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[Mpdypouuo 2uvedpiov]

MNapaokeun 3 ATtplAlov

AiBovoa
Evapén -

. I
ANén Il 110 >

dovaylé
9:00-10:30 Evypapeg & Yodoxn
10:30-11:15 Evapén - Xaupetiopol
Zuvedpla KowwvIoKeVTpIKWY AeSOUEVWY
OUIANTNC Xuvedplag
11:15-12:00 | MNétpog Mapaykog (E.M.IM.)
JUyxpoveg Taoelg kat [MpoomTikég atnv EmteEepyaoia Znudtwy kat MAnpopopiag
Modnuota Xapd, AwAog Kwatng
H evowpdtwon tou Namecoin ato OpenBazaar
ApokoTmouAog Mewpylog
Attacking DES with multilayer perceptrons
ApokomouvAog Mewpylog, MmapouTiddn Alkatepivn
Implementing graph centrality measures for Neo4;
MA&ANG Anuntplog, Kohapatiavog Fewpylog, NIKOAapaG AnunTteLog
JUVaLOBNUOTIKT atvdALaN EAANVIKWY tweets kau hashtags pe xprnon
AEEIKOU oUVALOBNUATWY
Kovumoupn ABavoacia, Apafoavtivou Xplotiva, Zipdkn BaotAwkr Opinion
12:00-14:00 = Mining on Movie Reviews
UGN Baaikn, Apapovtivou Xplotive, Kovumoupn ABavaaia Towards a
knowledge-based approach for gender text classification
ApoBavTivol Xplotiva, ZIakn Baohikr, Kovpumoupn ABoavaaia Associat-
ing named-entities with opinion expressing words
DakwTAKNG NIKOAAOG-ANUATELOC
JuveEPYaTIKOC EAEYX0C AWK TWV-PoUTOT yia ZUAANWN EloBoAéwv-
Poumort
MNomopyuplou Mapiva, MamouvAidng HAlag, Iwdavvou EudyyeAog,
KoupoUAng Moavayliwtng, Xapodauridou Mapla
Automations for the prevention of accidents in outdoor playgrounds
14:00-15:00 Mevpuo

SOHMMY++: Startups

sUY100g

121SN|D - 1W elj|elod) Lonionodo |
sdnyiels

Clio Muse
15:00-16:00 = Codebender
UrboTour
16:00-16:15 ALGAEUO KOPE
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‘Evopén -
ANEN

16:15-17:00

17:00-19:00

MNapaokeun 3 ATtpAlov

AiBouvoa
11

Juvedpla ZuoTnuatwy Evépyelag
OUIANTNC Xuvedplag
Mwpyog Mamaiwdvvou (AAMHE)

I10

O poAog Tou AvedptnTou AloxelploTh) MeTtawopdq HAeKTPpIKAC Evépyelag, AAMHE AE,
OTNV ayoP& NAEKTPLOHOU TNE XWPaC LTd To Tplopa Tou Market Facilitator. Mapovoa

KOTAOTOON KO TIPOOTITIKEC,

Tolpoudng lwdvvng, AAelpépng ZrtuplSwv

H Mnyn Apvntikwyv Iovtwy Yépoyodvou (H-) “TpounBeac 1"
Mapouaioon Kot XapaKTNELoUOC

TpOULAAGKN Alkatepivn, Aatovpng Kwvatavtivog

Comparison of different magnetic materials for locally manufactured axial
flux small wind turbine generators in off-grid applications

Kotolpag BaaiAelog

Evepyelakd SUVAUIKO TOU TIOAIPPOIKOU PEVLITOC Tou Euplmou

Zman MépBe, Ménmag Mewpylog

EAEYXOC KO LEAETN CUOTNUATWY Yelwong KTplwy Ttaveriotnuiov
MNotpwv

MkoSatdhg MaoxdAng, Mmouxoupdg AyyeAog, Kal ZyoUpaq
KoAALloBEvng

EUpean BEATIOTOU aplBUOY, BE0NC KO LOXVOG HOVASWY SIAVEUNEVNG
TIOPAYWYNC HE XPNON TEXVIKAC OUVOUC CWHATISIWV

Mévtdlapng Aynoidaog, Zyoupog KohAlaBévng

MeBodog emtiAuong porc POoPTIOU PE YPOUULKE) TTOAVTTAOKOTN T
XoAataakog OSLOTeaC

Design and real time control of a stellarator in development

KwTtidng AAeEavSpoc, Zikeplidng Xapdiaumog, ZabouAag NIkOAoog,
Xardnyewpylov Mewpylog, Xapohaumidou Mopia

DWTIOUOC EBIKWY CLVBNKWY,

VEALCN PWTOTEXVIKAC HEAETNC KOL UTOHATOTIOMNON EYKATATTACONG

1040y J21ybuaii4
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Dovaylé
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>aBBoto 4 Ampliiov

