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H éyxpion g mruyrokng dtatpipng omd 1o Tpumpoa Hiektpoddywv Mnyovikedv kot Texvoroyudv
[Minpogopikng tov Teyvoroyucob [Havemotuiov Kompov dev vmodnAdvel omapaitnTog Kot
AmOd0YN TOV ATOYE®Y TOL GLYYPAPE €K LEPOVG TOV TN aTOG.



Me 10 mépag NG MOPOLGOS JMAMUOTIKNG epyaciog Oa MBeha va guyoploTNo® KATOPYAS TOV
emPAénov kabnynt pov, Ap. EvBoBovio Kupidkov yuo tig supfoviés kot tnv kabodrynon tov ce

OAN TV mopeia TG TAPOVCAG TTVYLUKYG EPYACIOG.

AxorovBwg Ba HBela va gvyoapiotiom T0c0 tov kabnynt) Ap. Xpicto Aoilov tov omoiov 1 fonbeia
NTav TOADTIUN Yo TV €MIAVOT OOV JTOTE amopldV dnpovpynRdnkav otnv mopeia, kabmg Kot

EMEENYNOELS Y10 L0 GOOTI OMOTIUNON OMOTEAEGULATOV.

Téhog, Ba NBeha v VYAPLGTACM TNV OKOYEVELD KOl TOVG PIAOVS LLOV Y10l TV GUUTOPAGTAGT TTOV LLOV

£0e1&av Ko’ OAN TV dpKELD TNG TAPOVGOG TTLYLOKNG EPYACTOG.



IHEPIAHYH

H IMoAomdn ZxAnpovon (ITX) eivon pio eEeAocopevn vevporoyikn Tdbnon pe avocsoroyikn Bdon, n
omoia emnpealel to Kevipukd Nevpueod Zuomua (KNX), mpokardvtog eKQUAIGTIKES AAALOIDGELS TNG
HLEAIVIC KO 00N YDVTOG o€ veELPOoAoYKa ehdeippata. [Tpocfaiiel Kupimg dtopo veapng nAkiog Kot
oe Babog ypovov pmopel vo odnynoel oe peptkn N TAnpn avarnpia [1]. H éykoupn aviyvevon kot
mocoTiKY] aloAdoynon tov PAafov eivar kaboplotiky Yo TV TPdyvmon g vOGou Kol TN

BeAtiotomoinon g OepamevTikng TPOGEYYIoNC.

H Mayvtiky Topoypaeioa (MT) oamotedeli Tov mAEOV  S100E00UEVO  OMEIKOVIOTIKO TPOTO
napakorovdnong g X, Adym ™ vyning evaictnciog g oy avadelén taboroyikdv eotimv [20].
[Topora avtd, n epunveia TV dedopEVOV cuyva otnpiletol o€ un avtopaTorompéves pebBoddovg, ot
omoieg eivar ypovoPopec, €EapTOVIOL OO TOV EKACTOTE YEPICT KOl GLYVE GLVOOEVOVTOL Ao
VTOKEEVIKA OQAAMOTE, E0IKA OTav TPOKETOL Yoo avdAvon HeEYAA®V Oykov Jdedouévov 1

TEPLOPIOUEVOVS ETAYYEAUATIKOVG TOPOVC.

H mopovoa epyocio emkevipdvetor otnv vAOTOINGN €vVOG GUYYPOVOL AOYIGUKOD €pYaAEiov o€
yAdooao Python, 10 omoio emttpémetl T GTAO0KN KO LEPIKADS OVTOUOTOTOMUEVT] OAVAALGT EIKOVOV
MT acbevov pe ITXE. To cvotnpa cuvodevetat amd Eva evypnoto ypaeikd mepiaiiov (GUI) péow
OV 0moiov 0 YPNoTNG umopel va poptmoet ekdveg oe popen PNG, JPEG ko NIfTL, va epapuocet
npoemeEepyacia, Vo EKTEAEGEL TUNUOTOTTOINGT, VO EMKAAVYEL LAGKES, VO, OEIOAOYNGEL TV TTOLOTNTO

TOV ATOTELECUATOV Kot Vo eEQyel TOGOTIKA dedopéva.

H Aertovpyikry pony tov cvotnuotog Eekivd pe v mpoemeEepyasia, n omoia mepriapPdvel v
amopdvoon tov gykepdiov (skull stripping), v amobopvPoroinon g ewdvog Kol TNV
Kovovikomoinon g eotewvotntac. H tunpoatonoinon Bacileton ot yprion Gaussian Mixture Models
(GMM), ta&wvoumvrag ta pixel og tpeig Paocikég katnyopiec: Agvkn Ovoia (AO), ®od Ovoia (PO)
kot Eykeparovotaio Yypo (ENY). Metd v tunpatomoinon, 1o cOGTNUA EMTPENEL TV AVAAVOT
TV ProPav mov mpoépyovtal gite and avtopartn enelepyacio gite and ecaymyYn yEPOKIiVTOV
HOoKOV, VITOA0YILOVTOG TOV OYKO TOVG, TN YWPIKN KOTAVOUTN TOVuS Kot T 0€01m TOVg 6€ GYEoN e TOVG

EYKEPOUAKOVS 1GTOVG.

[No v amotipnon ¢ axpifelag TV AnTOTEAEGUAT®V, TO GOGTNHO TEPIAAUPAVEL TPEIS UETPIKES: TOV
Dice Coefficient (DSC), mv Hausdorff Distance (HD) kot tov Agiktn Aopkng Opototnrag (SSIM).
Emniéov, evoopotdvel 1 duvatdtnta Tapaymyng Oeplikdv xaptdv, mpoceEpovTos PeATiopév

OEKOVION KOl KATOVONON T®V OmOTEAESUATOV. TEAOG, OAO TO TAPOYOUEVO OTATICTIKG OedopEva



amoOnkevovtal oe apyeia Excel yio peAlovtikny ypnon N cuykprtiky a&loAdynon HETOED PETMV Kol

ac0svav.

