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“ AUTOMATOTIOLNEVN SUVAULKA AVAAUGH TIOAUTIOPAYOVTLIKWV PUCLOAOYLKWV
Sedopévwy yLa eEaTOUIKEVEVN UYELOVOULKA TtepiBaAYn”

NEPINAHWH

OL dpopntol alodNTAPEG CWHUATOC OE CUVEPYACLA HE TIG TEXVIKEG avAAUONC SeSopéEvwY
€xouv oapxiloel va xpnolpornololvial MpoodaTa OTOV TOHEX TNG EEATOULKEUMEVNG
UYELOVOULKAG TiepiBaAdng, &ebopévou oOtL n  dopnty TEXVOAOylo Mmopel va
mapoakoAouBel tn ¢uoikn Spaotnplotnta, va oUAAéEyel SeSopéva Kal va TapEXEL
TAnpodopleg o€ MPAYUATIKO XPOVO CE ATOUA N} EUTMELPOYVWHOVEC. QOTO00, UTIAPXOUV
OPKETEC TIPOKANOELS TIOU OXETLWlovTal WPE TNV TapakoAouBnon tng amodoong Ttou
a0BevoUg pe Tn xprion SeSopuévwy amod alonTrpeC CWHATOG. ZUYKEKPLUEVA, Ta AndBEvTa
debopéva pmopet va eival moAv e€atopikeupéva ue Baon tov acBevr) Kal AveTapKn yla
™ Slwadopornoinon ™G GUCLOAOYIKAG KAl TNG OVWHOANG OCUUTEPLPOPAC yla TV
povtelomoinon evog mpofAnuatog taflvopnong. Etol, amatteital plo eEATOUKEVEVN
TMPOCEyylon Yyl TNV avaluon tng Spactnplotntag Tou ooBevoug HE €va  un
ETOTITEVOUEVO I NUL-ETTOMTEUOUEVO TPOTIO YLOL TNV OVAYVWPLON TWV TIPOTUTIWY, h omola
Ba eival emtiong edapudolun oe MOAAATAOUG ETEPOYEVELS ALCONTHPEG TTOU Kataypddouv
Sladopetika dedopéva.

H mAeloPnoia twv udlotdpevwy TEXVIKWY SLAyvwaong XPnoLULOTIOLEL XOPAKTNPLOTIKA TTOU
e€ayovtal and cUUPBOALKEG AVATOPACTACELS | LEAETWVTOG TNV CUXVOTNTA TWV CXETIKWV



bebopévwy, evw elte ayvoolv TANPWE TN CUUNEPLGOPA TOU UTIOKEIUEVOU SUVAULKOU
OUOCTAMOTOG TIoU Ttapadyel Ta SeSopéva, €ite Sev €XOUV TNV LKAVOTNTA TOUTOXPOVNG
enefepyaoiag moAanAwy dtaotdoewy. MNa va enonuavel auto to mpoBAnua, n epyacia
QUT TIPOTEIVEL UL VEQL QUTOMATN OAPXLTEKTOVIKN Ylo TNV €€aywyr XAPAKTNPLOTIKWY,
HOVTEAOTIOLWVTAG AUECA TNV €yyevr SUVAULKA Twv SeSoPEVWV TwWV TOAUSLACTATWY
XPOVOOELPWV TIOU Tapayovtal and ¢opntous alodntipeg, oe vPnAdtepng dlaotaong
XWPoUuG PACEWV OMOU OTN OUVEXELD KWOLKOTIOOUVTOL Ol EMAVEUPAVIOELS TwV
KATAOTACEWV TIOU OaPOopPoUV HLA CUYKEKPLUEVN Sladlkaoia. ITnV MPAyUaTkoTnTa, N
epyacio autrn enekteivel Tnv yvwotn ano t BiBAoypadia péBodo Avaluong NoooTikng
EnavaAnyuotntag (RQA) oe moAudidotata dedopéva mou PBaociletal oe Stavuopata
KOTOOTAOEWV, O HLO OPXLTEKTOVLKA TIOU BaoileTal o€ TVOKES KATAOTAOEWV. OL TIVOKEC
KOTOOTAOEWV BewpouvTal TEPLOCOTEPO KATAAANAEC yLa TNV TteEpLypadry ToAuSilacTatwy
ONUATWVY OO TN HABNUATIKI) OKOTILA, ETUTPEMOVIAC TOUG VO LOVIEAOTOL|GOUV TOUG
OUOXETLOHOUC OXL LOVO EVTOC €VOG OAUOTOC, AN Kol HETAEY SLadOPETIKWY CNUATWV.
Afilet va onuewwBel OtL oe avtiBeon pe tnVv AdN UTIAPXOUCO TPOCEYYLON TNG
BBAloypadiac, To mapodv mPoTevopeVo Aaiolo edpapuoletal apeoa o dLadpopeg SOUEC
6ebopévwy, OTWG ELKOVEG, uTtepdaopaTikd deSopéva r poég Bivteo.