AiBouvoa
‘Evopén -

, I
ANén I 110 >

Dovaylé
MpookekAnuévog OUANTNAG
10:00-10:45 | MomoAegomovAog AAéENG (ECCO International)
Next Generation Energy Market Design Structures: Challenges and Potential Solutions
10:45-11:15 ALOAEUUO Kape
Juvedpla ZUYXPOVWY ZUOTNUATWY
OUIANTNC Xuvedplag
11:15-12:00 = Bduwog Admmag (University of Surrey)
AtGotnua & EAAGSa: Epsuva kot AvamTuén og AKadNUAKO TeptB&Aov
P&mTng Afpog
LCN - a prediction-based contention aware scheduler for multithreaded
applications
Nomaoiwdvvou MaySainvn
Anuovpyla x&ptn BABoug OKNVAG O LTIOAOYIOTIKA CUCTHUATA
TIaPGAANANG emeéepyaatog
MomoutodyAou Euayyeiia, Papudkng ApLOTOTEANG
Fractal Animations pue MapReduce
MAatuntddn Mapia
MVDR beamformer — Speech quality assessment in presence of back-
ground noise
MnAag NikdAaog
12:00-14:00 = ZVOTNUX ETILTAPNONG KO EAEYXOL NAEKTPOKIVNTOL OXMUATOC UE XPNON
NAEKTPOVIKOU SLX(POPLKOU
MmtoxaAng Xplotddouhog kot Patovpog OSuooeaq
Mpoadloplopdg Tng Bong Aolou evTdg SEEAUEVAC E TN XPNHON
oopwTh texvoroylog LIDAR
Povtoyidvvng Emauevwvsag
AVOKATOOKELH BEPUIKWY EIKOVWV VWNANG ovEALONC aTtd EKOVEC
XOUNANG otv&AUONC PE TEXVIKEC compressed sensing
Tolvykag HAlag, Anuomoudog Métpog
Serial communication over BLE - RS-232 cable replacement over Bluetooth
Low Energy
KaoAng Kupldakog
A photodiode sensing circuit for operation in harsh environments
14:00-15:00 Mevux
SOHMMY ++: EpguvnTikég OUAdeq
AiM (Applied Informatics in m-Health) - Epyoactnplou Blolatpikng
Texvoroylog (EM.IM)
UoP Racing Team (Maw. Motpwv)

bulw-welboid [euondund - 3331 - doysy IO

530011 23x1UAN30T SY1009g

15:00-16:30 | To 2Votnua Wnoelakwy Wneopoplwv Zeug (EBvikd AlkTuo Epeuvag Kat
TexvoAoylag)
Centre of Doctoral Training in Embedded Intelligence
Aristotle University Racing Team Electric (ARIST.U.R.T.LE) (A.N.0.)
16:30-16:45 ALOAEUUO KOpE
SOHMMY ++: preOHMMY
16:45-17:30  Mapouaicaon tou preXPHMMY
17:30-19:00 | Mopoucidaoelg opddwy prez PHMMY
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Evapén -
ANEN

10:00-10:45

10:45-11:15

11:15-12:00

12:00-14:00

14:00-15:00
15:00-15:40

15:40-17:00
17:00-17:15
17:15-18:15

18:15-19:00

Kuplakn 5 Amtpliiou

AiBouvoa
11

MpookekAnuévn OUARTPL
Kapwvapd AvspouAia (Eupwmtaikr ETitpomnn)
2015 European Year for Development, the importance of technology and
knowledge transfer and why is it relevant for Electrical and Computer Engi-
neers
Aloheupa Kape
Juvedplar AVOPWTIOKEVTPIKWY AESOUEVWV
OUIANTNC Xuvedplag
MoawvwAdkog HAlag (Mov. ABnvwv)

I5

Il
0 Dovaylé

YToAoyloTikeg MéBodot yior Ty utoaTnpLEn in silico BloAoylog ae peydin KApoKo

KokkivomouAog Kwvatavtivog
MEAETN TNC KATAYPAPNG LOVOPWVIKING LOUCIKNG OE TIEVTAYPAUUO UE
WYSIWYG Scorewriter xpnOOTOWWVTAC TTANKTPOAGYL0 Xwpig Numpad
Ninmo Euayyeiio ko Mmtopog lwaon e
Unsupervised analysis of EEG signals for the discovery of ictal patterns
Aucpavtidng Adumpoc, @goxapldng Xapng, XatdnkwvatavTtivou
Xpnatog
Avoyvwplon gUVOLGBNUATOC LE XPHON NAEKTPOEYKEPOAOY QDT UATOC
KOl OTOTIOTIKAG OVWTEPNG TAENC
KovTtaddakng Monydplog, XaoloUpag Anuritplog, Mpwipdkn Aéorova
Design of augmented reality 3D rehabilitation application using an inertial
measurement unit
Avépikog Xpnotog, Pagaidg MNewpylog
Real-time medical collaboration services over the Web
AL&KkNG Iwavvng
Gesture recognition for alphabet characters from fingertip motion trajec-
tory using LRB hidden Markov models
KaveAAdkng Xplotogopog, Kupitong MNnwpyog, Taountpouv Oupavia
AvamTuEn StETagng BLORNXAVIKAG OPAONG YL TTPOTSLOPIOHO BE0ng Ko
TIPOTOAVATOALTUOU KIVOUUEVWVY OV TIKEILEVWY KOl 081 yNon POUTIOTIKOU
Bpaxlova
Zhkou Anda, Moamoxprnotog XpnaTtog
Power-over-tether: A remote powering system for small unmanned aerial
vehicles
Fevpa
MpookekAnuévog OUANTNAG
TlopopéNog MNepaotpog
JUyxpovn ETixelpnuomikdtnTa kot Kovotopla
Ouniec Xopnywv
Aloeppa Kape
Julhtnon ZTpoyyuAng Tpameldng
Ofua: H emouevn pepa evog startup
BpoaBetar - TeAetrh AMENC

olpne pue JISNW XIwun 01 Ylew pue 4sq Buixiy
- uoneJedas 82Jn0S OIpPNY - SNUOSNIDY - AdOYSHIOAN
S19150d 01093ANY
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[KoAwooplopa]
XxpeTIopOC Twv Mpoedpwv tou Zuvedplov

