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Anayopeletan 1 avirypagt], amodfxeuor xar Savour| Tng Tapolvoag epyactog, € oho-
XAAEOL 1) TUAMATOC QUTYC, Yia EuTtopixd oxond. Emtpéneton 1 avatinwor, anodixeu-
o1 %o BLAVOUT| Yol OXOTO [T XEEOOOKOTIXO, EXTOUOEVTIXNC 1) EPELVNTIXNS PUONGE, UTO
NV TeoUnoVeon var avapEpeTal 1) Ty TROEAEUCNC Xou VoL BlaTNeE(TOL TO ToEOY UrvVU-
uo. EpotAuata mou agopolv tn yeron tng epyaciog Yo xepdooxomxd oxond TeENEL
vou ameLYOVOVTAL TIPOG TOV GUYYQRUPED.






EYXAPIXTIEXY

Oa fideha vo euyaploTiow Tov Kadnynt x. Xtégavo Kb, mou pou enétpelde
VoL EPYUC TR Tave 6To Véua Tou eméledal.

Oa Ao enlone va evyaplotiow Tov x. Kwvotavtivo Kapnolln yio tn dadio-
ATUUOTNTA TOU xou T7) Borjlelal TOu OTIOTE TOV YEELIC TNXA.

Emuniéov da Hieha va euyaplothow tov Professor Janne Lindqvist mou pe eumi-
OTEVUTNXE PE TN CUYXEXQWEVY epyaocio xou pou emétpede vo Ty ouveyilon ooy Véua
TNC OIMAGUATIXAS Hou. Ol YVOOELS X0 Ol EUTELRIEC TOU AmEXTNON AT T1) BLdEXELL TNS
avdmTuENG TG SITALUATIXAS ATaY TOAD ONUAVTIXES XAl EVOLUPEPOVTES.

Oa fela entiong vo euyaEETACW TOUS YOVEIC pou Yo TNV oThHELEYN Toug o)’ OAn
1) OLEXELL TV OTIOUBKY UOU.

Téhog Yo ek vo euyoplo ThHow Toug @ihoug xou cuvddehpoug Xatl xa ‘Ouneo
Yoo TiC wpeg mou tepdoape Lall SwoBdlovtag, xodoe To povoyixd didBacua eivon Toh)
TO XOURAGTIXO, OAAE X0l GAOUG TOUG UTOAOLTOUS QIAOUG HOU YLl TNV GTARLET TOUG Xl
TNV TEEEN TOUG €06 YO TTOAAY YOVLAL X0l O)L LOVO XUTE T1) DLIOXELX TWY OTIOUBMY OV,
Mé&we, Tlavve, MmA, ©Oavdon, Xewotidvva , ‘Avva-Mapla cag euyoplote.






ITEPIAHVH

Kodnuepwvd o xadévag pag yior ToAAolg xat SLapopeTinolc Aoyoug yernoluonotel
%xwOxoLC Yot vou Towtonondel mpotod xdvel ypron uiog onotadrrote umneectac. Ot
xhaooixol ah@optiunTol xwdixol EVEK YENOWOTOWUVTOL UEXETA YPeoVIa TEVOLUY TOAAES
POPES VoL YIVOUV TETELIPEVOL X VoL JEGOLY GE xIVOUVO TNV UGPIAELL TOU GUC THUATOC
TOU PO TATEVOUY. ANAEC LOPPES HWOIXWY PUCIOUEVES GE BLOUETEIXE YUEUXTNEIO TIXG
youv mpotadel xan pio amd autég elvon 1 ypenoylomoinom yepovoulwy oe 096veg aghc,
OEDOEVNC XAl TN PEYBANG YENOWOTOINoNS TV XVNT®Y Ue 006vN agpric.

O oxomog g BimAwUaTXg €lvar 1) avamTUEY WL EQUPUOYHC O Aoylopxd An-
droid yio Tnv avoryvapion yewpovouwy oe odovn agric. H epapuoyr Yo xdver yerion
OTOYAC TGV HOVTEAWY YO TNV AvoryVopelon Twv yewpovouwy. Iho cuyxexpyéva, Jo
yenowomotnvel éva wovtého Mapxofavrc ahuctdag, To Kpugd Mapxofiavé Movtéro
( Hidden Markov Model - HMM ).

Mo vo Soxydao el 1 eqopuoy ) €yve Uio €peuva oe yeNoTeg amd Toug omoloug (nTh-
Unxe va dnuovpyioouy dExa duoLeg yetpovouieg ol ontoleg Yo yenotuomomdoly yio
onuovpyia evég Hidden Markov Model to onolo Yo eivon povadind xou Yo avtiotoryet
oTn yewovouio Tou Bidhegay ol Blol. Xtn cuvéyela Toug {NTHdnxe va enavahdBouv
TN yewovouia Yetd amd Abya Aemtd, xodode xou PETd amd Alyec pépeg €ToL WOTE Vo
XOUTOYPOUPEL 1) OUOLOTNTOL TWV VEWY YELCOVOULWY UE BdoT Tor povTéla Tou dnuoueyRin-
xav. To dedopéva ocuyxevtpwinxay oe ula Bdon dedopévwy £Tol WoTe va peretnioly
CUVOALXAL.

Agleic KAsloud

Avaryvapeion yewpovouiov oe 09ovn agric, Android, Hidden Markov Models.






Abstract

Everyone uses passwords for many and various reasons many times throughout
the day, in order to verify his or her identity before using a service. Although classic
alphanumerical passwords are being used for many years, they tend to be dentrimen-
tal and putting at risk the security of the system they protect. Different password
forms have been introduced that are based on biometrical features and one of them
is using gestures on touchscreens, considering the extended use of smartphones.

This diploma thesis aims to the development of a android app for gesture recogni-
tion. The app will use stochastic models for identifying the gestures and in particular
the app wil use a Markovian chain model, the Hidden Markov Model.

In order to test the application a user study has been conducted where users
have been asked to create ten identical gestures that will then be used to create a
Hidden Markov Model which will be unique and representative of the user-selected
gesture. All users where asked to recreate their gestures after a short and a longer
time period, in order to register the similarity of the new gestures, given the created
Hidden Markov Models. All data were gathered in a database.

Keywords

Gesture recognition on touch screen ,Android, Hidden Markov models.
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Kegdrawo 1
EIXAT'QI'H

1.1  Avtxeipevo tng SITAOPATIXNS

Ebvar yeyovog 6tu yior xde ac@ahy| cuvadhoyt| 1| dnuovpylo Aoyoplacuol etval
omopodTnTN 1) SnuLoupyiot EVOC XwdixoU, 0 omolog Vo €lvol EUXOAOUVNUOVEUTOC XadidC
xou Oyt evxola avTrypddiuog amd diious. H ouvAldng mpontixy etvan 1) yenowonoinon
OAPUELIUNTIXGY YoUEaXTARMY Yiar T1 Ontovpyio xwdwv. Mio evoddonctiny| meaxtixn
elvon 1 Yenoylomolnom Yeovouley Téve oe 006V agrc yio TV audevTixonolnon Towv
XENO TOV.

e auth) TN Oimhwpatixd| e€etdlouue ahyopriuous xou pedodouUg XaTNYoELOTOINoNC
YELROVOULOY UE Bdomn tar €€Xg yapaxTNEio Tixd: Yovior amd To x€vteo udlog, yovia ond
T0 TPONYOUNEVO ONuEio, TayOTNTAL GTOV 0pWlOVTIO Xl XATAXOELPO dEoval, TiEaT TTou
aoxelton Tdve oty 0oV agrc.

AvtapBdveton xavelc 6Tt 1) GUYXEXPIIEVT EQUOUOYT| UTIOREL VoL EYEL QUETT) EQUOUOY
OEOOUEVNC TN MEYBANG YenotuoTnoinong smart-phones o v odovev agrig Toug, ot
OTOlEG ETUTEETOLY TNV EUXOAT) DNULOLEYIX YELCOVOULKY.

[ tnv viomoinon twv Hidden Markov Models oe mepi3dihov Android yenowo-
roupdnxe 1 Lihodrxn JaHMM n omoia mopéyet akydprduou, ol omolot ypeetdlovton
yioe T Snutoupyion TV ovTéAwy, vhoTonuévoug o Java

1.2 Opyvdvwon tou TOUOL

H epyaoio auth| eivar opyavouévn ot e€Ag entd xepdhana:

210 xe@diono 2 diveton T0 YewpenTind UTOBolpo TwV BACIXMY TEYVOAOYLHOY TOU GYE-
tiCovtan ue ) Bimhwpotixg auth. o ouyxexpwéva, optlovton ol Pacixés ewentinég
€VVOLEC X ToROUGIALOVTOL O ahyOELIUOL TTOU Y ENOWOTOLAUTXAY.

210 AEPAANO 3 apyLxd TEPLYPAPOVTUL Ol OYETIXEC UE TO VEUN EQYUCIEC Xou O TT)
CLVEYELXL BIVETOL O OTOYOC TNG CLUYXEXPUEVTC ERYATTag.

270 xe@dhano 4 TopouctdleTon 1) AVIAUCT) XoU 1) GYEDINGT TOU GUG TAUATOC, ONAADT
1 TEQLYQUPT] TV UTOCUG TNUATMY XAl TV EQUOUOYMY TOU.

210 xE@dAot0 5 dlvetan 1) TEQLYPUPT] TNG LAOTIOMNOTG TOU GUCTHUTOS, UE avaAUOT)
TV Pootxwy ahyopliuwy xoog oL AETTOUEREIEG OYETIXG UE TIC TAUTPOPUES XOL TU
TROYPUUUITIO TiXd €QYUAELN TTOL YpToULoTOLUNXoLY.

15



Y10 xepdlono 6 mapouotdleTon 0 EAEYYO0S XS AELTOURYINC TOU CUCTAUATOS WE
Bdom TN CUYXEXEWEVT) EQEUVIL YENO TWY TOU TEAYHATOTOLAUNXE.

Téhoc 610 xE@IAono 7 BIvETaL 1) GUVELGPORE AUTAC TNG OITAWUATIXNG ERYUCTAS Xo-
YOS xot UEANAOVTINESG EMEXTUCELS.
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Kegdhawo 2
OEQPHTIKO YITOBAOGPO

2.1 Mnyovixry Mdadnon

H unyovinr| uéddnon (machine learning) etvou HLoL TEPLOY Y| TNG TEYVNTNAG VONUOCU-
VNG 1 omola agopd ahyopiduoug xou ued6d0ug oL EMTEENOLY GTOUG UTOAOYIOTES VA
«podatvouvy. Me tn unyavixr) pdinom xoic Taton EQLITH 1) XATACKEUT] TROCUQUOCULLY
TROYEUUUITGY UTOAOYLOTMY T 0Ttolo AELTOLEYOUV UE BAoT TNV AUTOUAUTOTONUEVY oVE-
AUGT| GUVORGWY BEBOUEVKY Xat O)L T SLUGUNOT) TWV UNYAVIXDY TOU TOL TEOY QUUUATICNY.
H unyoavier) uddnomn emixahOTTeTon onuovTind Ue TN o TaTlo Ty, apod xou To 800 media
UEAETOUV TNV AVAAUGT) DEQOUEVWYV.

O ahyopriuor unyavixc pdinong xatnyoplotolobvton avdhoyo Ue 1o emtduuntd
anotéreoda Tou alyoplipou. Ou cuvniéotepe xatnyopieg eivon ol e€hc:

o Emtnpoluevn udinom, emBrenduevn uddnon f pdinon e enlBredn 6mou o oh-
Yopriuoc xataoxeudlel ot ouvdETNoT Tou anexxovilel GeG0UEVES EIGOOOUC O
YVooTée, emiuuntéc e£660uc (GUVONO EXTOLBEUONC), UE ATDTERO GTGYO TN YE-
VIXEUOT TNG CLVAETNONG AUTAC XAl YLoL ELOODOUC UE dyvewo T €£0d0 (cUvolo
EAEYYOU).

o Mn emtnpoluevn uddnon, averPrentn udidnon A udinon ywelc eniBiedn odmou
0 ahyopriuog xataoxeudlel €va LOVTEAD Yio XTOL0 GUYOAO EL0OBWY Ywelc Vo
Yvopeiler emiuuntéc e€660u¢ Yiot To GUVOAO EXTABEUOTC.

e Evioyutinr| udinon 6mou o ahyopiuog podolvel tior GTOUTNYIXT EVEQYELOY Yid
o DEdOEVN TopaThENOT).
H avéduomn tov akydprduwmy unyovixhc pdinong stvon Evag xAddog Tng o TUTIo TIXYE ToU
ovopdletar Yewpla pdinone.
H moapodoo dimhwpotixny| aoyoleltar ye alydprduoug emttneobuevng uddnone. Mn-
Yovr) udrdnomn pmopet vor untdpyel oe TAIOEA EQopUoY®Y, OTwe Bloteyvoloyia, Tro-
AoyioTid Owovouxd xon Avoryvielon TeoTOmwy.

2.2 Kpugpd Magxofiava Movteha

To povtého mou yenowonotfinxe Yoo TN UOVIEAOTOMOT TWV YELROVOULDY Elval
to Hidden Markov Model(HMM)(Kpugpb Mapxofiavé Movtélo), to onolo eivor éva
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otatioTind Mapxofiavd poviélo oo onolo To cUc TN To onolo JovielomoLeiton Ve-
EOLUE OTL ebvan ol dopxoflovy| dtadacto, dnhadr Wi dadtxacio 1 orola etvan ywplc
uviAun xan opxel ovo 1 mopoloo xaTdoTAoT Yot Vo YIVEL OTOLBTOTE TEOBAEYT Yia
uehhovtix| xatdotoor. Axohoulel 1 mapouciaon tne Yewplog twv Hidden Markov
Models.

2.2.1 Moapxofiavy ahuvcida

H Mopxofiovy| aivcido elvon €vor pordnuoatind cboTnue mou YeTaBEAAETOL omd Uid
xaTdoTaoN o€ Ula GAAY, AVAUESH OE VOl TEREQUOUEVO aptiud xoTaoTdoewy. Eivon pio
Tuyador SradLxaoior Tou eV BlaTnEel uVAuN YL TI¢ TeonyoLueves uetaBoréc. H uetdBaon
omo plo xatdotaon o pa dhAn yivetan Bdoet twv miavothtwy uetdBacng, ol onoleg
elvor OLopopETNEG OE HGVE XAUTACTAOT).

To clotnua emnlong mopdyet pio €€odo, avdyecou ot YeTaSdoelc Tou, amd Eva
o0Ovolo ouUBOAwY e€6B0L, 1 xatavouy THavOTNTAS TwV oTolwy eivon BlapopeTixy| Yia
x&de xatdotao.

2.2.2 Kpupd Mapxofiavo Moviého

Yo amhd Mapxofiovd povtéha 1 xde xatdotaoy eivon opatr GTov TopaTNENTH
X0 EMOUEVWS OL UOVES PETOBANTES ebvon oL miavotnteg petaBoing xatdotaong. Avri-
Yeta, oto Kpupd Moapxofiavd Movtéha xdide xatdotaon dev elvon ameudeiog opoty
OTOV TORUTNENTY, AAAd TO ECUPTOUEVO AmO TNV XUTACTUOY AMOTEAECUA EfVoL 0pUTO.
Kdle xatdotaon éyel plo xatovour miavotntog ndve oto mdovd anoTEAEGHOTA X
1 peTdPBaon and ula xatdotacy otny enduevn yivetar Bdoet Tov miovoTHTRV YETE-
Baong, oL omoleg elvon dlaopeTixég Yo xdde xatdoTaoy. Enopévewe xdlde axoroudla
amoTeAEOUATOY Umopel Vo Tapéy el TANpoQopla YLot TNV axoAoUDid TV XATUC TUCEMY.

O mopdueTpoL oL apxoLV Yia va teptypddouy TAfews éva Hidden Markov Modeletvou
ol e€r¢:

1. N, o apiudg v xpueny xotactdocwy. Ilup” 6Ao mou ol xataoctdoelg slvou
XPUPES, OF TOAAEG TROXTIXEC EQUOUOYEC €YOUV Xdmota Puolxry onuacio. XNy
ToEOVC0 BITAWUATIXY Ol XATUC TUCELS AVTITPOCWTEVOUY TIC DLUPOPETIXES TEQLO-
Yéc tng o0ovne. Ev yével ou xotaoctdoeic ouvbéovtar avd 800, mop” dho auTd
Ol OLPOPETIXOL TPOTIOL GUVDOECTC YPNOYLOTOLUVTAL Yol T1 JOVIEAOTOINoT) Olo-
(POPETIXMV PUOIKADY PUVOUEVWY.  LUUBOAMLoUUE TO GUVOAO TMV OLUPOLE TNV
xotootdoewy we S = {51, 5, ..., 5.} xou ™y xatdotoon ™ yeovix otyuy t
W¢ G-

2. M, o apriudg TV SLPOoRETIX®Y CUUBOAMY TUEATARNONG Ve XATAG TUOT, T.Y. TO
uéyeog tou dlaxpttol ahgdfntou. To clufoha TaputhENoNE AVTIOTOLYOLY G 1T
puotxr| €£060 Tou CUCTHUNTOS Tou poviehomoteltar. XuuPolilouvye Ta Blapope-
Txd olpPoha mapathenone we Vo= {vy, va, ..., v}

3. Ty xatavopr mioavétntog yetdfoone xotootdoewy A = {a;;} , 6mov

a;; = Plgi41 = Sjlq = Sil, 1<, <N
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[ Ty edwr| tepintwon oty omolo xde xatdotaot sivon ntpoofBdoyun arnd xdie
GANT xoTdoTaon Ye €va Brua, €youde a;; > 0 yio xdie 4, 5. T dAhoug Thmoug
HMM, Yo propooaue vo éyoue a;; = 0 v éva 1y teptocdtepa (i, j) Leuydpta.

4. Ty xotavopr| miavotntag 1wy cUUBOAWY TapaTAeNoNG oTNY XutdoTaon j, B =
{b;(k)}, 6mou

bj(k) = Plvy, at tlg =5}l 1<j<N, 1<i<M

5. H xotovour mdavotntag yio tnv opyix)| xotdotaon m = {m;}, 6mou

Me Bedopéveg Teég vt N, M, A, B xou p to HMM pmopel va yenowonoiniet
ooV YEVVATELO oAy Y NG ax0AOUIIGY TURATARNONG

O - 0102-~-OT

/ / ’ 7. /4 / ’ /7
émou e mopathenon O, etvar éva and ta alufBora mou avixouy oto V', xou T
elvor o TAUOC TWV TaPATNEHCENMY G TNV oxohoudia.

Arnéd To mopomdve gatvetar 6TL Yl Tov Then Teocdloptopd evog HMM npénel vo xo-
Yoplotolv Vo Topdueteot Tou povtéhou (IV, M), ta chuBoha topathpnone xon to Tela
mdoavotind ueyédn (A, B, ).

[ Aoyoug cuvtopiog Ya yenowonoteiton 0 GUUBOAGUOS

A= (A, B, )

YioL Vo UTO8E(EOUUE TO TAPES GUVORO TORUUETRMV.

To Keugd Mapxofavd Movtéha eivon xuplee yvemo Té yiol TiC EQapUoYES TOUC TNV
VALY VORLOT) HOTIBWY, OTWE ovory vadptoT) olihlog, Yeophc, YELLOVOULMY.

[ty xahOtepn xatavonon twv Keugov Mopxofiaveoy Movtédwmy divetor to mo-
COATE TAPAOELY UL

2.2.2.1 TITapddesiyuo

211 Slaprty| Tne pop@, wa xpuery Mopxofiovr Stadixactio uropel va ontixonotriel
ooV Lol YEVIXEUOT) ToU TPOBAAUATOS UE TIC UndAe TortodeTnuéveg o doyceia oL omoleg
emAéyovTon Tuyada o oTr cuvéyela emavatonodeTolvTon ota doyelo. Ag Vewproou-
UE To €&n¢ mopddelypo: oF €va BwUATIO To 0Tmolo OV elvol 0paTd amd TOV EEMTERPXO
TOEUTNENTY UTEEYEL €VOg TAVTOYVOO NG Toapatnenthc. To dwudtio mepléyel doyela
X1, X2, X3, ... xodévo amd to omolo TEPLEYEL EVAY YVWOTO GUVBUUCUO o6 UTAAES,
xardepio omo Tic omoleg €yet plo etéta yl, y2, y3,... .0 mavioyvehoTng Topatnenthc
OLhEYEL Eval Boyelo amd To dwpdTio xan Tuyola emAéyel plo umdha amd autd 10 doyelo.
O eCwtepindg mopatnenTig Ymopel Voo 8L HOVO TN OELRd TV UTAAWY ToU BLahEYEL O
TOVTOY VOO TNG TOEATNENTAS, OAAL Oyl xan o doyelor amd T omofo SwAéyel. O mo-
VTOYVWOOo NG emAEYeL doyelo ue Bdon pla Swodixacio. H emAoyy tou doyeiou yia
V-00TY| UdAa e€opTdTon UOVO amod €vay Tuyalo aprdud xon Ty emAoYr doyelou yio TNV
(v-1)-o0th undho. Egbdoov n emhoyr Soyeiov dev eloptdtar dueoo and Ty ETAOYH
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TV 00YElWY TOU TEONYOUVTAL TOU UUECKS TEONYOUUEVOU doyElou, auTH| 1 dladtxaci-
o ovoudleton Mopxoflave) dradixactio. Mnogel vo neprypagel and to mdve pépog Tou
Uy fuaroc 2.1}

H it 1y Srodixacion Mdipxof3 6ev umopel var mopotneniel xou pévo n ahiniouyio twv
UTOAGY oL a3y Trxay uropet va tapatnendel. Autéd gaiveton amd To %xdTw YEEOg Tou
Yyuortog 2.1) 6mou unopolue va napatnericoupe 6t oL undheg y1, y2, y3, y4 unopoidv
va emhey Yol oe xdde xatdoTtacT. Axduo xou av 0 EEWTERIXOS TapaTNENTAS CEREL TN
oUvieon and undiec oe xde doyelo xan Eyel UOAC TapaTnEYoEL TNV ahAnhouyio Tewv
Umoh@v Tou TeafSryTxay, Ty. y1, y2, y3, dev umopel va elvon olyoupog yio To amd
molo doyeio TedBnie Ty Teltn umdha o mavtoyveotng mapatnenthc. up” ol autd o
eCWTEPINOC TOPATNENTNAG UTopEL Var exTioEL TNV TdovoTnTa 1) Teltn undha var tporiiie
am6 xadévo and To doyeia.

Yyfuo 2.1 Tlapdderypo evog Kpupol Mapxofiavol Movtélou

2.2.3 TVOrmor HMM

Meypt otiyurc €youpe VewpnoeL WOVO TNV EWOIXY| TERITTWOT TOU EQYODIXOU 1) AT
poug dtacuvdedeuévou HMM, 6to onolo xdie xatdotaon Yo uropoloe va mpooeyyi-
otel and onowdAToTE dAAN xoTtdoTaon o éva uovo Brua. o to povtého pe N=4 mou
pafveTon 6TO oy Vel 6TL 6hoL oL cLVTEAEC TEC UeTdPaong a;; etvon VeTixof.

