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NEPIAHWH

Eicaywyn: AvTIKEiuEVO TNG TTapoUcag DITTAWUATIKAG €pyaoiag €ival n MWEAETN Kal N
avaTtuén evog  UTTOAOYIOTIKOU  OUCTHAPATOG uTroBoriBnong  didyvwong  yia  Tov
OlIOXWPICNO METALU KaAonBwv ATuTTwV OTHAWV Kal Kakonbwv JeAQVWPATWY aTTo
WNQIOKEG OEPUATOAOYIKEG EIKOVEG, PE TNV BOABEIO TEXVIKWY ETTECEPYOOTIAG EIKOVAG Kal
avayvwpiong TPoTuTTwy. YAIKG: Xpnoiyotroinkav 88 eIkdveg OePUATOAOYIKWV
aAAolwoewy, ol oTToieg TTpoépxovTal atrd Tnv online Bdon depuaToAOyIKWYV OEOOUEVWV
Dermnet. Amté TiI¢ 88 €IkOveg, o1 44 atrelkoviouv KaAorBeig ATUTTOUG OTTIAOUG Kal Ol
uttohoITreg 44 kakondn pehavwuara. MéBodol: >Tnv ouvéxela, uAoTroinenkav Ta
TTOPAKATW TEOOEPa Paocikd oTdadla eTTeCepyaoiag kal avadAuong €IkOvag: TIpo-
ETTECEPYATIA, TUNUATOTTOINCT, €€aywyr Kal €TMAOYH XOPAKTNPIOTIKWY KAl TAgIVOUNOon.
Katd 1o o1ddlo TnNG TTPO-£TTECEPYATiag £YIVE N AVIXVEUON KAl N AQAipECN TWV TPIXWV
amo TIG €EIKOVEG, ME XPNOn Twv aAyopiBuwv TTpocappolOuEVNG KATW@PAIwWONG Kal
TTapeUBOARG péong TINAG. EmimTAéov, epapuooTnke péBodog diopBwaong GWTIOUOU o€
€IKOVEG pE €vroveg okidoelg. Kard 1o OoTddio TG TUNUOTOTIOINONG, OOKINAOTNKAV Ol
aAyopiBuol Hysteresis, Otsu kai evepyd Treplypdupata. MNa kabe pia pébodo, AdBaue Eva
EEXWPIOTO OET TUNUaToTTOINUEVWY Oedopévwy. 'ETTeITa, akoAouBnoe n egaywyrn 24
XOPOAKTNPIOTIKWY aTTO KABE €IkOva (XaPakTnEIoTIKA ueng 11 kai 2" 1a€ng, pop@oAoyikd
XOpakTNPIOTIKG). Ta xapakTnpioTiIkd auTtd atroTéAecav €icodo o€ €va oUoThua
avayvwpIong TTPOTUTIWV TTOU OXEDIAOTNKE £TO1 WOTE va TTPORAETTEI TNV KaAonBsia n
kakonBeia TG  Ogppartoloyikng  aAAoiwong.  YAomromibnkav ol Ta&IvOUNTEG:
MBavokpaTtikd Neupwvikd Aiktua (PNN), K- NAnoiéotepwy lMeirévwy, Bayes, EAGxIOTNG
AtméoTaong kai Support Vector Machine. MNa kdBe ta&ivountr, Ppédnke o BEATIOTOG
OUVOUAOMOG XAPOKTNPIOTIKWY HE XpAon Tng MeBOdou eEavtAnTIKAG avalnitnong, O€
ouvOuaouo e TIG ueBGdoug Wilcoxon Rank Sum test kai Principal Component Analysis.
To ouotnua aglohoynbnke pe tnv péBodo Leave-One-Out (LOO). H amdédoon TOU
OUCTAMATOG O «AyvwoTa» Oedopéva eKTINNROnke pe Tnv péBodo  External Cross
Validation. AmroteAéopara: To TTpoTEIVOPEVO CUCTNPA TTAPOUCIOCE TNV MEYAAUTEPN
akpiBeia Tagivounong (86%) yia TO0 OET TUNUATOTTOINUEVWY OEOONEVWV TTOU TTPOEKUWE
amd  Ta evePYA TTEPIYPAUMOTA, XPNOIYOTTOIWVTAG Tov  Tagivounty PNN. Ta 7
XOPAKTNPIOTIKG TTOU €TIAEXONKAV CUPQWVA PE TNV JEBoBO TNG e€avTANTIKAG avalnTnong
gival To gupaddv, n yéon TiPA, N TUTTIK atmOkAion, n AogdTnNTa, TO €UPOG AvTIBEONG, N
TTEPIMETPOG KAl N PEON TIMI AVOUOIONOP®YIAS TWV ETMITTEOWYV TOU YKPI. H €TTIAOYr auTwyv
TWV XAPOKTNEIOTIKWY MAG ATTOOEIKVUEI OTI KAl Ol TPEIG TUTTOI XOPAKTNPIOTIKWY TTOU
g€ayape (Hop@ohoyikd, uenic 1 kar 2" 1a€ng), cuuBAAAoUV aTOV SIAXWPIOUO PETAEY
KaAonBwv kal kakonBwv aAloiwoewyv. H akpieia Tagivounong «ayvwoTwv» OEQONEVWV
pe Tnv External Cross Validation utroAoyioTnke o1o 77% * 8%. Zu¢ATnon: H puéBodog
TMNMATOTIOINONG  EVEPYWYV  TTEPIYPAPUATWY  €TTEDEIEE TA  KOAUTEPA OTTOTEAEOUATA
TMNMATOTTIOINONG O€ OXéon ME TIGC ueEBOdoug Otsu kair Hysteresis. H péBodog Otsu
TTOPOUCIACE aduvapia TUNUATOTTOINONG €IKOVWY OAAOIWOEWY HE €VTOVEG OKIAOEIG.
MapdAo TTou To oUCTNPA €ixe OXETIKA PIKPO TTOCOOTO akpifelag Tagivopunong (86%) kai
IKavoTNTa Yevikeuons (77%x 8%), Ta ATTOTEAEOUATA TOU PTTOPOUV VA OUYKPIOOUV JE
atmmoTeAéopara Tou €xouv avagepBei otnv BiPAloypagia ammd AGAAoug epeuvnTéG. To
TTPOTEIVOUEVO OUOTNUA UCTEPA ATTO MEPIKEG PBeATIOTOTTOIROEIG, Ba JTTOPOUCE VA
XpnoigotroinBei yia tnv utofoninan didyvwong Kakonbwv 1 KaAondwyv OEpPATIKWV
aAAoIoEWY €101 WOTE PEANOVTIKA va PEIWOEI 0 apIBPOS TwV EKTOPWV-BIOYIWV Kal
TauTOXPOVa va GUMPBAAEI OTNV PEIWON TOU TTOOOGTOU BvNOINOTNTAG ATTO TOV KAPKIVO TOU
dépuaTog.

