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NEPIAHWH

AVTIKEINEVO TNG TTAPOUCAG BITTAWMPATIKAG Epyaciag gival N PEAETN Kal N avdaTTTuén evog
UTTOAOYIOTIKOU OUCTAPATOG uTtoBoriBnong didyvwong yia T1n  OIAKPION  EIKOVWVY
MOOTOYPAPIOaG O€ TPEIG KATNYOPIEG: QUOIOAOYIKEG EIKOVEG, EIKOVEG UE KOAON BN HoppuwuaTa
KalI EIKOVEG PUE KAKONON Hop@wuaTa.

MNa Tov oxedIAoPO Kal TNV UAOTTOINON TOU CUCTHAPATOG XpnoldoTtroinenkav 295 eikéveg
HaoToypagiag amd Tn Pacn dedopévwv Mini-MIAS, kataArjyoviag oe 299 TrepIOXEG
evolagépovtog (ROI), atd TIg otroieg 207 atroteAouvtal ammd @uoloAoyikd 1016, 53
TTepIAapBavouv Kalonen popewuata Kail 39 mTepIAauBAavouy Kakonon yopewuaTa.

21N ouvéxela, uhotroindnkav Ta akdAouBa Téooepa Bacikd oTddia: TTpo-£TTeEepyaaia,
€Caywyn XapakTNPIOTIKWYV, ETTIAOYI XAPOKTNPIOTIKWY Kal Tagivounon. Kard 1o otadio ng
TTPO-£TTECEPYATiag £yIVE augnaon TG avtiBeong TnG eikévag Kal atrokoTrr) Tou ROI. ‘Etreita
akoAoubnoe n egaywyn 145 xapaktnpioTiIkwy atro kabe ROI, Ta otroia atroteAouvTal atrd
XOPAKTNPIOTIKA upng 11 kai 2" TagNG TNG apXIKAG €IKOVAG, KABWG Kal XapaKTNPIOTIKA
ueng 1" TAgNG ammo JETAoXNMUOTIONO MPE paokeg Laws kal @iATpa Gabor. Ta
XAPOKTNPIOTIKA auTd atTroTéAECaV €i0000 O€ éva oUCTNPA AvayvVWEIoNS TTPOTUTTWY TTOU
OXeOIAOTNKE WOTE VA KOTNYOPIOTTOIEl O  QUOIOAOYIKA, KaAorniBn 1 kKakondn Tn
MOOTOYPa®IKA TTEPIOXN €VvOIa@EPOVTOGS.  YAotroienkav ol Tagivountég:  k-Nearest
Neighbors (k—NN), Probabilistic Neural Network (PNN), ye Gaussian, Exponential kai
Reciprocal Truprjva, Naive Bayes kal Support Vector Machine pe ypauuiké kal Gaussian
OKTIVIKNG Baong tupiva. MNa kdabe tagivountr], Ppédnke o BEATIOTOG cuvduaoudg 10
XOPAKTNPIOTIKWY PE Xprion Tng peBodou Sequential Floating Forward Selection (SFFS).
To TTpoTEIVOUEVO cuoTnua agloAoynenke pe tn péBodo 10-Fold tng pebddou Internal
Cross Validation (ICV). H atrédo0on Tou ouoTrPaTog 0€ «AyvwoTa» dedouéva eKTINABNKE
pe Tn uEBodO External Cross Validation (ECV).

To TTpoTEIVOPEVO OUOTNUA TTApOoUCiace Tn HEYaAUTepN akpifeia Taivounong (92,4%) yia
TN OIGKPION MIOG TTEPIOXNSG O€ QUOIOAOYIKA i TTABOAOYIKK, XPENOIMOTIOIWVTAG TOV
Tagivounty SVM pe ypaupiké TTupAva Kal Tn HeyaAuTepn akpipeia tagivopunong (71,2%)
yla mn SIAKPIoN PIAg TTEPIOXNS 0€ KAAornon ) Kakonon, XPnNOIMOTTIOIWVTAG TOV TAgIVOUNTA
PNN pe Reciprocal mmupfva. Zuykpivovtag ta 10 KaAUTepa XapakTnPIoTIKA yia KAOe
TagivounTd, dIATOTWONKE OTI TA XAPOKTNEIOTIKA AogOTNTA KAl AogoTnTa  €1KOVAG
METAOXNMATIONEVNG aTTd TNV 71 ydoka Tou Laws eugavifovral o€ TTEPICCOTEPOUG aTTO 5
TaglvounTég oTo OTAdIO TNG BIAKPIONG TTABOAOYIKWY Kal N TTABOAOYIKWVY EIKOVWY. 2TO
o1ddio TNG dIdKPIoNG METALU KaAONBwv Kal KAKOROwWV HOPPWUATWY, Ta TTIO CUXVA
EMQAVIOINO  XOPAKTNPIOTIKA ATAv N TUTTIKA  ammokAion, n  Ao&dtnta  €ikovag
MeETaoxNuatioyévng amdé Ttnv 4" uydoka TOou Laws kKal n Ao&OTnTa  EIKOVAG
MeTaoxnuatiopyévng amoé tnv 8" ydoka Ttou Laws, uTTOdEIKVUOVTAG T OIaXWPICTIKN
IKAvOTNTA Toug. H akpifeia Tagivounong «ayvwoTtwvy» dedopévwy pe TRV ECV kai xprion
TWV TTEVTE (2+3) KAAUTEPWY XAPAKTNPIOTIKWY UTTOAOYIOTNKE 0TO 72,2% + 5,7% pe Xpron
Tou Tagivounty PNN pe Reciprocal mupriva kai oto 75,2% + 4,3% pe xprion Tou
TagivounTi SVM pe ypauuikd TTUpAva.

OEMATIKH NMEPIOXH: AvaAuon Eikdvag, Avayvwpion MNpoTtuttwyv

AEZEIX KAEIAIA: «kapkivo¢ Tou paocTou, e€kéva pacTtoypagiag, eCaywyn
XOPOKTNPIOTIKWY, ETTIAOYI XAPAKTNPIOTIKWY, Ta&ivounon



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 ROl was cropped out. The next step involved
feature extraction, during which 145 features were extracted from each ROI. The features
comprised 15t 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



