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Amayopeteton 11 avtiypaer], arobnikevon kot dtovopr tng mapovoog epyaciag, €&
OAOKANPOL 1} TUHHATOG QLTHG, Yot ERTOPLKO okomod. Emitpémetan n avartdnwon,
amoBnkevo Kot SLtVOpT] YLt GKOTTO pn) KeEPOOGKOTLKO, EKTTAULOEVTIKTG 1] EPELVITIKNAG
@OGNG, LTO TNV TTPOVTOOEGT) VO ALVOLPEPETOLL 1) TTNYT) TTPOEAELOTG KAl VO SLALTNPELTOL TO
TopoOv prjvupa. Epotrpota mov apopoldv T xpron g epyaciog yio kepdooKomLko

oKOTTO TPETteL va ateLBVVOVTAL TTPOG TOV GLYYPUPEX.






ITepiAnyn

O Baokdg 6TtOX0G-KivNTPO TNG TopoVo UG SITAWUATIKNG epyaciog eivat 1) peAéTn Tng
KOXTOAANAOTNTOG TOL OLKOVOHLKOV eykepadoypdapov Emotiv Epoc, yia tnv vAomoinon
piog dtemapnig eykeparov-voroyioth (BCI) k&vovtag xpron TV omTikdV TpokAn-
TV duvapikodv otabepng kataotaong (SSVEP). Ilpoto otadio tng diemapng, eivor 1
KOLTAOKELT] TNG CUGKELNG TTOL TAPEXEL TG OTTOLPALTNTES ETAVAAAUPOVOLEVES OTTTLKEG
deyépaoeig (EOA). Kataokevalovpe éva mavel amotehodpevo artd 4 LED cvotouyieg,
KatBOG KoL To KOKAWHK 0011YNO1G TOVG, TO OTTOLO ETMLTPETEL TNV AVEEAPTNTN EMLAOYN
ovyvotntag ko duty cycle, yiox k&Be cvotoryic. Y10 endpevo otddio, dnpLovpyodpe
HLo EQAPHOYT 1) OTTOla LAOTTOLEL TO TTPWOTOKOAAO KOTOY PaPG TV dedOHEVWV TTOL O)E-
duaoayie, EAEYXOVTOG TANPWG TNV TUPAYWOYT TOV ONTIKOV JLEYEPCEWV TOPEXOVTOG
TOPUAANAX GTOV XPT)OTH OMTIKEG KOl tKOVGTLKEG 0dNYieg Yo va eEaxopadiotel 1) Tr)-
pnom tov mpwtokoAlov. EmmAéov oyedidlovpe pio ypapikr Semapr) xpriotn Paot-
(Opevn oe open source AoyLopiko, yio Tnv real-time mapakolotOnon tov eykepaio-
YPOUPHATOG, KOOGS KAl TOL CLYVOTLKOV TepleXopévou yia kaBe kavaAt. Xta SSVEP
dedopéva mov cLAAE e, TTEpapATICOpaOTE e SLhpopeg peBddoug e€aywyng xopoa-
KTNPLOTIKOV Kol ToELvOpnong, wov xpnotponotobvtat otnv PAtoypagio, kabog ko
SIKEG HOG TTOUPOAAQYES TOVG, KOl ETMLTUYXAVOUHE €MLOO0ELS €wG kat 90% akpifeta pe
ITR 20.58 bits/min, mov cupPadiCovv pe Tig state of the art emdocelg Siemapadv mov
K&vouv xprion avtictotyov LALKoL. Télog, vAomolovpe To online okélog tng diemoa-
ONG, Eva o LYY POVO GUGTIO TTPAYHATLKOD XPOVOUL, GTO OTTOL0 OL XPHjOTEG KAODVTOIL
va kaetevBovouy, péoa o éva etcovikd AafivpivBo, to avatar toug, Tpog évav emibo-

UNTo oTodYO.

AéEerg-KAeidr
Aetapég Eykepdahov - Yroloyioth, Ontukd IIpokAntd Avvapikd Xtabeprig Kataota-
ong, Avaivon Kavovikrg Xvoyétiong, Acvyypovn diemaen)
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Abstract

The main purpose of this diploma thesis, is to study whether an inexpensive non-
medical graded EEG headset, like Emotiv Epoc, is suitable for implementing a Brain
Computer Interface (BCI), based on Steady State Visual Evoked Potentials (SSVEP).
First stage of the implementation, is the creation of the device that provides the nec-
essary repeated visual stimuli (RVS). We build, a panel made of four LED arrays, and
its driving circuit, which allows the independent selection of stimulus frequency and
duty cycle, for every RVS. The next stage, consists of the creation of a application
that implements the offline EEG data recording protocol that we designed, which is
able to fully control the RVS, and at the same time, providing all the necessary visual
and audio cues to the user, in order to follow the protocol. Additionally, we design a
Graphical User Interface based in open-source software, for the real-time monitoring
of every channel of the EEG signal, in time and frequency domain. During the offline
processing, we experiment with various methods of feature extraction and classifica-
tion, as well as some of our modifications of them, and we achieve perfomance up to
90% accuracy and 20.58 bits/min ITR, results that comfort to the state of the art per-
fomances of BCIs that use similar materials. Finally, we implement the online part of
the BCI, an asynchronous real-time system, where users are asked to navigate their

avatar to a desired target, through a virtual maze.

