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Yraporive I'. IIniyov

OLoxinpopévo cvoTRE TEEWVOUN GG EIKOVOV NAGTOYPUPLOS

Iepiinym

Avtikeipevo ¢ mapodoos SmAMUATIKNG epyaciag ivor 1 HEAETN Kot 1 avamTuén
€VOG LTOAOYIOTIKOD GLOTHHOTOG LTOPoNOnong dlyvwong Yo tn OdKpPIoN EIKOVOV
poctoypapiog o€ TPES KATNYOPIEG: QUGLOAOYIKES €KOVES, €KOVEG e KoAonOn
HLOPQOUOTO KO EKOVEG LLE KOKONON poppaLoTa.

o tov oyedoopd Kot TV LAOTOINGM TOL GLGTHUATOS YpPNolLonowdOnkav 295
elkOveG paotoypoeiog amd ™ Pacn dedopévav Mini-MIAS, katainyoviog oe 299
nepoyes evorpépovtog (ROI), and t1g omoieg 207 amotelobvtar and ELGIOAOYIKO
1010, 53 meprapPdvovv koiondn popeopoto kor 39 meprloapfdvovv kokonn

HLOPOOLLOTOL.

21 ovvéyela, vAoromOnkay ta akdiovba téooepa Pacikd otddia: mpo-enesepyacia,
e€aymyn YOPOKINPIOTIKAOV, EMAOYN YOPOKTNPOTIKOV Kot tagwvounorn. Kotd to
014010 NG Tpo-emeEepyaciag £yve avénomn g avtifeong e eOVOS Kot 0TOKOTN
tov ROI. 'Eneita axolobOnoe 1 eEaymyn 145 yoapaxtmpiotikov and kabe ROI, ta
omoio amotelovvTon and yapakTnploTikd veng 1M kot 2™ Tdéng g apykng ewkdvac,
KaOdOS Kot yapokTNPLoTiKd VENS 1™ Taéng amd petaoynuatiopd pe pdokeg Laws kot
eiktpo. Gabor. Ta yoapakmmplotikd ovtd omotélecav €i6000 o©e évo GVOTHUA
AVAYVOPLONG TPOTUTMV OV GYEOLAGTNKE DOTE VO KOTNYOPLOTOLEL GE QUGLOAOYIKY),
KaAonOn M Kakondn TN HACTOYPOPIKY) TEPLOY] EVOLAPEPOVTOS. YAomombnkav ot
ta&vountég: k-Nearest Neighbors (k—=NN), Probabilistic Neural Network (PNN), pe
Gaussian, Exponential ka1 Reciprocal mopnva, Naive Bayes kot Support Vector
Machine pe ypapuko kor Gaussian axtwvikng Baong mvpniva. o kdbe ta&vountr,
Bpébnke o Péitiotog cvvdvaocudg 10 yapoaktnplotikdv pe ypnon g Hebodov
Sequential Floating Forward Selection (SFFS). To mpotewvouevo ocvoTnU
a&loloynOnke pe ™ pébodo 10-Fold g peboddov Internal Cross Validation (ICV). H
andG30G1 TOV GLOTALOTOG GE «AYVOGTO» dedopéva ekTiunOnke pe ) pébodo External
Cross Validation (ECV).

To mpotevopevo cuotnua Tapovcioce T peyordtepn axpifeta tavounong (92,4%)
Yy T OdKPIoN HOG TEPLOYNG OE PLGLOAOYIKN 1N TABOAOYIKY|, XPNCUYLOTOLDVTIOG TOV
tawvount) SVM pe ypappkd mopnva kot ) peyohdtepn okpifela ta&vopumong
(71,2%) ywo0 TN S1aKpLom HioG TEPLOYNG o€ KaAonOn 1 kokon O, ¥pNoILOTOIDOVTOS TOV



