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NEPIAHWH

2KOTTOG TNG Trapouoag e€pyaciag nrav, o0€ TPWTO OTAdIo, n dlgpelvnon NG
ATTOTEAEOUATIKOTATAG  JIAPOPWY  QPIATPWY  KUMATIWY, YIa TNV TIIO  ATTOTEAECUOTIKA
KATaOTOAN Tou BopuBou ot €IkdveG pikpoouoToixiwy cDNA. e deutepo OTAdIO O
OKOTTOG ATAV N UAoTtroinon €vog aAyopiBuou KATATNongG yia TNV IO ATTOTEAECUATIKI)
avadelitn Twv KnAidwv atd Tov TepIBAAAovTa  @oévTo. H KaivoTtopia TnG TTapoucag
OITTAWATIKAG €YKEITAI OTO YEYOVOG OTI O TTPOTEIVOUEVOG TPOTTOTTOINUEVOS AAYOPIOUOG
MRF xpnoigoTtrolei éva TTITTAEOV XOPAKTNPIOTIKO, TTOU TTPOKUTITEI JETA TNV €£QAPUOYN
TOU OTABUEUPEVOU PJETAOXNMATIOUMOU KUpPaTiwv SWT OTIG €IKOVEG.

2TNV TTapouca JITTAWMPATIKY €pyacia XpnolhoTToINenKav €IKOVEG TTOU TTPOEKUWAV ATTO
TTelpapaTa pikpoouoTolXiwv cDNA, wg mpdtutra yia Tn dnuioupyia TTPOCOUOIWPEVWV
EIKOVWV O€ TTEVTE BIAQOPETIKA eTTiTTEdQ BopUBou, yia Tnv agloAdynon Twv aAyopibuwv
KATtaTunong Trou  uAotroimnkav. EmImTAéov, TTpayyatoTroiOnke Hiad OUCTNUATIKN
eKTiuNON QIATPWV Baciopéva o€ KUPATIA VIO TRV KATAOTOAN Tou Bopufou, TTPOKEIMEVOU
va emITeUXOei BeATiwoN Twv €IKOVWY pikpoouoToixiwv cDNA. lNa 10 okoTrd autd £yive
xprion Tou SWT pe did@opa €idn unNTpIKWY Kupatiwv. O1 EIKOVES TTOU TTPOEKUYAV PETA
TNV KATAOTOA} TOUu Bopufou avaAuBnkav Kal EQAPPOOTNKE O€ AUTEG O AAYOPIBUOG
KATATUNONG Tuxaiwv Tmediwv Mapkoe MRF, yia Tnv €KTiunon TOU QVTIKTUTTOU TNG
dladikaoiag KataoToArlg BopuBou OTO OTAdIO TNG KATATUNONG. ZKOTTOG QUTAG TNG
dladIkaoiag ATav N A0y TwWV KATAAANAWY TTAPAUETPWY, KUPIWG 600V apopd TO €idOg
TOU KUpaTiou, oUTwWG WOTE va XpNolyoTtroinBouv oTnv PETETTEITAa avaAluon. EmimmAéov
uhotroinBnke évag nUIGUTOPOTOG  aAyOpIBuOog  dnuioupyiag  Kal  euBuypdpuiong
TTAEypaTOoG. Ooov agopd TNV KATATunon Twv €IKévVwy, UAOTToINONKav TpeIg aAyépiBuol: o
k-means, o MRF kai pia tpotrommoinon tou MRF pe xprion twv kupaTtiwv (Wavelet-
MRF). Ta 1To0OoTIKOTIOINON TWV ATTOTEAECHATWY, 00OV a@opd TNV KOTACTOAR TOu
BopuBou peTpriBnke T0 mean square error (MSE) kai 10 signal/MSE. Ocov agopd tnv
ammodoon TwV TEXVIKWY KATATUNONG, UTTOAOYIOTNKAV O TIaPAyovTag TAUTOTTOINONG
kaTaTUNonS SMF kal 0 GUVTEAEOTAS TTPOCSIopIoHOU r2.