Keywords
Brain Computer Interfaces (BCIs), Steady State Visual Evoked Potentials (SSVEP),
Canonical Correlation Analysis (CCA), Self-Paced BCI (asynchronous).
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Hobboibomd

Apykd B 0eda va evyaplotiiow Oeppd Tov K. ZTAQUAOTTATY, YIX TNV €VKOLPLO TTOV
pov édwoe va aoXoANO® e Eva TOGO eVOLAPEPOV AVTLKELILEVO, KL YIX TNV LTTOGTHPLEN
OV POV Ttopeiye OTOTE X PELXOTNKE.

Snpavtikototn NTav kot 1) fonbeia wov pov mpocépepe o F'ewpylog ZioAag. Kab’ 6An
NV dtapkeLa TG SITAWHATIKTG epyaciog, ftav mavta diabéoipog yio oulntnon, Kot
ot 6UPPOVAEG TOV, GLVEROAY Tat HEYLOT GTNV OAOKATPWOT) TNG EPYATLOG.

Téhog, dev Ba propodion va Tapadeiw TOVG PIAOVLG HOV KOL TNV OLKOYEVELX HOV, TTOU
ka®’ OAN TNV Poitnon pov 6TV oXoAr, oTadnkav SimAa pov oTig o SOGKOAEG OTLY-
HEG aLTOV TOL peydhov TaELdLoV.
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Kat&Aoyog oxnutwv

1.1  a) Hopaderypo avornpikod opoldiov e eVOWHATWHEVO GUCTHO
BCI. Ewova ano [12] b) Avdeta€n BCI cuotpatog, 6to omoio 1 okedn
NG kivnong Tov xeplov, HETOPPALETaL Ge TPAYHATIKTY Kivion Tov
npocBetikol pérovg. Ewkova oo [1] . . . o L L Lo oo 2

2.1 Ewova (o), H mpidn cvokevn xataypoeng HET mov katéypage tnv
KUHaTopopen o€ Touvia xaptiov [26, 27]. Ewkova (B), O vrepovyypo-
VOG EYKEPAAOYPAPOGS TNG g.tec, Pmopel va KaTary papel Toavtdypova de-
Sopéva ad 128 nAektpodiar, 0 eVioXLTHG AVOAXUPAVEL TNV evioyvoN
KoL PnQLomoinon Twv oNUAT®VY, Ta 0Tolo GTEAVOVTAL 6TV Hovada

eMEEEPYOAOLOG KO OTTELKOVIOTG: o o o o e v e e e e e e e e e e e e 6
2.2 Avo nlektpodiax apyvpov-yAwprovyov apyvpov (Ag — AgCL), éva piog
xprong (a) xau éva emavaypnoponotovpevo (b). Ewkova oo [14] . .. 7

2.3 (a) Aemtopépelx atd TO ecWTEPLKO evOG active-dry nAektpodiov, 6mov
eaivetal n mAakéta Tov evioxvtn [14]. (b) Xapaktnplotikd mopd-
detypor axdwtod nAektpodiov amd TNV g.tec, TOL £pxETOL O ETAPT
He TO SEPHA XWPLG VO TO SLOTTEPVALEL .« o v v v v e e e e e e e e 8

2.4  (a) O evioyvtng EEG-1142 tng Braintronix, pe Eexwplotéc aplOunpéveg
eloodoug yo k&Be nAekTpodio, elvarl Eva YopaKTNPLOTIKO TopASELYHa
TV EVIOYLTAOV OV TtepLypayaype otnyv 2.2.2. (b) IIpdypoppo aetkovi-

ONG EYKEPAAOYPUPTHATOG, KAONDS Kol TPLOSLAGTAOTG QVATTOPACTO-

omng Tov spectrogram tov and tnv ScienceGL. . . . ... ... 9
2.5 TomoBeoieg niextpodinwv pe Baon to cvotnpa 10-20. Eucove oo [48]. 10
2.6 Eméxtaomn cvotrpartog 10-20. Ewtkovo ot [48]. . . . .. Lo L 11
2.7 T'pa@ikn avamapioTocTt TV UGLOAOYIK®OV KUHATOHOPPOV TOV eYKe-

@alov. EtkOvorammd [65] . . . . o 16

2.8 Tapdaderypa diémapng Paciopévng ota P300 onpata, yioe tnv vAo-
moinomn pnyxovng cvAAaPLopot. O xprioTNG GUYKEVIPHOVETUL GTO ETTL-
Bopuntd ypdyppe (V), ko mapdiyovron P300 ofpata, 0tav gotioTel 1)
YPOHUT KOL 1] GTHAN TTOU TO TTEPLEXOVV. .+« v v o e e e e e e e e e e e 18