Ek pepouc OAwv Twv peEAwV TG OpyavwTikAg ETitpomng kat e Emitpomng Mpoypauuatod oog
kohwaooplloupe pe 1aitepn xopd oto Moavermotuo Moatpwy Kot oTo 80 2uvedplo DoltnTwy
HAeKTPOAOYWY Mnxavikwy Kot Mnxavikwy YroAoylotwy. EATII{oupEe TO oLuveESPLO QUTO, TIOU EXEL
KoBlEpWBEL AoV WC EVOC ONUOVTIKOC BECUOC KOl ETITELYUX TNG KOWOTNTAC TWV (POITNTWY TWV
2X0AWV HAEKTPOAOYWY MNXavIKwV Kot MNXovIKwY YTIOAOYLOTWY TNG XWPOG MOG, VO OTIOTEAETEL HLX
XPNOLN euTELplar Ylor OAOUC TOUG CUHUETEXOVTEC, OTIWG EVLVE KOL UE TO TIPONYOUUEVO CUVESPLA, KO VO
ylvel evar Bripa yovIHou TipoBANUATIONOU Kot SIOAOYOU OXETIKA HUE TLG TEXVOAOYIKEG KOl KOWWVIKEC
TIPOKANTELC TOU KALPOU HOC.

To 2OHMMY 8 yivetal og pla Kplown yla TN XWpo JaG oLYKUPIX KaTe TNV oTtolor N VA TUELaKT) TNG
Topela Bploketat og kKivouvo Kot N KavoToplor Kat SNUoVPYIKOTNTA elval (NTOUMEVEG TIAPAUETOOL TTOU
o SlaopPWOOLY JLa BETIKT TTPOOTITIKN Yo TOV TOT0. O pOAOC TWV VEWV UNXOVIKWY OE QUTH TNV
TipoomaPelax elvat kplowog. Ot HAektpoAoyol Mnxavikol kot Mnyowvikol YToAoyloTtwy oTig SUOKOAEC
QUTEC OLVONKEC KOAOUVTAL VO SWOOLV KXIVOTOHEC, OOPOAEIC KOL QTIOTEAECUATIKEC AVCELG OE TTOAAK
oLVOeTA TIPORANUATA ACUBAVOVTOC UTIOWN TIC QVAYKEC TWV TIOATWY Kol CLPRXAAOVTOC OTNV
QVAMTUEN TNG XWPAC. Ol TIEPLOXEC TIPORANUATWY OTIC OTIOIEC £XOLV TN SUVATOTNTA VA TIAPEUROLV
KOAUTITOUV EVOL €UPV  (PACUQ, TIOU TepAaBavel TN Slaxelplan TAnpo@oplag Katl yvwaong TIG
TNAETUKOWWVIEC, TNV TIOPOAYWYN EVEPYELNC HE YVWHOVA TNV TIPOOTACIX TOU TEPBAAAOVTOC, TOUC
OV TOUATIOUOUG KOL TNV TIOXPAY WY €V YEVEL.

To 2uvedplo PortNTwV HAEKTPOAOYWY MNXovIKWY Kot Mnxovikwy YTIOAOYLOTWY PAOEEVEITAL (PETOC
0TO JuVveSPLOKO Kat MoATIOTIKO Kevtpo Ttou Maverotnuiov Matpwy LTO TNV ayida TWV TUNUATWV
HAekTpoAOYywv Mnxavikwy & Texvoloylag YTOAOYIOTWY Kot MnyaviKwy HAEKTPOVIKWVY YTIOAOYIOTWY
& MANPOPOPIKAC KAl e TNV apwyn Tne Mputavelag Tou Mavemiotnuiou Matpwyv. H payuotomoinon
Tou Sev Ba NTav duvaTh XWPIG TIC EVYEVIKEC XOPNYIEC ETAIPEIWV KOL (POPEWY TOUC OTOloUC KAl
EUXOPLOTOUNE BepUaL.