[ pepinée e@apuoyec GUKS, OTWS AVAYVMELOT PWVAG XM Yo UVOYVMPLOT YEL-
povouwy, eyet Peedel ot dhhot Tomor HMM povteiomololy xahiTepa To puUod orjud
am’A 611 éval epyodind povtéro. ‘Eva tétolo poviého gaiveton o To 70 oTolo xohelTon
oploTepo-0ei 1) Bakisyovtého, yiutl €yel v 1B16TNToL 6060 aEdveTon 0 Yedvog, auEd-
vetan entlong xou o apriude g xatdotaong otny onola Peloxeton ¥ To TOA) TapUUEVEL
1 (Ot

Ebvar mpogaveg 611 tar povteha autol tou TOTou £youv TNV emuunty WOTNTA Vo
HovTENOTIOOUY TOEAOo TOTXG ojdata Tar omtolar odAdlouy pe tov ypovo. H depehndone
woTNTA OV TV Bakisyovtéhwy elvar 6TL yio toug cuvteheotég petdfaong Loy Ve
a;; = 0y i < j. Enlong yio tic mdavotnteg twv apyiney XoTtao TUCEWY £YOUNE TNV
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Yyfua 2.2: TIMjpwe dracuvoedepévo HMM

Yo 2.3: Apiotepod-oe&t HMM
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TOEOXATE WOLOTNTYL

1 evi=1

7TZ'_{0 gdv i # 1 (2.1)
xordd¢ 1) oxohoudia Vo meémel vou Eexvdet and TNy xatdotaor 1. Ilodhéc popéc tivevton
EMTEOCUETOL TEPLOPLOHOL GTOUC CUVTEAECTEC PETAPaomne Mo Te Vo eCacPalo Tel OTL eV
Yo oupPatvouv peydheg petafdoeic. Evog tétolog meplopiopde Yo umopoloe var oy
a;; =0, j >i+0 xu yo T0 HoVTEAO TOU , elvan =2 xou o mivaxag YetdBaong
elvon 0 ToPAX AT

ain a2 a3 0

[y

Q22 A23 (24
0 ass as
Os 0 au

A=

o O O

Extéc ouwe amd tov Slayweloyd TV UOVTEA®Y O €pyodxd xal Oe€Ld-aploTepd,
UTdEY 0LV ot TOAAOL GAAOL TUTIOL X CUVOUAGHOL.

Télog, mpenet v Tovicoue Twe ol teptoplolol ota Bakish oe dAAo yovteha, dev
emneedlouy TNV Sadxacior exTliunong TV TopuuéTewy. Auté cupfalvel yiatl 6tay 1)
apy ) Ty Yo xdmoto ototyeto Tou mivaxo petdfacng etvor 0, To oToryelo autd Va
mopopetvel 0 xou YETE TNV 0AoXAewaT) TNG Bladxactog TNG EXTIUNOTE TV TUPUUETEWY.

2.2.3.1 Xvuveyry HMM

‘Ola 6oa €youpe avapépet péyels 6w apopoly HMM twv omoiwy ot €€odol elvou
OLonpttd oUUPBoAA Tar omolo TPOEEYOVTOL Umd €Vol METEQUOUEVO OAPISBNTO Xou YLl TO
AOYO oUTO UTOPOUCHUE VL YENOHIOTIOW|COUUE [LoL OLOXELTY XaTavour TiovoTnTog Yo
v €€0b0 oc xdlde xatdoTtacn Tou yoviéhou. To medPfAnua Ye auth TNV TEOCEYYIoN
, TOUAAYLOTOV OE UEPXEC EQuPUOYES Elvan 6Tl oL Topatnenoets (€€odot) eivor cuveyh
oot Av xou efvan BUYVATOV aUTA ToL GHUATA VoL UTOGTOUV XPavTiond xou vor yivouy
OLoxELtd owTd Umopel var 00Ny noel oE opdhua xaL aArolwon tng poperc toug. o o
AoYOo auté Va Aoy TohD yerioyn 1 Omapdn HMM ue ouveyeic xatavoués e€60mv.

Ipoxewévou va yenotponotnoly cuveyEelc xaTavoués Yo Tig €600V, TEETEL Vo
TedolV xdmolol TERLOPLONOL GTNY UOPPY| TOU HOVIENOL TNG CUVARTNONG TUXVOTNTOC
miavotTnTag Wote va e€acpoloTel 6Tl Yo TETUYOLUE Wit alLOTIO T EXTIUNOT TV To-
capétewy tne. H mo yevir topousiaon tng cuvdptnong tuxvotntog mdavotnTag , yio
Vv omolav €yel avamtuyVel xou 1 dadixacio extiunong , elvon eva Yelypo Tng pop@ng

M
b:(0) =Y ull[O, iy, Upn],  1<j<N (2.2)

m=1

omou O elvon To BLdvuoua Tou HOVIEAOTOLELTAL, Cjp, ElVOL O CUVTEAEGTAC UelypaTog
Yiot TO P-06T6 pebyua otny xatdotaon U xou Pi eivon yio onotadrmote Aoyoprduix 1
ouppetewh xatavour(m.y. I'xaovowavh). Ot cuvTEREoTEC PEYHUTOS Cjpy IXAVOTIOLOUY
TOUC GTOY00 TIXOUC TEQLOPLOUOUC

M

> tm=1 1<j<N (2.3)

m=1
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¢m >0, 1<j<N, 1<m<M (2.4)
€TOL WO TE VAL LOYVEL YL TNV XATUAVOUT] 1] GO T XAVOVIXOTONOT)

/ bj(z)dx =1, 1<j<N (2.5)

o0
H mopoamdvey cuvdptnon tuxvotntag mdavotntag umopel va yenowloroindel yio tnyv
TPOGEYYLOY) GYEDOY OTOLIGONTOTE XATUVOURC Xt Gpar elvol LOLUTERMS TOMES EQupUO-

Yéc. Mmopel va amoderytel 6Tt oL TUTOL Yot TNV TEOGEYYLON TV CUVIEAECTOY TOV
UELYMATOY TNG XATOVOUNAG ONAXDY| YL TOL Cjpm, i, Ui Ebvan ot axdroudol

Z?:l ’Yt(ja k)

O ST S Gk .

- _ Z;f:l (4, 7) - O
ST G k) 7
o XLk - (O = ) (O = i) (2.8)

k .

’ >y i )
omou (7, k) etvon n mdovotnTar TNV Ypovixn oTiyun t va €YOUUE TNV XoTAGTAOT § ol
T0 % Uelypo va cuufBdAel ot dnuoupyio Tou O, dnhad

a(7)Be(4) i l1(Oy, pik, U
S a(i)B(G) o Cm (Ot fjm, Usim)

O 6poc (7, k) etvon 1 yevixeuon tou bpou () o onoloc yenowwonoteitar dtov €youpe
evar wovo uelypa 1y 6tay 1 xatavour| ebvan doxpltr. H dtaduaoto extiunong tou mivoxa
UETAPBoomNg (TwV CUVTERAEGTAOV a;;) elvon 1) Blar b xon ot Sroxertd HMM. H extiunon
Yo TO Cj €lvor 0 Aoyog Tou oprluol Tou To cuoTnua Beloxeton 6TV xatdo oo U
YENOWOTOLOVTOC TO % UELYHUO TEOC TOV GUVOAXS 0ptdud TV QOp®Y Tou TO GUC TNUA
Beloxeton otnv j xatdotoon. Iapouolwe, 1 Swdixaocta extiunong yia o dudvuoua
Uéong TWAC ik Yenowlomolel we Bden otov aprdunth Tng Tic mapatneroec O.
Hapduota ebvon 1 gpunvelo xon yior Ty dladixaota extiunong Tou Tivaxo ETEPOCUCYETIONS
Ujk.

1 k) =1 Il ] (2.9)

2.2.4 Ta Tela Bacwd IpoBARuata twv HMM

Mo v mpaxtixr yenowomnoinor twv Hidden Markov Models, Yo npénet var Audodv
T €&ig Tplor Baoind mpofAruarto:

pbBhnuo 1: Aedouévnge uiag axorovdiog napatnerioewy, O = 010,...07,
X0 ToU LOVTEAOU A, e umoloyiletan anodotixd n P(O|X) mdavdtnra
vou topatneniel 1 cuyxexEEV axoloudia, BEBOUEVOU TOU LOVTEAOU A;

HpbBhnuo 2: Acdouévnge uioag axorovdiog napatneroewy, O = 010,...07,
X0l TOU POVTEAOL A, TS OLOAEYOLUE plar axorovdio xatao Tdoewy ) =
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¢1G2---gT TOUL Vo avTioTolyel ue xdmolo BEATIOTO TPOTO OTIC TURUTNEN-
OELC;

HedBAnua 3: Tloe Soplovouye Tic mopauéteouc A = (A, B, T) Tou povté-
Aou €tot Hhate v peytotonotndel n P(O|N);

2.2.4.1 Extipnon IIavotntag Axolovdiog EE660ou - TIpbBAnua 1

To mpdfhnua 1 etvon 10 mEoBAnuo tne extiunong, dnhadr doouévou evég YovTé-
Aou xan o axoroudiog €€68ou, T utoloyiletan 1 mdavoTNTH Var €yEl Tapay Vel N
oedopévn axorovdlo amd To cuyxexpyévo yovteho. To mpdPinua urmopel enlong va
Yewpniel xar we TEOBANU ToUEIICUATOS, TOU TOCO TUELALEL 1) CUYXEXQLUEVT) OXONOU-
Via pe to povtéro. H tekevtala mpoceyyion elvon WOLUTEQMC YENOIUN OTAY €YOUUE HLaL
doouévn axoloudia xou TOMAG povtéla amd Ta omola umopel auth va €yel mpoéAveL.
X1y mopodoo Simhwpoatiny To Téco Yo tanptdlel pio axorouvdio e£660U GTO HEdOUEVO
wovtéro Yo yenotwomomiel yioo Ty emiTuyh 1) Oyl TowTOTOMOT TOL YEHO TN,

H Abon oo Hpdéanua 1 Yo tpoéhiel xdvovtag yerion Tou Forward-Backwardoiyprduou
xou ebvon 1) e

Abon TpoPAfuatoc 1:

©élouye va utoroylooude TNV THAVOTNTA TNS ToEATNEOVUEVNS axoloudiac, O =
010;...07, dedopévou tou povtéhou A, dnhadh v P(O/A). O mo duecoc tpdnoc Y
va yivel auto etvan 1 e€avtnting uédodog, n onoia eivon 1 anapidunon ooy twv mio-
vV axohouthédy xotao tdoewy peyédoug T'(to mhfdoc twv napatnehoewy). Bcwpolue
war TéTolo oTordeptr) axoloudia XUTUC TACEWY

Q = q1q2--.qr (2.10)

omou gr ebvan 1 oy xatdotaor. H miavotnta tng axohovdiog moapatrienone O yia
Vv oxohovdio TNne elvan

T
POIQN =]] P(Oilg N (2.11)
t=1

6oL €y 0ouPE VEWPNOEL G TUTIO X aveEopTNola HETAE) TWY TURUTNRNOENY,0TTOTE €)Y 0U-
uE
POIQ.N) = by (01) = by(Os) o by (O1) (2.12)

H mdavétnta plog tétotag axoroudiog xataotdoewy () umopel va ypaptel we

P(Q,\) = T4, 0g10,0q005--Cqy 14 (2.13)

H xowy| miavétnra tov O xon @, dnhadt| n mdavotnto vo cupBoly tautdyeova to O
xan @, ebvar To YIVOUEVO TV BUO TUEATAVL OGRKY, dNAadT,

P(0,QIA) = P(O|Q. NP(Q. ) (2.14)

H mdavétnta va éyoupe v oxohoudia €€660u O pe 6e00UéVo TO UOVTENO, UTOAO-
yileton w¢ ddpolopa TwV TaPATAVE BECUEUPEVKDY THIUVOTATLY Ylot OheC Tig Tdovég
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oaxohouvdiec g xou elvar

P(O|N) =) P(O|Q, M P(Q, )

allQ
= Z 7TQ1bql](Ol)aqumeQ(02)“'GQt—1thQT<QT)

q192...9T

(2.15)

Yuumnepaivouue 0ol OTL 1) THEATAVEL A)OT) EYEL TEEUOTIO UTOAOYLOTIXO XOCTOG, €-
9600V 0 ahy6pripoc etvor tohumhoxdtntac O(2TNT) xon axdpa xon yior pior ok mepi-
mtwor pe N=5 xatactdoeic xou T=100 mopatneroeic, oL utohoylopol Tou amuntovvToL
ebvor TNng Té€ng Tou 2 x 100 X 5100 ~ 10™. M mo amodoTixy| Ao ebvan 1) eunpdo-nicwn
Sadixaoio (forward-backwardxo meptypdgetoar ot cuVEYELD.

Forward-Backwarddwdwooio: Oswpolue v forwarduetaBanty
at(i) = P(OlOQ...Ot, qr = SZ|)\) (216)

onAadY), Tnv mavéTnTa TG eptxic axoroudiog tapatrienong, Or, Os...0y,
(Léxpl YeoVOo t)xou xatdoToaon S;Tn yeovixt ottywy| tdedouévou tou Ho-
vtéhou h. Mnopolue vo NOGOUUE ¢ Tpog a.(1) emorywyxd e eEhc:

1. Apywonoinon:

2. Enoywy?:

a1 (§) = D ai(i)aylbj(Orn), 1<t <T—1

=1

3. Teppatiopog:
N
P(OIN) =) au(i). (2.19)
i=1

To Brpa 1 apywonotel Ty mpog To EUTEOg THavOTNTA WG TNV OECUEUPEVY TavOTNTY
¢ xatdotaong S; 6tav N TenTn tapathenor etvar n Or. To Brua Tng enorywyrg amote-
el xou Tov muphver e Bladuxaciag xan aneixovileton oty ewéva 2.4 H ouyxexpyévn
EOVOL DElYVEL T UTopoUUE Vo 0dnynlolue oTnv xatdotoaon S; T yeovixy oTiyun
t+1 amd N duvatéc xataotdoeig, S;, 1 <@ < N ot yeovixd otiyun t. E@dcov ay (1)
elvor ) mavoTNTaL TNG TOUNG TWYV EVOEYOUEVLY Vo tapatnenvel n axoroudia O10;...0,
XOL M) XOTACTAUOT, TN Yeovx oTiypn t va elvon \S;, TOTE TO YWVOUEVO ay(i)a;; eivon M
mdavoTnTo TG TOPAS TV eVOEYOPEVLY va Ttapatneniel 1 axohovdio O10;...0; xou va
Beedolue oty xatdotacn S; T yeovix oty t + 1 péow tne xatdoTaong S; ™
yeovixh) otiyur t. AdpoiCovtoc To yvouevo mdvew oe dheg Tic N midovée xataotdoelc
Si, 1 <1 <N otyur| t todpvoude ooy amoteheoua Ty miavoTnTa TNV YEOVLXN
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Yyfuor 2.4: ATElxOVIon TG GELRAS TOV BLUBIXACLOY TOU UTOLTOUYTOL VLo TOV UTOAOY -
ou6 TNG TEOC TOL EUNPOS UETOBANTAC ayt1())

1 P41
a,ti a, (i)

otiyun t + 1, vo mpoxder n xotdotoon S; pe 6eBouévn T U€ypl exelvn T oTiyun
axohovdia €€680v. Agol unohoyiotel 0 Sj, 10 a41(j) umoloyiletar ebxoho Ue TOM-
Aamhaotlaoud tou adpolouatog mou €yel TpoxUPEL ue TNY THAVOTNTO OTNY XATAG TUOT
J va éyoupe TV €000 Oy, ONAAOT b;(Op41). O mopandve utohoyouds yivetar yio
Oheg Tig xatactdoeg Sy, 1 < 5 <N, yia 0edouévo t xou v cuveyela enavalauBdveTa
vt =1,2,.. T — 1. Téhog 10 Ttpit0 Pripar pag diver Ty emduunty tun tne P(O|N)
ooy T0 GHPOLoUa OAWY TV TEMXWY TEOC To EUNEOS PETABANTOY ap(i).

H anodotixdtnta tou cuyxexpyévou ahyoplduou eivon copne xahbtepn and Tou
TEONYOUUEVOU, EQOGOV oL UTOAOYLoNOL TToU YpeeldlovTal elvor TNG TUEEWS TOU O(N2T),
Yeyovoc nou petagpdletan o€ 3000 unoroyiopolc (avth yio 107%) yior to mpoavapepdéy
uéyedog ewddouv (N=>5 xar T=100). To ctoyelo mov aLEdveL THY AMOBOTIXOTNTA TOU
alyopituou etvon 6Tt ool LTdEYoLY u6vo N xuTaC TAGELS XEVE YEOVIXY| GTIYUT, OAES OL
ouvatég axohovlieg Va mpoxintouy amd Tic Blec N xatac tdoelc xdie ypovixnh oTiyun.
'Etot mn ypovixd otyur t = 1 unohoylCouye Tic TiéS ai(i), 1<i<N. T YEOVIXEC
otypéc t = 2,3,...,T ypewdletar vo unohoyioovue uévo tic tpée ai(j) 1 < j < N
xou 0 x&ve unoloylouoc mepthopfdvel uévo N mponyolueves Tuéc tou a;—q(2) yuoti
xadeuid omo Tic N xataotdoeig ebvan 1 endpevn xdmotag and ¢ N, B¢ xatactdoeig
NG TEONYOUUEVNS YPOVIXNC OTLYUNS.

Me avtictolyo tpémo oplleTon o 1 Teog Tot Tow (Backward)dwadixaoio xou 1 TPO¢
o tiow petaBAnTy By (i). H mpog ta miow Sadiacta BéPona Sev eivor amapoltnTn yio Ty
eniAuom Tou mpoPAfuatog 1, ahhd yenotuwonoelton yia TNV entAucT Tou TEOPAAUATOC
eXTUBEVOTC TOU HOVTENOL.

2.2.4.2 Beéhitiotn Axolouvdia xatactdoewv-IIpoBAnua 2

To medBAnua 2 €yel Vo xdveL Je TNV amoxdAudn Tou xpu@ol xoupaTio) Tou LOVTEAOU
(m.y. vo Beedel n owot axohoudio xataotdoewy). Eivor npogavéc 6t mhny optopévmv
EXQPUMOUEVODY HOVTEAWY DEV LUTdpyEel “owoTh” axohoudio. Avti autol emiyeipelton 1)
BehtioTonolnorn xdmotou xprtnelou KoTe va dolel 1 xaAbTeEn duvaty Avor. Egbdcov
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uTdEyYouy ToAAa xpithplo BedTiotomoinong, xdde popd emAEyETon TO XUTUAANAO UE
Bdomn TNy eQopuoyY|. XTN CUYXEXEWEVT OITALUXTIXY epyacio eV Yo Uag amac)y OAOEL
1 mapaywY? W BEATIOTNG axolovdluc xuTaoTdoEwy, enouévws dev Yo avahudoly
Tepantépw ahyopLiuol BedtioTomoinong.

2.2.4.3 Exnoadevory HMM - ITpoBAnue 3

To mpdfinua 3 eivon to TEOBANUA 610 onolo TpooTadolue Vo BEATICTOTOW|COL-
UE TIC TUEOMETEOUS TOU HOVTEAOU, €T0L MOTE Vo TEELYPAPOLY e BEATIOTO TEOTO TG
TeoxUTTEL plar Bedopévn axoroudio e€660v. H axohouvdio e£680u Tou yenoiponoeiton
YLOL VO TROCUPUOGCEL TIC TORUUETEOUC Xahelton axohovdior exmaldevong, xadog ue ou-
T yivetan 1 expdinom tou povtélou, dnhady) 1 BeiTicTomolinoT TV TOUPUUETEMY TOU.
To mpofhnua autd elvon WLkTER ONUAVTIXG GTIC TEPLOCOTERES EQupUOYEC Ty HMM,
%0 YEEIALETAL Ol TUPGUETEOL TOU UOVTEAOL Vol TEOCUPUOCTOUY XaTd BEATIOTO TRO-
mo TNy axoloutio €660V, €T0L WOTE VO LOVIEAOTIOOUY TO (QUOLXO (PUVOUEVO TOU
TEPLYPAPETAUL 6GO TO BUVUTOV XoADTEQL.

LINV TEOYUATIXOTNTA, DOCUEVNG UG TEMEQUOUEVNS oxohoudiog e€60wY ooy Oe-
dopeva exmtaldeuoTg, Oev LTAEYEL BEATIOTOC TEOTOC EXTIUNONS TWV TUQUUETEWY TOU
uovtélou. Mmnopolue moap” dha awtd vor Blodé€ouvue A=(A,B,n) étor dote n P(O|AN)
VoL UEYLO TOTIOLELTOL TOTUXGL UE YV ON XATOLUG ETOVIANTTIXHG UEVOOOU, OTWS O ahyOELd-
uocBaum-Welcho omoloc meptypdgpeton mapoxdte:

Abon TpoPAfuatoc 3:

[ var meprypagpet 1 uédodog enavextiunong ( eTUVOANTTIXY eVNUépwor xan BeATi-
won) v topauétewy tou HMM opiloupe tnv mdoavétnta & (i, j), va elyacte atny
XATACTOON §; TN YOV OTLYUR £ xou oTny 85 TN yeovix| otiyur| ¢+ 1, dedopévou Tou
HOVTENOL o TN oxohoudiag e€680ou, BnAodN

ft(i,j) = P(Qt =5, Q1 = Sj‘07>\) (2-20)

1 mopamdve miovotnTo oplleTon xat CUVOPTACEL TWY TUPUHETEWY (1) xouf(j) Tou
Forward-Backwardoiyépriuou.

a(7) b (Opy1 B ()
P(O[A)

&(i,7) = (2.21)
Optlovtag v mdavotnta (i) og tnv mdavotnta vo elpacte oty xotdo oo S; Tov
YeoVvo t Yo 0edouévo povtélo xan axorovdio nopatneroewy O. Av adpoicouue yia oo
o, g Tpég e &(4, J) howBdvouue Ty v, (1)

v(i) = Z&(i,j) (2.22)

Av adpolooupe v (7)) Yoo OAeC TIC YPOVIXEC OTUYUES ¢ TIOUPVOUUE TOV AVOUEVOUEVO
aELlUO TWY POP®Y XUTY TIC 0TolEg TO GUCTNU YTAVEL GTNY XATAGTUOT S; O TN OLdEXEL
TOU YPOVOU TV Topatneioewy. Ao Ta mopamdvey TeoxiTtel 6Tl 1o ddpoloua TNng
Yeovxhc otiypnc & (7, 7) 010 Ypdvo eivor 0 avaUEVOUEVOS apLIUOC TWY UETAPORMOY OO
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NV xatdotaon S; oty S

-1
Z%(z’) = ovauEVOUEVOS opliuog peTofdocwy and  S; (2.23)
t=1
T-1
Z (i, j) = avapevouevog aprduoc petapopmy oand  S;otny 5] (2.24)
t=1

XpNoWOToLOVTIS TIC ToRaTdve OYECELS EYOUUE Ual PEY0D0 ETAVEXTIUNONG TV ToEo-
uétpowv A=(A,B,n) tou HMM. Ot e&iotoeic yia tor A, B xou 1 ebvou:

T = AVOUEVOUEVY cuyvOTNTa TNE xatdotaone S; ) Yeovixh otyund (¢t = 1) = 71(7)
(2.25)

_ avVOEVOUEVOS apliudg UETapop®y and  Siotny S
aij =

OVUUEVOUEVOG 0ptIUOG PETOPAoEWY amd  S;
DR AN)
ZZ:_; "(4)

(2.26)

AVUUEVOUEVOG 0PLIUOC GTNY XATACTUCT)] XU THPATNEOUMEVO GUUPBOAO vy,

b;(k) =

AVUUEVOUEVOS PO GTNY XATAGTUOT J
T .
_ Zt=1|8.t.ot=’uk Ve (j)

23:1 e (])

(2.27)

Av opicoupe 10 TE€ywY Hovtého we A=(A,B,1) xat To ypnolono|coupe Yl Tov U-
TONOYIOUS TV eV YEADY Twv ellothoeny [2.2512.27] xar opicouye avadewmpruévo
UovTéELO \ = (fl, B, ) 6mwe mpoodloplletal and TIc oyEoELS 2.25H2.27, ToTE €YEL AmO-
oetyvel o6t To avadewpnuévo wovtéro Ja ebvar xahitepo A to (Blo xahd oe oyéon ue
TO TPONYOUUEVO povtélo, dnhadh P(O[X) > P(O|)).

