dense paradigm
combines the advantages of both dense and sparse connectivity.
The first dense layers capture complex patterns and enable rich
representations, while subsequent thin layers selectively
highlight important connections and promote efficiency.

The key to effectively implementing the dense-sparse-
dense paradigm lies in learning algorithms and optimization
techniques. Iterative methods such as the Alternating Direction
Method of Multipliers (ADMM) are widely used to train sparse
networks by iteratively enforcing sparsity constraints and
updating network parameters. These methods strike a balance
between accuracy and efficiency and enable the successful
integration of sparse layers into deep neural networks.
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The introduction of the dense-sparse-dense paradigm has
led to significant benefits in several application areas. In
computer vision, sparse convolutional neural networks have
shown excellent performance in tasks such as image
classification, object recognition, and semantic segmentation.
In natural language processing, the incorporation of sparsity
into recurrent neural networks has improved language
modeling and machine translation tasks.

In summary, the dense-sparse-dense paradigm represents a
significant advance in the field of deep learning and addresses
the challenges of computational complexity and overfitting. By
introducing sparsity into neural network architectures, it
enables more efficient and effective representation of data. The
combination of dense and sparse layers enables a balance
between expressiveness and computational efficiency. As deep
learning continues to evolve, the dense-sparse-dense paradigm
holds promise for further enhancing the capabilities of neural
networks and driving advancements in Al applications across
diverse fields. In this study, a new CNN-based deep-learning
model (CNN-BM) was developed for diagnosing skin cancer
on dermoscopic images. Fig. 4 shows the architecture of the
proposed deep-learning model.

MaxPooling2D
(29,29,64)

MaxPooling2D
(13,13,256)

) Output
= ~ Flatten

Dense
(13,13,32)

Dense

Conv2D (13,13,64)

(27,27,256)

Dropout
(29,29,20%)

Fig. 4. Architecture of CNN-BM

The CNN-BM consists of 15 layers in total, including input
and output layers. The model was implemented using the
Python language and the Keras library. Relu functions in
Convolution layers and Sigmoid functions in Dense layers
were used as activation functions. Images were given as input
to the network with the size of 256x256 and a batch size of 8
was utilized. binary crossentropy was selected as the Loss
function while adam was used as the Optimizer function.

Each filter takes a subset of the input data at a time and are
applied to the entire input. There is a total of 5 convolution
layers in CNN-BM. A pooling layer effectively downsamples
the output of the previous layer, thus the number of operations
required for subsequent layers are reduced. There are 4
MaxPooling layers in CNN-BM. Dropout layer was used to
forget some neurons to avoid overfitting during training. The
operations were divided into dense-sparse-dense layers to
prevent overfitting. In the output layer, there are 2 classes,
namely skin cancer and not skin cancer.

III. EXPERIMENTAL RESULTS

The experiments performed resulted in an accuracy of
86.48% and a precision of 85.13%, as shown in Table 1. The

experimental success rates were obtained by averaging the
results from five runs of the developed model.

Table 1. Success rates of the algorithms

Reference Classifier Accuracy Precision

Study (%) (%)
DenseNet 201 81.27 -

[12] ResNet 50 79.95 -
Inception v3 77.04 -
InceptionResNet v2 81.79 -
Dermatologist 1 65,6 -

[13] Dermatologist 2 66,0 -
CNN 69,4 -
CNN-PA 72,1 -

1] CNN 85.73
MobileNetV2 84.98
CNN-BM (Proposed 86.48 85.13

Method)

Examining the studies performed with deep-learning
models on dermoscopic images, it can be seen that the
proposed CNN-BM achieves the highest accuracy value of
86.48%, as listed in Table 1. In terms of precision values, it
can be seen that the CNN model in the study by Kousis et al.

10
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[11] has a rate of 85.73% and the CNN-BM has a rate of
85.13%.

In order to achieve higher success rates, previously applied
performance enhancement techniques in the field of deep
learning were utilized in this study. Some of these methods are
discussed in this paragraph. By using the dropout layer, an
attempt is made to break the bonds in the fully-connected
layers. In this way, the nodes have less information about each
other, and consequently, the nodes are less affected by weight
changes of the other nodes. We believe that more consistent
models can be created using the dropout method. In 2016, the
dense-sparse-dense method was first presented in the article
DSD: Regularizing Deep Neural Networks with Dense-Sparse-
Dense Training Flow [14]. In this method, the operations
performed in a single fully-connected layer are divided into
three layers in the form of dense-sparse-dense. In this way, the
effect of the weights on each other is first reduced, and then
new information is learned by reconnecting them. In this case,
the problem of overfitting caused by detailed learning is
avoided. As a result of the reduced overfitting, the success on
the test data is increased.

IV. CONCLUSION

The integration of deep learning and the dense-sparse-dense
paradigm has shown promise for skin cancer diagnosis. Skin
cancer is a common and potentially life-threatening disease,
and accurate and timely diagnosis is critical for effective
treatment.

Deep learning techniques, with their ability to learn
complex patterns and representations from large data sets, have
shown remarkable potential for automated skin cancer
diagnosis. Using deep neural networks, these techniques can
analyze skin images and detect subtle signs of malignancy with
high accuracy.

The dense-sparse-dense paradigm complements deep
learning by optimizing the efficiency and interpretability of
skin cancer diagnostic models. By incorporating sparsity into
neural network architectures, the paradigm reduces
computational complexity and improves generalization
performance. It allows the network to focus on relevant features
while discarding redundant or less informative links, resulting
in more efficient and accurate skin cancer diagnosis.

Implementing the dense-sparse-dense paradigm in skin
cancer diagnosis requires sophisticated learning algorithms and
optimization techniques. By iteratively enforcing sparsity
constraints and updating network parameters, these techniques
strike a balance between accuracy and efficiency. This
integration provides clinicians with powerful diagnostic tools
that can aid in early detection, provide second opinions, and
improve overall patient care.

In addition, advances in deep learning and the dense-sparse-
dense paradigm have the potential to address challenges in skin
cancer diagnosis, such as limited access to dermatologists,
variability in human expertise, and increasing caseloads. By
using automated systems, healthcare providers can improve
their diagnostic capabilities, reach underserved populations,
and reduce the burden on healthcare systems.

In summary, the integration of deep learning and the dense-
sparse-dense paradigm holds great potential for improving skin

cancer diagnosis. By harnessing the power of neural networks
and optimizing their efficiency, these approaches offer the
opportunity to improve accuracy, efficiency, and accessibility
in skin cancer detection. Continued research, development, and
collaboration between medical professionals and Al experts are
essential to unlock the full potential of this technology and
ultimately improve patient outcomes in skin cancer diagnosis
and treatment.

In this study, a deep-learning model for skin cancer
detection is developed to take advantage of artificial
intelligence technology. The proposed model not only
increases the success rate in the training process, but also
reduces the execution time since the execution time varies in
direct proportion to the number of layers [15] and the proposed
model contains fewer layers than other architectures. If the
batch size is chosen to be small, overfitting that may occur on
the entire data is prevented because the data is processed in
small chunks [16]. By choosing a small batch size in the model,
overfitting was avoided and the regularization effect was
increased. In addition, the inclusion of a dropout layer and
dense-sparse-dense training techniques in the model avoids
overfitting and increases the success rate of the network. The
experimental results of the study show that the success rates of
86.48% accuracy and 85.13% precision were achieved thanks
to the proposed method.

Increasing the number of samples in the dataset and
analyzing the impact of this on the success rates of the
developed model could be a research topic for the future
studies.
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