Oa BEAQUE VO ELXAPLOTAOOUKE LOLLTEPO OAEC TIC POLTATPLEC KL TOVC (POLTNTEC TNG OpyavVWTIKNG
Ertitpomng Tou 2OHMMY 8 ylot TNV TEPAOTIO TTPOOTIABEL TIOU KATEROAQY WATE TO CUVESPLO OUTO VXX
TIPAYUOTOTIOINGEL PE TIG KOAUTEPEC SUVOTEC TIPOSIOYPAPEC O SUOKOAOULCG Kapouc. OAeg ot
SpaOTNELOTNTEG TOU TPINUEPOUL TOU 2UVESPIOU elval AOTEAETUN TNC OKANPAG SOUAELRC TOUC OAAG KAl
™C 0peénc Kot pavtaclog Toug. TeAog Ba BEAQUE VAl ELXAPLOTAOOUUE TA PEAN TNG ETILOTNUOVIKNAC
Ertitpomng Tou 2uvedplou, cUVASEAPOLC OO OAEQ TIC OXOAEC UE TO QVTIKEIUEVO QUTO OTN XWPO HAC,
TOUC (POLTNTEC KAl ETILOTAUOVEC TIOU TIAPOVOLALOVV TIC £PYACIEC TOUC KOl IOIX{TEPO TOUC KPLTEC TWV
EPYQCLWV TIOU HE TO OXOALX TOUC GUVEROAQV ATTOPACLOTIKX TNV TIOLOTNTA TOU TEAIKOU TIPOYPAUUATOC,

Ot mpoedpol tov ZPHMMY 8,

Nikog ®akwtdkng kat Nikog ABoVpng
Kabnynteg tumuatog HAektpoAdywv Mnyavikwv & TexvoAoyiag YmoAoylotwyv
[Mavemomuio Matpwv

lwdavvng F'apo@araxng kat Kwotag Mmepumepidng

Kabnyntég tumpatog Mnxavikwv H/Y & ITAnpo@opikng
[Mavemomuio Matpwv
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XapeTIopog OpyavwTIKNG ETiitpomnc

To peYOAUTEPO CLVESPLO HAEKTPOAOYWY MNXaVIKWY & MnYaviKwy YTIOAOYLOTWY ETIOTPEPEL OTNV
MNatpa. MeTa TV emituxnuevn Ste€aywyr touv 2OHMMY 4 gtnv TIOAN oG, eATHICOVHE KOl (PETOC VO
(POVOULE QVTAELOL TNC EPTILOTOCUVNG TOL KOvoL Tou 2OHMMY, e Tnv dydon eThoax Stopyavwan.

To 2OHMMY, e TOV ETUOTNPOVIKO KOL ETIXELPNUATIKO TOU XAPAK TN, ETUSIWKEL VO TIPOBGAAEL TO £pYO
TWV  @OLTNTWY OTOUC OUVASEAPOUC TOUC, EVW TOUTOXPOVX EVEATIIOTEl VO OUUBGAAEL oTnv
ETIOYYEAUOTIKA TOUC QTTOKATAOTAON KO VO TOUG (PEPEL OE ETIKOWVWVIN E HEPIKEC OTTO TIC HEYOAVTEPEQ
etTalpleq Tov xwpou Tou HAekTpoAOyou Mnxavikol. QC OpYaVWTIKN ETUTPOTIH, XTIOOKOTIOVUE OTN
Ste€aywyr evog ouvedplou LPNAWY TIPOSIAYPAPWY TIOL Ba TAXCIWOEL e BEATIOTO TPOTO TIQ
TeAeuTaleg e€eAi€elc oTov TopEa TOu HAEKTPOAOYOU MNnxavIKoU.

EATtiCoupE OTL TO PETIVO TLVESPLO Bat ATIOTEAETEL VL0 OKOUX ULX (POPA YOVIHO £5APOC VIO OV TOAAQYN
LOEWV KL ATTOWPEWY SNULOVPYWVTAC APOPHEC VIO TTPOBANUATIOUO. 2TO TIAXICLO aUTO TIPOCTIBOVLE e
Opeén kot Ko dtéBeon va avapobuioovpe To Beoud Touv 2OPHMMY aéloTolwvTac TN SUVOULKE TOU.
ElodyovTag vea SeSopeva OTIWE SLAYWVIOUOUC KOL VEEC BEUOTIKEG SOUEC ATIOOKOTIOVLE TNV evioxuon
TOL SLAOPACTIKOU TIPOMIA TOL cuveSplou. PEPVOVTAC T8 ETTAPN EVO UEYXAO apLBUO (POLTNTWV OTIO OAN
™V EANGOQ EVEATILOTOUME VA SNUIOVPYOVHE VX GKPWC OCUVEPYQTIKO KOl TIAPAYWYIKO KA
TIPOGYOVTOC TNV ETIKOWWVIO KO TNV ovTOAAGYT YVWOEWY KAl VTIANWPEWY TE TIPOOWTIKO OAA& KOt
OUAAOYLKO eTtimiedo.