O mopdeTpol Tou LOVTENOU ETAVEXTYLOUYTOL PEYEL Ol U0 TdaveTNTES Vo HoLdlouy
opxeTd pe Bdom Eva eninedo oxplBetag 1 uéypl va ohoxhnpwiel cuyxexpiuévog apriuoe
emovoAAPEDY.

2.3 loydc Kwdwxol IlgboBaong

H 15y0¢ %0000 mpdcfacng elvon €vol UETEO Yo TNV avToy Y| EVOS XWOLXOU GE ETL-
Véoewc wunc Plag xou exacioc. XNy cuvnhouévn Tng Lopy|, EXTUS Tov apiiud Ty
TpooTadEldY, xotd uéco 6po, Tou Va ypelaloTay Evac xoxoBouloc yeNoTNG Yia Vo
HovTédel owoTd Tov xwdixd. H 1oy 0¢ Tou xwdwol elvar cuVEETNOT TOU UAXOUS, TNG
TOAUTTAOXOTNTAS XAl TOU OGO ameOPBAETTOC eV 0 XWOXOG.

H yenowuonolnon oyuptv xemdxy UELOVEL ToV YEVIXO xivOuvo va topafiac el Eva
oG TN, Ywelc auTd var onuofvel Tl Bev ypeeldlovTon xou SN UETEA ACPUAELIS.
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2.3.1 Anuoveyioa Kwdwol TlpboPBacng

O xwbdixol dnutovpyolivton eite autopaTta (YENOULOTOLOVTAC EEOTALOUG TUYAOTOM
ong), elte, TIC TEPLOCOTEPES PORES, Ao TOV (BL0 TO Yo TN. Eva yiveton vo utohoyiotel
ue axpifela 1 1oy 0g evog Tuyala ETAEYUEVOU XWOWOD amEVAVTL OE Wi entideoT wurhg
Blag, o va uToAoYIOTEL N 1oy O EVEC xWOWOV Tou Eyel tapay el amd dvipwno elvou
Ut TeOXAN o).

Tumxd, {nrelton and Toug YeRoTeg Vo SLOAEEOLY Eval XwdIXd, HEPES POopES xado-
OnyoUUevoL and odnyieC 1| TEPLOPLOUEVOL amd XavoveS, 6Tay VEAOUY VoL SNuLoueY|COLY
€V VEO XwOIXO Yo Evar cLG TN UTOAOYLOTH| ) Ulat toTooeAda. Mévo npooeyylotineg
EXTYWNOELG UTOPOUY Vo YEVOUVY ylol TN BUVOUT GUTGY TOV XWx®y xoog ot dvipwrot
Telvouv va oaxohovdoly potifo o avdhoyeg dladixaoieg xon auTtd Tor wotlBor umopoLy
ouvidwe va Bonifcouv tov emttdéuevo xaxdBouro yeriotn. Emniéov, Aloteg ouvrn-
VIOPEVELY XWOLXWY elvon Slodéctueg yia va yenotponotnioly and meoypeduuato eDpEcTS
XWOXWY. AUTEC oL MoTeg TEPLEYOLY apXETd Ae€IXd Yia DIEPORES YAWOOES, XMOWOUS
oo TUEABLACUEVES BACELS DEDOUEVWV XOWVWVIX®Y DIXTOWY, GE ATAA 1) XUTAXEQUATIOUE-
v wopgn. Epeuvec Betyvouv 61t tepinou 1o 40% Twv X8 Tou YeNoYoTotoUvTo
OE GUOTHUUTO UTOAOYIG TGOV UE TOAOUS YpHoTeg Umopoly vo Beedoly Ue To Tpoova-
pepVEVTU TEOYPUUUOTA, UE TO TOCOGTO Vo avePulvel dTtay 0 emTIéUEVOS yernoluoTotel
TEPLOCOTEPES TROCWTUXES TANPOPOPIES Yiol TOV ¥PHO TN GToV ontolo emtiveTa.

2.3.2 EmxVpworn Kwdwxol IlpbofBacnc

To cucTAUATA TOU YENOWOTOWUY Xwdtxolg yia avldeviixomoinorn Vo mpénel va
€)0UV XATOLO TPOTO MO TE VAL EAEYYOLY XGVE XWOLXO TOU YPTOULOTOLEITOL Yial VoL ETL-
Tpamel 1) Tpoofact oto cloTnua. Eva acgaréc cbotnua Yo npénel ot xde tepintwon
vou el undevixég haviooueveg audevTiXOTOoES YENoTOY, dNnAudY| dev Yo TeENEL Vol
ETUTEENETAL 1) TEOGPuOT EVOS Yo TN G hoYoplaoud Tov ontolo dev Ya émpeme va Eyel
TEOGPACT), EVEG OTNY Wavxh TeplnTwon Yo TEETEL vor €YEL xal UNOEVIXEC AavDACUEVES
amoppeldeic yeno oV, dnhadt dev Yo TEEnel Vo amayopeleTon 1) €l00d0¢ GE Eva YeHoTNG
o omofog Vo TEETEL Vo EYEl TEOGBUCT) GTO CUYXEXPUIEVO AOYUPLICUO.

Edv ot €yxupol xwdixol amodnxedovton amhd ot pla fdor dedopévwy, evag emtidé-
UEVOS TOU amoxTd TeocPBact 0To GUCTNUA £YEL AUTOUOTA TEOCRACT) GTOUS AoYUELO-
ouolg 6AwY Twv yenotwy. H Aborn mou mpoteiveton xan vhonoteltan cuvidwg elvor 7
amOVAAEVCT] TOU XWBIXOU O XPUTTOYQRUPNUEVT) X0 XAUTUXEQUATICUEVT] LORGT).

2.3.3 Evtponia cav p€tpo tng woydog evog xwdxov

Eivoaw cuviine mponctind oty Prounyovios TV UTOAOYIOTOV Vo Tpocdlopiletal 1
oY 0g EVOC xwOXOL GTN oy TS eviporiog mAnpogoploc, 1 omolo ueTpléTal oF
bits.Avtl tou apriuol mpoomadewdv Tou yeewdlovton yior vo Beedel 0 xwdixoe, Yen-
oonoloVUe Tov Aoydprduo ue Bdorn 1o 2 autod Tou apriuol, o onolog elvon o apriude
TV “bitsevtponioc” o éva xwdnd. Evac xwdxdc e 42 bitsioyloc utohoylouéva e
TOV TUEATAVE TEOTO elvor To (Blo duvatdg Ue uio cupfohooelpd 42 bitsemeieyuévoy
Tuyado amd €va dixono vououa. Ao pior GAAN oy, £vog xwdixdg pe 42 bitsioy o
Yo ypeetoldToy 242 mpoomdieleg yia vo e€avtAntoly oha tar mdavd eVOEYOUEVOL OE [Lat
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enileon wuhc Plag. Mtn yéon mepintwon éva emtidéuevog Yo yeetaoTel Tig Uoéc Tpo-
omdELES Yo VoL BREL TO GOOTH HWOWXO.

2.4 Ilivaxog XOyyvong

Y10 medio e unyavixhic wdinong, o mivaxag ovyyvone (Confusion Matrix),etvou
ol GUYHEXQPUIEVT] TETEAYWVIXT) OLITOLT TTOU oG ETUTEETEL VO OTTLXOTIOLCOUUE TNV ETi-
00071 eVoC alyopliuou, Tumxd evog ahyopiluou emtnpoluevng udinone. Kdde otriin
TOU VA0 AVATOPLO TE £VOL OTLYULOTUTIO TNG TROBAETOUEVNG XAdoNg, VL xdlde yoou-
U7 OVOTTOEIO T8 O TLYIOTUTIA TWV TRUYUOTIXGY xAdoewy. To dvoupa mpoxintel and To
YEYOVOC OTL UTOROUUE EUXONA VoL XUTOASBOUUE €4V TO GUG TN TUPEPUNVEVEL XATOLES
xhdoElC xou TG UmEEOEVEL e dAhec. Kdde otiypdtuno o avixel oe pio and Tic €€hc
xhdoELS, avdhoyo e To av €yEl xatnyoplomoinlel cwoTd 1) oy

o Opddc Octxd - True Positive (TP): To anotedéoparta tor omola xormory werdnxoy
oTNY UTO €ZETAOT XAAGT X0 AV XOUV OVIWS GE AUTH.

e Opdie Apynuind - True Negative (TN): To anotedéopoto mou dev xotaywet-
Uy oty Und e€ETOOT XAAOT X OEV AVAXOLY OVIWS GE oUTH.

o Aoavdaopéva Octind - False Positive (FP):Ta anotehéoporo mou xormorywerdnxoy
oTNY UTH €ZE€TAUOT XAAOT X0k OEV OVAXOLY GTNY TEUYUATIXOTNTO O oUTY.

o Aavdaouéva Apvntxd - False Negative (FN):To onotehéopoto mou 8ev xoto-
Ywenxay oty uTd EETAOT XAAGT) EVE OV XOUY OE QUTY.

Ané Tov mopamdve mivaxo UTopoUUE Vol aVTAHCOUUE CNUAVTIXG CUUTERHOUATO VLol TO
cboTnua and toug e€rg OelxTeg:

e BEuotodnoio (sensitivity)tou custhuatog, Snhadr to 1060616 TV YeTindy Topa-
TneNocwy ol omole avayvwplloviar we VeTixég (TE.X. TO TOCOGTO TWY dEEWC THY
avipmdTwy Tou avoryvepllovial ETTUY®S OTL TACYOUV OTd TI CUYXEXQWEVT O-

o¥évela).
TP

—_— 2.2
TP+ FN (2.28)

sensitivity =

o Ewwdtnra (specificity) tou cuctAuatog, dnhadh 10 TOGOCTO TWV AEVNTIXDY

TOEATNENRCEWY TOU ovary Vweilovton we apvNTixéC.(T.y. TO TOGOCTO TWV UYLV
avip@nemv mou avoryvepllovtor EmTuY®e 6Tt elvon UYLELS).

TN

—_— 2.2
FP+TN (2:29)

speci ficity =

o Octxr| avotnta tpdPiedmg (positive predictive value) Tou cuotiuatog, Snhadh
TO TOGO0TO TV VYETIHOY ATOTEAEOUATWY TOL £Y0OUV VY VWEIGTEL OTN CWOTN
xhdom Toug entl TOU GUVOROL TWYV VETIXWY ATOTEAEGUSTWY

1% dicti lue = P (2.30)
posiiive preaictive Uaue_TP—i—FP .
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o Apvntih ixavotnta npdPBiednc(negative predictive value) tou cuotAuatog, o1
A0dY| TO TOGOGTO TWV JPVNTIXWY ATOTEAECUATOY TOU 0p¥ME BEV £Y0UV XATUY -
endel oty umd e€étaom xAdon €Nl TOU GUVOAOU TWV UPVNTIXWY UTOTEAECUATWY

TN
negative predictive value = ————— 2.31
g P TN + FN (2:31)

o AxpiBelor (accuracy) tou cuoTAUOTOS, BNAABY TO TOCOCTO TWV GG THY XoTA-

YWENHOEWY €T TOU GUVOLOL TV XATAUYWETOEWY

TP +TN
TP+TN+ FP+FN

accuracy = (2.32)
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Kegpdhowo 3

Epyaocleg mdvw oto aviixeluevo

270 xEPIANO oUTO YIVETOL Lol TEQLYPUPT) EQYUOLOY TOU EYouv acyohndel ue ovo-
YVOELOT YELROVOULGY 1) Yeurtol Aéyou xdvovtog yenorn Hidden Markov Models

3.1 Xyetwxeg epyacieg

H avoryvapton yewpovouny oe odovn agng yenowornowmvioag Hidden Markov Mod-
elsmopoucidlel opoldTNTEC UE EpYACIEC OL OTOIEC ATYOROUVTAL UE AVOLY VEPLOT) YROTTOU
AOYOU 1} UTOYRAPOY EWBXOTERA. X TN CUVEYELL avapépovTal EQYACIEC oL omoleg elvau
OYETWES UE TO VEUA TOC ToPOVCUS BITAWUATIXAC.

3.1.1 Ydotnua avay voelong uroyeapwy e dtaxpitte HMM

To cuyxexpévo oo tnua [1] avortiydnxe pe oxomd TNV AvVory VORI UTOYEUPMY.
Arnotehelton amod o e€¥c Uépn:

o Tunuatonolnom uToYEAPHOY X0t EEAYWYT YOEUXTNELO TIXWY
o Awdixacio exmaldevone twv HMM
o Awdixacio audevtixomoinong utoypapoY

o [lepduora

3.1.1.1 Tunpatonoinon Yroypapwy - EEaywyh YoeaxTtnelio Tixmy

‘Olec ot unoypagéc ehfpinoay oe éva donpo yupti A4 yenowonoldviag Umhe N
wopo pehdvt. Metd to oxavdpiopa Twy ceMBwY, OAeC oL utoypapéc (mglomoldnxay
X0 Aol ETMOMAUNXOY OE Lol TETEAY WV TEPLOY T, oWinxay ot eywpeloTd apyelo N
xodeplar.

H opwlévtia tunuatomoinon tng meptoyic xdde unoypagrc €yve ywpilovtag tny
Teployny o xehd. ‘Oco nepiocdtepa xehld yenowonotnioldy 16co mo anodotixd Vo &-
Eay oLy Ta yapaxtneto Tixd. O aprdudc Tov xeAwy Tou yenotuoroovto etvar 4,10,25.
H xatoxdpuen tunuatonoinorn yiveton avdioya pe ta pixelsxdide neploynic xou mo ou-
yxexpwéva xde xell amotekeiton amd 16 pixels. O aprdudc TV *oUTaxdEUPEY XERLOY
eCPTATOL TEOPAVAG AT TO PAXOG TNG UTOYLAUPTS.
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To yopaxtneioTixd mou e&dyovton etvan ta €€¥g
o AwuéTpnuo: EVOOUATOVEL TO UPOC XU TO TAUTOG TNG UTOYRAPTHC.

o Avoloylo: 1 YEQUETEWXH XAVOVIXOTNTA EXPEALETOL U€CA OmO TO TOCOGTO TOU
xaTEYEL 1) UToYpApT) o xdde xeAL.

o Elcliepoc ywpoc: ex@pdleton 1) YEWUETEIXY CUUTEQLPORE TNG UTOYQPUPHC OF
%xde xehl.

o 'ovia pe tov opllévtio dova: expedleton 1 andxhorn and Tov opildvTio dLova
XATE TN YPOPY).

Egboov 1o olotnua yenowuonotel daxprtd HMM, etvon anapaitntn 1 xfoavtonoinon
TOU XdUe BLUVOCHATOS YORUXTNELO TIX®Y, dNAudY| 1 Onuovpyia evég codebookxon n
avTioTolylon xdie daviouatog pe éva and to otolyeio Tou codebook.

3.1.1.2  Awdwxacio exnaidevong twv HMM

O oxomndg authig g @dong etvon 1 dnuovpyio evog HMM vy xdde unoypogy|, €tot
0o Te va daoporotniel 1 unoypapr) Tou amd xdie dAAN uroypoy|. H tomoloyia twv
HMM nou Yo yenowwonowiel eivar oautr) Tou Touptdlel dpxeTd 6To AaTVIXG TPOTO Y-
phc (amd oplotepd mpog tar 8edLd) xan ebvor o oplo tepd-Tpoo-ta-6egid HMM ywelc vo
ETUTEENETOL 1) ToEAAN N xdmotag xatdoTaons. O apriuds Twv xataoTdoswy Yo dtapépet
ATO UTIOYQRUPT| O LTLOYEAPT, EPOCOV BEV £Y0UV OAEC OL UTOYRUPES TS (DIEC DO TACELC.
To xahOtepo povtéro emAgyeton pe Bdor twv mavoTind alyodpriuo exnaideuong Tou
HOVTEAOU, 0TS AUTOG TEQLYPAPTME GTO TEONYOUPEVO XEQPIAALO.

Metd Tov TepuaTiopd Tng exmoudeuTixNc Bladixaclag Tou Hoviéhou, amogactleto
TO XUTOPAL ATOBOYNC XAl TO XUTWPAL amdppiPne, ue Bdomn Tov youunhdtepo UEco Opo
doroe Neyoatie hadov xou Paroe Hoottie Aadov. o vo Angdel unddiy xan 1 drapopd
0TO UAXOG TWV LTOYEUPLY, xdie Aoydpriuog miavétntag mou utoroyiletor OOTE Vo
anogootoVel 1 anodoyn 1 1 andeeubrn pg UToYeaPrc xavovixormoleltal Ue Bdon To
uéyedog Tng exdOTOTE UTOYRAPTS.

3.1.1.3  Awxduxacioc aLIEVIIXOTOINCTNG LTOYREAPLY

[ar v eheyyel pio umoypapr Yo meémel mpwTar var Yetatpanel oe uior oxohoudia
TORUTNEHOEWY COUPWYA PE TNV OLadIXaolar E€0YWYHS YURUXTNELO TIXWDY XL GTH CUVE-
YEWL ®xdvovTag yefon Tou ahyoderduou Forward-Backwardunoloyileton n mdavotnta
NG CUYXEXQHIEVNS 0xohouDiaG TORAUTNEHOEWY, OTWE AUTH TEOoEXUE and TNV UTo e&é-
Toon unoypar. H miavétnto tou utoloyileton cuyxplveton Ye Tar xATO@ALL AmOB0Y S
xou amopewhng xon avdhoya Byalvel To cuumépaoua Yo TNV UTO eCETACT UTOYEAUQT.

3.1.1.4 TIleipdpota

[ Tov telpapatind EAeyyo Tou UG TAATOS Yenotporotinxe ula Bdor dedouévmy
ue uroypagpéc 100 avlpdmwy, ol onolol ywpelotnxay ot 2 ouddee Twv 40 xon 60 atéumy.
H mpdtn oudda yenowwomotilnxe yio tn dnuioupyio Tou codebook, extédc amd tov
ENEY YO xou 1) GAAN opdda yenorwono|inxe uovo yio Tov EAEYYO.
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Ou 20 umoypagég amd xdie dvipwro yenouylomolinxoay oty dladacio Tng exmal-
OEUOTC ot Ol UTOAOLTES YpenotdoTolunxay oTny dwdixaocia tng avdeviixonoinone. H
am6d00T) Tou cuG THUATOC adloloyeltal ue Bdom Toug uéooug dpouc Twv FALSE NEG-
ATIVE, FALSE POSITIVEorotekeoudtov.

To amotehéopata Yo TNV TEOTN oudda, pe Bdorn Ty onola dnuoveyinxe to code-
booketvar cagpng xahdtepa and tnv dedTepn opdda 1 omola dev cuuuetelye TN ONF
wovpyia Tou codebookxon ETOUEVKS OL UTOYPUPES TV AVIPOTWY AUTAS TNG OPABIC
OEV Elyay TOOO XU AVATUEACTACT) amd TNV XPAVTOTOMGT) TWV BLUVUCUATWY TOU TIC
amoteAoVooy.

3.1.2 Ydotnua avay voplong untoyeapny we cuveyy HMM

To ouyxexpyévo cbotnua [2] xdver yeron ouveydv HMM yio v avoryvdeton
UTIOYRAUPEY, YENOULOTOLOVTOSC YoQUXTNOIOTIXG. TWY UTOYRUPOY ToU €CoQTMVTAL omd
TOV YPOVO, OTKS AUTA CUYXEVTEWVOVTAL aTté 0VOVES a@rC 1 TUUTAETES.

3.1.2.1 ESaywyrh YotpoxTnelo Tixwy

Kdéle umoypagy| avomapiototon coav wa oxohouvdior dtavuopdtwy. Kdde didvuoua
amoteAeiton omd plar Ty o xadepion amd Tig €€ig ypovooelpés xodwe eniong xou T
YEOVIXT| TOUC TIOR3y WYO:

o Opwovtia Véon

Kddetn Véon

Alwovio

Egamntouévn ywviag povomatio)

II\érog torytntag (ITAdtog Broxpitrc mapory@you ﬁéonq)
o Axtivo xoumuhoTnTag
o IT\dtoc emtdyuvone (IThdtog Bopitric mapory@you ToyTnTag)

Ou Broxprtéc mapdywyot unohoyilovton xdvovtag yeron tng pedodou second order
regression [3].

To ofjua 6T CUVEYELL XUVOVIXOTIOLE(TOL (O TE VO ATOXTAOEL UNOEVIXT| UECT) THY) Xl
wovoodtodor Tumixy| amdxhion. To tehind amotéheoya etvar xdde uToypEPT Vo avamopL-
oTdTan amd Evor Tivoxa Tou TERLEYEL 14 XoVOVIXOTIONUEVES DLUXELTES YPOVOOELREC.

3.1.2.2 Movtelonoinor VnoYEAPLY

[ T Snuoupyio evog HMM avd eldog unoypagric, elvon anapaitnTtog o tpocdiopt-
ouoe v ototyeinv A=(A,B,1), o onolog Yo yivel ye Bdon 10 GUVORO TV LTOYEAUPHDY
mou Ya yenotwomomndoly yior TNV EXTAUOEUCT. XTO CUYXEXPWEVO GUG TN YP1NOYLo-
moolvTon cuvey ) HMM, dnhadh 1 xatavour mdavotntac twyv cLUBOAwY Topathenong
wovtehornoteiton cov piEn Kavovixwyv mohuuetofAntodv xatavounmy. Kdlde uroypapr
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yweiletonw oe xoupdtior xan xdde xopudtt yweileton oe M uéon pe yerion tou ahyoprd-
uou K-Means[4], pe Bdon to omola unohoyilovton ot opyixéc TopdUeTEOL TOU Ttivoxa
B. Me v emavoknmrxt| Swdixacio tou Baum-Welch uroloyileton otn ouvéyela o
AAAVTERT]) EXTIUNOT TOU HOVTEAOU, €W 6TOL UTdpyEL OUYXALO.

3.1.2.3 Ileipdpoto

[a Tov €heyyo Tou cuoTAUaTog Yenowomotfinxe n Bdon dedouévwy MCYTol
omolo epLéyel avdevtinég xon emodéllec TAaoToYpaplec xou dnuoupYinxe wg e€ng:
Kde yeriotng dnuioteynoe eva oivolo amd 25 aulevTixég UToYRUpES XaL G T GUVEYELX
5 emodédieg mhaoToypapieg Yoo xdde Evor amd Toug TEONYOUPEVOUS YeY o TEC. Enopévie
yioe xde yeHo T Exoude 25 auUEVTIXEC ot 25 TAUCTOYPUPNUEVES UTOYQOPEC.

AlopeTXd XATOPAL ATOPAOTC ETAEYETAL VLo xAdE YPHO TN, EPOCOV TEOXITTOLY
%UNOTEPEG EMUBOCELS Ao TNV ETLAOYT| EVOS eViaiou xaTw@Aou Yo GhOUG TOug YEHOTES.