OEMATIKH MNMEPIOXH: Eme¢epyaaoia eikovag, avaAuon €IKOVaAG, avayvwpion TTPOTUTTwY
AEZEIZ KAEIAIA: peAdvwpa, ATutrog oTmiAog, yn@iakn depPAToAOYIKA €IKOva, TTPO-
ETTECEPYQTIA, TUNUATOTTOINON, £EQYWYH XAPOKTNPIOTIKWY, ETTIAOYA XAPAKTNPIOTIKWV



ABSTRACT

Introduction: The aim of the present thesis was the development of a computer-aided
diagnosis (CAD) system for the discrimination between benign atypical nevi and
malignant melanomas on digital dermatological images using image processing and
pattern recognition algorithms. Data: 88 skin images were downloaded from the online
photo dermatology database Dermnet and used as input into the proposed system.
From the 88 images, 44 were benign clark nevi and the rest 44 were malignant
melanomas. Methods: Next, four basic steps of image processing and analysis were
implemented: preprocessing, segmentation, feature extraction and selection, and
classification. At the preprocessing step, the skin lesion hair pixels were detected and
removed by the adaptive thresholding and mean-value interpolation methods.
Furthermore, an illumination correction method was applied to the images with sharp
shadowing. At the segmentation step, three segmentation algorithms were
implemented: the hysteresis thresholding, the Otsu’s thresholding and the active
contours. As a result, three different datasets of segmented skin images were obtained.
The next step involved feature extraction, during which 24 features were extracted from
each segmented skin lesion image (1% order textural features, 2" order textural
features, morphological features). These features were used as input into a pattern
recognition system that was designed to predict the dermatological lesion’s category
(benign or malignant). The implemented classifiers were: Probabilistic Neural Network
(PNN), K-Nearest Neighbors, Bayes, Minimum Distance Classifier and Support Vector
Machine. For each classifier, the optimum feature combination was found, using the
exhaustive search, in combination with the statistical Wilcoxon Rank Sum test and
Principal Component Analysis as feature selection methods. The proposed system was
evaluated by the Leave-One-Out method (LOO). The system’s performance in
‘unknown’ data was evaluated using the External Cross Validation method. Results:
The proposed system presented the highest classification accuracy (86%) for the active
contours’ dataset, using the PNN classifier, with exhaustive search as feature selection
method (up to 8 feature combination) and the LOO as the evaluation method. The 7
best features, according to the exhaustive search method, were the area, mean value,
standard deviation, skewness, contrast range, perimeter, and the mean value of the
gray level non-uniformity. The selection of these features proved that all three types of
the extracted features (morphological, 1st and 2nd order textural), contributed to the
discrimination between benign and malignant lesions. The “unknown” data classification
accuracy was estimated 77% = 8% by the External Cross Validation method.
Discussion: The active contour segmentation method showed the best results
compared to Hysteresis thresholding and Otsu’s method. Otsu’s method presented
weakness in segmenting skin lesion images with sharp shadowing. Although the system
showed relatively low classification accuracy (86%) and generalization ability (77% =
8%), its results are comparable with the results presented in literature by other
researchers. The proposed system can be used to assist the diagnosis of malignant or
benign skin lesions, after some optimizations. It could reduce the number of excisions-
biopsies, while contributing to the reduction of skin cancer mortality rate by means of
early stage detection.
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