Me cuvadeA koG XALPETIONOVG,
Opyavwtikn Emitporm ZOHMMY 8
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[XuvTteAeotec SPHMMY 8]

OpyovwTikn Emiitpornn)

Advisors
Froutooc Kwvotavtivog
MavoylwTou AVTwvng

Team Leader
Audadkng Nwpyoc

Public Relations Team
ZohokwaoTtag MNwpyog

Znkou Anda

KovToytavvng Avtwvng
MawptkoTtouAou BiKTwpla
MuyLakn PoAov
MNomadnuntpomouAou Baoela
Pouoetn MaydoAnvn

Activities Team

AAe&lou Mepdiolpog
AnunTeakAaKkng MovoANng
Zopo@eTa HAEK TP
Zapapeta Kwvotavtiva
Kopumdkng Muwpyog
Meta&dc KwvatavTivog
MTmakountpoc MoAuxpovng
Jopavtn Natohia

JKAlac Kuplakog
JTopote ou EAeva
JTopoVANGg Kwvotavtivog
XpnoTtakng Xplotomopoq

Curation Team

Biké&roc MavteAng
FapdeAng Kwvotavtivog
Moaykovon Kuplokn
FwyouvAou Euayyeiia
ApakoTovAoc MNwpyoq
KavaBog Avdpeag

SOHMMY 8 |10

Katoapdg Avtwvng
MTToIAE AvooTaoio
NTtavng AdaudvTioc
Momovdpéou AvEpeac
Matepakn Avtwvia
Tooiko Qupavia

Fund Raising Team
MovvottovAou Twdvva
AsAtouloc KwvoTtavTivog
Kapadnunten Katepiva
Katoaltng Alapavtnig
Kepaude Oavaaonc
Kwtoapag MNwpyog
JOATOC OWUAG
JopoueTioN AvTwvia
JTEPOVOTIOUAOC XpNOTOC
Towvn Zopla

Information Technology Team
Auo&N&TNC AnuARTpLoc
FewpyakaKog MNwpyoq
Aghnylovvng Mapaokeuag
Aovpatooc Iwavvng
KuptokoU AvSpovikog
MuxoAOTIoLAOC IMavoylwTng
Ntevelog Mavoytwtng
MomouAlx Avva

MpeRelavoc lwavvnc
JelueVNC 2mHpog

JoBeAng Moavaylwtne- Piképvto
JTayakng Nikog
JTaBomovAou Euayyeiia
Tapvopdc MNwpyoq
TlaveTou Iwavvo
dovoTepnc lMeTpocg

Wiokng PaganA




Totikeg OpyavwTIKESG ETiITpOTIEC

ABnva

YTportiyng Xapng

Toupvn MeAiva

ToeopeAn Katepiva

FoAovaKkng 2TéenC

PepTdkng Kwvotavtivoc
Koldvn

Bohog

JakeAapiou Nikog

Eriotnuovikn Emitponn

ABoupnc NikoAaoc (M.Matpwv)
Ale€avdpidne Avtwvioc (M.Matpwv)
AVTWVAKOTIOUAOC @eddwpod (M.Motpuwv)
BaBoAng EppovounA (M.Osocoahiog)
BapBaplyog EppavounA (M.Motpwv)
Baoelov Twdvvng (E.M.IT)

BAGxoc Kuptakog (M.Matpwv)

BoRoc NikoAaoc (M. Matpwv)
FoAAOTIOLAOC EuoTpdTiog (M.MNatpwv)
Fopoporaxng Iwavvnc (M.MNoatpwv)
Mowvvakomovioc FaBpinA (M.MNatpwv)
Asvadng Zrupidwy (M.Motpwv)
Aeppatac Euayyehoc (M.Matpwv)
Zoxoplag Owuag (M.Matpwv)
OpautovAidng KhedvOng (M.Motpwv)
Iwavvidou Mapla-Mapackeur (E.M.IT)
KaBarAiepatou Epyiva (M.Atyaiov)
KohuBag Monyoptocg (M.Matpwv)
Kopvnvocg Avépeac (M.Matpwv)
Koupumiég Ztopoc (M. Motpuwv)
KouvaBng Movaytwtng (M.MNoatpwv)
Kteva Appoditn (TELXtepedg EANGSAQ)
Kuptakov Mewpyloc (A.M.0)
KwtoomouAocg Ztavpoc (MN.MNatpwv)
AoyoBetng MixanA (M.Matpwv)
AvkoBavaaonc Zmupoc (M. Matpwv)
AvprepomouAog Anuntploc (M.Matpwv)
Makpnc Xpnotog (M.Matpwv )
Maveong Ztauatioc (M.Matpwv)

©eogoiovikn
Euaryyehomtouhoc Muwpyoq

Toapapidouv Xapttivn
Fewpyladng AXIANAEQC
Mommag AvSplavoc

JTepavidng MNnwpyog
Bouyag Alayopag

=avon

Md&AALoL XploTtiva
MTiouAokwaoTa EAévn
Kov&uUAn TaArnvn

Xavi&

AXOKOAGKNC 2TTVUPOG
Mopoaykou 2oplia
Koopolpnc MNéwvvng
TomtdAng Oavaanc

Meyohooikovopou BaoiAetoc (M.Matpwv)
MoupTtlomouAoc lwavvng (M.MNatpwv)
MouvaoTtok{dng Newpylog (M.Matpwv)
Mmakiptdnc Avaotdaaotlocg (A.11.0)
Mmtepumepidne Kwv/voc (M.Matpwv)
MTmtipumtag AAe€oc (M.Matpwv)
Mmovpac Xprhotog (M.Matpwv)