To mewpduarta mou Sieddyovton Ye Ty BAor Ge00UEVLY Tou BNUiouRY U NXE xATUdEL-
%xv00LY cav WovixY| Bladepnaon Ty HMM tic 2 xpugéc xatac Tdoels xaL To GUVOUAGHO
32 Kavovixov »xatovop®y avé Xatdo Taon Yo TY TuxvoTnTo xotovounc miavotnTog
TV cLPPOALY e€6dou. Emmiéov, and 1o mELRdUOTO TEOXUTTEL OTL 5 LTOYEUPES elvol
VEXETEG ETOL WO TE VoL EXTIALOEUTEL LXAVOTIONTIXG TO HOVTENO YLl Xde BLapopeTINd TUTO

UTOYEAUPNS.
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Kegpdhawo 4
ANAAYYH KAI YXEAIAYH

4.1  Avdivorn xou llegiypap?r T roocuvotnudtwy

270 ToEOV XEQAAALO BIVETOL Lol TEQLYQUPT] OAWY TWY LUTOCUC TNUITWY To OTola
ouviéTouy TNV eapuoyY| Tou dnuoveyRinxe. To clotnua Tou dnuoveyRinxe ota
Thadolor aUTHG TN DIMAWUATIXAG Elvar Lo eappoyT| Yl smart-phonesye Aoylouxo
Androidn omoio €yel Tic €€Xc Aettoupylec:

e YUANOYT| %ot amOUAXEVOT) YELROVOULOY VL o TNV 006VN agpig

o TTOAOYIOUOC YEWUETPIXOY YOQUXTNEIC XMV Yia xdUE Yetpovopuia, To omola Yo
Yenowonomnloly ylor TNV EXTADEUCT) TWV UOVTEAWY.

o Anuoupyia véou ypfotn ot Bdor dedouévey xa exnaideuct evog HMM ue Bdor
10 (Bieg yewpovouieg mou ewodyel 610 GOGTNU.

o Elpeom ouotdtnrag VEWY YELovouLeY Tou xdie yprotn Ue To 1\on urndoyov HMM,
ToL €yl dnpovpYNUel LoVadIXd Yior QUTOV.

Axolovlel 1 cuvonT| TEQLYPAUPY| TWV UTOGUG TNUATWY TOU UAOTIOLO0V TIG TOQUTAVE)
Aertovpyiec.  Ou €QupuoYEéC TOU VAOTIOLOUY TIC TORATEVE BLUOXAGIES TEPLYRApPOVTL
AVUALTIXG OTO EMOUEVO XEPIAALO.

4.1.1 TYrooclboTnua YeopLxns OLATEOCWNREINS XeNo TN

To urochoTnua auTd elvon UTELVLVO YIaL TN GUAROYT) TV YELROVOULLY XoMS Xl
™V eMe€NYNON TwV BLapdpwY OTASIWY TNG EQUPUOYHC GTO YPNO T UE BLdpopeC LTTOOEL-
ewc. Apyind o yphotne Vo mpénel va eyypoagel 610 GUOTNUA BlahéyovTag €val “ovopa
Yeriotn’ To onolo Yo elvor povadixd yio Tov Bto xan VYo yenowonowiel and outdv
opyoTepa OTay Yo mEETEL Var elodiyel Tig yewpovouieg ehéyyou. T v eyypapr To
UTOGUCTNUA TOEOUGLALEL Lol POPUN ELOUYWYHS CTOYEIWY, OTWS AUTH QUIVETOL TNV
emova 21N cLvEyEla 0 Yo TNg odnyeiton oY 0V6VN ElcaywYC TNG YELpovouiog
Tov, 1 ontola Vo ypenoyoroiniel yio Ty exmaldevon Tou HMM, eite yio v eloaywyn
YELPOVOULOY Yo TOV UTOAOYIGUO TOU O%0p Toug UE 3dom To 101 undpyov HOVTELO TOU
Yeriotn. Oudvo o9dveg elvon eppovictond (Bleg xat Yo auTo TopaTileTon To OTIYUIOTUTO
otovng plag amd Tig Vo oTNY EdVA
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Yyfuo 4.1: O96vn @opuag eloayw

27

YHS xehot™
A H 21:29

Login Form ;

User name and Contact form
User Name

Phone number

OK

4.1.2 TYTrooclotnua saywYNS YARAXTNELC TIXWOY ATO TLS
YELpovouleg

Kdle yewovouia mowv yenowomoinel yio tnv exmaldeuon tou HMM ¥ tnv ebpeor
TOL Oo%0p NG, Vo TEETEL VoL UETACY NUUTIO TEL OE Evar Ttivaxal SLUVUCUATWY UTOTEAOVUEV
oMo TOL YORAXTNPIG TIXA TTOU €Y OUUE OLOAEEEL YLl TNV LOVIEAOTIOMOT] TWV YELOOVOULOY.
Enopévwg uetd and wdle emtuyy| xatorypapy| yewovouiag evog yeNoTn, oL GUVTETAY-
UEVEC OAWV TWV ONMUEIWY TOU XaTaydpnxay XovovixoToloLvTol Pe Bdom To péyloTo
mhdtog xou Ohoc g 006vng xan oty cuvEyeta utohoyilovTtan Tor EENC YUEUXTNELO TIXY
Yoo xdle onueio Tou xoToryEdpEToL:

o ywviag tng xhiong and to nponyoluevo onucio
e ywvia amd T0 x€vipo ualac Tne yetpovoulog
® amb6oTACT A T0 (EVTEO UAlag TNG YEWOVOoUiag

Emmiéov, yia xdie onuelo mou xatoypdgeton oty 006vn €youue €€ apync Ty Toy -
TNTOL UE TNV omolor XVeElTon To By TUAO GTOV XUTOXOEUPO Xou GToV 0pllOVTIO dEova, TNV
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Lo 4.2: O9ovn eloaywyic yewpovoulag
w @ A i 21:43

Test Activity

(xy)

CANCEL OK

mleon mou aoxel 1o BdyTUAO xon To AUEWY aELiud Tou BoyTUAOU ToU BNUtoLEYEL TNV
YELPOVOULdL.

Egbcov 1o olotnuo utootnellet yewovouie 60wy dayTOAwy Yékel o yenotng,
xdie onueio €yel emiong éva adlwv apriud Yoo To ddyTUAO TO oTolo dNUVEYNOE TO
onuelo auto, Eexvoviag and to 0 ylo To TE®TO 8dyTUAO oL oxoVUTNoE TNV oUévN
xou au&avovtag xatd 1 xdie @opd mou éval véo By TUAO cxxouund TNV 0V6vT.

Tehixd, xdde onuelo mou xataypdpetar and TNV 0OV aPhC UETATEETETOL OE EVAL
ddvuoua 0 7 oTtotyelnwvy, we e€hg

5: [7/7 Vg, Uyap7 917 92a ZOC]

OTOL © AVTITEOCWTEVEL Tov oUWV aprdud Tou dayThhou Tou dnulovpynoe To orueio,
Vg, Uy OVTITEOCKTEVOLY TIG ToUTNTEC GTOV 0pWlOVTIO GEOVOL T X0 GTOV XATOXORUPO
dova y avtioTolya, p oVTITEOoKWTEVEL TNV TEon Tou aoxeltal and To 84y TUAO GTO
ouyxexpwévo onuelo, ¢ avtimpoowrelel T ywvia Tou onuelov and 1o xEvtpo palog
NG yewpovoulag, B avTimPoowreVeL TN Ywvia amd To mponyoLuevo onueio xou 1 loc
AVTITPOOWTEVEL TNV ANOCTACT, TOU OTUEloL and T0 %xEVTpo pdlac.
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4.1.3 TYrooclotnua exnaldsvong tou HMM

Mo vo dnovpyndet évoe HMM nou Vo yopaxtnpiCel povadnd xde yerotr, etvar
amopadtnTn 1) exmaldeucT Tou ye 10 duoteg yewpovouieg tou dou yenotn. To vtoci-
OTNUA EXTUOEUCTC DEYETOUL TIC YELPOVOULEC Ol OTOlEC Elvol TAEOV UETAUCY NUATIOUEVES
o€ Tivaxo Ye BtavOoHaTa THEATAENONG Xt lvor UTELYLUYO Yl TNV OWOTH exTaldEUo
TOU UOVTENOU, xo®¢ ETUONG XAl YLl TNV OWOTH deyoToinoT Tou Utd exmaldeuon
HOVTENOU.

To unoclotnua autd Bacileton oTIc VAOTOINUEVES cUVoETATES TS BYBAMoIRHNC
Jahmm[5] UE XUTOLEC TPOTOTOAGELS AOY WV OPLOUEVLY GQPUNIATWY TOU ovoXoA DO nxay
XY TNV AVATTUEY TNG EQUOUOYTC.

4.1.4 YroocLoTNua ATOUNXEVCTS OECOUEVWY OE CYECLO-
x7 dorn dedouEvwY

Egbécov 10 {ntoluevo elvar o xdie ypRotng Vo EMIGTEEPEL GTNY EQPURUOYT| Yol VA
lodryel VEeC yepovouiee, Yo Tpénel var utdpyet €vor cUo TN To omtolo Yo Braryelpileton
NV AAANAETUDPOT TN EQuEUOYNG UE plo Bdon dedouévmwy 1 omola Yo TEpLEYEL G ToLyEla
Tou xdde ypRoT.

To urocioTnua autéd elvar uTeduvo Yo TNy dBnpovEYia VEou yeNoTn 610 GG TNUA,
TNV anoUAXEUOT) TV GTOLYEIWY TOU Xot Tou povTélou oy Yo Tov yoapaxtneilel xadog
X0 Yo TNV AmOUAXEUCT) OAWY TV YEROVOULDY Tou xdie yeroT).

Emmiéov, 1o obotnua eivon umeduvo yio v @épvel amd Tn Bdor dedouévwy To
amodnxevpevo wovieho xde ypnotn 6tay Yo mpenel v yivel 1 ebpeom Tou ox0p Yid
xdde véa yewpovoplo.

4.1.5 TYroolotnua sbpeong TIAVOTNTAS TNS YELPOVOWL-
ag ue dedopevo to HMM Tou yerorn

[o v emahdeuon tng Aettovpylac Tou cuCTAUATOC Vo YEEINOTEL O UTOAOYLONOC
EVOC O%0Q Yo VEEC YEWovouieg Tou YeNotn ue oedopévo to HMM tou. Emnougveg
elvor amapadTnTo £vo LTOGUG TN TO OTolo Vo TAULPVEL TIC XUTUYEYPAUUUEVES YELPOVOULES
TOU YEHO Y, Ol OTIOlEC TPONYOLUEVLG €youV UeTaoynuaTiotel ot mivaxa SlovuoudTeY
TOEATHENONG UEGH TOU UTOCUG TAUATOS EEAYWYNG YAQUXTNOIC TGV, Xat Vo utoAoyilel
v miovotnTa vor £Youy Teoéhdel and To LoVTEAD ToU YEHoTN.

To unocVotnua Yo yenowomnotel Tic cuvaptioelc Tng PBBAodxne Jahmmeétol va
umohoYloTel T0 oxop xde yelpovoulac.
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Kegpdhawo 5
TYAOIIOIHYH

Y€ auTO TO XEPAANO YIVETOL OVAAUTIXY TEQLYPAPT| TNG EQapUoYNS. Apyixd, yiveto
ular ovopopd GTNY TAATPOPUA, TO TEOYPUUMATIO Td epyaheior xou Tig BiBAtodrixeg Tou
Yenoulomotinxoy. MTr CUVEYELL TERLYPAPOVTUL AVAAUTIXG OL XAJOELC TG EQPUPUOYTC.

5.1 IThotpdpues xol TEOYPUALATIO TIXA EQY -
Aelo

2TV EVOTNTA QUTY| TEQLYPAPOVTAL T YUPAUXTNELO TS TNG CUYXEXPWEVNS UAOTIOMM-
ONG, OTWS 1) TAATPOEUN AVATTUENG Xall EXTEAEOTG, TA TEOYPUUUOTIO TIXE. EPYOAELN TOU
Yenoudomot oy xadmg oL oL AMUTHOES TNG EPUPUOYTS.

5.1.1 Epyoieia avdntuing

H eqapuoyn avoryvoplong twv yeipovouwy oe 096vn agig avantiydnxe e’ olo-
xAfpou o€ java version " 1.7.0-60”.H xOpta mhatpdpua avdntulng, n onota otnpiydnxe
ota Android 5.0 SDK Platformxor Jahmm libraryftav 1o Android Studio version
1.3.1. Awopdwoeic o1 Bihodrxn Jahmm libraryéywoay pe to Eclipse IDE.Ia v a-
Tto¥rxeucT) Twv dedouévwy yenowonotfinxe n SQLite database engine, eve yua ™
oTATIOTIXY) EMECEQYAOIO TV AMOTEAEGUATWY XOU TNV TOQUYWYT| OLOYPUUUATLY YENOL-
uomotinxe to mpdyeauuo MATLAB.

5.1.2 TIThatgpdppa avantuing

Ynyv mhatgpopeuo Android Studio version 1.3.1.avormtOydnxe 1o ypopnd TepBdi-
MOV, OTKG AUTO TEQLYRAPETOL GTO TPOTYOUHUEVO XEPAAALO, Xo WS ETHONS %ot TO UTOCU-
otnuo armodfixeuong ot avdxtnong oedouevey. H ouyxexpyevn mhatgopua ebvon to
enlonuo mepBdihov avdntuine Androidegopuoydvy xou npoteivetan and tnv Google. To
OLYXEXQPUWEVO epYyaheio Tapéyel Tic e€Ng BUVUTOTNTES:

o [oapundg oyedlacuog Qopumy xat odovey ahhnhentidpuong Ue To yeho ).

e Evoroinon pe 1o version control system Githubyio tnv aocgod| anodrixevon
xo EMIEWENON TWV DLUPOPETIXWY EXDOCEWY TOU Xwa xa)” OAn 1 Odpxela
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avamTUENG TNS EQPAPUOYS.

e Elypnoto clUoTruo Yo anoc@ulUdTeoN TWY TEOYPUUUETWY TOU XAVEL TUO YOT|-
Yopn TN Sduacior avamTuEng.

e EUxohn mpboPaocn oe PiBhotfxec Android 5.0 SDK Platformot omofec etvan
AMOEALTNTES Yot TNV AVATTUEY TN EQUPUOYTC.

Awvpdworn ogoludtwy tou utieyav ot Jahmm libraryéywvav ye to epyoaheio
Eclipse IDE, 70 omnofo eivon anéd to mo ddedouéva nepBdAlovia avantuéng egopuo-
YoV Javaxon Topéyel avIAOYEG EUXOMES XUTA TNV aVATTULT EQURUOYMY, OTKS X0k TO
Android Studio

5.1.3 EyxatdoTtaom xou exXTEAECT

H eqopuoyr unopel va extereotel o€ xivntd ue hoyiouixé Android 3.2 Honey-
combéwcAndroid 5.0 Lollipopxat yior Tnv eyxatdotact| Tng Teénel vo axohovdricoupe
Toe €€N¢ PrARaTA, ETOL WOTE VoL EMTEEPOUNE TNV EYXATAC TAGT| EQPUOUOYDY TOU BEV TRO-
goyovton and To emlonuo xatdotnua tng Google:

o Metagepouaote otic puiuloec g cvoxeuric xou emaéyouue "Puduloeic Aogo-
Aefog (Security Settings)”

o >n ouvéyeto emiéyoupe “Ayvwoteg Hnyéc(Unknown Sources)”xon emAéyoupe
70 TEd{o amodeyduEVOL TNV TpoEdoTolNCT Tou Vo eupoavic Tel.

21N ouveyela avolyouue To apyeto .apktng egopuoyng, 1o omolo TEETEL Vo EYEL UETO-
pepVel ot cuoxeun xou 1 gapuoYn eyxoicTaton autépata. o va exteAécoupe Ty
EQUPUOYY| ATTAGL TUTAPE TAVE GTO EXOVIBLO TNE EQopUOYHS Tou Vol ELPAVICTEL aETtg
UET TNV £YXATdOTUO.

5.2 BiSAodrxec

5.2.1 Jahmm library

H BiBhotrpm [B] napéyer pio vionoinon twv HMM oce Javaxar ot Adyou yio toug
omoloug emAéyUnxe elvon To YEYOVOC OTL Tapéy el LAOTOLAOELS ahyopituwy Tou Va ypeeto-
o TOUUE Yia TNV exntaddeuot xan Tov EAeyyo twv HMM xan xuplwg yiatl etvon yoouuévn
oe Javan omolo elvon 1 YAMGOA TEOYROUUATIONOV VLo TNV AVATTUEY EQUOUOYOY OF K-
vntd Android.Enopéveg 1 emoyr yag 1 TEAXT EQUpUOYT| Vo Topouctac el oe éva
xwvnt6 Android ¥ty Secueutin w¢ Teog To mota Pi3hodrixn Yo yenowonooboaue ot
EVOEYOUEVIC VAL UTHEYOUY XUAUTEPEC UAOTIOLACELS OF BLUPORETIXES YADOGES TROYQO-
HOTIOHOU.

H BBhodn éyer avamtuydel and tov J.M Francoisxon amoteheiton and o e€rig
TaxEToL

e Distributions:to onofo mopéyel VAOTOWOELS BLEPORWY XATAVOUMY TAvOTNTOC
ToL unopolV v yenowonotnolv ye cuveyr) HMM. 1o cuyxexpuuéva napéyet
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viorotfoeg yioe Ty Exdetind xatavour|, Tnv I'xaouciov xatavour|, TNV xoatavo-
ur| Poissontny pi&n I'vaouctaveyv xatavoumy xat tnv toAudetoAnty| I'xaouvciovy
xatovour). Iapéyel enlong xan Slampoowneieg yia Ty uhonolinor Aluxeitedy xo-
TOVOUMY X0l TUY LWV TOAUUETIBANTWY XATUVOUWDY.

Jahmm:to moxéto autd mepEyel Tic x0pleg *AJCES ToU Yol YoC AMUCyOAGOUY
xau ot onoleg Var avohudolv mopoxdtw. Ilo cuyxexpyéva teptéyetl xhdoeig Tou
viorotoly o HMM, xodog xan tor tapopeTind €ldn Topatnenoewy.

Draw:to max€to nepiEyet tnv xhdon GenericHmmDrawerDotyio tny amewxévion
wv HMM o¢ .dotapyelo. To moxéto autd dev Yo pog amacy ohnoEL.

Io:to max€to autd mEREYEL XAdoE TOL YENOLUEVOUY Yo To input-outputoiwy
TWV OVTIXEWEVLY TN BiBhotxng mou Yo pog anacyorfcouv. Ol xAdoelg Tou
oLYxeEXPUEVOU Taxétou Yo yenowonotniolv yia Ty eyyeapy|) Twv HMM o1
Bdom BEBOUEVLY o TNV AVAXTNOT) TOUS amtd oUTH.

Learn:to moxé€to autd mepLEyel TIC xhdoelc mou Ya yenotworomndoly yla Tnv
EXTUOEUCT] TWV HOVTEAWY, ONhadY| Topeyel uhonotfoelg yia Toug Baum-Welch,
Kmeansoiyopriuouc.

Toolbox:to moxéto nepLéyet didpopa epyareta tou oyetiCovtan pe o HMM, omeg
v xhdor KullbackLeiblerDistanceCalculatornou unoloyilet tnv andotaor ye-
&0 6Vo HMM, xou tnv xhdon MarkovGeneratorn omola mog€yet axohouvdieg
mou Vo puropoloe va mapdyel €va wovtého. To cuyxexpyévo toxéto dev Vo pog
ATAO Y ONACEL.

Axolovlel 1 TapousiacT Twv XAACENMY TOL YENCWOTOLAUNXAY XUTA TNV AVATTUEN TNG
EQUPUOYYS.

5.2.1.1 class MultiGaussianDistribution

H »\don viomowel wa moAvpetoSAnTy| I'vaovciovy| xatavour,. Oo yenoidomoln-

Vel yior TNV LOVTEAOTOINGT) TWY GUVIRTACEWY XATAVOUNS TWY CUUBOAWY TUEAUTARTIONG.
Egbcoov ta dlaviouato mopathenong exouy peyedog 7, 0 xaTaoxeLac TS TNg xAdong
Yo ebvon 0 e€ng:

MultiGaussianDistribution (int dimension)

o omolog dnuovpyel wio véo toAvuetaBANTYH I'taouctavr xatavour| ue undevixr uéor

T xou povadtado dlacdpover. Ot pyédodol tne xhdong ebvon oL e€rc:
e double []|[] covariance();

Tivoog BLOTORAC TNG HATUVOUNG

e double covarianceDet () ;

optlovoa Tou Tivaxo SLICTIORES TNG HATAVOUNS

e int dimension() ;

O8O TUOT) TNG HATAVOUNG
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e double[] generate() ;
(beudotuyaio didvuoua pe Bdon TV xatavoun
e double|] mean() ;

ToV Tivaxo PECWY TYWV TG XATAVOUNC

e double probability (double[] v) ;

TNV TUXVOTNTA TIAVOTNTOC EVOC BOGUEVOL BLoVOGUOTOS

5.2.1.2 class Hmm<O extends Observation>

Eivan 1 x0ptae HMM »Adomn xan viomolel éva Hidden Markov Modelto omolo anoteheiton
anod
® XUTUOTUCELC: XAVE XATACTAOT) €YEL BOOUEVN piot TIUVOTNTOL AEYIXAC HATAG TOONC
() xou ebva GUOYETIOUEVN UE GUVEETNOT TUXVOTNTOS TWAVOTNTOC CUUPBORWY Tta-
catrenone (opdf). Kéde xatdotoaon oyetileton pe éva Seixtn’ n npdtn xotdo ta-
on aprdueiton 0 xou 1 teheutada n — 1 (6mou n ebvar To TARYOC TWV XATAC TECEWY
ou HMM). Autdg o Beixtne nepviétar oav 6plopol o€ BLEPOPES GUVIPTHCELS Yiol
OTLOLABNTOTE AVAPORY G T CUYXEXPWEVT] XATAC TACT).
o miavotnteg petdfaonc: N mbaveTTa PETOPORES Amd TNV XATACTAUCY & OTNV
xotdotaon j (a;;).
0 XAUTUOXEVUOTAS TNS ¥Adong Vo ebvor o e€nc:

Hmmx< ObservationVector >(nbStates , new OpdfMultiGaussianFactory
(int dimension));

o omolog onuovpyel eva véo HMM pe nbStates aprdud xataoTUCEWY oL ToQo-
TNeNoELC og pop@t| dlavuouatog. Emmiéov ol xatavour| muxvotntag miavotntag Tev
oLUPOALY €€600u elvar TOAUPETABANTH xatavour| ue 7 dwotdoeg. Ou uédodol tng
xhdong etvon oL et

e double getAij(int i, int j) ;

EMOTEEPEL TNV TavdTNTOL PETABAOTC oo TNV XATACTAUCT) 4 GTNY XATUCTACT] j
® Opdf<O> getOpdf(int stateNb) ;

EMOTEEPEL TNV CLUVERTNOT TUXVOTNTAG THAVOTNTAS TNG OEBOUEVNS XATAC TUONG
e double getPi(int stateNb) ;

emoTEEPEL TNV TIOVOTNTA 1) OEBOUEVT XUTAOTACT VoL Efval apyixr| XATAG Too

e double InProbability (java.util.List<? extends O> oseq);

emMOoTEEPEL Tov Aoydprluo Ttng mavotntag va €yel mpoxdder ané o HMM n
00oUEVT Mo Ta TopaTNERoEWY
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e int [] mostLikelyStateSequence(java.util.List<? extends O> oseq)

emoTEéPel Eva Thvoxa e TNV o mavy) oaxohoudion xaTac TACENY oL TonpldlEL
o€ Lot axoloudia Topatneioewy, dedouévou tou HMM

e int nbStates () ;

Tov apriud xatactdoewy evog HMM

e double probability (java.util.List<? extends O> oseq)

v mioavotnTa g axohoudiog Tapatneiocwy dedousvou Tou HMM

® java.lang.String toString ()

emoTEéPeL W cuuBolooelpd Tou Teptypdgel To HMM

Ynpovtind avxelyevo mou oyetilovtar pe tnv xhdor HMM ebvar ta avtixelpeva
¢ xhdone Observationrn onola povtehomolel TIC TUPATNEHOELS Xou UTOREL VoL YpnoUlo-
rounvel elte oe Moteg elte oe cUvora Motwv. H xhdon Yo avodudel o1n cuveyeta.

