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NEPIAHWH

AVTIKEINEVO TNG TTAPOUCAG DITTAWMATIKAG EPYATiag gival 0 oXEOINONOG EVOG CUOTANATOG
autopatng diIdyvwaong yia TNV Tagivounon Twv TTPO-KOAPKIVIKWY OAAOILCEWY TOU
TpaxnAou TnG unRTpag o€ xaunAou (CIN 1) kar uywnAou BaBuou emkivouvoTnTag (CIN I,
CIN 1), pe Tnv eme€epyacia 1I0TONOYIKWY E€IKOVWY, WOTE va PeATIOTOTTOINBEI N

BEPATTEUTIKI) QAVTIMETWTTION TWV ACOEVWV.

2UYKEKPIYEVQ, xpnoidoTtroinenkav Tpidvra Trévre (35) deiypata aoBevwy (Blowieg), TTou
dlayvwoTnKav Pe evOO-€TTIONAIOKEG aANOIWOEIG. ATTO T CUVOAIKA deiypaTa, Ta dWOEKA
(12) dayvwoTtnkav wg XaunAou Babupou emmkivouvdtTnTa (CINT), evw Ta uttdAOITTA €iKOOT
Tpia (23) wg uwnhoU BaBuou emkivouvotnTa (CIN2 kai CIN3), oclUpowva pe Tn
YVWMPATEUON EUTTEIPOU 10TOTTABOAGYOU, TTOU XPENOIYOTTIOINCE TO CUCTNPA TAagIvOunong

Tou lMaykdéopiou Opyaviopou Yyeiag.

ApXIKd, TTpaydatoTroiNOnKe n TTpoeToldacia Twv OedOUEVWY, KATA TnVv OTToia T
Ociyuata 10100 YXpwuatiotnkav pe H&E (Hematoxylin & Eosin) kai akoAouBnoe n
wn@iotroinon TnG €Ikévag, otTou atmd KaBe deiyua wn@ioTroindnkav €IKOVES, Ol OTTOIEG
TTApOnKav atmmo Tnv avTITpoowTTeuTIKr TTEPIOXN (Region of Interest (ROI)), TTou 6pioe o
I0TOTTAB0AOYOG. AKOAOUBNOE TUNUATOTTOINON TWV TTUPAVWYV TNG €IKOVAG PE TN pEBODO
TNG KATW@PAIWONG Kal TN XPAOoN Tou TEAEOTH pop@oAoyiag opening. KatoTtv, atrd Toug
TUNMATOTTOINKEVOUG TTUPHVEG £yIvE €€aywyn OEKAETTTA (17) XAPAKTNPIOTIKWY, TTEVTE (5)

Mop@OAoyIKWYV Kal dwdeka (12) xapakTnPIOTIKWV UPAG.

Ta xapokTnpIoTIKG auTtd atmoTéAecav Tnv €icodo o€ €éva oUCTNUO  AVAYVWPIONG
TTPOTUTTWV TTOU OXEDIAOTNKE, €TOI WOTE va TTPORAEWEl TOV TUTTO €vOOETTIONAIOKNAG
aAAoiwong. AokiudoTtnkav ol Tagivountég: «k-Nearest Neighbors (k-NN)», «Probabilistic
Neural Network (PNN)», «Minimum Distance Classifier (MDC)», «Least Squares
Minimum Distance Classifier (LSMDC)», «Support Vector Machines (SVM)» kai «Single
Perceptron» yia Tnv tagivounon Twv €IKOVWY 0 dUO KATnyopieg (XapnAou A uywnAou

BaBuou emkivouvoTnTa).

Na kaBévav Tagivount), PBpébnke o PBEATIOTOC OUVOUAOHUOS XOAPOKTNPIOTIKWY,
EQapUOloVTaG WG MEBOOOUG ETTINOYNG XAPOKTNPIOTIKWY, Tn Sequential Backward
Selection kai tnv Exhaustive Search. To ocuotnua aiohoyriBnke pe TN PEBODO
agloAdoynong Leave-One-Out (LOO). H yevikeuon Ttou ouoTtiuatog ot “dyvwoTta’

oedopuéva aglohoyndnke pe Tn uEBodo External Cross Validation.



Ta xapakTnPIOTIKA AOEOTNTA, KUPTOTNTA, QVTIBEDN, CUOXETION, £U@Acn OTIC MIKPEG
OOUEG, N avopolopop@ia TOVWY TOU YKPI KAl AVOUOIoOHOP@ia  WAKOUG O1adpoung
TTapoudiacav oTATIOTIKA onPavTIKEG d1a@opés (p<0.001) peTagu Twv dUO KATNYOPIWYV,

xpnoigotroiwvtag To Wilcoxon pn TTapapeTPIKO OTATIOTIKO TEOT.