Nikou Xplotopopoc (M. lwavvivwy)
“avBaknc lwavvnc-Mapaokevac (E.M.M)
MoAtovpdc BaalAeloc (M.Matpwv)
Mepdloc Evotdbiog (M.Motpuwv)
Zaopylavvn Avootaoto (A.M.0)
Yepmiavoc Anuntptocg (M.Matpwv)
2KkO5p0g ABavaotog (M.Motpuwv)
JTouvpaitng ABavaatoc (M.Matpwv)
JupakoLANG Mewpylog (A.N.0)
Twppoc Kwv/voc (M. Motpuwv)
Tatakng EppavounA (M.Moatpwv)

Tlec Avtwvioc (M.Matpwv)

TomaAng @paykiokog (E-M.I)
dokwtakng Nikoraoc (M.Matpwv)
Xapdac XplotdodouAocg (AT1.0)
Xatdnapyvptov Nikodaog (E.M.IM)

Xotdnyewpylou Apteuig Newpyla (M.Oscooilog)

XatdnAeovtiadng Asovtioc (A.MN.0)
XatdnAuyepoudng lwavvng (M.Matpwv)
Xovoog EuBuutoc (M.Matpwv)
Wapakng EupavounA (M.Moatpwv)
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[MpookekAnuevol OUIANTEC]

Mapaykog Metpocg: 2uyxpoveg Taoelg kot Mpoomtikeg otnv Eme€epyaoia
Znuatwv Kat MAnpooplag

MepAnyn Ophiag

TNV oMo outr) Ba cuvoiooLPE PEPIKEC KUPLEC IOEEC O TPELG QUVOUIKK €EEMOOOUEVEC
TlEplox e ene€epyaaiag onUATWY Kat TIAnpo@opiac: 1) Mn-ypouuK& CUCTAPOTA VIO YEWUETPLKN
ene€epyaaia ElKOVWY Kot 0AYERPLKT evoTToinan SUVOUIKWY CUCTNUATWY OE XWPEOUC TIAEYUATWY,
2) MoAV-cuoBnTnplakn emegepyacio Kal avoyvwplon ewvng, 3) OTITIKO-OKOVOTIKN eTteéepyacia
KO OUMPELEN TTIOAUTPOTIKAC TTANpooplaC. Eppaon Ba S0Bel oe TTPOBANUATO KO EQAPUOYEC TNC
OpaCNG  UTIOAOYIOTWY, XWPO-XPOVIKNG  eme€epyaaiag  TANPo@oplag, Kol TIOAVUEDIKAG
ETUKOWVWVIAG 0tvBPWTIOU-UTIOAOYLOT).

JVvtouo Bloypawpikd

EAaBe To AlmAwpo HAekTpoAdyou Mnxawvikou to 1980 amod to
EMIT kot to M.Sc.EEE. kot Ph.D. amé to Georgia Tech, HIMA, to
1982 kou 1985. To 1985 efeAéyn KabnynTtng oto Tunua
Epopuoopévwy  Emiotnuwy  Tou  Mav/piou Harvard  otnv
Bootwvn Twv HIMA, omou ebidage eml okTw £Tn Kat Sleénye
€pELVA 0TO AETILOTNHOVIKO EpyaoTthplo PoumoTikng tTou Har-
vard. AlETEAEOE  €TUOTNUOVIKOG  OUUPBOVAOC  Of  QPKETEG
BLOUNXOVIKEG EPEVVNTIKEC OUAOEC OTILWIC TNG Xerox ae avaAvon
ElKOVOC. Ao To 1993 epydiabnke w¢ KoBnyntg otnv XxoAn
HM&MY Tou MoAutexvelou Georgia Tech, HIMA. Tac€tn 1996-97
ATav otnv ABAvar e akadnuoikn adslx W AlevBuvTng
Epeuvwy ato IvoTitouTo Eme€epyaaiag Tou Adyou. To 1998 e€eAéyn KabBnynTg oTnV XxoAn HM&MY
Tou EMI, Omou epydleTal €KTOTE €XOVTOC OOTEAEOEL Ko AleubuvTtig Tou MPoypPaUATOC
MeTamTUXIOKWY ZTIoLSWY KaBW( Kat AlevBuvTrg Tou Epyaatnpiou Popmotikng amd to 2008. To
SIBAKTIKO KOl EPELVNTIKO TOL €pyo €0TIGCEL OTNV emegepyaoia anudTwy, Bewpla cuoTNUATWY,
QVaYVWPLON TIPOTUTIWY KL TIG EPOPUOYEG TOUC OF ETIEEEPYOOIO EIKOVWV KO OPXON UTIOAOYIOTWY,
ETEEEPYOTIO KO OVOYVWPLON (PUIVAG, YWWOLOKX CUOTAPOTO, KO POUTIOTIKA. Exel SloTeAéoel Associate
Editor o emloTNUOVIKA TIEPLOSIKA TEEE Kot GAAWV ETHLOTNHOVIKWIY EVWTEWY, EAOC SLEBVWV TEXVIKWIV
ETUTPOTIWY, TTPOESPOC SIEBVWV TLVESPIWY, ETILATNUOVIKOG UTIEVBUVOG EPEVLVNTIKWY TIPOYPUUUATUWY
og HIMA kot EupwTn, Kot peAog Tou EBvikol JupBouiiou Epsuvag & Texvoroviag. Exel AdBel SieBvelg
TIUNTIKEG Slokploelg OTIwG: To 1987 National Science Foundation Presidential Young Investigator Award
Twv HIMA, Téooepa BpaBeio kariTepwy GpBpwv amod IEEE Signal Processing Society, Computer Vision
ko Pattern Recognition Society, to 1995 IEEE Baker Award yix TO TO SIGKEKPIUEVO GpBPO
TIPWTOTUTING £PEVVOC O OAEC TIC SNUOCLEVOELC Tou IEEE, avakrpuén tou oe IEEE Fellow to 1996, TO
EURASIP 2007 Technical Achievements Award, kat avakrpuén tou o EURASIP Fellow to 2010 yix TI¢
OUVOAIKEG EPEVVNTIKEC TOU OLUVEIT(POPEC,.
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Momoiwavvou Tewpylog: O poAog Tou AvelaptnTou  AXXEPLOTN
Metapopag HAektpikng Evepyelag, AAMHE AE, otnv ayop& NAEKTPLOUOU
NG XWPEOC LTIO TO Tplopa Tou Market Facilitator. Mapovoa katdoTaan Kal
TIODOOTITIKEC.