5.2.1.3 class ObservationVector

H »\dom enextelver v xhdorn tng amhrc mapatrienong O xaw vhomotel plo mopotr-
eNoM TOL TEPLYEAPETAL amtd EVal DLAVUOUA TEAYUUTIXWY aptdumy. Epbdcov xdie mopo-
Tenon e yewpovoplog etvar éva Sldvuoua 7 TEOYUATIXOY dELIUMY, 1) CUYXEXPWEVN

HOP(N ToEATAENONG Vol 1) WBAVIXY YLl TNV EQPUPUOYT.
0 XUTAOHEVUOTAHC TNG xAdong Yo ebvar o e€ric:

ObservationVector (double [] value);

0 omolog dnuLoUEYEL Evar avVTIXEIUEVO TTOL HOVTEANOTIOLEL UL TOEUTARTOT TOL TEPLY PApETIL
oo TO OLAVUOUN TEAYUUTiX®Y apiumy value. Ou uédodol tng xAdong etvar o e€hc:

e double[] values() ;

ETMOTEEPEL TIC TYES oL GLVIETOUY TO BLAVUCUA TORUTYENOTG

e java.lang.String toString()

ETULOTEEPEL Utal GUUBOAOCELRY TTIOU TIEPLYRAPEL TO BIAVUCHO TIORAUTARTONG.

5.2.1.4 class ForwardBackwardScaledCalculator

H »xh\don auty| unogel va yenotuonomdel yio va utohoytotel 1 mdovotnta wio 5o-
ouevne axoloudlag yio éva ouyxexptuévo HMM. H »xAdorn auty| vhomolel tn pédodo
XNPEHWOoNG, OTWS AUTH Teptypdgeton oTny epyacio Tou Rabiner, Fundamentals of
speech recognition [6].0 xataoxevootic g ¥ dong etvan o e€ng:
ForwardBackwardScaledCalculator (java. util.List <? extends O> oseq, HumxO

> hmm)

o omofo¢ unoloyiler v miavotnTa vo mopatnendel 1 axoloudia mapathenone oe-
douévou tou HMM. Ou puédodol tng xhdong etvan ot e€ig:
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e protected
<O extends Observation>
void
computeAlpha (Him? super O> hmm, java.util.List<O> oseq) ;

unohoyiCetar o mivaxac alpha

® protected
<O extends Observation>
void
computeBeta (Hm<? super O> hmm, java.util.List<O> oseq)

unohoyiletar o mivaxag beta.

e double InProbability ()

emoTEEPEL TO VETEPLO hoydprluo tne mavotntag Tne axoioudiag mou mupyorye
TO AVTLXELUEVO.

5.2.1.5 class KMeansCalculator

H »idon auth propel va yenowomoindel yia va ywploer éva 6UVoro GTotyelwy
OE GUGCTAOES YENOWOTOLWVTAS Tov olybéprduo k-Meansonwe autde meprypdpeton oTo
PiBAio Clustering and the Continuous k-Means Algorithm (Vance Faber, Los Alamos
Science number 22) [7]O XOTAOKEVAO TN TNG xhdong ebvan o e€X¢:

KMeansCalculator (int k, java.util.List<? extends K> elements) ;

o omolog dloywpllet évar GUVOAo oToLyElwY 68 500UEVO apLiud GUCTEdWY.

H »\dom auth ebvar apxetd onpavtiny otny vhomoinon tng egupuoyc, xadang yen-
oloTnoleltar xatd Tov utohoytlopd tou apyxol HMM, étor dote va BeBarwdolue ot
T0 povtéro Va cuyxAlvel xatd T dtadacto Tng extaldeuong.

5.2.1.6 class HmmBinaryReader

H s\don auth unopel vo SwfBdoet évo HMM and pio poY) bytes (byte stream)
xa Yo yenowononiel yi v avdyvoon tou HMM anéd tnv Bdon dedouevov. O
XOTAOXEVAO TG TNG Hhdong ebvan o e€X¢:

HmmBinaryReader () ;
1 pédodog tTng xhdong ebvan 1 e€ig:

e static Hunx?> read (java.io.InputStream stream)

1 omoio dwBdler éva HMM amé éva byte stream
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5.2.1.7 class HmmBinaryWriter

H »hdon autr unopel va yedeper évo HMM oe pio por) bytes (byte stream) xou Vo
yenowomotnvel yioo Ty eyypagpr Tou HMM oty Bdorn dedouévev. O xataoxevac g
e ®Adong etvar o e€nc:

HmmBinaryWriter () ;

n pédodoc tne xAdong etvan 1 e€hc:

® static void write (java.io.OutputStream stream , Hmm<?> hmm)

1 onola ypdeper éva HMM oe €va byte stream

5.2.1.8 class HmmReader

H »Adon autr dwfdler éva HMM to omolo eivor Ypouuévo ot xavovixr Lop@r) xou
oy o€ popet| bytesO xataoxsvaotrc g xhdong etvan o e€hc:

HmmReader () ;
1 pédodoc tne xhdong etvan 1 e€hc:

e static <O extends Observation> HmmxO> read (java.io.Reader reader,
OpdfReader<? extends Opdf<O>> opdfReader)

1 omoio dwPBdler évoa HMM ypouuévo pe hatvixols yopaxTthpeg

5.2.1.9 class HmmWriter

H »\don auth yedger éva HMM oe Aativinolg yopoxThpe xon GE pop@n Tou va
umopel va dwoactel and v xhdon HmmReader. O xatooxsuactic tng xAdong etvan
o &g

HmmWriter () ;

1 pévodog tTng xAdong etva:

e static <O extends Observation> void write(java.io.Writer writer ,
OpdfWriter<? extends Opdf<O>> opdfWriter , Hnm<O> hmm)

1 omola ypdeper Evar HMM ye hatvixole yapaxThpes xaL TN Hop@r| Tou TEETEL

5.2.1.10 class BaumWelchScaledLearner

H »hdon auth etvar gl vhomolnom tou alyoprduou exnaidevone Baum-Welch xou
YENOWOTOLEL EVAL UNYOVIOUO XAUEHWOTNE, ETOL WOTE VO ATOPEVYOVTAL PUVOUEVO UTO-
yethone. O xataoxevaotic TN xAdong elvon o e€nc:

BaumWelchScaledLearner ()

xou oL pédodol tng xhdong etvan oL e€hc:
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e protected <O extends Observation> double [][][] estimateXi(java.
util. List <? extends O> sequence, ForwardBackwardCalculator fbc
, Hmmx<O> hmm)

protected <O extends Observation> ForwardBackwardCalculator
generateForwardBackwardCalculator (java. util.List <? extends O>
sequence , Hmm<O> hmm)

5.2.1.11 class KMeansLearner

H »hdon auty| apyixomotel tnv viomoinom evéog aiyopiduou K-Means, o onolog
Beloxer éva HMM 7o omolo povtehomotel éva cOvoho tapatnerioenmy. O xaTaoxeLac TS
e ®Adong etvar o e€nc:

KMeansLearner (int nbStates , OpdfFactory<? extends Opdf<O>> opdfFactory ,
java.util.List <? extends java.util.List<? extends O>> sequences)

xau oL u€dodol Tne xAdong etvan ot eEAC:

® boolean isTerminated ()

1 omola emoTEEQEL true edv o alyopLiuog @Tdoet Ty emiuunTy| axplBela, adhng
emoTeéget false

o HmnxO> iterate ()

1 omolo exteAel pio emavdhndn tou ahydprduou K-Means

e HxO> learn ()

1 omolo extehel emavarpeic Tou ahyopripou K-Means péypel va emiteuydel éva
eminedo axp{Berag.

5.2.2 Android Libraries
5.2.2.1 class MotionEvent

To avtixelyeva auTAC TS XAAONG YENOULOTOLOUVTOL YLol VoL oVAPECOUY GUUPBAVTA
xivnone. To cupPdvta autd umoEolV Vo TERLEYOLY ATOAVTES Y| GYETIXEC XIVACELS xS
%0l GAAOL TUTIOU DEDOUEVA, AVAAOYA UE TI CUOXEUT.

To cuufdvto xivnong meprypdgouy xvioelg Ye Baom Eva xwolxd EVERYELUG Xou EVa
o0OVOLO TGV aZ6Vev. O xe0xOS EVERYELIS TEOGOL0RIlEL TNV AhAayT| XUTAC TOOTG TOU
oLVERT), OTwe évag BelxTng var axolumnoe TNV odovn 1) Voo amopoxpUVINXE oand auTH.
O Téc Twv aldvev Teptypdpouy TNy xivnom xat GAAES ILOTNTES TNE XIVNoTe.

[ mopd®erypa, Otay €vag yeNoTng oxouuTd Yo TeTn @opd v 0¥6vr, To ol-
o TN TaEadideL Evar cupPdy xivnong otV xaTdAANAN TEOBOAT UE TOV XwOLX6 xivnomng
ACTION — DOWN xau évot GOVOAO TGV aovwy Tou Teptéyouy Tic X xou T ou-
VIETOYUEVES TNG ETAPTC Xl TANEOPORIES Yo TNV TEoT, To péyedog xal ToV TEOCUVa-
TOMOUS TNC EMLPAVELNS ETAUPYIC.
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Apxetéc ouoxevéc umopolv va avapépouy TohhamAd tyvn xivnong v Bl oTuy-
un. Ot cuyxexpéveg cuoxeuég exméunouy Eva {yvog xivnong yia xdde ddytuho. To
x&de ddyTuho avapépeton cav pointer. Ta Motion Events nepiéyouv mhnpogopies yia
6loug Toug pointers mou elvon axduo Evepyol, oxdua xou av dev €youy xouvniel and To
TEONYOUUEVO GUUBEY.

To mifdoc twv pointers oAAGCelL pOVO xoTd Eval XomS UEUOVWUEVOL OEIXTEC orve-
Boxatefotvouy oty 006w, extég nu €dv axvpwiel 1 yewpovoula. Kdde pointer €yet
ular povodxr| TauTOTNTA 1) ool TOU BIVETOL OTAY OXOLUTE Yol TEMTN Poed TNV oUdévn
(pe o events ACTION — DOWN, ACTION — POINTER — DOWN). H au-
TOTNTOL TOPAUEVEL UEYPL VOL OTOPOTAOEL VoL axOUUT TNV 006vn o deixtne (e to events
ACTION —UP, ACTION — POINTER — UP)¥ étov axvpdvetat 1 yetpovopio (
ue to event ACTION — CANCEL).

Ou uédodot tne BiBhodrxne tng onoleg Va ypnoylomoticoupe eivon ol e€X¢:

e public final int getActionIndex ()

EMOTEEPEL TNV TAUTOTNTA TOL pointer Tou Tpoxdiece To cUPAY xivnong

e public final float getX (int pointerIndex)

emoTeEPeL T X CUVTETAYMEVY Yia TNV doouevr ToautotnTa pointer.Ou axépotot
oprduol etvan pixels.Xuoxevég ol onoleg €youv peyolbtepn axpifeio amd Eva pixel
uTopel Vol MO TEEPOUV XAACUOTINES THIES.

e public final float getY (int pointerIndex)

emoteégel T T ouvtetaypévn yio TV doouévn tautotnTa pointer.Ot axépatot
aprduol etvan pixels.Xuoxeuég ol omoleg €youv peyoritepn axpifeio amd Eva pixel
uTopel Vol MO TEEPOUV XAACUUTINES THIES.

e public final float getPressure (int pointerIndex)

emoTEEPEL TNV o Ttymato Tieon yio Ty dedopévn TadtotnTo pointer. H mleon naie-
ver Téc and 0 (xaddlou mieon) péypr 1 (xoavoviny| mieon). Evbeyouévowe va
TOUEOVCLUC TOLY THIES UEYUAUTEREC TOL 1, avdhoya pe tny Poduovéuncn tng ou-
OXELTC ELOOBOL.

5.2.2.2 class VelocityTracker

To avtixeipeva autiic g xAdong Pondolv oty mopaxorolinon tng Ty dTnTog
TV oLUPavTtey xivnong.  Ta va yenowornomdel éva t€tolo avtixelyevo mpénel va
OVUXTHOOUUE €VOL VEO GTLYUOTUTIO TOU XL VO TOU TEOGVECOUUE OTI CUVEYEW TA
oudBdvTa xivnong mou AouPdvouus. Xtn cuvéyeta xoholue TN H€Yodo UTOAOYIGHOU
e ToyLTNTOC X AdUBavoupe TIC TayUTNTES 6ToV 0pWlOVTIO XUl GTOV XATOXORUPO
d&ova ylo To 6edouévo pointer.

Or uédodol tne xAdoeic mou VYo ypnotuonotooupe etvar ol e€Rg:

e public static VelocityTracker obtain ()
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Avéxtnon evog véou avtixetuévou VelocityTracker yua vo mopaxoloudeiton 7
ToyOTNTA

e public void recycle ()

emoTEOYY| Tou avTxewévou VelocityTracker yio vo umopéoet va yenotuonoumndet
and dANoUC.

e public void addMovement (MotionEvent event)

mpooUEtel TNy xlvnom evég yeRoTn otov aviixeluevo tng xhdorg, €10l var Topo-
xohovlettar 1 ToyvTnTa TG xbvnong. H pédodog autr Yo oy xahd vor xodelton
yio o apyxd ouBdy xivnong ACTION — DOW N, 1o apéowe enouevo cuu3dy
ACTION — MOV E xa 1o tehix6 cuuPdv ACTION — UP.

e public void computeCurrentVelocity (int units)

uroloy{leton 1 oTryiatar Ty UTNTo AoV O Ta GTUELD TOU €YOUY CUYXEVTEW-
Yel. H pédodog Vo mpéner var xodelton povo dtav Jéloupe vo utoloyicoupe tny
ToyOTNTO X0 WG Ebvon GYETIXG damavner] EVEQYELAL.

e public float getXVelocity (int id)

ETUOTEOYY| TNG TEASLTOLUC UTOAOYICUEVNS ToyUTNTUC TOU BOCUEVOL pointer GTov
dCova X. Ilpénel ndvtar var mponyeiton 1 xAnon tng pedodou computeCurrent Ve-
locity (int).

e public float getYVelocity (int id)

EMOTEOYPY| TNG TEAELTULUC UTOAOYIGUEVTS ToyUTNTAUC TOU BoouEVOL pointer GTov
d&ova U. Tlpémer mdvta va mpornyeitan 1 xhvjon tng pedodou computeCurrent Ve-
locity (int).

5.2.2.3 class AsyncTask

H »Adomn AsyncTask xodiotd ixavr) T 6600 xou €0X0AN YT TOU VAUXTOS YOo-
puic dlampoownelag (UI thread). H XAGOT| AUTH ETUTEETEL TNV TEOYUATOTOINOT) EQY -
OLOY OTO TURUCKAVIO XUl TNV ONUOCLOTIOMOT) TOUG GTO VAU TNG YRUPIXHG DLUTPOscK-
nelag ywplc vor ebvon amapaitnTn 1 Sloryeipion vudtoy 1/xo yewotodv (handlers).

H AsyncTask etvor oyedacuévn oav Bonintixn xhdor yiew and tig xhdoewc Thread,
Handler xou dev anotehel éva yevixeupévo mhaicto ynuotonoinong. Idovixd Yo meénet
VoL YENOYLOTOLEToN Yt Uixpéc epyaoies (Mywv BEUTEPOAETTOVY TO TOAD).

Mio ac¥yypovn epyacio (asynchronous task)opileton and évo unohoytopd mou Teé-
YEL OTO VAU Tapaoxnviou xaL Tou omolou To AmoTEAEGUN ONUOCLOTOLETOL GTO VAUA
Yeopixrc Sampoownelag. Opiletan and 3 yewixolc tdnoug (generic types) mou ovo-
udCovton Params, Progress, Result xou anéd 4 Bruata extéheone, mou ovoudlovion
onPreExecute, doInBackground, onProgressUpdate, onPostExecute. Axohoudei n
TEQPLYRUPT| TWV 3 YEVIXWY TUTWY Xt Twv 4 Bnudtwy:
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T'evixol TOROL

1.

3.

Params: o t0n0¢ T0V TUpAUETEWY TOU GTEAVOVTOL GTNV €pYUoio XAUTd TNV EXTE-

Aeon

. Progress: o 10o¢ v povidmy Tpoddou Tou dNUOGLEDOVTAL XAUTA TOV UTOAOYIGHO

GTO TUPUACKAVLO.

Result: o t0nog T0U anOTEAEOUAUTOS TOU UTOAOYLIOUOU GTO TORAUCKVIO.

Aev ypewdletar va yenotonomndolv dlot ol tomoL and pio aclyypovn cpyasia.

Bripata extéleong

1.

onPreExecute()

xaAelton amd To VAua yeapixhc dlampoownelag motv exteleotel N epyacia. To
Bruo autéd yenotuonoteiton ouvitng Yo va puduoTel 1 epyaoto, Yo ToEddEY U
Yior vor Bel€OUUE Lol PTdipar TeoGB0U G TNV BIETPY| TOU YEHOT.

. doInBackground(Params...)

xohelton amd To VA TapaoxnViou ouéowe UETA 1) Uédodog onPreExecute() o-
roxhneeel. To BrAua autd yenotpwonoteiton yior vo yivouv umoloyloupol mapo-
oxnviou Tou Yo ypeewoToLy apxeTh wea. Ou TopdueTeol TNg acUYYEOVNG Ep-
yaotog ewoépyovion og autd o Brua. To amotéheoua Tou UTOAOYLOUOL TEETEL
vo emto Teagel amd autd To Briua xan va tepacTel 6to TeAeutaio Brjua. To Brua
autd unopel eniong va ypnowonooel xou T wévodo publishProgress(Progress
...) €10l HOTE Vo onuoctononietl pio 1§ teplocdTERES HOVADES TEOOBOL. O TiéC
QUTEG TTEPVIOLYTOL G TO VANA BlampocwTelag Tou yenotn xutd to Brjux onProgres-
sUpdate(Progress...).

onProgressUpdate(Progress...):

xohelton amd to viua dlampoowreiag yeoTn HETA and xhrfion TN pedodou pub-
lishProgress(Progress...). O ypovioudc g extéleong elvon anpocdidpiotog. H
uedodog yenoylomoleiton Yoo var anexovio Tel onoladfnote TAneogopia Tpoddou
oty dmpocwnela Tou YeHo TN, 660 To Vi Tapaoxnviou exteleiton. T mo-
edderyUo umopel Vo yenotonondel Yo vo ameovio Tel iot Undipo Tpoddou 1| va
ATEXOVIO TOOV XElPEVA GE EVaL TIEDIO XEWEVOL.

. onPostExecute(Result):

xohelton amd To VAU SLUmEOCKTENG TOU YENO TN UETA TNV OAOXAHPKGCT) TOU Vi
uotog Topooxnviou. To amoTéAeoua TOU UTOAOYLOUOD TEPVIETAL GOV TURAUETROS
o€ aUTO TO oL
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5.2.3 SQLite library

H SQLite etvon pla fiAtodfxn n onola vAomolel pio autdvoun, yweic eutneetnT,
ue undevixée moapoapéteous SQL database engine. H SQLite etvan pior ohoxnpwuévn
SQL database engine 7 onola oc avtideon ue Ti¢ nepiocdtepeg SQL Bdoeig dedoyevev
0ev €yel LeywpioTh dladxaotia eumneétnoneg. H SQLite ypdper xateudelav oc ou-
vihiouéva apyela dloxou. M ohoxinpwuévn SQL Bdorn ue dugpopeTtinoie mivaxeg,
triggers, xou Ol mepiEyetan o éva povadxd opyeio dioxou. To file format tng
Bdone elvon mohhamAiric mhatgodouac. Ou xAdoelg mou Jo YeNOoUOTOLCOUUE Yiol TNV
oLaryetotomn tng Pdong BEBOUEVLV UE TOUC YPHOTES XAl TIC YEWOVOUIEC TOUC TEQLEYOVTOL
oo naxeto android.database.sqlite meplypdgpovton Topondtw:
5.2.3.1 class SQLiteDatabase

TapeyeL uedodoug Yo T drayelpon wag SQLite Bdong dedouévwy. TlepiEyel ueddsoug
yioo T onuovpeyla, dtaypapr| xou extéreon SQL evtohwv xar v extéheon dAALY
TOEOUOLWY EPYIOLOY. oL uédodol Tou Va YenoLoTolcoupE etval oL e€Ng:

e public void execSQL (String sql)

extehel pla SQL 0rhwon 1 onola dev elvon SELECT 1 onowadr|note dhhn eviolr
TOU ETUCTEEPEL DEDOUEVAL.

e public Cursor rawQuery (String sql, String[] selectionArgs)

extehel ) doouévn SQL dAhwon xa emoteégel Eva aviixeluevo Cursor mou
TEPLEYEL TO GUVOAO TWV ATOTEAEGUATWY.

5.3 Aentougpeieg vAonolnong

5.3.1 class GesturePoint

Auti elvan oo TIC ONUAVTIXOTERES XAJOEIC TNG LAoToinoNg, xadde poviehonotel T
ornuela Tov yewpovou®y. Ot ueTtafAfteg TNg ¥AJoNG AmOTEAOLY TOL Y URUXTNRLC TIXE TTOU
Yo yenowornonioiv yia Ty exmaideuorn twv HMM. Emniéov ta avtixeipeva autrg
e xAdong cLVIETouy TIg Yetpovouieg. Ot uetaBAnTéc Tne xAdong authc ebvan oL e€rc:

® public int index
amodnxevetar o Belxtng Tou dayTUAOU TOU BNULOVEYNOE TO oTUElo
e public float x
amoUNUEVETAL 1) XOUVOVIXOTOLNUEVT] GUVTETAYHEVY) TOoL oTuelou 6Tov dova X

e public float y

amoUNHEVETAL 1) XOUVOVIXOTOLNUEVT] GUVTETAYHEVY) TOL oTuelov oTov dova W

e public float vx
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amoUnxedeTan 1) ToryOTNTAL 0ToV G&ova X 6Tay BploxduacTe 6To orueio
e public float vy

amodnrevetar 1 Ty VTNTA ooV dfova T dTav Boloxduacte 6To oruElo
e public float pressure

amodnxevetar N Tleom pe Ty ool dnuoupyRinxe to onueio
e public float thetal

amotnxedetan 1 Ywvio Tou ornuelov and 1o xEVipo Tne udlog
e public float theta2

amodnxeveTal 1 Ywvia Tou onueiou and To TponyolUEvo onucio
e public float location

anoUnxedeTal 1) andCTACT) TOU GNUEloL amd TO (EVTEO udlog

Axolovlel 1 Ttopoucioon Ty Yedddwy TN xAdoNg aUTAS.