H HeAETN auTH XPNOLOTIOLEL EMUTAEOV TEXVLKEG NXAVLKAG LABNONG yLa va oXeSLAOEL Eva
amoboTIKO oloTnUA €€aywynG XOPAKTNPLOTIKWY ylo TNV avokAaAupn mAoUowwv o€
mAnpodopia mMPoTUNwWV Mou Kataypddouv TNV UToKeipevn Suvapiky twv Sdedopévwy
TIOAUSLACTATWY XPOVOOELPWV Yyla TNV avixveuon tng duocAefiac. H SuoAelia eival pa
avamntuélokn Slatapaxn ekpadnong tng akpiBelag r / Kal TnG EUXEPELOG AVAYVWONG
Aé€ewv, Ue TNV Epeuva va KATEVOBUVETAL TTPOC TNV KATavonon tN¢ cUKBOANG TOU OTTIKOU
ocvotnuatog. NapdAo mou n SuoAeia dev eival pla opBaApokivnTik acBévela, ol
avayvwoteg pe SuoAefia €xouv Seiel SLAPOPETIKEG KIVAOELS TWV HATIWVY amod OTL ol
TUTILKA OLVETTTUYHEVOL LABNTEC KATA TNV avAyvwon KELWEVoU. H melpapatiky afloAoynon
o€ mpaypHaTika dedopéva mapakoAolBnong Twv patiwy ya tn dtdyvwon tng SuoAegiog
Katadelkvuel pla BeAtiwpévn amodoon ¢ pebddou pag éoov adopd tnv akpifela
taflvounong, to F-score kol tnv gupwotia mapoucia BopUuBou oe ocUYKPLON KE TO
povodidotato kal to moAudidotato povtéAo RQA tng BLBAoypadiag.
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“Automated dynamical analysis of multivariate physiological data for personalized
healthcare”

ABSTRACT

Wearable body sensors along with data analytics have been recently employed in the
domain of personalized healthcare, since wearable technology can monitor physical
activity, collect data and deliver real-time feedback to individuals or experts. However,
there are several challenges associated with the monitoring of patient performance using
body sensor data. Specifically, the captured sensor data might be too patient-specific and
inadequate for the differentiation of normal and abnormal behavior, which is formulated
as a classification problem. Thus, a generic approach is required to analyze patient activity
in an unsupervised or semi-supervised manner for identifying patterns and also being
scalable across multiple heterogeneous sensors capturing different data.

Multivariate time series analysis is considered as a difficult problem due to the complexity
of the data types. The main challenges of processing time series data involve the high
dimensionality, the presence of noise and redundancy in the data. The majority of existing
diagnosis techniques employ features extracted from symbolic or frequency-domain
representations of the associated data, whilst ignoring completely the behavior of the
underlying data generating the dynamical system. Moreover, those techniques lack the
capability of concurrently processing multiple dimensions. To address this problem, this
thesis proposes a novel self-tuned architecture for feature extraction, by modeling
directly the inherent dynamics of multidimensional wearable sensor time series data in
higher-dimensional phasespaces, which encode state recurrences considering a specific
task. In essence, our work extends the state-of-the-art multidimensional recurrence
guantification analysis (RQA),that is based on state vectors, to a more generic state
matrix-based architecture. State matrices are considered more appropriate for describing
multi-dimensional signals from a mathematical perspective, enabling them to model the
correlations not only within a signal but also between different signals. It is worth
mentioning that in contrast to the state-of-the-art, the herein proposed framework is
directly applicable to several data structures such as images, hyper-spectral data or video
streams.

Furthermore, this study employs machine learning techniques to design an efficient
feature extraction scheme for the discovery of information-rich patterns that best capture
the underlying data dynamics of multidimensional time series data for dyslexia detection.
Dyslexia is a developmental learning disorder of single word reading accuracy and/or
fluency, with compelling research directed towards understanding the contributions of
the visual system. While dyslexia is not an oculomotor disease, readers with dyslexia have
shown different eye movements than typically developing students during text reading.
Experimental evaluation on real data of eye-tracking for diagnosing dyslexia
demonstrates an improved performance of our method in terms of classification



accuracy, F-score and robustness in the presence of noise when compared against a state-
of-the-art unidimensional and vector-based multidimensional RQA.