MepAnwn Opiog

JTnv mapoucioon Ba S0Bel pior oUvToUn OAAK OPWC TIEPLEKTIKA TIEQLYPOPN TWV KUPLWV
SPAOTNPLOTATWY - AEITOLPYLWV TOL OPYAVICHOU KOL TIWC AUTOC EVIXOTETAL OTO UTIAPXOV OAAX
KOl HEANOVTIKO TAadolo TNC EAANVIKAG ayopdi NAEKTPLOROL. Oar TapouvclaoBouy  To
Opyavoypoupa TOU LE TIC KUPLEC SpaaTNPLOTNTEC TNG KB AtevBuvang, OIKOVOULIKA OTolxelo
(TTOAQULWV X PACEWV), ETEVOUTIKA TIPOYPAUUOTS, PUBUIOTIKA {NTAPOTO KAL OXETELG [E TOU GAAOUG
TIUKTEG TNC ayopdC KATL [Sadtepn eugaon Ba S0Betl oto kplowwo Polo tou AAMHE AE wg o
"Opyaviopoc — AleukoAuvTic” Tng Ayopac (Market Facilitator), ofuepa, kot 1Sladtepa 0TO EUUETO
LEANOV, AQBAVOVTOC UTIOWN TO YeyovOC OTL N Xwpa pag Bat KANBel cuvToua va yivel HEAOC TOU
veou Eupwtaikow Movtedou Evépyelag (Target Model). Edikn pvela Ba yivel , emiong, oTig
Spaotnplotntec TNC Neag AlevBuvong tou AAMHE |, tng AtevBuvong Epsuvag Texvoloylag Kat
Avamtuénc AETA, Tou pOAOL TNG KOl TWV TPOOTITIKWY ouvepyaoiag tng Etaupelog e
EpsuvnTikoug Popelg Kat MavemoTpor o€ BEpTal TTOL AITOVTAL TOV 2UOTAPATOC METAPOPAC
HE. H AETA evtaooetal 0to eupuUTePO TALCLO evioxvong Tng E&T otic Etaupeieq - Alaxelploteg
JUOTNUATWY METAPOPAC, N AVAYKALOTNTA TNG oTtolag exel eTiionpavBel amd Tov Opyaviopo Eu-
ropean Network of transmission System Operators, ENTSO-e.

2UVTOoUO Bloypapikd

O Tewpylog M. Momaiwdvvou yevvnBnke otic Qegomiég Bowwtiog To 1955.
Jroudaoe Mnxavoloyiar EVEPYEIOKNC KaTeLBLvVONG oTo Stevens Institute of
Technology, N.J., USA (Bachelor and Master of Engineering) ko avayopgevbnke
ASAKTWP (e AploTta) oto MaveriotAuio MNatpwy To 1996. To oV TIKEIUEVO TNC
SloTpne Tou eivat n Avahuaon, Movtehomoinan, MpoBAewn kot EAsyxoc Tng
OLUTIEPLPOPACG TWV Mn-TPOUUIKWY, AUVVOUIKWY JUOTNUATWY. ITIOLENOE
emtionc Owovoulkd Tng Epyaotag kat Aloiknon AvBpwTiivou AuvVapikoU aTo
London School of Economics (LSE), UK., Awlknon Emixelprioewy oto Henley
Business School, UK. kot Téhog e€elSIKeLTNKE 0TN XTpaTtnyIKN Movtehomoinon
oto London Business School, UK. (Executive Education in Strategic Modeling). EEe1&1keUTnKe €TTlONC, UETKK
amé competency paths oe Energy Trading & Risk Management, Tou opyaviopoU Energy Management
Institute Twv HIA.