5.3.1.1 public String toString()
1 U€V00OC T UETATEETEL EVal AV TIXEIUEVO TNE xAAOTC OE GUUPOAOCELRG, ETOL (O TE
vo. umopel va dtaPBaotel xou vor amodnxeutel 6T Bdon dedouEvwy.

public String toString() {
String gesturePointString;

gesturePointString = String.valueOf(index) + ”7,” + String.
valueOf(x) + 7,” +
String .valueOf(y) + 7,” + String.valueOf(vx) + 7,” +
String .valueOf(vy) + 7,7 +
String.valueOf(pressure) + 7,” + String.valueOf(thetal)
+ 7,7 4+ String.valueOf(theta2) + 7,7

+ String.valueOf(location) + 7;”;

return gesturePointString;

5.3.1.2  public ObservationVector toObservationVector()

H pédodog auti| yetatpenet éva avtixeiuevo tng xhdong GesturePoint oe ovti-
xetuevo tng xhdone ObservationVector €tol (o te vo umopet var yenowdomomndel and
BuBAo0xn Jahmm.

public ObservationVector toObservationVector () {
double [] obsVector;

obsVector = new double [7];
obsVector [0] = getIndex () ;
obsVector [1] = getVx();
obsVector [2] = getVy();
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obsVector [3] = getPressure () ;

obsVector [4] = getThetal () ;

obsVector [5] = getTheta2 () ;

obsVector [6] = getLocation () ;

ObservationVector observationVector = new ObservationVector (
obsVector) ;

return observationVector;

5.3.1.3 Get/Set methods

[t Ty dueor mpdofBaon xou ooy | TwV UETABANTOY EVOS AVTIXEWEVOU TNE XAdOTC,
€youv uhoroiniet pédodol get, set yia xardeuio ueToaBAnTy| xou mapouctdlovTton GUVORXE
OE QUTH TNV EVOTNTAL

public float getX () {
return x;
}

public void setX(float x) {
this.x = x;

public float getY () {

return y;

}

public void setY (float y) {
this.y = y;

}

public float getVx() {
return vx;
}

public void setVx(float vx) {
this.vx = vx;

public float getVy() {
return vy;
}

public void setVy(float vy) {
this.vy = vy;

public float getPressure() {
return pressure;

}

public void setPressure(float pressure) {
this.pressure = pressure;

}

public float getThetal () {
return thetal;
}

public void setThetal (float thetal) {
this.thetal = thetal;

public float getTheta2() {
return theta?2;
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}
public void setTheta2(float theta2) {

this.theta2 = theta?2;
¥

public float getLocation () {
return location;

}

public void setLocation(float location) {
this.location = location;

}

public int getIndex () {
return index;

}

public void setIndex (int index) {
this.index = index;

}

5.3.2 class Gesture

H cuyxexpévn xhdon anotehel entong plo amod Tic mo onuavtiég tng uhomnolnong,
xadog povieromotel Tic yetpovouieg ouvolxd. Ot petoBAnTéc e xhdong authc elvon
ot e€nc:

e int id
amoUnueEvETAL 1) HOVOOLXY| TAVTOTNTA XAV YELpoVoulag
® int user._id
amo¥nuevETAL 1) LOVAOXT) TAUTHTNTU TOU YO TN TOL dNULOLEYNOE TNV YElpovouia
e List<GesturePoint> gesturePointList = new ArrayList<>()
amodnxeveTar ) AMoTo TV oNuEiwY Tou atoTEAOLY TNV YElpovouin

e Date dateCaptured

amodnxeveTan 1 Nuepounvio Tou cUAREYUNXE 1) Yewpovoula

double score;
amoUNuEVETAL TO OX0P TNG YELLOVOULAS

Axoloviel 1 tapousciaon v uedddwy Tne xAdorg.

5.3.2.1 public float calculateCx()

H pédodoc auti| utoroyilel to xévtpo pdloc tne yeovouiog otov dlova twv X,
YETOULOTOLOVTOC TIC XOVOVIXOTIOUNUEVES TWES TWV CUVTETAYUEVWY GTOV dlova Twv X.

for (GesturePoint gpoint : gesturePointList) {
sumX += gpoint.x;
}

cx = sumX / gesturePointList.size ();
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5.3.2.2 public float calculateCy()

H pédodoc auti| unoroyilel to xévipo pdloc tne yetpovouiog otov dova twv VU,
YENOUWOTOLOVTOS TIC XAVOVIXOTOUNUEVES TWES TWV GUVTETAYUEVKDY G Tov dlova Twv W,

for (GesturePoint gpoint : gesturePointList) {
sumY += gpoint.y;
}

cy = sumY / gesturePointList.size();

5.3.2.3 public void calculateLocation()

H ouyxexpyévn pédodoc umohoyilel yio Oho Tar o ToLyeiot TOU CUVIETOUY TN YELRO-
Voula TNV amOCTAGT] TOUS a6 TO XEVTEO HALAS TNE YELPOVOULNG XoL GTT GUVEYELD TNV
xavovixorolel e Bdorn T YEYIO TN andoTAoT OAWY TwV ONUEiwY ard T0 xEVTpo udlag.

public void calculateLocation () {
float max = 0;
float cx = calculateCx () ;
float cy = calculateCy ();
for (GesturePoint gpoint : gesturePointList) {
gpoint.location = (float) Math.sqrt (Math.pow((gpoint.x — cx
), 2) + Math.pow((gpoint.y — cy), 2));
if (gpoint.location > max)
max = gpoint.location;
}
//normalize location
for (GesturePoint gpoint : gesturePointList) {
gpoint.location = gpoint.location / max;
}

5.3.2.4 public void calculateThetal()

H pédodoc unohoy(let yio o tar onueior Tov cUVIETOLY TO AVTIXEIPEVO TN XAdOTC
™V ywvie Tou and To %(évipo udlag, xdvovtag yenorn Tng cuvdptnong Math.atan
mou umoloyilel TNV avtioTpon epanTouévng, SNhadY TN ywvia Tng S0OHEVNE TNC
EQONTOUEVNC. D€ TEPINT®OT Tou To onuelo Tawtileton Ye to xévtpo udlag, 1 ywvia
tieton {on e 0.

public void calculateThetal () {

float c¢x = calculateCx();
float cy = calculateCy ();
for (GesturePoint gpoint : gesturePointList) {
if (cx != gpoint.x & cy != gpoint.y) {
gpoint . thetal = (float) Math.atan ((gpoint.y — cy) / (
gpoint.x — ¢x));
} else gpoint.thetal = 0;
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5.3.2.5 public void calculateTheta2()

H pédodoc unohoy(let yio o tar onueior Tov cUVIETOLY TO aVTIXEIPEVO TN XAdOTC
™V Ywvio Tou amd To TeoNYoLUEVo onuceio, xdvovtag yeron tng ocuvdptnone Math.atan
mou uoAoY(lel TNV avtioTpogn epanTouévng, dOnhadr TN Yovia Tng doouévng TNC €-
panTopévne. Xe mepintworn mou To onucio Tauti{eTon Ue To TponyoUUEvo onueio, 1
yowvia tiieta {on pe 0.

public void calculateTheta2 () {
for (int i = 1; i < gesturePointList.size(); i++) {
if (gesturePointList.get(i).x != gesturePointList.get (i —
1) .x && gesturePointList.get(i).y != gesturePointList.

get (i — 1).y) {
gesturePointList.get (i).theta2 = (float) Math.atan (((
gesturePointList.get(i).y — gesturePointList.get (i

- 1).y) /

(gesturePointList.get(i).x — gesturePointList.

get (i — 1).x)));
} else gesturePointList.get(i).theta2 = 0;

5.3.2.6 public String toString()

H uédodoc petatpémel ) yewpovopla oe GUUBOAOGELRS, YIdL TNV UTEXOVICT XL O-
rtoOxeuct TnNe ot BdoT GEGOUEVKV.
public String toString() {
String gestureString = 77 ;

for (GesturePoint gpoint : this.gesturePointList) {
gestureString += gpoint.toString () + 7\n”;
}

return gestureString;

5.3.2.7 public List<ObservationVector> toListObservationVector()

H pédodoc auty| elvon opxetd onuovtixn, xodog YETOTEENEL TN YElpovoulo 6e hoTa
OLavuoUdTLY TapathenoTg, onhadr o Alota amd ObservationVecto 1 onola Yo yern-
owornondel and T ouvapthoelg e BiBlodrxne Jahmm ywr v exmaldevorn Tou
MOVTENOU.

public List<ObservationVector> toListObservationVector () {
List<ObservationVector> obsList = new ArrayList<>();

for (GesturePoint gpoint : this.gesturePointList) {
obsList .add (gpoint.toObservationVector ());
}

return obsList;
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5.3.2.8 Get/Set methods
o Ty mpodoPaocr ota otoryela TG xhdong, xadne o TNy TpoTonolncT Toug €youv
vAoroindel 1 tapaxdte uédodot:

public Date getDateCaptured () {
return dateCaptured;
}

public void setDateCaptured (Date dateCaptured) {
this.dateCaptured = dateCaptured;
¥

public int getUser_id () {
return user_id;

public void setUser_id (int user_id) {
this.user_id = user_id;
}

public int getld() {
return id;

}

public void setId (int id) {
this.id — id:

}

public double getScore () {
return score;
}

public void setScore(double score) {
this.score = score;

public List<GesturePoint> getGesturePointList () {
return gesturePointList;

}

public void setGesturePointList (List<GesturePoint> gesturePointList
) {
this. gesturePointList = gesturePointList;

}

5.3.3 class User

H >Adon autr) yovtehomolel Tov ¥efo TN TOU CUGTAULATOS Xl Ol UETUBANTES TwV
OVTIXEWEVLY TNS XAdoNG etvar ot eEAC:

e int id
amoUnxevETAL 1) HOVOOLXY| TUUTOTNTA XAVE YENO TN

® String userName

amodnxeveTal 1 GUUBOAOGELRE TOU OVOUATOG TOL BLUEYEL O xdde Yo Tng

® String phone_number

amodnxevetar 1 cuolooelpd Tou TNAEPOYVOU xdVE Yo

e String hmm
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amodnxevetar 1 cupPorooepd tou HMM nou avtictouyel o xdie yeron.
Axoloviel 1 Topousiaocn Ty pedddwy tne xhdone. H xhdon avth €yel pedoddouc yia
™V TpocPoon xon ahhoryt| TV oTolyelwy xdie yproTn xadog dev elvan amapoitnTog
%4MOL0g UTOAOYLOUOC Yol Tal GTotyEla aUTHG TNG (Ao,

5.3.3.1 Get/Set methods

Hapatidevtor o pédodol yio mpdoPact xar oahhoryh) TwV UETUBANTGV €VOC OVTL-
XEWEVOL TNE xAdoNC.

public int getId () {
return id;

}

public void setld(int id) {
this.id = id;

}

public String getHmm() {
return hmm;

}

public void setHmm(String hmm) {
this .hmm = hmm;
}

public String getUserName () {
return userName;
}

public void setUserName(String userName) {
this .userName = userName;

public String getPhone_number () {
return phone_number;

}

public void setPhone_number(String phone_number) {
this.phone_number = phone_number;

}

5.3.4 class MainActivity

H »\don autr) vhornotel tny mewtn 00ovn mou eugaviCeton oTo YehoTtn oTay e-
xwd Ty egappoyr. H xidon emexteiver v xhdon ActionBarActivity n omolo ei-
voi 1 xhdon Bdong yia OAeg Tic dpaotneldotnteg o mep3dAiov Android mou yenot-
UOTIOLOUY YaeaxXTNEIo Td TN Umdpog epyactwy. Emmiéov viomotel xou tnv xAdon
View.OnClickListenern omofo eivon pior dtampocwneio yior vor xaheotel plar enavéxinon
ot yiver eva xdux oe pio TeofBohn. Ou UETABANTES TV AVTIXEWEVLY QUTHS TNG XAdoNC
elvou:

e Editext name

Tedlo xewévou 6To omolo o yeoTNe TEoc¥éTeL To Gvoud Tou

e Editext phone

medlo xewévou 6To onolo o Yeo NS TEoc¥ETEL TO TNAEPWVO TOU

Axolovlel 1 topousioon Ty uedddwy g xhdong
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5.3.4.1 protected void onCreate(Bundle savedInstanceState)

H pédodog xaheiton dtay 1) dpac TNEtdTNTaL EEXVAEL XoU YENOULOTOLELTOL YLoL o yLXO-
molnom HeTUBANTOY. AxOhoLVEl 1 TEPLYPUPT] TV AELTOURYLOY TNG UeVddoU:
O<toupe T SLoEELUULOT) TNG OEUC TNELOTNTAC

setContentView (R.layout.activity_main_form);

H Sropptduion optleton amd éva xml apyelo to onolo etvor to e&hc:

<ScrollView
xmlns:android="http://schemas.android.com/apk/res/android”
android:id="@+id /ScrollView01”
android:layout_width="wrap_content”
android:layout_height="wrap_content”
android:scrollbars="vertical”>>

<LinearLayout
android:layout_width="fill _parent”
android:orientation="vertical”
android:layout_height="fill _parent”>

<TextView
android:id="@+id / TextViewTitle”
android:layout_width="wrap_content”
android:layout_height="wrap_content”
android:text="@string/formDescription”
android:textSize="10pt”">

</TextView>

<EditText
android:id="@+id /EditTextName”
android:layout_height="wrap_content”
android:hint="@string /userName”
android:inputType="textPersonName”
android:layout_width="fill_parent”>
</EditText>

<EditText
android:id="@+id /EditTextPhone”
android:inputType="phone”
android:hint="@string/phone”
android:layout_width="fill _parent”
android:layout_height="wrap_content” />
<Button
android:id="@+id /ButtonSendFeedback”
android:layout_height="wrap_content”
android:text="@string/okButton”
android:onClick="onClick”
android:layout_width="fill_parent”>
</Button>

</LinearLayout>
</ScrollView>
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211 ouvEYEL VETOUUE TOV TITAO TNG BRAC TNELOTNTUS XAl 0EYIXOTIOLOVUE TIG HETUPBANTES
TEDWY XEWEVOL.
setTitle (” Login_Form” ) ;

name = (EditText) this.findViewByld(R.id.EditTextName) ;
phone = (EditText) this.findViewByIld (R.id.EditTextPhone);

5.3.4.2 public void onClick(View v)

H uédodog aut vhomotel T cUUTERLPORE TNG EQUPUOYTC OTAY O TNV TEOBOAY GTNY
omola Bpioxdpacte matniel To xouunt Tou Eyel oyedooTel.

Apyind Sruiovpyolue €va vEo avTixeluevo yeno T ue Bdon To o Totyela Tou BeY THXOUE
amo TN QOEUA XoL G TN CLUVEYELN BAETOUNE oV LTIEEYEL OTN 340N GEBOUEVLY YPHoTNG
Ue Tot oTotyela Tou POAG BeyTxapE. Av umdpyet o yerotng ot Bdon, odnyeltan o
dpactnetoTnTa EAEY oL Tou HMM tou ue véeg yeovouleg, evey av dev umdpyet o-
onyettow o1 dpactnetdTnTa exnaideuong Tou HMM nou Yo tou avtiotoyniel. T
euxohla otnyv e€orywyr| Tng Bdong €yel mpootedel xou pio Tpitn emAoyn xatd TV onoia
1 Bdon dedopévwy e€dyetar oe Eval apyElo GTNY XEETO UVIHUNG TOL TNAEPOVOL, EPOCOV
Bdhouye yia username to dvopo admin.

Kot o1i¢ 600 0pao TNeLOTNTES O TIC OTOLES UETAPEPOUNC TE TULOVAUE GOV TUPUUETEOUS
xou o oTolyelol Tou yeroTn.

public void onClick (View v) {

//create user and check if exists in the db
User newUser = new User () ;
newUser . setUserName (name. get Text () . toString () .toUpperCase () ) ;
newUser . setPhone_number (phone. getText (). toString ());
DatabaseHelper db = new DatabaseHelper(getApplicationContext ())
if (newUser.getUserName().equals(”ADMIN”)) {

db . exportDB () ;

Log.d (”DB_EXPORTED” , "DB_EXPORTED” ) ;

} else if (!db.userExists(newUser)) { //add the wuser in the db

long id = db.createUser (newUser);
newUser.setld ((int) id);

//go to TrainActivity

Intent i = new Intent(getApplicationContext (),
TrainActivity.class);
i.putExtra(”user”, newUser.getId());
startActivity (1) ;
Toast toast = Toast.makeText(getApplicationContext (),
”"Press.Cancel_.for_initialization .and_then_Enter_the
~Gesture_for_training.” +
”the_model_and.” +
”press._ok”
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Toast .LENGTHLONG) ;
toast .show () ;
setContentView (R.layout . activity_train);
} else {
//user exists so we go to probability calculation
Intent i = new Intent (getApplicationContext (), TestActivity
.class);
i.putExtra(”user”, db.getUserldFromName (newUser));
startActivity (i);
setContentView (R.layout.activity _train);

finish () ;

5.3.5 class TrainActivity

H >Adon autr vhomotel 006vn mou eugaviletar 6to Véo yprotn 6mou Va meénel
vo. elodyel Tig yewpovoplee yia av extoudeutel To HMM tou. H »Adon emexteiver tny
xhdor ActionBarActivity n onola efvon 1 xAdon Bdong yio OAeg Tig Spao TnELOTNTEG OF
mep3dhhov Android mou ypnoWoTo0V YaEUXTNEIO TIXG TN UTEEUS EQYIOLOY.

Ou petafBintég tne xhdong awtig ebvan

® User newUser

0 VEog YpfoTng mou HoA eloile 6To oo TN
o TextView textView

medlo xewévou 6To onoto Vo patvovTon Tor oNUElo TOU AXOLUTE O YPHOTNG
® ImageView imageView

1 Teofoln mou BeyeTtar To background tng dpacTNELOTATAS Xou TEVE GTNY oTola
oyeddleL 0 YPHoTNG

e Bitmap bitmap
YenoulomoLe{ton yior TNV oyediaoT xon amoVAXEVOT) TNS YELLOVOULAS TOU YEHo TN
e (Canvas canvas
0 xaf3dc Ve oTov onolo oyeddlel o YENOTNG
e Paint paint
TO YPWHa UE TO 0Tolo oyYedAloVTaL Ol YELOOVOUIES
e float downx, downy

Ol CUVTETAUYUEVES TIOU TIPOGYELMVETAL APy XS TO O&yYTUAO TOL YPNOoTN

e float vx,vy
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oL To UTNTEC 0TOUG GEOVES XATA TNV XivnoT
float movex,movey

oL cuVTETUYUEVES Xlvnong

float canvasHeight , canvasWidth

ot dlo TdoElg Tou xaf3d oyedlaong

int index

o Oeixtng xde daryTOAOL oL axoLUTE TNV oVoVN

boolean firstPointerFlag

Aoyiny| LETABANTY o Belyvel edv To Bdy TUAO oL axoVUTNoE TNV 006V elvan TO
TEMTO TOU TNV UXOUVUTS

int maxTrain

Ol YELOVOULES TOU ATALTOVUE oo TO YEVO TN YLol TNV EXTUOEUGT) TOU HOVTEAOU
int countTrain

UETENTAS TWV YELQOVOULMY TIOU WA Oivel 0 Yo Tng

int nbTrains

10 TAUOC TV opnv Ue Tic omoleg exmoudevoupe To HMM ye pio yewpovouia
TOU YENo .

List <GesturePoint> gesture = new ArrayList <>();

N AMota v onuelnv Tou xotoyedgovto

GesturePoint gesturePoint

10 onuelo Tou xatoypdpeTon xdie oTIYUY

Gesture gestureFinal

1 TEAY| yEWOoVouia Tou YeNo TN

HonxObservationVector> hmm

o HMM tou yperiotn

List<List<ObservationVector>> gestureTrain = new ArrayList<>();

1 TENXT YELpovoulo TOU YEHO TN UETACYNUATIOUEVT OE HOp®T avary Voplolun and
™ BBAod7xn Jahmm

BaumWelchScaledLearner bwl
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avTixeipevo g xhdong BaumWelchScaledLearner to onolo Yo yenotuonomiet
YLoL TNV EXTUOEUCT) TOU HOVTENOU

e private VelocityTracker mVelocityTracker

avTixelyevo tng xAdone VelocityTracker to omolo Yo yetpder tnv taydtnta o
x&de ornuelo Tou xatarypdpeTaL.

Axoloulel 1 Ttopoucioon Ty Yedddwy Tng xhdong

5.3.5.1 protected void onCreate(Bundle savedInstanceState)

H uédodoc xaheiton 6ty 1) Spac TnEtOTNTaL EEXIVAEL XL YENOULOTIOLELTAL YLOL 0Oy LXO-
molnom HeTUBANTOY. Axohoudel 1 TEPLYPUPT TV AELTOURYLOY TNG UeVddou:
O¢Touye TN Sl iulon NG BEUC TNELOTNTOC
setContentView (R.layout.activity _train);

omwe auty oplleton amd to e€rc xml apycio xou gafvetonw 6TV EdVY

<RelativeLayout xmlns:android="http://schemas.android.com/apk/res/

android”

xmlns:tools="http://schemas.android.com/tools” android:layout_width
="fill_parent”

android:layout_height="fill _parent” android:paddingLeft="@Qdimen/
activity_horizontal _margin”

android:paddingRight="@dimen/activity_horizontal _margin”

android:paddingTop="@Qdimen/activity_vertical _margin”

android:paddingBottom="@dimen/activity_vertical_margin”
tools:context=".MainActivity”

android:background="@drawable/bg”>

<ImageView
android:layout_width="match_parent”
android:layout_height="match_parent”
android:id="@+id /ImageViewID” />

<TextView
android:layout_width="wrap_content”
android:layout_height="wrap_content”
android:textAppearance="7android:attr /textAppearanceMedium”
android:text="(x,y)”
android:id="@+id /textView”
android:layout_alignParentLeft="true”
android:layout_alignParentStart="true”
android:layout_alignTop="@+id /ImageViewID” />

<Button
style="7android:attr /buttonStyleSmall”
android:layout_width="wrap_content”
android:layout_height="wrap_content”
android:text="__._J OK_.ool”
android:id="@+id /buttonOk”
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android:layout_alignRight="@+id /ImageViewID”
android:layout_alignEnd="@+id /ImageViewID”
android:layout_alignParentBottom="true”
android:onClick="0k” />

<Button
style="?android:attr /buttonStyleSmall”
android:layout_width="wrap_content”
android:layout_height="wrap_content”
android:text="Cancel”
android:id="@+id /buttonCancel”
android:onClick="cancel”
android:layout_alignParentBottom="true”
android:layout_alignParentLeft="true”
android:layout_alignParentStart="true” />

</RelativeLayout>

1N ouvéyeta takpvoupe To oTolyela Tou pog Hedoy and TNV TEONYOUUEVT BRUC TN
ELOTNTA Yo ONULOURYOUUE €va YeroTn e Bdom to id Tou yerRoTn mou udhic fpde oto
oVotnuo. Emniéov apyxomowolue tic yetaSAntéc textView, imageView

Bundle extras = getlntent ().getExtras();

if (extras != null) {
int temp = extras.getInt(”user”);
Log.d("TEMP” , String.valueOf(temp));
newUser.setId (temp) ;
Log.d(”USER.ID_=_" , String.valueOf(newUser.getId()));

}

imageView = (ImageView) this.findViewById (R.id.ImageViewID);
textView = (TextView) this.findViewById(R.id.textView);
textView.setText (" Press_Cancel_to_create_canvas”);

5.3.5.2 public void onStart()

H pétodoc xohettoan apéone petd v onCreate()xow Ty yeNOIOTOWOVUE Yl THY
0EYXOTOINOT) UTOAOLTKY PETUBANT®Y ot TNy Totovétnon tou touchListener otny mpo-

Bon.
bitmap = Bitmap.createBitmap ((int) canvasWidth, (int) canvasHeight,
Bitmap. Config . ARGB_8888) ;
canvas = new Canvas(bitmap);
textView .setText (7 (x,y)”);
paint = new Paint () ;
paint .setColor (Color .GREEN) ;
paint.setStyle (Paint.Style .STROKE) ;
imageView .setImageBitmap (bitmap) ;
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5.3.5.3 public boolean onTouch(View v, MotionEvent event)

Avuth 1 uédodog vAomolel To xouPdTL XaTOYPAUPTIC TNG YELROVOp{aC TOL Yero TN ol
1 Aertovpyla TNS Umopel Vo yweloTel 0TIC €ENC TEPLTTWOEL:

1. MotionEvent. ACTION-DOWN:to cuyf3dv xatd to onofo to meoto 8dyTuho Tou
XPNo TN oxxouund TNV ovévn. XNy meplnTwor aut dnuioupyoLue pla véa MoTo
oty onola Yo amodnredooupe ta undhotna onueio TG Yelpovoplag 6T cUVEYEL
X0l XAUTOYPAPOUUE ToL UETEAOUIN HEYEDT), ONAAOY| TIC CUVTETAYHEVES, TIC Ty UTNTES
oToug 600 dZoveg xan TNV Teon. Mtn ouvéyeln Loypagiloude To onueio.

