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Y1roAoyioTiké cuoTnua utrofortnong didyvwong yia Tov S1aXwpIouo dTutTwyV
KaAonBwyv otriAwyv atrd kakondn peAavwpata e XPHON YN@PIaKWYV dEpUATOAOYIKWV
€IKOVWYV Kal aAyopifpwyv eregepyaciag Kal avaAuong €IKOvag

MepiAnyn

Eicaywyn: AvTikeiyevo Tng tmapoucag OITTAWMATIKAG e€pyaciag eivalr n PEAETN Kal N
avaTTugn €vog UTTOAOYIOTIKOU OUCTAUATOG utrofonBnong didyvwaong yia Tov dlaxwpIouo
METALU KaAonBwv dATUTTWV OTTAWV Kol KoKonBwv HPEAAVWUATWY OTTd  WnNOIOKEG
OEPUATONOYIKEG EIKOVEG, YE TNV PONBEIa TEXVIKWYV ETTECEPYATIAG EIKOVAG KAl avayvwPIoNnG
TTPOTUTTWV.

YAIk6: XpnoigotromOnkav 88  eikdveg  dEPUATOAOYIKWY  OAAOILOOEWY, Ol  OTI0IEG
TTpoépyxovTtal atmd Tnv online Bdon depuartoloyikwy dedouévwv Dermnet. Amé 1i¢ 88
€IKOVEG, o1 44 aTtreikovifouv KaAoNBeIg ATUTTOUG OTTIAOUG Kal oI UTTOAOITTEG 44 KaKoron
MeEAavwuaTa.

MéBodol1: 2Tnv ouvéxela, ulotroinBnkav Ta TTOPAKATW TEoOepa Pacikd oTddia
eTTegepyaoiag kal avaAuong €ikOvag: TTPO-ETTECEPYATia, TUNUATOTIOINON, €Eaywyr Kal
ETTIAOYI XOAPOKTNPIOTIKWY Kal Tagivounon. Kard 1o otadio TNG TTPO-ETTECEPYATIAG EYIVE N
QViXVEUCN Kal n aQaipeon Twv TPIXWV aTTO TIG €IKOVEG, ME XPNon Twv aAyopiBuwv
TIPOCAPHUOLONEVNG KATWPAIWONG Kal TTAPEPPOAAG PEONG TIMAG. ETITTALOV, £QAPUOOTNKE
MEBODOG O10pBWONG QWTIOUOU Of €IKOVEG ME €vioveg OKIdoelg. Katd 1o oTddio Tng
TMNUATOTTOINONG, OOKIMAOTNKAV Ol TPEIG aAyOpIBpol Tunuarotroinong: Hysteresis, Otsu kai
eEvepPYQ TTEpIypAppaTa. MNa KaBe pia péBodo, AaBape éva EexwpIoTd OET TUNPATOTTOINKEVWV
oedopévwy. EtTeima, akoAouBnoe n egaywyn 24 XOpakTnEIOTIKWV OTTO KABe €lkéva. Ta
XOPOKTNPIOTIKA auTd atmoteAoUvTal At XapakTneIoTIKG uenic 1™ kai 2™ 1déng kabwg Kal
atmd HOPYOAOYIKA XAPAKTNPIOTIKA. Ta XOaPAKTNPIOTIKA QUuTA OTTOTEAECQV €i0000 O€ €va
oUoTNUa  avayvwpiong TIPOTUTTWY TToU OXeDIAOTNKE €101 WOTE va TIPORAETTEl ThV
KaAoriBeia r kakonBegia TNG depuaToAoyiknG aAloiwong. YAotroienkav ol TagivounTeg:
MBavokpaTtikd Neupwvikd Aiktua (PNN) ue Gaussian, Exponential kai Reciprocal TTuprva,
K- TlAnoiéotepwyv leimovwy, Bayes pe ypapuiké kai Quadratic trupriva, EAGxIoTng
AméoTaong kalr Support Vector Machine. lMNa kdBe Tagivountd, PpéOnke o BEATIOTOG
OUVOUAOMOG XOPOKTNPIOTIKWY HE XPRon Tng HeBOdou €gavtAnTikig avalntnong, o€
ouvduaoud pe TIg nEBddoug Wilcoxon Rank Sum test kai Principal Component Analysis
(PCA). To ouotnua agiohoyndnke pe tnv péBodo Leave-One-Out (LOO). H atrédoon Tou
OUCTAMATOG OE «AyVwoTa» dedopéva ekTIUAONKE e Tnv ué€Bodo External Cross Validation.