To TTPOTEIVOPEVO OUCTNPA avAAUONG EIKOVAG KAl avayvwpiong TTPOTUTTWY QAivETAl VA
dlaxwpiCel EIKOVEG TTPO-KAPKIVIKWY OAAOIWOEWY TOU TPAXNAOU TNG PNTPOAG O€ XANNAOU
(CIN 1) kai ugnAou BaBuou emkivouvotTnTag (CIN I, CIN 1) pye 94,6-95% akpifeia
xpnoigotroiwvtag tov Tagivounty PNN, kai tnv ECV péBodo aglohdynong. Ta
XOPAKTNPIOTIKA TTOU €X0UV PEYAAN cuxvotnTa gugavions otov PNN tagivounTn €ival 10
eMPadd, n KUPTWON, N EKKEVIPIKOTATA KAl N AVOUOIOMOpP®ia YKPI €mMITTEQOU. AuTd T

XOPOKTNPIOTIKA TTEPIYPAPOUV OUOIOYEVEIQ KAl JOP@POoAoyia oTnV €IKOVa

OEMATIKH MNEPIOXH: Emre¢epyaania eikovag, Avayvwpion MNpoTtutrwyv

NAE=ZEIZ KAEIAIA: 1pdxnAog uNATpag, evdoemOnAiaky aAloiwon (CIN 1, I, 1),
KUTTAPOAOYIK  €IKOVA, TUNUATOTIOINON  €IKOVAG,  HOPQPOAOYIKA  XOPOKTNPIOTIKA,
XOPAKTNPIOTIKA UPAG, ETTIAOYT XAPAKTNPICTIKWY, avayvwpeion TTPOTUTTWV



ABSTRACT

The purpose of this thesis is the design of a pattern recognition system, which will be
able to classify pre-cancerous lesions of the cervix in low (CIN1) and high risk (CINII,
CINIIN by processing histopathological images, so that the treatment of patients can be

optimized.

More specifically, biopsies of thirty five (35) patients were used, which were diagnosed
with intra-epithelial lesions. Of the total samples, twelve (12) were diagnosed as low-
grade risk (CIN1), while the remaining twenty three (23) were diagnosed as high-grade
risk (CIN2 and CIN3) in accordance with the diagnosis of an experienced
histopathologist, who used the system of classification of the World Health

Organization.

Initially, we had to prepare the samples, by staining the tissue samples with H&E
(Hematoxylin & Eosin) and then the images were digitized. From each sample we
digitized images, which were taken from the representative regions (Region of
Interest(ROI)), that were focused by the histopathologist. The segmentation of the
nuclei is the next step, which was carried out by using the method of thresholding and
the morpholocical operator of opening. Then, seventeen (17) features were extracted
from the segmented nuclei, from which five (5) were morphological and twelve (12)

textural features.

These features acted as input in a pattern recognition system that was designed to
diagnose the type of the intraepithelial lesion. This system was constructed by the
classifiers: «k-Nearest Neighbors (k-NN)», «Linear Bayes Classifier», «Probabilistic
Neural Network (PNN)», «Minimum Distance Classifier (MDC)», «Least Squares
Minimum Distance Classifier (LSMDC)», «Support Vector Machines (SVM)» and
«Single Perceptron». The system was used for classifying the nuclei into the two

categories (low or high risk).

For each classifier, the optimal feature combination was found applying the Sequential
Backward Selection and the Exhaustive Search feature selection methods. The system
was evaluated using the Leave-One-Out (LOO) method. The system evaluation in “new”

data was performed by means of the External Cross Validation (ECV) method.



Seven of the examined features the skewness, the kurtosis, the contrast, the
correlation, the short run emphasis, the gray level non uniformity and the run length non
uniformity showed statistically significant differences (p<0.001) between the two

categories when the Wilcoxon non-parametric statistical test was employed.

The proposed pattern recognition system discriminates the pre-cancerous image
lesions of the cervix in low (CIN 1) and high risk (CIN Il, CIN Ill) categories with 94.6%-
95% overall accuracy using the PNN classifier and the ECV evaluation method. The
features that have the highest incidence in best feature combination are the area, the
kurtosis, the eccentricity and the gray level non uniformity. These characteristics

describe the heterogeneity and morphology in the image.

SUBJECT AREA: Image Processing, Pattern Recognition

KEYWORDS: cervix, intraepithelial lesion (CINI, I, 1), histopathological image, image
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