2.9 SSVEP onpata mov mopaydnkoav og avtidpacn 6Tov e6TIAOUO TV
potiov ot emovahapPavopevn ontikr diéyepon (EOA) cuyxvotnrtog
7:5Hz. ITapatnpovpe g ekTOG ad TNV KOPLX GUVIGTOOX, EXOVHE
EVTOVEG KOPLPES KAl OTLG CLPHOVIKEG oLy voTnTeg, dnAadn 15HZ wan

22.5Hz. Ewovoamo [64] . . . . .. 19
2.10 HAextpodia Tov kaADTTOLY TOV WVIakO AoPO KoL TNV YOpw mEPLOXT),
Ko ota omoio eppavilovron toe SSVEP onjpate. . . . o oo oL L L 20
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4.1

4.2

4.3

5.1

Katavouny SNR ce k&Be ovyvotikr meployr], 07Tov 1 KOKKLVI] YPOUHN
AVOTTOPLOTA TNV EVOLAPEST] TN TV HETPT|CEWV Y 10 StorpopeTikd
atopo. Etkovaammd [39] . . . oo
Mopaderypa evog mAnpn kOKAOL OTIKAG SLEyepong yla TNV mepi-
TTwot povev (a) kot Suthodv cupmAnpopatikov (b) potifwv, kabaog
KoL 1) HopY1) TV Toporyopevwv SSVEPs, ot ool paiveton mog yio
Wi cuyvotnta Sieyepong ta dSurhd potifa tpokarovv SSVEPs SutAé-
ol ovyvotntog. Ewovaamd [59] . . . . . L Lo

To técoepa Paoika eidn piltpwv pe faon Tig {OVEG CLYVOTHTWOV TOL
emLTpémovv-aoppinmtovv. AEilel va onpelwbel Twg oL LITOPALVOPEVEC
aokpicelg 6To medio TNG CLYVOTNTAGS, AVAPEPOVTOL GE LOAVLKA PLA-
tpa (brick-wall filters), ko mwg ot TPypaTIKA, OL {©OVEG ATTOKOTNG
dev opilovTon TOTE TO KAOETEG YPOUHMEG. « « v v v v v v v e e e e e
Ot tpeig drapopetiég amokpioetg yia d00 dropopetikd GidTpar 3ng T&-
&ng ko Tov avticToryov Wavikov. Paiveton Eekdbapa 1 drorkdpavo
(ripple) otnv Jovn diédevong yio éva @idtpo tomov Chebyshev, n
omolta dev vmapyel oto Butterwoth, kabog ko n peydAn amdkiion
tov Butterworth ce oyéon pe to Wavikd, 66ov apopd TG V0 {DOVECS
OUTOKOTITIG:  « « v v e v e e e e e e e e e e e e e e e e e
T'ewpetpikn) eppnveia tng PCA. a) H avamapaotocn evog cuvolov dio-
durotatwv detypdtwv oto kaptesiavo eninedo. b) H PCA Bpicket Tig
katevBovoelg péytotng petaPAntotntac-diacmopds. Me to patt €0-
KOAO KXTOATYOUHE TG 1) PéYLoTn katevBuvon elvar i Ug, evod 1 Uy
elvou ) apéowg emdpevn opboyovia. ¢) H mepiotpogr] twv dedopévav
w¢ Tpog TNV véax opboydvia Béon (Ug; Uz). d) EAdttwon tng oo
TV SeLYpATOV, TpoPfdilovtag Ta aTov dEova HEYLETNG dLotKOHAVOTC.
Ipagikn avamapactact tov alyopibpov k-NN. To prie actépt On-
Advel To delypa tpog takvopnon. Ztnv nepintwon émov K=3, tote T0
detypo takvopeito otnv kAdon 1, kabaog xovpe SVo KOKAOLS KoL évar
Tplywvo. Ztnv tepintwon 6mov K=7, tote tafvopeiton otnv kAdon 2,
KoBog avtn elvan 1) KAdon g TAELOYNPLOG TV YELTOVWV. . . . . . . .

Awypbyppoto 61tou @aivovtot To ot emdocelg OAwv twv CCA-variants
pefodwv, kabwg ko 1 avwtepotnta tng CCA-combined (Combination
Method). Ewtkovoe otd [56]. . . . . . .o
Awbrypoppo pe Tig koA vTepeg emdocelg 6oov apopd tov ITR, péxpl to
2015. H vynAotepn emidoon péxpt tote ayytle T 320bits/min (5.33bit-
s/s) [16]. Ewova amd [16]. . . . . . . ...
H metpopaticn Sttakn tng epyaciag [42], 6mov édet€av mwg eivor dv-
vath 1) vAomoinon Stemapov oXeTikd VPNAGV emtddcewy, Yo xprion
o€ TPAYHATIKEG cLVONKES €€ QIO TO EPYROTAPLO. .+« v v v v v o o . .

O actvppartog eykeparoypapog Epoc tng etaipeiag Emotiv (a), ko o
Béoelg Tov kaAbITTOUY Tl 16 NAEKTPOSLL TOV, COHPWVA [ TO VTN
10-20 (D).« v o e

26

40
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