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Abstract

Breast cancer is one of the most common type of cancer among women and it can cause death
if not detected early. Therefore, recently, many studies have been devoted to the early
detection or localization of breast cancer in different fields. The use of electromagnetic waves
is a promising technique for breast cancer detection since they are comfortable to apply,
sensitive to tumors and non-ionizing at microwave frequencies. Microwave tomography is one
of the most frequently used microwave breast imaging approaches and generally the entire
breast is attempted to be imaged in this approach. However, in this case one should deal with
an inverse scattering problem with high level of mathematical and computational complexity.
To avoid these difficulties, classification algorithms can be used to detect the presence or
localization of a tumor.

The purpose of this study is to present an investigation of machine learning techniques for
microwave breast cancer detection and localization. To this aim, the breast is illuminated
separately by single frequency time-harmonic waves through a set of transmitting antennas
and the scattered field is measured with receiving antennas located in the vicinity of the
breast. We use various 2D realistic numerical breast phantoms to generate the scattered field
by solving the direct scattering problem via the Method of Moments. The training and testing
data sets, which contain the synthetic scattered field, are obtained from specific sets of breast
phantoms with and without tumors of different sizes and locations. The results show that
various machine learning algorithms such as Support Vector Machine, Naive Bayes, decision
trees yield high accurate results for both detection and localization of tumors in various
breast models.

Keywords: Microwave Breast Cancer Detection, Localization of Breast Tumors, Machine
Learning, Classification

MIKRODALG.A. MEME KANSE_R]NiN TESPjTi VE KONUMUNUN
BELIRLENMESI ICIN MAKINE OGRENMESI ALGORITMALARININ
INCELENMESI

Ozet

Meme kanseri kadinlarda en sik goriilen kanser tiirlerinden biridir ve erken teshis edilmedigi
takdirde oliime neden olabilir. Bu nedenle son zamanlarda meme kanserinin erken teshisi
veya konumunun belirlenmesine yonelik farkli alanlarda bir¢ok ¢alisma yapimaktadir.
Elektromanyetik dalgalarin  kullammi, wygulanma rahathigy, timorlere duyarlilik ve
mikrodalga frekanslarinda iyonlastirict olmamalart nedeniyle, meme kanseri tespiti icin umut
verici bir tekniktir. Mikrodalga tomografisi en sik kullanilan mikrodalga meme goriintiileme
yaklasimlarindan biridir ve bu yaklasimda genellikle tiim meme goriintiilenmeye ¢alisilir.
Bununla birlikte, bu durumda, yiiksek diizeyde matematiksel ve hesaplama karmasikligr olan
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bir ters sagilma problemi ile ilgilenmek gerekir. Bu zorluklardan kag¢inmak adina, bir
tiimoriin varligininin tespiti veya konumunun belirlenmesi i¢in smiflandirma algoritmalari
kullanilabilir.

Bu ¢alismanmin amaci, mikrodalgalar araciligiyla meme kanserinin tespiti ve konumunun
belirlenmesi igin c¢esitli makine ogrenmesi tekniklerinin bir arastirmasini sunmaktir. Bu
vaklasimda, meme modeli bir dizi verici anten araciligiyla tek frekansli zaman harmonik
dalgalar ile ayr1 ayri aydinlatilir ve meme ¢evresinde bulunan alici antenler ile sagilan alan
olgiiliir. Calismada, iki boyutlu gergek¢i sayisal meme modelleri kullamlarak, moment
yontemi araciligiyla diiz sa¢ilma problem ¢oziilmiis ve sacilan alanlar sayisal olarak
hesaplanmugstir. Farkli boyut ve konumlardaki tiimorleri igeren veya tiimor igermeyen meme
modelleri kullanilarak sentetik olarak iiretilen sagilan alanlar egitim ve test veri setlerini
olusturmaktadir. Elde edilen sonuglar; destek vektor makinesi, Naive Bayes ve karar agaglart
gibi cesitli makine ogrenmesi algoritmalarinin, tiimorlerin hem varligimin tespiti hem de
konumlarmin belirlenmesi agisindan, farklt meme modelleri igin yiiksek dogrulukta sonuglar
verdigini gostermektedir.

Anahtar Kelimeler: Mikrodalga Meme Kanseri Tespiti, Meme Tiimorlerinin Konum Tespiti,
Makine Ogrenmesi, Suflandirma
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