ta&wvopunty PNN pe Reciprocal muprva. Zvykpivovtag ta 10  koAvtepa
YOPAKTNPIOTIKA Yo KAOE TaStvountn, dlamoT®Onke OTL Ta YopaKTNPIOTIKE AoEOTNTO
Kot Ao&otnta ikdvag petacynuoticpévng omd v 7" udoka tov Laws spaviCovrat
o€ mEPLOcOTEPOVG amd 5 TAEIVOUNTES GTO OTASI0 TG OAKPIoNG TAOOAOYIKMV KOl N
TafoAOYIKOV €IKOVOV. LTO 0TAd0 NG O1dkpiong petald kolondmv kol kokondmv
HOPQOUATOV, TO O GUYVO EUQOVICIUA YOPOKTNPIOTIKE MTOV 1 TLUMIKY OTOKAO),
N Ao&odmto ekdvag petacynuaticpévig and mv 4" pdoko tov Laws kot n Ao&dtnta
gkovog petooynuotiopévng omd v 8" udoka tov Laws, vmodeikvoovtog ™
dywploTikn wavodttd toug. H akpifela ta&vopmong «ayvootmvy de0oUévev Le
mv ECV ko yprion tov mévte (2+3) KaADTEPOV YOPOKTNPIOTIKOV VLITOAOYIGTNKE
oto 72,2% £ 5,7% pe yprion tov tavounty PNN pe Reciprocal muprvo kot
010 75,2% + 4,3% pe ypnon tov taSvount SVM pe ypappxod moprva.

OEMATIKH ITEPIOXH: Avaivon Ewcovag, Avayvopion [Ipotonov

AEZEEIX KAEIAIA: «xopxivog tov pooctov, &wova pactoypagiocg, eSoywyn
YOPUKTNPIOTIKOV, ETIAOYN YAPUKTNPICTIKAOV, TAEIVOUNoN



Integrated mammographic image classification system

Abstract

The aim of this thesis is the development of a computer-aided diagnosis (CAD)
system for the discrimination between normal, benign and malignant mammographic
images using image analysis and pattern recognition algorithms.

For the design and implementation of the proposed system 295 mammographic
images were used from the database Mini-MIAS, resulting to 299 regions of interest
(ROI). From the 299 ROIs, 207 were normal, 53 were benign and 39 were malignant
masses.

Four basic steps of image processing and analysis were implemented: pre-processing,
feature extraction, feature selection and classification. At the pre-processing step, the
contrast of the image was enhanced and the ROI was cropped out. The next step
involved feature extraction, durin% which 145 features were extracted from each ROI.
The features comprised 1% and 2™ order textural features and Laws masks and Gabor
filter transform features. These features were used as input into a pattern recognition
system that was designed to predict ROI’s category (normal, benign or malignant).
The implemented classifiers were: k-Nearest Neighbors (k-NN), Probabilistic Neural
Network (PNN), with Gaussian, Exponential and Reciprocal kernel, Naive Bayes and
Support Vector Machine with linear and Gaussian radial basis kernel. For each
classifier, the optimum 10 feature combination was found, using the method
Sequential Floating Forward Selection (SFFS). The proposed system was evaluated
by the 10-Fold Cross Validation. The system’s performance in ‘unknown’ data was
evaluated using the External Cross Validation method.

The proposed system presented the highest normal-abnormal classification accuracy
(92.4%), using the SVM classifier with linear kernel and the highest benign-malignant
classification accuracy (71.2%), using the PNN classifier with Reciprocal kernel, with
SFFS as feature selection method and the 10-fold CV as the evaluation method.
Comparing the top 10 features for each classifier, it was noticed that the features
skewness and skewness of transformed image by the 7" mask of Laws were the most
frequent in the normal-abnormal classification stage, and the features standard
deviation, skewness of transformed image by the 4™ mask of Laws and skewness of
transformed image by the 8" mask of Laws were the most frequent in the benign-
malignant classification stage. The “unknown” data classification accuracy was
estimated 72.2% + 5.7% using the PNN classifier with Reciprocal kernel and 75.2% +
4.3% using the SVM classifier with linear kernel by the External Cross Validation
method using the above five (2+3) most significant features.

SUBJECT AREA: Image Analysis, Pattern Recognition

KEYWORDS: breast cancer, mammographic image, feature extraction, feature
selection, classification



