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NEPIAHWH

AVTIKEINEVO TNG TTAPOUCAG DITTAWMPATIKAG €ival N HEAETN KAl AVATITUEN €VOG
ouoTAuaTog AQWNnG, E€TTeCepyaoiag kKal avaAuong I0TOTTAB0AOYIKWY  EIKOVWV
MIKPOOKOTTIAG yIa TNV UTTOOTAPIEN TNG O1Ayvwaong ToUu €vVOOUNTPIOKOU KOPKIVOU.
2Tnv utrdpyxouca BipAloypagia Tou evOouNTPIAKO KApPKivo, Oev UTTAPXEl GAAN
MEAETN TTOU va a@opd TNV TIOCOTIKI AvAAUCTH I0TOTTOBOAOYIKWY  EIKOVWYV
EVOOUNTPIOKWY  KUTTAPWYV. [lapOuoIEG epyaoieg, ag@opoucav OAOKANpwuEva
OUCTAUATA TOEIVOUNONG 10TOTTAB0AOYIKWY EIKOVWY GAAOU €idoug Kapkivou. H
doun TG uAoTtroinong Xwpiletal o€ TTEVTE BAcIKES OIadIKATIEG.

H mpwTtn diadikacia agopd TNV Yynelotroinon Twv dIaBEIJwY BIoyiwy Tou
evoounTplakou kapkivou. O1 Bloyieg eme€epydoTnkav ATTO TNV IOTOTTABOAOYO ME
N Xpwon Aiuaroéuldivne-lwaoivne yia Tn eKkTipnon Tou Babuolu diagopoTroinong
TOU OYKOU KOI QVOOOIOTOXNMIKG yia Tnv €Kppacn Tou oykoyovidiou cerb-B.
‘Exoupe ynolotroinoel 17 BIoyieg/TTepIOTATIKA, HECQ ATTO TIG OTTOIEG £YIVE AfYn O€
117  Yn@IakéG  I0TOTTOBOAOYIKEG  €IKOVEG  MIKpookoTriag. H  Aqun  Twv
IOTOTTABOAOYIKWY  €IKOVWV €YIVE HE TNV XPnon OTTIKOU MIKPOOKOTTIOU Kal
EVOWMATWHEVNG KAPEPOG.

H 0eUtepn diadikaoia agopd Tnv ETTECEPYATIA TWV I0TOTTABOAOYIKWV
EIKOVWV JIKPOOKOTTIOG, OTTOU HE TEXVIKEG TUNMATOTIOINONG OTTOMOVWVETAI N
TTEPIOXN] EVOIAPEPOVTOG, O KUTTAPIKOI TTUPAVEG, OI OTTOIOI PEPOUV KAPE Xpwua. Me
OuvOUAOHO TEXVIKWY, TO oUCTNPA €ival IKavo va TTPoBAEWel Kal va dlaxwpioel
TTEPIOXEG EVOIAPEPOVTOG TTOU KPUPBOUV dUO O TTEPICOOTEPOUG TTPOCKOAANUEVOUG
KUTTOPIKOUG Trupriveg. H T1pitn diadikacia TrepihaufBdvel Tnv e€aywynl Twv
XOPAKTNPIOTIKWY OTTd TNV TTEPIOXN EVOIAPEPOVTOG TNG I0TOTTABOAOYIKNG EIKOVAG.
E€ayoupe 24 xapaktnpIoTiKd, €K TOV OTToiwv Ta 18 €ival xapakTneIoTIK& UPRg Kal
Ta UTTOAOITTA 6  POPQPOAOYIKA  XAPAKTNPEIOTIKA. [a  Tnv  egaywyr  Twv
XOPAKTNPIOTIKWY UTTOAoyioTnKav PHATPES OTTWG, «COo-0ccurance matrix» Kai «gray
level run length matrix».

H 1€taptn diadikaoia agopd Tnv UAOTTOINON TOU CUCTHAUATOG avayvwpIong
TTPOTUTTWV. A TNV ETTIAOYI XAPAKTNPIOTIKWY XPNOIUOTTOINONKAV TEXVIKEG OTTWGS N
e€avtAnTik) avagitnon BEATIOTWY XapOKTNPIOTIKWY «exhaustive searchy» «kai
TEXVIKEG MN BEATIOTNG ETTIAOYNG XOPAKTNPIOTIKWY HME OTATIOTIKOUG €Aéyxoug. MNa
TNV TAgIVOUNON Twv TTPOTUTTWY, WEAETHBNKavV aAyopiBuol Tagivounong Trou nrav
IKOVOi va dlaXwpioouv AyvwoTa TTPOTUTTA PETAEU TPIWV OIOBECINWY KAAoEwV (
emmédwyv «grades |, I, i lll» evdountpiaokoU kKapkivou) OTmws o «Minimum
Distance Classifier (MDC)», o «k-Nearest Neighbours (K-NN)», o «Least Squares
Minimum Distance Classifier (LSMDC)», o «Linear Bayes Classifier (LBC)» kai Ta
«Probabilistic Neural Network (PNN)». EKT6¢ amé tnv €mAoy Tou KaAUTEPOU
TagivounTr, TPOTABNKaAv TPOTTOI UAOTIOINONG ME OuvOUaoud TagIivouNTwY
«ensemble classifier» kavovTag Xprion OUVOUAOTIKWY TEXVIKWYV Kal KavOvwv
amoépaong «majority rules».