‘Eva. amd ta onpovTikOTEPO TAEOVEKTNLLOTA TOV GLUGTILOTOS EIVOL 1] EVEOUATOOT BEpUIKOV YaPTAOV,
ol omoiol waPEYOLV EYYPOUN, JOPUCTIKY) OTTIKOTOINGN TNG TUNUatomoinong Kot towv PAafov. H
dvvatdotTo avt KoOoTd €uKOAGTEPN TNV €PUNVEID TOV OMOTEAEGUATOV, OKOUN KOl OO [N
eedkevpuévoug ypnotec. Emiong, mapéyeton n dvvoatdtra eEaymyng ToV OmOTEAECUATOV GE apyEio

Excel, vroompilovtag otatiotikny avaivon, apyelobétnon kot cvykpioels peta&d aclevov | eetdv.

To cvomua avartdydnke og Linux epiBaiiov (Ubuntu 24.04 LTS), eivotl eneKTdo1plo Kot Lopet va
TPOGUPUOCTEL GE OLUPOPETIKA EPELVNTIKA Kot KAVIKA dedopéva. H vrootpién toco yioa T1 660 ko
v T2-ctabuiocpéveg eikdveg emMTPETEL TNV TOALOIACTATY avdAvon NG Taboroyiag, pe ELpacn otV
T2, n omoila mapovoidler Wwitepn dwyvootikny aglo aAld omaviog aglomoteitar o Pdbog ot
BiBroypapio.

2UVoMKd, M epyacio TN €mMTLYYXAVEL TN YEQEUPMOOT UETOED TEYVOAOYIOG KoL WOTPIKNG TPAENG,
TPOcOEPOVTOG Eva epyareio To onoio pmopel va aglomomBel yroo TV vTosTPIEN TG ddyveOong, TNV

napoakorovdnon g e£EMENG g TIZ Ko v Tepatépm epeLVNTIKN avaAvomn dedopévemv MT.

AgEerc-kredna: TTolamdn Zxinpovvon, Mayvnrtikny Topoypagio, Tunuatoroinon, Gaussian Mixture
Models, Python, I'pagiko Tepipdirov Xpriot, Avaivon Brafav, NIfTI, @gpuikdc Xaptng
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ABSTRACT

Multiple Sclerosis (MS) is a progressive autoimmune disorder of the central nervous system (CNS)
characterized by demyelination and the formation of inflammatory lesions that affect neural signal
transmission. It predominantly affects young adults and can result in long-term neurological deficits
and disability [1]. Accurate localization, quantification, and monitoring of these lesions are essential

for effective diagnosis, treatment planning, and tracking disease progression.

Magnetic Resonance Imaging (MRI) remains the gold standard imaging modality for MS due to its
ability to provide high-resolution and high-contrast images of brain tissues [20]. However, despite
advancements in imaging techniques, MRI scan interpretation in clinical practice is still largely based
on manual assessment, which is time-consuming and subjective. The growing need for more objective,

scalable, and automated image analysis solutions is now more evident than ever.

This thesis presents the development of a Python-based software platform that enables semi-automated
MRI brain image analysis tailored for MS cases. The software includes a fully interactive Graphical
User Interface (GUI), through which users can load T1- or T2-weighted images in standard formats
(PNG, JPEG, NIfTI), perform preprocessing, conduct tissue segmentation, apply lesion masks,

evaluate segmentation quality, and export results.

The operational flow of the system starts with preprocessing, which includes skull stripping to remove
extracranial structures, denoising, and intensity normalization. Brain tissue segmentation is performed
using Gaussian Mixture Models (GMM), classifying pixels into White Matter (WM), Gray Matter
(GM), and Cerebrospinal Fluid (CSF). The software supports both automated lesion detection and
manual mask overlay, enabling spatial quantification of lesions in relation to specific tissue regions.

To validate segmentation performance, three evaluation metrics are integrated: the Dice Similarity
Coefficient (DSC), the Hausdorff Distance (HD), and the Structural Similarity Index Measure (SSIM).
These metrics allow for robust quantitative comparisons with ground truth annotations. A
distinguishing feature of the tool is the visualization of heatmaps, which enhance interpretation through
color-coded, spatial representations of segmentation results.

One of the most innovative features of the software is the generation of heatmaps for intuitive and
color-coded visualization of segmentation outcomes and lesion distributions. This visual component
significantly enhances interpretability, making the system useful even for non-technical users such as

clinicians or medical students. Furthermore, the system automatically exports all relevant statistics—
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such as lesion volumes, tissue proportions, and evaluation scores—to Excel format for further analysis

and comparison.

The software has been developed and tested under Ubuntu 24.04 LTS and is fully functional across a
range of patient data. Emphasis has been placed on enabling the analysis of T2-weighted images, which
are often underrepresented in computational neuroimaging literature despite their superior sensitivity

to lesion detection.

By combining powerful image analysis algorithms with an accessible user interface, this project
contributes an innovative and practical tool to the domain of MS imaging. It is poised to support both
research and clinical applications, enhancing diagnostic accuracy, improving efficiency, and

facilitating quantitative assessment of MS progression.

Keywords: Multiple Sclerosis, Magnetic Resonance Imaging, Python, Brain Segmentation, Gaussian
Mixture Models, Medical Image Analysis, Graphical User Interface, Lesion Quantification, Heatmap
Visualization, NIfTI
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