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" KOUWOTOMEG TEXVIKEG YLOL TNV EKTIUNGN TIOAUTPOTUKWV XOHEVWV SESOUEVWV OE aoUpOTaL
Sixtua cuaBntripwv "

NEPINHWH

Kata tn Sldpkelad Twv TeAeutaiwv Oekaetiwy, Ta oacUppato Siktua oalodntrpwv £xouv
TPooeAKUCEL Peydho evlladépov KabBwe amoteAouv tn Pacikr) Texvoloyla Mou EMITPEMEL TNV
vlormoinon efeAlyuévwyv Umnpeclwv o€  TOAAATAOUG TOMElS edopuoywv, oL oTolol
niepthapfavouy tnv napakoAolOnon tou epBAANOVTOC, EVOS BLOUNXAVLKOU GUCTHHATOC KOLTNG
OTOMLKAC uyelag. Opwg, mopd tnv gupela ebapuoyn toug, Ta aoupuata Siktua alobntinpwy
TAoXoUV amd OLKTUOKEC KoL EVEPYELOKEG ATEAELEG, TIOU avamodeukta odnyolv ot amMwAELL
UETPNOEWV. Q¢ OMOTEAECUA, O XOUNAOG OYKOG aro SLtabéatpa Sedopéva emnpedlel SPOUATIKA TLG
£MAKOAOUBEC epyaoieg emefepyaciog Kal HAbnong, OTWGE N avixveuon acuvnBLOTWVY YEyoVOTWY,
n opadomnoinon kot n tafvounon.

TNV mapol oo SUTAWMATIKN gpyaoia avTIHETWTIL{oUUE TO MPOPBANUO AUTO, TPOTEIVOVTAG TIG N
cupBOTIKEC HEBOBSOUG TNC ZupmAnpwaong o) Mvakwv (2MN) kat B) Tavuotwy (2T), oL onoieg elval
og B£0n va avakToUV TIG amoUoEeG LETPROELC Le Evay aglOmLoTo Tpomo. H Baoikr Bswpntikn apxn
TIOU ULOBETETAL OF QUTEG TLC TEXVLKEC, £lval OTL €va oUVOETO oA UMopel va avaktnBOel amno éva



ULKPO aplBuo Tuxaiwv PETPAOEWY, OELOTIOLWVTAG TI UTIOKELUEVEC OUCYXETIOELS QVOECO OTO
6ebopéva. Qotdoo, n unmdBeon autrh Sev IKOVOTOLEITOL O TTPAYUATIKA, Kol ouxva BopuBwédn,
oUvola 6ebopévwy, Ta omola Telvouv va eival peydAng Tafews. AVTLUETWI{OUE AUTOV TOV
TIEPLOPLOYO, ELOAYOVTAC TNV LOEa TNG KATAAANANG Slapopdwonc twv SLobéoipwyv powv
Sedopévwy oe Slodlaotateg Kal TpLoSlaotateg SoUEG XapUnAnG TAgng, n omola EMITPEMEL TV
xpnon twv XM kat 2T oTov TOUEN TWV ACUPHUATWY SIKTUWV alodntipwy.

Ma va SOKIUACOUUE TNV QITOTEAECHOTIKOTNTA TN TTPOCEYYLONG MaG, MElpapaTi{opacte os dUo
£€EXOVTEG TOUEIG KOL OUYKEKPLUEVA aTNV £EUTIVN SLOXEIPLON TOU VEPOU HECW TWV OLOUPHOTWV
SIKTOWV aLeBNTAPWY KAl OTNV avayvwpLon tng avBpwrivng Spactnplotntag. ZuvBEToUUE Ta
avtiotolya ouothuota enefepyaciog Kol TAEVOUNONG, TA OMOL0 EVOWHUATWVOUV  TIG
TPOTELVOUEVEG PEBOSOUG Hag yla detypatoAnyia, Sounon Kol avaktnon Twv dedopévwy. Ta ev
Aoyw ouotriuata aflohoyouvtal Katd SLAdopeg MTUXEG, TTOU OXETI{oOVTOL E TNV TIOLOTNTA TNG
OVAKOTOOKEUNG YLA TIOLKIAC TTOGOOTA EAAELTOUCWY TLUWVY, TNV OKPIBELA TNG LETEMELTA AVAAUCNG
(m.x. Tagwounon) kat tnv enidpaocn tng umo-detypatoAnyiag otn didpketa {wng tou Siktvou. H
avaluon poag tovilel tnv aAAnAemnidpaon petafy Siaddpwv oevopiwv avakaudng, amnod tnv
OMTIKA TG &OMNoNG Kol TNG TPOoEAsuong Twv OSeSopévwy, Kol TOAAATTAWY CUYXPOVWY
taflvountwy. Ta amoteAéopota emdelkvUouv OTL, oL HEBodoL mou £xouv avamtuyBel
gmtUyYavouv uPnAn akpifela avaKaTOOKEUNG, OKOMN KAl YLO TIEPUTTWOELG €EALPETLKAG UTIO-
SelypatoAnPiag moAUTpoTkwY powv SeS0UEVWY, OTIC OToieg €xel xaBel péxpL kaL To 80% Ttwv
LETPNOEWV.
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“Novel techniques for the estimation of multi-modal missing data in wireless sensor
networks”

ABSTRACT

Over the last decades Wireless Sensor Networks (WSNs) have attracted great attention, as they
constitute a key enabling technology for implementing sophisticated services in numerous
application domains, including area and environmental sensing, health care monitoring, and
industrial control systems. Despite their wide applicability, WSNs suffer from network and energy
imperfections, which inevitably often lead to missing measurements. The resulting low volume of



available data dramatically affects subsequent processing and learning tasks, such as detection of
unusual events, clustering, and classification.

In this thesis, we address the problem of missing WSN data by employing two non-conventional
techniques, which are capable of recovering measurements in a reliable fashion, namely: a)
Matrix Completion (MC), and b) Tensor Completion (TC). The key theoretical principle adopted is
that a complex signal can be recovered from a small number of random measurements, by
exploiting the underlying redundancies of the sensing data. However, this assumption is not
satisfied in real-life, and often, noisy datasets, which tend to be full rank. We tackle this limitation
by introducing the concept of appropriately forming the available data streams into low-rank 2D
and 3D structures, thereby enabling the utilization of MC and TC in the WSN domain.

To test the efficacy of our approach, we experiment on two prominent fields, namely WSN-based
Smart Water Management (SWM) and Human Activity Recognition (HAR). We synthesize their
respective processing and classification frameworks, which encapsulate our proposed modules
for data sampling, structuring, and recovery. These frameworks are evaluated against numerous
aspects, related to the quality of reconstruction on different volumes of missing data, the accuracy
of subsequent analysis (e.g. classification), and the impact of sub-sampling on the network's
lifetime. Our analysis highlights the interaction of different recovery scenarios in terms of data
structuring and origin, with several state-of-the-art classifiers. The results demonstrate that high
reconstruction accuracy can be achieved through the developed modules, even for the case of
extremely under-sampled, multi-modal streams of data, lacking up to 80% of their measurements.