ZUPQWVA JE TO ATTOTEAECUATA, TTIO ATTOTEAEOUATIKN) KATAOTOAr} Tou BopUBou KaTtagepe
va eTMTUXEl N TEXVIKN €AA@POU QIATpapiopaTog o€ ouvduaoud pe 1o biorthogonal 1.3
MNTPIKG KUMATIO, eTITUYXAvovTag TO XaunAoTtepo MSE kal Ta uywnAdTepa signal/MSE kai
SMF. Ocov a@opd Tnv KATATUNoN TWV €IKOVWY 0 K-means €MITUYXAVEl TO XAUNAOGTEPO
SMF kai To XapunASTEPO 1%, akoAouBei o MRF kai Thv KaAUTEPN atméddoon TTapousidlel o
Wavelet-MRF. e uypnAd emimeda BopuBou o aAyopiBuor MRF kai Wavelet-MRF
TTapouoialouv PeyaAn dla@opd o€ oxeéon ME Tov k-means, evw 0t XAPNAQ eTTiTTeda
BopuBou n dloYopd cival ApPKETA PIKPOTEPN, aTTOdEIKVUOVTAG OTI OI aAydpIOuol auToi
avtatrokpivovtal kKaAUutepa o€ uwnAd emimmeda Bopufou. EmmAéov, n xprAon Twv
KuhaTiwv  oTtov  oAyopiBuo Wavelet-MRF  BeAtiwvel 10  ammotéAeopa  Tou MREF,
emMBeRaiuvovTag TN ONUAvTIKOTNTA TNG TTANPOQPOPIAC TTOU TTAPEXETAI OTTO Ta KUUATIQ,
KaBw¢ Kal TNV avaykaidtnta yia dIEPEUVNON TTEPICOOTEPWY XAPOAKTNPIOTIKWY TTOU Ba
MTTOpOUCAV VO CUVEICPEPOUV ATTOTEAECHATIKA OTOV aAyopiBuo katdtunong MRF yia
TTEPETAipW BEATIWON TNG ATTOSOCNG TOU.

OEMATIKH MEPIOXH: BiomrAnpo@opikr, Etregepyacia Eikdvag

AEZEIZX KAEIAIA: pikpoouoTtoixieg cDNA, kupdTia, katdtunon, Tuxaia media Mapkoo,
METAOXNMATIONOG KUMATIWYV



ABSTRACT

The purpose of the present study was initially to investigate the effectiveness of different
wavelet filters, for the most effective suppression of noise in microarray cDNA images.
In the second stage the objective was the implementation of a segmentation algorithm
for a more effective delineation of the spots from the surrounding background. The
innovation of this thesis is that the proposed modified Markov random fields’ algorithm
(MRF) uses an additional feature, obtained by the application of the stationary wavelet
transform (SWT) to images.

In this thesis, images derived from cDNA microarray experiments were used as
templates for creating simulated images at five different levels of noise, for the
evaluation of the implemented segmentation algorithms. Moreover, a systematic
evaluation of filters based on wavelets was performed, in order to achieve the
improvement of microarray cDNA images by means of noise suppression. For this
purpose, SWT was used combined with various types of mother wavelets. The images
obtained after the suppression of noise were analyzed and the MRF algorithm was
applied to them in order to assess the impact of the noise suppression process to the
stage of segmentation. The purpose of this procedure was the selection of the
appropriate parameters, basically concerning the type of wavelet, in order to use them
in later analysis. Moreover, a semiautomatic algorithm for the gridding of the images
was implemented. Regarding the segmentation of images, three algorithms were
implemented: the k-means, the MRF and a modification of the MRF using wavelets
(Wavelet-MRF). For the quantification of the results in terms of noise suppression the
mean square error (MSE), and signal/MSE were measured. Regarding the performance
of segmentation techniques, the segmentation matching factor SMF and the coefficient
of determination r? were calculated.

According to the results, more effective noise suppression was achieved by the soft
thresholding technique combined with the biorthogonal 1.3 mother wavelet, scoring the
lowest MSE and the highest signal/MSE and SMF. Regarding the segmentation of
images, the k-means algorithm achieved the lowest SMF and the lowest r?, followed by
the MRF, while the Wavelet-MRF algorithm showed the best performance. At high
levels of noise, MRF and Wavelet-MRF algorithms show significant difference
compared to the k-means, while at low noise levels the difference is much smaller,
showing that these algorithms are better suited to high noise levels. Furthermore, the
use of wavelets in the Wavelet-MRF algorithm improves the results of the MRF,
confirming the importance of the information provided by wavelets, as well as the need
to explore more features that could contribute effectively to the MRF segmentation
algorithm, for further improvement of its segmentation accuracy.
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