AtroteAéopara: To TIPOTEIVOUEVO OUCTNUG TTAPOUCiacE TNV MEYAAUTEPN akpiBeia
Tagivounong (86%) yia 1o OeT TUnUOTOTTOINUEVWY OEOONEVWV TTOU TTPOEKUWE aTTd T
EVEPYQ TTEPIYPANMPATA, XPNOIhoTTolwvTag Tov TagivounTti PNN pe Gaussian Ttrupriva, pe
MEBODO €TTIAOYNG XOPAKTNPIOTIKWY Tnv exhaustive search (éwg 8 ouvduaououg) Kai
MEBODO agloAoynong Tnv LOO. Ta 7 XapakTnPIoTIKA TTOU €TMIAEXONKAV CUP@WVA PE TNV



MEBODO TNG eCavTANTIKAG avaliTnong ival 1o eupaddv, N géon TIPR, N TUTTIKA A1TOKAION, N
AoEOTNTA, TO €UPOG avTiBeong, n TIEPIMETPOG Kal N MEON TIP AVOUOIONOP®YIaS TwV
EMTTEQWYV TOU YKPI. H ETTIAOYI QUTWV TWV XOPAKTNPIOTIKWY PAG ATTODEIKVUEI OTI KAl O TPEIG
TUTTOl XOPAKTNPIOTIKWY TTou e€ayape (Mop@ohoyikd, upng 1% kar 2" 1d¢ng), oupBailouv
OTOV JIOXWPIOKO PETALU KaAonBwv kal kakonbwv aAloiwoewyv. H akpieia Tagivopnong
«ayvwoTwvy dedopévwy pe Tnv External Cross Validation utroAoyioTnke oT1o 77% + 8% .

2uditnon: H péBodOG TUNUATOTIOINONG EVEPYWV TTEPIYPAUMATWY ETTEDEICE TA KOAUTEPQ
QATTOTEAEOUATA TUNUOTOTTOINONG O€ OXE0N ME TIG EBOdouUg Otsu kal Hysteresis. H pébodog
Otsu Trapouciooce aduvauia TUNUATOTTIOINONG EIKOVWY OAAOIWOEWY UE EVTOVEG OKIAOEIG.
MapoAo TTou T0 oUCTNHA EiXe OXETIKA WIKPO TTOOOOTO aKpifelag Tagivounong (86%) kai
IKavoTnTa yevikeuong (77%zx 8%), Ta ATTOTEAEOUATA TOU WPTITOPOUV va OUYKPIBOUV ME
atmmoteAéopata TTou €xouv avagepBei otnv BiBAloypagia ammd AGAAoug epeuvnTéG. To
TIPOTEIVOUEVO OUCTNUA  UCTEPA aTTO  MEPIKEG PBeATIOTOTTOINOEIG, Ba pTTOpOUCE VA
xpnoigotroinBei yia v utofondnon didyvwong kakonbwv 1 KaAonbwv OepUATIKWY
aAOIWOEWY €101 WOTE MPEANOVTIKA va MEIWOEI 0 apIBUOG TwV EKTOPWV-BloYIwyY Kal
TauTOXpPOVa va CUUBAAElI OTNV PEIWoN Tou TTOO0O0TOU BvnoiudTNTAg aTTd TOV KAPKIVO TOU
dépuaToG.

OEMATIKH NEPIOXH: Emreepyacia sikdvag, avaAuon €iIKOvAg, avayvwpion TTPOTUTTWY
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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. The features
comprised 1% order textural features, 2" order textural features and 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) with Gaussian,
Exponential and Reciprocal kernel, K-Nearest Neighbors, Bayes with Linear and Quadratic
kernel, 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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