2. MotionEvent. ACTION-POINTER-DOWN:t0 cuufév povteromoiel tnv mepl-
TTWOT TOU 0 YPHOTNG 0xXOUUTY ETTAEOV BdyTula 0Ty olovn. Kdie véo 0d-
YTUAo omoxTd plo TouTOTNTH o AN ToL UETEVOWOL UEYEDT) HaTorypdpovTal xau
mpootidevton oTn AloTa TG YEWOVOULNG OTIWS Ko TEOTYOUREVWLS. LT CUVEYELL
Cwypapilouue to onueio.

3. MotionEvent. ACTION-MOVE:10 cuyfdv autéd evepyomoieiton dtoy xdmoto amd
T 0y TuAa xouviETon. [ xdde By TURO TOL KOLVIETOL XTAYEAPETAL TO CTElD
xou mpootideton 61N AloTa TG YEIROVOULaG ot GTN CUVEYELL GYEOLILETOL GTOY

xo34.

public boolean onTouch(View v, MotionEvent event) {
int action = MotionEventCompat . getActionMasked (event) ;

switch (action) {
case MotionEvent . ACTIONDOWN: //first pointer down
if (firstPointerFlag) {
gesture = new ArrayList<>();
}

firstPointerFlag = false;

index = MotionEventCompat.getActionIndex (event); //
index will be 0

downx = MotionEventCompat.getX (event, index);

downy = MotionEventCompat.getY (event, index);

if (mVelocityTracker = null) {
// Retrieve a new VelocityTracker object to
watch the welocity of a motion.
mVelocityTracker = VelocityTracker.obtain () ;
} else {
// Reset the welocity tracker back to its
initial state.
mVelocityTracker. clear () ;
}
// Add a user’s movement to the tracker.
mVelocityTracker .addMovement (event ) ;
mVelocityTracker.computeCurrentVelocity (1000) ;
vx = VelocityTrackerCompat.getXVelocity (
mVelocityTracker , index);
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vy = VelocityTrackerCompat.getY Velocity (
mVelocityTracker , index);
pressure = event.getPressure (index);

gesturePoint = new GesturePoint (index, downx /
canvasWidth, downy / canvasHeight, vx, vy,
pressure ) ;

// Log.d(” GesturePoint added”, gesturePoint.
toString ());

gesture.add(gesturePoint ) ;
imageView . invalidate () ;
// canvas.drawPoint (downz, downy, paint);

textView.setText ("x=" + String.valueOf(downx) + 7 ,.
y=" + String.valueOf(downy));
break;

case MotionEvent .ACTION_POINTER DOWN: //another pointer
added

index = MotionEventCompat. getActionIndex (event) ;
downx = MotionEventCompat.getX (event, index);
downy = MotionEventCompat.getY (event, index);
if (mVelocityTracker = null) {
// Retrieve a new VelocityTracker object to
watch the wvelocity of a motion.
mVelocityTracker = VelocityTracker.obtain () ;
} else {
// Reset the welocity tracker back to its
initial state.
mVelocityTracker. clear () ;
}
// Add a user’s movement to the tracker.
mVelocityTracker .addMovement (event) ;
mVelocityTracker.computeCurrentVelocity (500) ;
vx = VelocityTrackerCompat.getXVelocity (
mVelocityTracker , index);
vy = VelocityTrackerCompat.getY Velocity (
mVelocityTracker , index);
pressure = event.getPressure(index);

gesturePoint = new GesturePoint (index, downx /
canvasWidth , downy / canvasHeight, vx, vy,
pressure ) ;

// Log.d(” GesturePoint added”, gesturePoint.
toString ());

gesture.add(gesturePoint);

imageView.invalidate () ;

// canvas. drawCircle (downz, downy, 6, paint);
//canvas. drawPoint (downz, downy, paint);

70



case MotionEvent.ACTION_UP:
index = MotionEventCompat. getActionIndex (event) ;

case MotionEvent . ACTION.MOVE:

if (mVelocityTracker = null) {
// Retrieve a new VelocityTracker object to
watch the welocity of a motion.
mVelocityTracker = VelocityTracker.obtain () ;
} else {
// Reset the welocity tracker back to its
initial state.
mVelocityTracker. clear () ;

// Add a user’s movement to the tracker.
mVelocityTracker .addMovement (event ) ;

int count = event.getPointerCount () ;
for (int i = 0; i < count; i++) {
mVelocityTracker.computeCurrentVelocity (500) ;

movex = MotionEventCompat.getX (event, 1i);
movey = MotionEventCompat.getY (event, 1i);

vx = VelocityTrackerCompat.getXVelocity (
mVelocityTracker, i);

vy = VelocityTrackerCompat.getYVelocity (
mVelocityTracker, i);

pressure = event.getPressure(i);

gesturePoint = new GesturePoint (i, movex /
canvasWidth , movey / canvasHeight, vx, vy,
pressure); //normalized z,y values

gesture.add(gesturePoint) ;
imageView.invalidate () ;

Log.d(” GesturePoint Added”, gesturePoint.
//
toString ());

float prevx = 0, prevy = 0;

for (int k = gesture.size(); k > 0; k—) {
prevx = canvasWidth % gesture.get(k — 2).x;
prevy = canvasHeight x gesture.get(k — 2).y
if (gesture.get(k — 2).index = i)

break;

}

//Log.d(”PREV”, String.valueOf(prevz)+" "+
String . valueOf (prevy));

//canvas. drawCircle (movexr, movey, 6, paint);
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//canvas . drawPoint (downz, downy, paint);

canvas.drawLine (prevx, prevy, movex, movey,
paint2);
textView.setText ("x=" + String.valueOf(movex) +
7 oy=" 4+ String.valueOf(movey));

}

mVelocityTracker. clear () ;
case MotionEvent . ACTION.CANCEL:
mVelocityTracker. clear () ;
break;
default:
break;

return true;

5.3.5.4 public void onDraw(Canvas canvas)

H pedodog auth xodelton yior Ty oyedioon mdve otov xaud

public void onDraw(Canvas canvas) {
for (GesturePoint point : gesture) {
canvas.drawCircle (point.getX () * canvasWidth, point.
getY () * canvasHeight, 5, paint);
// Log.d(”ONDRAW” , "ONDRAW CALLED” ) ;

5.3.5.5 public void ok(View view)

H pédodoc auty| xarelton otav o yefiotng eival ETOWWOC Vo XoToY WENOEL TNV YEL-
povouio Tou 6To GUoTNUA xon efvon LTELDLVY Yiol apxeTéC epyaoieg. Tmoloyllel yia
xdde onueio TG yelpovouiag TN Yeviot Tou xou TNy anéo oot Tou and To xEvipo ualag,
N yovio Tou amd To TeonYolUevo onucio xou 0T cLVEYELL amodnxEdEL TNV TAYEN
Yetpovopior oTn Bdor BeBoPEVLY. TN CUVEYELN UETATEETEL T YELPOVOULd OE Uop@N
mou avaryvewetletar and ™ Pi3hiodixn Jahmm. Egocov eivor 1 mpdtn yewpovouio mou
elodyel 0 yerotng 1 pwedodog oty dnuovpyetl pla Tptn extiunor Tou uoviehou yenot-
uomolvtag Tov ahyoprluo Kmeans, étol kote va elpacte olyovpot 6Tt 10 Hovtéro Va
oLYXAVEL YETA TNV exTtaddeVcT] Tou. XTn cuveyela dnuovpyel éva viuo ue TN Bordeta
¢ xhdone AsyncTask 1ol dote va avokdfer 0 Boapld uToloyloTind dladxacia TNg
exnaidevong Tou povtéhou. Katd tn Sidpxeia tng exnaidevong o yeotng Brénet éva
oo 6TL TO GUOTNUN EVOL AT OANUEVO Egboov o ypfiotng cuUTAneaoet Tic
10 yewpovopleg mou amantovvtan, amoUnxedeTon ot Bdor BEBOUEVWY TO UOVTEAD TOU
OnuLovEYNoE xou odMYElTaL oTNY oy odovn yio va eloéhdel Eavd 6To ol TN UE
o%0TO VoL EAEYEEL TIC YELPOVOULEC TOU UE TO WOVTEAO TIOU BNULOVEYTNOE.

public void ok(View view) {
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Eyfuo 5.1: O06vn avopovic yio exnaideuon
0@ 4 E 22:01

C Training the model, please

wait.
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Log.d(”Ok.pressed”, ”ok”);

gestureFinal = new Gesture(gesture);

’();

Log.d (”GESTURECAPTURED” , gestureFinal.toString());
DatabaseHelper db = new DatabaseHelper (getApplicationContext ())

gestureFinal.calculateThetal ()
gestureFinal.calculateTheta2 ()
gestureFinal.calculateLocation

)

int gest_id = (int) db.createGesture(gestureFinal , newUser);
if (countTrain <= maxTrain) {

/%
write the gesture to the database

*/

Y

TrainingTask task = new TrainingTask(TrainActivity.this);
if (countTrain = 0) {
hmm = buildInitHmm () ;

gestureTrain.add(gestureFinal.toListObservationVector () );

task.execute () ;

} else {
task.execute () ;

}

countTrain++;
this.onStart () ;

} else {
if (countTrain <= maxTrain + 1) {
HmmWriter hmmWriter = new HmmWriter () ;
HmmBinaryWriter hmmBinaryWriter = new HmmBinaryWriter ()

StringWriter stringWriter = new StringWriter () ;
ByteArrayOutputStream byteArrayOutputStream = new
ByteArrayOutputStream () ;

try {
hmmWriter. write (stringWriter , new
OpdfMultiGaussianWriter () , hmm) ;
hmmBinaryWriter . write (byteArrayOutputStream , hmm) ;
} catch (IOException e) {
e.printStackTrace () ;
}

byte [] hmmByte = byteArrayOutputStream.toByteArray();
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db.updateUserString (newUser, stringWriter.toString());
db.updateUserBytes (newUser, hmmByte) ;

Log.d(”USER’S. HMM’ ; newUser.getHmm() ) ;
countTrain++;

Intent i = new Intent (getApplicationContext (), MainActivity
.class);

startActivity (i);
setContentView (R.layout.activity_main_form);

5.3.5.6 public void cancel(View view)

H pédodog auth| xakeiton 6tav o yprotng dev YEhel vo utoBdhel TNy yewpovoula Tou
xou xardopilel Oheg TIC UETUPANTES Xou EMOTREPEL G TNV dEYIXY| XATAC TACT), AVOUEVOVTOG
NV YElpovouio Tou Yeho .
public void cancel (View view) {

Log.d(” cancel._pressed”, ”cancel”);

gesture.clear () ;
this.onStart () ;

5.3.5.7 private Hmm<ObservationVector> buildInitHmm/()

H pédodog auth elvon unebuvn yior 0 dnutovpyla plag TemTng exTiunong Tou uo-
viéhou. Xprnotwonowmviag tr ouvdptnon KMeansLearner tng fi3hodfxng Jahmm,
ONUtoLEYoLUE plor TEMTN exTUNoT Yot TIC XUTACTACES TOU UOVTEAOU, ETOL (OOTE VA
elpoote BEPator 6TL To povtéro Va cuyxiivel. H Aettoupylo tne etvon 1 e€ric:

O alydpriuoc Tonovetel T onueia o€ GUCTABES YenotuomolnvTac TNV xhdorn KMean-
sCalculator. H cuyxexpyievn xAdon deyetar oToryelo ooy lcod0 xou Topdyel GUGTABES
and autd Ta ooyl oav €€odo. To mapayouevo HMM uropet va yenoylomomdet cav
ular xohy apetnpelor yiar Tov alyoprduo Baum-Welch.

private HnmxObservationVector> buildInitHmm () {
KMeansLearner<ObservationVector> kml = new KMeansLearner<>(

nbStates , new
OpdfMultiGaussianFactory (7), gestureTrain);

hmm = kml. learn () ;

return hmm;

)



5.3.6 class TrainingTask

H »Adorn autr| emextelvel tnv xAdorn AsyncTask mou meptypdgnxe Tponyoudéveng
xou yenowornotettar yia var yiver 1 Boptd utohoyio Td dladixacta Tne exTaideuoNC TOU
HOVTEAOU, XxaMC oL Yol TNV EUPEVIOY) TOU UNVOUAUTOS AVOUOVAG . H petafints tne
xhdorng elvou
ProgressDialog dialog

1 omola etvar To urvupe avaovig tou Yo ehgaviletor 610 YpHo T 600 EXTUOEVETOL TO
UOVTENO.
Axoloviel 1 Teptypapr| Twv uedddwy tng xAhdorng.

5.3.6.1 protected void onPreExecute()

H pédodoc xahettar mplv tnv extéleon tou viuatog Tapaoxnviou mou Yo xdvel Tov
UTOAOYIOUO, Xou €tvor UTEGYUVY YIoL TNV EUPEVICT] TOU UNVOUATOS OVOUOVTC.

protected void onPreExecute() {

dialog.setMessage (” Training_the_model, _please_wait.”);
dialog .show () ;

5.3.6.2 protected Void doInBackground(Void... params)

H pédodoc etvor umedduvn yioo TNy extéreon Tne exnaideucnc Tou UOVTENOU ol
TEEYEL og eva Viua Tapaoxnviou. Kdver yprion tou adydprduou Baum-Welch | mdve
TNV ey EXTIUNCT TOU YoVTEAOU Tou €y0oulE TEEL amd Tov alybpriuo KMeans,
ueyer va ooy el Eva otadepd povtého Yo Tov Yo ).

protected Void doInBackground(Void... params) {

try {
for (int i = 0; i < nbTrains; i++) {
hmm = bwl.iterate (hmm, gestureTrain);

}
Log.d("HMM_ASYNC” , hmm. toString ());

} catch (Exception e) {
e.printStackTrace () ;
}

return null;

5.3.6.3 protected void onPostExecute(Void result)

H pédodoc xoheiton petd 1o t€h0og TOU UTOAOYIOHO) GTO VAWM TaEUCKNVIOU X
of3ver to urvupa avopovic. Emmiéov eugoviCel xou odnylec oto yehotn yioo TNV
ELOAYWYT| VEAUS YELROVOULAC.

protected void onPostExecute(Void result) {

//remove dialog
if (dialog.isShowing())
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dialog . dismiss () ;
Toast toast = Toast.makeText(getApplicationContext (),
"Enter_the_Gesture_for_training _.the_model_and_press
_ok” |
Toast .LENGTHLONG) ;
toast .show () ;

}

5.3.7 class TestActivity

H »Adon auth vhonotel 0ddvn mou eugavileton 610 Véo YperoTn émou Vo TEENEL Vo
ELGYYEL TIC YELPOVOUIES Yiat Var e€eTao TEL TO ox0p Toug pe Bdorn to HMM tou. H xdor
emexteivel TV xAdon ActionBarActivity n onola eivon 1 xhdom Bdong yio dheg TG Spo-
otnpotnteg oc mep3dihov Android mou yenoWoTmoloOY YoeaXTNEIG XA TNG UTAEIC
epyaotov. H xhdon auvth elvon dpota o eugpdvion pe v xhdor yia TrainActivity wc
TEOC TNV EUPAVIOT] XOUL TNV XUTAYEUPT TV YELovouLwY. Emoucvewe el (Do dloudp-
pwon xa yenoylomotel enlong avtxeiyevo g xidorng View.OnTouchListener ye tov
(B0 tpomo omwe xou 1 xhdon TrainActivity. H povadu| Swupopd tng cuyxexpyévng
xhdong Ye TNV xhdom Yo TNV EXTdEVOT) TOL LOVTEAOU, Vol 1) GUUTERLPORY TNG apoD
0 YeHo NS EMPBEBAUMOCEL TNV YELPOVOULA TOU TATOVTUS OK.

Hateyvtog To ok o yerotng, evepyonoteitar 1 Topoxdtw Yédodog

5.3.7.1 public void ok(View view)

¥t u€dodo autr utoloyllovton To G ToLyElN TNG YEROVOULNG TTOU OEV XAUTOYPA(POVTOL
oAAG umohoyilovton petd Ty xataypogy. Emmiéov to HMM tou yeriotn mou umixe
oTo olo TN PEpVETOL a6 TN Bdom xou ue Bdon autd utoloyileTon T OX0P TG YELO-
voplog Tou xaTaypdgnxe. LT CUVEYELL TO oX0p xaToyweeiton pall ue TNy yelpovoula
ot Bdorn dedouévev. To oxop unohoyileta yenowonowwvtag T pédodo InProba-
bility tn¢ »xhdonc HMM 1 onola yenotuomoel avtixelueva tng xhdong ForwardBack-
wardCalculator mou ulomowolv Tov ahyopriuo yio Tnv edpeor g THavoTNTAG TNV
omola YENoOTOUUE kS oxop. Emmiéov xod)” OAn 1) SLdExeLd TG BEUo TNELOTNTIS O
Yeriotne PAénel odnyieg yia To enduevo Brijua

public void ok(View view) {

Log.d(”Ok.pressed”, 7ok”);
//time we started the testing

//long timeStart = System.currentTimeMillis();
gestureFinal = new Gesture(gesture);

gestureFinal.calculateThetal ()
gestureFinal.calculateTheta2 ()
gestureFinal . calculateLocation

OF
if (countTest < maxTest) {
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Eyfue 5.2: Odnyiec mpog tov yeno
© Q ©® ¥ 4 & 0206

Test Activity

(xy)

Enter the Gesture for testing the model and
press ok

CANCEL OK
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/%
write the gesture to the database
*/
DatabaseHelper db = new DatabaseHelper (
getApplicationContext ());

int gest_id = (int) db.createGesture(gestureFinal , newUser)

gestureFinal.setId (gest_id);

//find the wuser’s hmm from the database

String hmmString = db.getHMMFromUser (newUser) ;
hmmString = hmmString. replaceAll (" [,]”, 7”);

//writeToFile (hmmString, "HMM. tzt”) ;

Log.d ("HMM_RETURNED” , hmmString) ;
try {
/* hmm = HmmReader. read (new FileReader( new File(
getExternalFilesDir (null), "HMM. txt”)),
new OpdfMultiGaussianReader());x/
byte [] hmmByte = db.getHmmFromUser (newUser) ;
hmm = (HomxObservationVector >) HmmBinaryReader . read (new
ByteArrayInputStream (hmmByte) ) ;

} catch (IOException e) {
e.printStackTrace () ;
} finally {
db.close () ;
}

Log.d ("HMM_READ” , hmm. toString () ) ;

double InProb;

InProb = hmm. InProbability (gestureFinal.
toListObservationVector ());

gestureFinal.setScore (InProb);
Log.d(”GESTURE_SCORE” , String.valueOf(gestureFinal.getScore
0));
Toast toast = Toast.makeText(getApplicationContext (),
"The_score._of_the_gesture.is:.”"+ String.valueOf(
gestureFinal.getScore()),
Toast .LENGTHLONG) ;
toast .show () ;
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db.updateGesture (gest_id , InProb);

this.onStart () ;

5.3.8 class DatabaseHelper

H »xh\don auth emexteivel v xidon SQLiteOpenHelper n onofa etvon pior Bondnties
xhdom yioo Ty dayelpton wag Bdong dedopévewy. H xhdorn viomowel yedoddoug yio
onuovpyia xou TNV avofdiuion tne Bdone dedouévwv. H oyeoloxry Bdon dedouévev
TOL ONULOUEYNINXE Yot TIC aVEYXES TNG EPUpUOY TS amoTeAe(ton and 600 mivaxeg, Eva
Yoo Toug YpRoTeg xon Eva vl Tig yetpovouieg. To povtélo oviotAtwv-cuoyeticewy
¢ Bdong patveton oTo To apyelo g Bdone mou xataoxevdoTnxe eivor To €NC:
CREATE TABLE users ( user-id INTEGER PRIMARY KEY NOT NULL, name TEXT |,

phone_number TEXT hmm TEXT, byteHmm BLOB) ;

CREATE TABLE gestures (gesture_id INTEGER PRIMARY KEY NOT NULL,

user_id_fk INTEGER REFERENCES users (user_id) on DELETE CASCADE
value TEXT, date DATE score REAL );

Eyfuo 5.3: Movtého oviottwv-cucyetioenmy

users gestures
user_id + gesture_id
name + user_id_fk
phone_number value
hmm date
byteHmm score

O mopdueTeol TS *AJCELS €YOLY VAL XEVOUY [UE TA OVOUUTO TWV TVAXWY TOU O1-
ULOLEYOUVTAL XL UE TOL OVOUUTO TWY GTNAMY TOUG.

private static final int DATABASE VERSION = 2;

// Database Name
private static final String DATABASENAME = ” GestureUsers.db”;

//Users table name
private static final String TABLE.USERS = " users”;

// Users Table Columns names
private static final String USER.ID = "user_id”;
private static final String USERNAME = "name” ;
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private static final String USERPHNO = ”phone_number”;
private static final String USERHMM = "hmm” ;

private static final String USERHMMBYTES = ”byteHmm” ;
//private static final String USER.EMAIL = "email”;

//Gestures table name
private static final String TABLE GESTURES = " gestures”;

// Gestures Table Columns names

private static final String GESTUREID = ”gesture_id”;
private static final String USERIDFK = ”user_id_fk”;
private static final String GESTUREVALUE = ”value”;
private static final String GESTUREDATE = ”date”;
private static final String GESTURESCORE = ”score”;

//Create statements
private static final String CREATE.TABLEUSERS = "CREATE_TABLE.” +
TABLE_USERS + ”._.(.” + USER.ID + ”_INTEGER_PRIMARY_KEY.NOT_NULL,
-7 + USERNAME
+ 7 _TEXT.,” 4+ USERPHNO + ”_TEXT, .”
+ USERHMM + ” _TEXT, .” 4+ USER.HMMBYTES + ” _BLOB)” ;
private static final String CREATETABLE GESTURES = ”"CREATE_TABLE.”
+ TABLE.GESTURES + ”_(” 4+ GESTUREID + ” _INTEGER_PRIMARY _KEY._
NOT_NULL, .” + USER_D_FK
+ 7 _INTEGER, .” + GESTURE.VALUE + ” _TEXT, _.” 4+ GESTUREDATE +
7 _DATE, .” + GESTURESCORE + ” _REAL, ._FOREIGN.KEY(.” +
USER.ID_FK + ”)_REFERENCES.” + TABLEUSERS + ”7._(” +
USERID + 7).);