H TteAeutaia Oladikacia agopd TNV agloAdynon Twv TEXVIKWYV Kal
aAyopiBuwv TTOU TTPOTABNKAV. ZUYKPIVOVTOG TO QTTOTEAECPOTA, ETTIAEYETAI N
KAAUTEPN TEXVIKA PE TNV OTTOIO TTPOTEIVETAI N UAOTTOINON TOU CUCTAUATOS lMNa Tov
€YYUTEPO UTTOAOYIOUO TWV TTAPAUETPWY EKTIUNONG XpPNnoiyoTtroinénkav uéBodol
ETTAVOANTITIKAG SEIYPaTOANWIAG, OTTWG TIG TEXVIKEG «leave one out» Kal «external
cross validationy.



H avamrugn T1ou ouoTtApatog AAYWNG, €Tegepyaoiag kal  avaluong
IOTOTTABOAOYIKWYV EIKOVWYV PIKPOOKOTTIOG TTOU TTEPIYPAPOUE Eival EQIKTH, ME TTOAU
evlappuvTika atroteAéopata. Me Bdaon Ta armoTeAéopata KAAUTEPOG aAyopIOuog
gival Ta mMOAvOTIKA VveupwvIKA OikTua. ZTnv €mmAoyr BEATIOTOU ouvduaouou
XOPAKTNPIOTIKWY PE €CAVTANTIKN avalATnon, Kavovtag Xxpron g nebodou «leave
one outy, emTEUXONKE TO TTOOOOTO 96% 0pONG TagIVOUNONG. AVTiIOTOIXO EiXOUE
94% opBng TagIvOuNoNng, OTIG Wn BEATIOTEG HEBODOUG ETTIAOYNG KAAUTEPOU
OuvOUAOMOU XOPAKTNPIOTIKWY. TEAOG oTnv TeAIKA agloAdynon Tou Tagivountn
EMTEUXONKE TO TTOOOCOTO 82.5% * 6.2 0pbG TAgIVOUNONG AYVWOTWY TTPOTUTTWY,
ME Tnv emmavadelyuatoAnTTiky péBodo «external cross validationy, €mAéyovTag
XOPAKTNPIOTIKG PE TNV PN BEATIOTN TEXVIKN «sequentialfsy.

OEMATIKH MNMEPIOXH: Eme¢epyaaia eikdvag, Avayvwpion TTPoTUTTwV

AEZEIX KAEIAIA: Ere€epyacoia eikovag, Tunuarotroinon €ikévag,
XapakTnpIoTIKA upng, Mop@oAoyIKad XapakTnpIoTIKA, ETTIAOY XOPAKTNPIOTIKWY,
Avayvwpion Mpotumwy, Evdéountpiakdg kapkivog, Oykoyovidio cerb-B, OTrTiké
MIKPOOKOTTIO, |OTOTTABOAOYIKEG EIKOVEG



ABSTRACT

The objective of the foreclosed thesis is the study and development of a
system which receives, processes and analyses histopathological microscopical
images, to assist/support the diagnosis of endometrial cancer. From the current
available sources, no other study was found with regard to the quantitative
analysis of histopathological images related to endometrial cancer. Similar
studies regarding complete systems of histopathological image classification of
another type of cancer. The structure of implementation is divided into five basic
procedures.

The first one concerns the digitation of available biopsies of endometrial
cancer. The biopsies were processed by histopathologist staining Hematoxylin-
losinis to assess the degree of tumor and immunohistochemically for the
expression of the oncogene cerb-B. We have digitized 17 biopsy / incidents
involving different patients, from which 117 digital histopathologic microscopical
images were taken. The histopathological image sample was taken using an
optical microscope and an integrated camera.

The second procedure concerns the processing of histopathological
microscopical images by segmenting the region of interest (ROI). The ROI is
defined as the expressed nuclei that where colored brown. With a combination of
techniques, the system is able to predict and distinguish ROIs that conceal two or
more adherent nuclei.

The third procedure involves the feature extraction stage. We extract 24
features, of which 18 are textural features and the other 6 are morphological
features. Textural features were calculated based on the gray level co-
occurrence matrix and the gray level run length matrix.

The fourth procedure concerns the implementation of the pattern
recognition system. For the features selection stage, the Kruskal-Wallis
statistical test and a linear regression method were employed as non optimal
techniques. The exhaustive search method was also utilized as the optimum
feature selection technique. For the classification stage, a variety of classifiers
were tested such as the Minimum Distance (MDC), the k-Nearest Neighbour (K-
NN), the Least Squares Minimum Distance (LSMDC), the 'Linear Bayes (LBC)
and the Probabilistic Neural Network (PNN). The classification task was to
characterize an image into three grades of endometrial cancer (grade I, Il, or IlI).
Apart from the classical implementation of the pattern recognition system of
choosing the best classifier, methods of implementation combining classifiers
‘ensemble classification schemes’ were proposed, using combinatorial
technigues and decision rules ‘majority rules’.

The last procedure concerns the evaluation of the techniques and
algorithms which have been proposed. Comparing the results, the best technique
which the system implementation proposes, is selected. For the best estimation
of the calculating parameters, methods of iterative sampling techniques were
used, such as ‘leave one out’ and ‘external cross validation’.

Best classification algorithm was found the PNN that gave 94% of correct
classification when non optimal feature selection method were employed. The
PNN scored around 96% overall accuracy employing the ‘exhaustive search® and
the ‘leave one out’ methods. The proposed image analysis system proved



capable of classifying a ‘new’ image with an average accuracy of 82% employing
the ‘external cross validation’ method. Results are promising for the development

of such system, with some modest modifications suitable for a clinical
environment.

SUBJECT AREA: Digital image processing , Pattern Recognition

KEYWORDS: Image Processing, Image Segmentation, Texture features,
Morphological features , Features selection, Pattern Recognition, Endometrial
cancer, Oncogene cerb-B, Optical microscope, Histopathological image,