O pédodol g xhdong ToEouoLdlovTon ToEUXAT:

5.3.8.1 public void onCreate(SQLiteDatabase db)
H pédodog dnuiovpyet av dev umdpyouy HoT Toug mtivaxeg Tne Bdong.
public void onCreate(SQLiteDatabase db) {

db . execSQL (CREATE.TABLE_USERS) ;
db . execSQL (CREATE.TABLE GESTURES) ;

5.3.8.2 public void onUpgrade(SQLiteDatabase db, int oldVersion, int
new Version)

H pédodog oe mepintwon avafBdiuone g Bdong dedopévwy offvel Toug maiolg
Tivaxeg xon EavapTidyvel T Bdom.

public void onUpgrade(SQLiteDatabase db, int oldVersion
int newVersion) {
db . execSQL ("DROP_TABLE_IF _EXISTS.” 4+ TABLE_USERS) ;
db . execSQL ("DROP_TABLE_IF _EXISTS.” + TABLE GESTURES) ;

onCreate(db);
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5.3.8.3 public long createUser(User user)

H pédodoc autr dnuovpyel otn Bdorn éva véo yenotn pe ta oTolyelor Tou yeno
TIOU TEQVIETOL GV TUEAUETEOC,

public long createUser (User user) {
SQLiteDatabase db = this.getWritableDatabase () ;
ContentValues values = new ContentValues();

values.put (USERNAME, user.getUserName().toUpperCase());
values.put (USER.PHNO, user.getPhone_number());
// wvalues . put (USER_.EMAIL, user. getEmail ());

//insert row
long user_id = db.insert (TABLE_USERS, null, values);
db.close ();

return user_id;

5.3.8.4 public long createGesture(Gesture gesture,User user)

H pédodog auty| onuovpyel ot Bdor uio véa yetpovoulio Tou TepviETon Go TUPIUETEOC
X0 AVAXEL GTOV YPHO TN TOU TEPVLETAL GOV TUPAUETEOG,

public long createGesture (Gesture gesture, User user) {
SQLiteDatabase db = this.getWritableDatabase () ;
ContentValues values = new ContentValues();

values . put (GESTURE.VALUE, gesture.getGesturePointList ().
toString ());

values.put (USER.ID_FK, user.getId());

values . put (GESTUREDATE, String.valueOf(gesture.getDateCaptured

()));

//insert row
long gesture_id = db.insert (TABLE.GESTURES, null, values);

db.close ();
return gesture_id;

5.3.8.5 public ArrayList<Gesture> getAllGestures(User user)

H pédodoc auty| pépvel and tn Bdomn Oheg TIC YELROVOUIES TOU aviAiXOUV GTOV YENo TN
TIOU TEQVIETOL GV TUPHUETOOC,

public ArrayList<Gesture> getAllGestures(User user) {

ArrayList<Gesture> gestureList = new ArrayList<Gesture>();
// Select All Query
String selectQuery = ”"SELECT.” + GESTUREVALUE + ” _FROM.” +
TABLE.GESTURES +
” WHERE.” + USER_ID_FK + 7 .=7";

SQLiteDatabase db = this.getWritableDatabase () ;
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Cursor cursor = db.rawQuery (selectQuery , new String[]{ String.
valueOf (user.getId())});

// looping through all rows and adding to list
if (cursor.moveToFirst()) {
do {
Gesture ges = new Gesture () ;
ges.setld (Integer.parselnt (cursor.getString (0)));
ges.setUser_id (cursor. getInt (1));
//todo: parse the string into a gesture
// ges.setGesturePointList (new ArrayList<GesturePoint>(
cursor. getString (2)));

// Adding ges to list
gestureList .add(ges);
} while (cursor.moveToNext());

}

// return gesture list
return gestureList;

5.3.8.6 public boolean userExists(User user)

H uédodog autr ehéyyel €dv 0 ¥ o TNG TOU TEQPVIETUL GOV TORAUETEOS UTIBOYEL G T
Bdomn xan emoTEEPEL true ov umdpyet xou false €dv dev undpyel

public boolean userExists(User user) {
String countQuery = "SELECT._x_FROM.” + TABLE_USERS + ” _tu_WHERE
-tu.” + USERNAME + 7 _=7";
SQLiteDatabase db = this.getReadableDatabase () ;
Cursor cursor = db.rawQuery(countQuery, new String[]{ user.
getUserName () });

if (cursor != null && cursor.getCount() > 0) {
cursor . close () ;
return true;
} else {
cursor . close () ;
return false;

5.3.8.7 public int getUserIdFromName(User user)
H pédodog auth emoteépel and tn Bdon v TautodTNTOL TOU YEHO TN, €POGOV
E€poupe TO GVoud Tou

public int getUserIldFromName (User user) {
String query = ”SELECT._x_FROM.” 4+ TABLE_USERS + ” _tu_.WHERE_tu.”
+ USERNAME + 7 .=77;
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SQLiteDatabase db = this.getReadableDatabase () ;
Cursor cursor = db.rawQuery(query, new String[]{ user.
getUserName () });
int id = 0;
if (cursor.moveToFirst()) {
do {
id = (cursor.getInt(cursor.getColumnIndex (USERID)));
} while (cursor.moveToNext());
user .setld (id);

}

return id;

5.3.8.8 public byte[] getHmmFromUser(User user)

H pédodog auth| emoteéget and T fdorn to HMM mou avtictoyel 6to yerotn nou
TEPVIETAL GOV Oploud, ot pop@n mtivaxa bytes

public byte[] getHmmFromUser(User user){
String query = ”SELECT.” + USER.HMMBYTES + ” _FROM.” +
TABLE_USERS + ” _tu_WHERE_tu.” + USER.ID
+ 7=
SQLiteDatabase db = this.getReadableDatabase () ;
Cursor cursor = db.rawQuery(query, new String[]{ String.valueOf(
user.getId())});

if (cursor.moveToFirst()) {
do {
byte[] hmm = (cursor.getBlob(cursor.getColumnIndex (
USER_HMM BYTES) ) ) ;
Log.d ("HMM_FOUNT” , hmm. toString());

return hmm;
} while (cursor.moveToNext());

}

return null ;

5.3.8.9 public void exportDB()

H pédodoc autr etvon Borpdntinr xou yenowonoteiton yia va yiver e€orywyt| tne Bdong
Yo TV xohotepn enedepyacia Twv anoteheoudtwy atov H/T

public byte[] getHmmFromUser(User user){

public void exportDB () {
File sd = Environment.getExternalStorageDirectory () ;
File data = Environment.getDataDirectory () ;
FileChannel source = null;
FileChannel destination = null;
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String currentDBPath = ”/data/” + ”com.example.christos.
gestureappdemo” + ”/databases/” + DATABASENAME;

String backupDBPath = DATABASE NAME;

File currentDB = new File(data, currentDBPath);

File backupDB = new File(sd, backupDBPath) ;

try {
source = new FileInputStream (currentDB).getChannel () ;
destination = new FileOutputStream (backupDB).getChannel () ;
destination .transferFrom (source, 0, source.size());
source . close () ;
destination . close ();

} catch (IOException e) {
e.printStackTrace () ;
}

85



86



Kegpdhowo 6
MEGOAOAOTTA EAEI'XOY

6.1 Ilepiypap

[ Tov €heyyo Tou cuoTHUNTOS Tou OnutoveYHUNXe InTRUNXE and yEHoTES 1) BO-
) Tou, €tol KoTe va extundoly oTn ouvéyeln To amotehéopatoa. H Sdixaota
oLANOYTC BEBOPEVWY Elye we eENC:

1. Zntdye and tov xdde yproTn Vo ELOAYEL Lol YELROVOULa AGQUAT) Xo EUXONOUVT
MOVEUTT), OTWS avTihopBdveTon o dloc/ 7 (Bl Tov Hpo AUTO.

2. Y ouvéyela {ntdue vo emavoldPBel Tn yetpovouio dAAeC 9 popéc €ToL WO TE Va
exnandevtel To HMM nou Yo avtinpocwnelel povadind 1o yero .

3. O yprotng cuUTANEMVEL ULor QopUo EXTUNCNS Tou QOETOU Epyuciag TOU XoTé-
Boke [8] xou petpder avtiotpopa and to 20 oto 0, 1oL MOTE VO AMOCTECGOUE
TNV TEOCOY Y| TOU Ao TNV YELPOVOULN TTOU HOALS ELCTYAYE OTO GUGTNUOL.

4. O ypfotne ewodyel 2 YEWOVOUIEC TPOC EAEYYO TOU GX0p TOUC UE TO OEQOUEVO
HMM -ou.

5. O ypriotne petd amd 2-3 uépeg elodyel GAAES 5 YElpoVoulec 0T0 GUC TN TPOG
EAEY YO TOU Ox0p Toug e To dedouévo HMM rou.

Egbcov 1o olotnua €yel oyediaotel oav éva cuo TN audevTixomoinome yenotwmy
Yo eetacel ) anoteAeoyaTixdTTA TOU PE Bdom TNy emduunTy Acttoupyio.

‘Onwe €yel avagepdel otny evotnta e To Yewpentind undBodpeo, éva cUo TN oude-
vioroinong Yo mpénetl vor undevilet Tig haviaouéveg auﬂsvnxonoﬁ]oag(False Positive
- FP)xaon vo unpevilet ¥y €éotw va neptopilet tic havioaouévee amoppieic(False Negative -
FN).To cbotnuo nou dnuovpyroaye Yo e€etaoiel we mpog auTé TIC TUPUUETEOUS Yiol
OLopOEETXE Xt At awdevtixomoinone. Emmiéov yia xdde xatdgit avdeviixonol-
none Yo Beedoly xar ol yeTpixéc mou avapépinxay oTo YewpnTind xe@dhato, dnAadN
sensitivity (true positive rate), specificity (true negative rate), positive predictive
value , negative predictive value , accuracy.

Eg@bcov pag evOLapepeL 1) GUVOAIXY| GUUTERLPOEE TOLU GUG THUATOS Xt O)L 1) GUUTERL-
popd. avd yetpovopuio yeno T, oha To dedouéva Yo topouctdlovTon Yot GAo To GUC TNUA
GLUVOAXAL.
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6.2 AvaAuTtixy napouvcioo

[o Ty e0peon Twv Aoviaouévmy JeTixdy xat TV 0pdmS apVNTIXGY ATOTEAECUY-
Twv uroloyiCouue Yl xde HMM nou €youue dnuioupyfoer xan undpyet ot Bdon
0edoUEVLY TNV TavOTNTO VoL £Y0UY TEOXVPEL amd AUTO OAEC OL GAAEC YELPOVOULES Ot
omoleg Oev avixouv oTov YeHoTn Tou €yel dnuioupyrioel To exdotote HMM. ‘Ocec
and autéc Bydhouy oxop peYahlTERO amd To exdoToTE XaTO@AL (threshold) Yewpol-
vTow havioaouéva VeTinée amavtioele xot 66e¢ Bydlouy oX0p UXPOTEQO OO TO XUTWHOAL
amoQaonc VewpolvTon opUd apvNTIXES AmaVTAOELS.

[ Ty elpeon Twv 0pdng VETIXWY ATOTEASOUATWY X0l TWV AAVIUCUEVGDY apVNTL-
%OV AMOTEAEOUATWY, €EETALOUUE TOL OXOQP TV YELROVOULOY TWYV YENOTWY YE TO X
toug HMM. ‘Oca oxop eivan peyokitepa and 10 exdGTOTE XATOPAL eivan 0pUog Yetind
amoteAEopaTo Xo 600 Efval %ATw Amd TO XATOPAL Efvar AavIooUEVOL apVNTIXG ATOTEAE-
oUoTL.

Axohoudolv ooy nivaxa [6.1] ta amoteléopata Tou TopdyovTaL Yia TIC SLUPORETIXES
Tiég xatwgiiou. ‘Oco peyohltepn Twh xotw@Alou, TGO O AUCTNES KOS TEOS TNV
aUEVTIXOTOMOT) TEQIEVOUNE Vo €Vl TO GUG TN LS.

| threshold | FP [| TN [ TP [ FN |

-100 1 || 5704 | 4 | 123
-200 1 | 5704 | 20 || 107
-300 2 || 5703 || 52 || 75

-400 15 | 5690 || 75 || 52
-500 62 || 5643 | 87 | 40
-600 173 || 5532 || 97 || 30
-700 352 || 5353 || 100 || 27
-800 523 || 5182 | 101 || 26
-900 704 || 5001 || 104 || 23

ivocag 6.1: AmoteAéopotor Yior SLPORETIXES THIES XATWPAIOU

Me 3dom outd To amOTEAEGUATA TEOXVTTOUY OL TYES TOV UETELXMY TIOU ovVopEQUTMaLY

TEONYOUUEVKC

211 cuveyEl axoloulfioaue TNV (Bla dladixaota yia TNy €0pECT TwV 0pYMY xon Aov-
YAOUEVODY VETINWY KO ARVNTIXMY ATUVTACEWY, AAAS AUTY| TN POPG XAVOVIXOTIOL\COUE
ToL O%0p XAVE YELOVOULNG BLOLEMVTAS Tl UE TO Wx0g TNG YEpovouiog. Auth 1 teyvix
oxohovdinxe xadde oo peyahltepn elivon plar yetpovouio, 1660 BUGKOAGTERO Elvall
vo emitevyVel To emuunTo eminedo axplPelag amd 1o YPNo TN, EMOUEVKS Lo OLolpED
UE TO UNxog TG yElpovoplag Yo umopoloe va Topdyel o dixat amotehéopata. Axo-
Aouvdolv oTov Tivoxa [6.3] T amoTEAESUATH TOU TUEAYOVTOL YIol TIC DLPOPETIXES TUIES
xatw@hiou. ‘Oco peyohltepn Tir xatw@iiou, 1660 TO AUCTNES WS TEOE TNV oule-
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| threshold [| sensitivity(TPR) [ specificity(TNR) | PPV || NPV | accuracy |

-100 0.0007 0.9998 0.8000 || 0.9789 | 0.9787
-200 0.0035 0.9998 0.9524 | 0.9816 || 0.9815
-300 0.0090 0.9996 0.9630 || 0.9870 || 0.9868
-400 0.0130 0.9974 0.8333 || 0.9909 | 0.9885
-500 0.0152 0.9891 0.5839 | 0.9930 || 0.9825
-600 0.0172 0.9697 0.3593 || 0.9946 || 0.9652
-700 0.0183 0.9383 0.2212 | 0.9950 | 0.9350
-800 0.0191 0.9083 0.1619 || 0.9950 || 0.9059
-900 0.0204 0.8766 0.1287 || 0.9954 || 0.8753

Hivoxag 6.2: MeTtpixég Yo DLapOpETIXES TYES XATWPALOU

VTIXOTO(No T TEQUEVOUNE Vo efvol TO UG TN LS.

threshold | FP | TN [ TP | FN |

-1 1 || 5704 | 5 | 122
-2 1 || 5704 | 25 | 102
-3 2 || 5703 || 44 | 83
-4 7 || 5698 || 66 | 61
-5 25 || 5680 || 79 | 48
-6 70 || 5635 | 89 || 38
-7 175 || 5530 || 94 | 33
-8 303 || 5402 || 98 || 29
-9 468 || 5237 || 98 || 29

ivoxag 6.3: Amotehéouator Yo OLUPORETIXES TYES XATWPAIOU - XoUVOVIXOTOINUEVY
Oo%O0p

Me 3dom owtd Tot amOTEAEGUATA TEOXVTTOUY OL TYES TOV UETELXMY TTIOU ovopepUnuory
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Yyfuor 6.1: XOyxplon YapaxTnelo TGV V0 YELPOVOULKY ATt OLUPORETIXOL YO TES
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| threshold [| sensitivity(TPR) [ specificity(TNR) | PPV || NPV | accuracy |

-1 0.0008 0.9998 0.8333 || 0.9791 || 0.9789
-2 0.0044 0.9998 0.9615 || 0.9824 || 0.9823
-3 0.0077 0.9996 0.9565 || 0.9857 || 0.9854
-4 0.0115 0.9988 0.9041 || 0.9894 || 0.9883
- 0.0137 0.9956 0.7596 || 0.9916 || 0.9875
-6 0.0155 0.9877 0.5597 || 0.9933 || 0.9815
-7 0.0167 0.9693 0.3494 || 0.9941 || 0.9643
-8 0.0178 0.9469 0.2444 | 0.9947 | 0.9431
-9 0.0184 0.9180 0.1731 || 0.9945 || 0.9148

Hivoxag 6.4: Metpixég yio DUQORETIXES TYIES XATOPAOU-XAVOVIXOTIONUEVO GHOQ

Hopotnedviag tor amoTeEAECUATA TOU TEOXUTTOUY UTopoluE Vo Bydhouue To e€rg
CUUTERAOHOTA Y10 TO GUC TN oL OnutoveYunxe. Apyixd BAEéToupe 6TL xat yiol TOAD
UmMA6 xatdpil €youue wa false positive yeipovopla. BAénovtag mo mpooextind tnv
yetpovopio 1 onofa Yewphinxe opdr axduo xar e TOAD auoTned xetthelo, Yo SoluEe
OTL 0L BVO OLUPORETIXOL YPNOTES ELOT YUYV OTO GUC TN DUO UEXETE OUOLEG OF Y UEO-
XTNELOTWd Yelpovouieg. 310 oyud6.1] BAérouue cuyxevTpuéva To YaUpaXTNELG TG
TWV 2 YELPOVOULOY CUYXQELTIXA.

Egbécov 6mwe Brénoupe ol 500 YEIpOVOolES €Y0UV TOROUOLL YOEUXTNELO TIXG Elval
AoYIX6 Vo TEQVEEL O Xou ot TO UYNAGTERO XUTWPAL TO oTtolo Efval TO AUCTNEOTERO.

LuyxpelvovTtag To AmOTEAEGUAUTA TOU TEOXUTTOUY OO TA XAUVOVIXOTIONUEVA OXOQ,
o€ OYEoT UE TA ATOTEAEGUATO TOU TROEXLPAY YWPIC XAVOVIXOTOINCT UE TO UHXOG TNG
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x&de yewpovoplog, Tapatneolue 6Tl uTdpyel cap®s o onuavTtixy uelwon ota False
positive arnoteréopata xou avtiotollo adénon ota True Negative anotehéopata yio T
ueoala xat@Aa, yenoylorowwvtag xavovxornoinor. Ta True Positive, False Negative
ATOTEAEGHOTO TUPAUUEVOLY GYEDOV {Blar xou e TIg 000 TPosEYYIoELS.

HopatnemvTag T UETEWXES TOU CUCTHUATOS BAETOUPE OTL xou e Tig 800 TpooeEYY(-
oelg T0 0V TN TOEOUCLALEL apXeTd Uxpr) eucncinola 1 omola audveton Alyo xardog
UELOVETOL TO XUTWPAL ATOPACTC, YEYOVOS To oTtolo onuaivel 6Tt To cloTrua efvar Toh)
ETUAEXTINO GTIC YELROVOULES TIC oTtoleg Vewpel ooy YeTinée, dpa o yeriotng Yo mpénel va
umopel va emavahdBer oe yeydio Badud oyoldtntog T yeEpovouio Tou yio v eloéhlel
oto oVotnua. Emmiéov BAérouye 6Tt T0 GUOTNUA TUEOUGLALEL OYEDOY LOOVIXT ELBIXO-
T (specificity )yl udmniée Tyéc xotwehiov Tou TANCIELEL TN HOVEDY, YEYOVOS TOU
ornuotver 6Tt To cLo TN UTopel Vo avary veploet pe HeY AT oxplBeta Toleg yelpovouleg
oev €youy mapayVel and To yeNoTn Tou dnuioleyNnoe To poviéro. O petpixéc PPV,
NPV Beiyvouv 61t vl awotned mpog pétpla Xt omdpaono(-2,-3) UnopolUe vo
€)Y OUNE UEYUAUTERO TOGOGTO VETIXDY ATOTEAEGUATWY TOL €Y0LY ooy wendel 6woTd,
EVK TO TOCOGTO TWV APVNTIXMY ATOTEAECUITWY TOU 0pUNOG BV xoTayweRdnxay otny
UTO €€ETOON XAGOT) QUEAVETAL GO0 TO XUTOPAL UELDVETOL.

'evixd 1o clotnua meTuyalvel xou Ye T 600 mpooeyyioel xahiTtepr axplBeta e
xatdPAL amogaong -400 xou -4 avtioTtorya. e excivo To eninedo xotw@Alov mapaTn-
polue 6T pewwvovton ta False Negative amotehéopota xon Toutdypova audvovial T
True Positive ye pixpdtepo puiud amd tnv adénorn twyv False Positive aroteleoudtewv
ETMOUEVKC TTPVOUNE TNV XahOTepn duvaty| Ty oxplBetag.
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Kegpdhowo 7
EIIIAOT'OX

7.1 XOvodn xow Yuvurnepdopoto

Yto mhadotor auTAc TG SimAwpoTixAc dnuoueyOnxe wla egapuoyr yio Android
smartphones 7 onola cUAEYEL yewpovouleg YenoTwy xou pe Bdorn auTég Ornuovpyel
éva HMM vy xdde ypriot. 2tn cuvéyela UTohoYILEL TO OX0P VEWY YELROVOULOY XAe
YerioTn 6edouévou Tou wovtéhou tou. ‘OAa ta dedopéva GUAREYOVTAL Xt amoUnxebovTaL
o€ pio Bdorn SedouEveV.

To cuuTepdouaTa TOU TEOXVOTTOLY AT TNV OTAWUATIXN €lvon 6TL To GOGTNUA TOU
SnuoupyHinxe xa Booiletar méve ota Kpugpd Mapxofiovd Movtého (HMM) umopet
VoL Y ENOUOTIOMNUEL ETITUYMC YA TNV AVOLY VOPLOT] YELROVOULY X0l TNV XUTNY0pLoToNoN
TWY YENOTWY TTOU TG ONULOVEYNoY.

Emmiéov, epdcov 1o clotnuo avarthydnxe €€ ohoxAfipou méve o xvnTod TNAE-
PwVo Bev amattel TOAOUC UTOAOYLO TIXOUE TOPOUC Xal Yo uTopolcE va yenotuotouniet
Yoo TNY aLIEVTIXOTIOMOT YENO TGV Yol BLAPORES EPUOUOYES.

7.2 Melhoviixéc snexTtdoELC

[Tavéc perhovTinéc eMEXTACELS TNG EQOPUOYHC TOU avamTOYUNXE elvon 1) TposuE-
HOYT) TNG VLol oVaY VOPLOT| YEWROVOULGY oL oTtoleg Yo hopfdvovtan ue dAlo péoor xan oyt
uéow tng 0vovng o, xodwe emiong xon 1 eEETUCT) EVOANIXTIXGY YoQUXTNELO TIXMV
YL TNV LOVIEAOTIOMGT) TV YELROVOULOV.

Ou yewpovopieg Va unopoloay va haudvoviar HEGE TNG XIUEEAS TOU TNAEPMVOU.
Mot ToAD evoLapépouca e@apuoyr| Vo AToy 1 avary VORLOT) VONUATIXAC YAOGGOS e Bdon
TIC YELPOVOMIES TTOL Vol XaTary pdPoVTaL Omd TNV XAUEEA TOU TNAEPWYOL o 1) ameLeiog
UETAPEUOT GTOV YPHo Y.
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