EXEL GUVOAIKN gpyaaloKn euTelpla TtepiTiou TpavTa (30) xpdvwy, epydobnke otn Bethlehem Steel Co.
S.A., Hoboken Shipyards N.J., USA, otnv HAekTpikr) — Mnxawvikn EME, atnv Asprofos Engineering S.A. wg
OepUIKOG MnxowikOG atnv  avaBaBuon twy AwAlotnplwy AoTpomupyou, oto Tunua Néwv
Kotaokevwy Twv EAANvikwy Noutinyelwy AE. ko amd to 1987 péxpt kot téhoc 2011 otn AEH ALE.
Ao To PeBpouvdplo Tou 2012 epydleTal aTov AVEEXPTNTO ALXXELPLOT METOPOPAC HAEKTPIKNG
Evépyelac AAMHE A E., ge Béaelg euBuvng OTtwg AlEUBLVTAC ZTPATNYIKAC KAl PUBLILOTIKWY Ogudtwy,
AlevBuvtne AvBpwTtiivou AuvoulkoU Kot YTooTAplENg Kot onuepa A/NVTAC AlEBuvong Epsuvag
Texvorovylag Kat Avamtuéng, AETA. Ta TipOoQATO EPEVVNTIKA TOU eVSIUPEPOVTA €0TIGLOVTAL OTNV
av&ALon Kol povTeAotolinon Twy HAEKTpKwY Ayopwyv Kal &lwc 0To POAO TOU JUCTAUOTOG
METQPOPAG OTIC OUYXPOVEC OPXITEKTOVIKEC TwV Ayopwv HE, otnv aAAnAoemidpoor Toug Pe TO
LK POOLKOVOULKO TtEPIBAANOY, TNV oAAnAeTtidpaan Twv financial kaw Energy Markets, Tnv avéaiuon Kait
Slaxeiplan kivduvou oTig Evepyelakeg Ayopéc.
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MomoAegomouvAog ANEENG: Next Generation Energy Market Design Structures:
Challenges and Potential Solutions

MepiAnyn Ophiog

Over the last fifteen years energy structures around the world have transitioned from vertically
integrated utility based structures to competitive energy environments organized by competitive
markets for generation, transmission facilities operated on an open-access common-carrier basis,
and retail competition among power marketers that rely on regulated utility distribution compa-
nies for delivery. The accumulated experience from designing and operating such markets has
provided substantial insights on the market models that yield market efficiencies and value to the
consumers and the society as a whole.

In this presentation I address mainly the organization of the wholesale markets for energy and
transmission and the lessons learned from designing and implementing organized energy mar-
kets. Further, I focus on the challenges of the next generation of energy market design structures.
The new challenges we face today take into account problems related to sustainable develop-
ment, security of supply, climate change, renewable generation and demand response. The emer-
gence of smart grid technologies in the context of the wholesale energy market will also be dis-
cussed. The examination of these issues will benefit from the history of restructuring in many
jurisdictions including several states in the U.S, Canada and Europe.

20VTOUO Bloypapikd

Dr. Alex Papalexopoulos (M'80-SM'85—F'01), a national and international energy
expert, is president, CEO and founder of ECCO International, a specialized energy
consulting and software company, which provides consulting and software services
and expert advice worldwide to a wide range of clients such as Governments, Utili-
ties, Independent System Operators and Regional Transmission Operators, Power
Exchanges, Regulators, Marketers, Brokers and Software vendors. These services
range from strategic planning, particularly industry restructuring and the introduc-
tion of competition into traditional utility markets, wholesale and retail electricity
market design, competitive bidding, market trading, public policy analysis, auditing utility practices, energy
market simulation studies, optimization and computation techniques, renewable energy resource model-
ing and analysis, demand response and energy conservation, power system analysis studies, system op-
erations and planning, generation and transmission projects, Energy Management Systems (EMS) and
software system issues. Dr. Alex Papalexopoulos has designed some of the most complex energy markets
in the world including North and South America, Western and Eastern Europe and Asia. Dr. Papalexopoulos
has an extensive background in optimization and computational techniques, power systems analysis, EMS,
system operations and planning and energy market design. He has made substantial contributions in the
areas of network grid optimization and pricing, energy market design, forward and real-time markets,
competitive bidding, and implementation of EMS applications and real time control functions and fore-
casting. Dr. Alex Papalexopoulos received the Electrical and Mechanical Engineering Diploma from the
National Technical University of Athens, Greece and the M.S. and Ph.D. degrees in Electrical Engineering
from the Georgia Institute of Technology, Atlanta, Georgia. He has published numerous papers in refereed
scientific journals and conferences and has given invited presentations in leading institutions in the U.S.
and other countries including Mexico, Canada, Switzerland, England, Baltic States, Greece, Cyprus, Spain,
Austria, Poland, Japan, South Korea and Argentina. He has organized and trained various organizations in
the area of energy market design and chaired numerous panels and special sessions in IEEE. He is the 1992
recipient of PG&E's Wall of Fame Award, and the 1996 recipient of IEEE’s PES First Prize Paper Award. He
is a Fellow of IEEE for his contributions to Optimal Power Flow and related technologies in electric power
systems.
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Aammac Bawog: Aidotnua & EAANGS: Epsuva ko AvamTuén oe AKoSNUOIKO
MNeplBOANOV

MepiAnyn Ophiog

Tnv Ttedevtalar SekaeTia exel onuelwBel onUAVTIKA TEO0S0C, OTOUC TOWEIC TNG MIKPO-
NAEKTPOVIKAG Kol OTnV TeEXxvoAoyia Tou Staothuatog mou Baoiletan o nAektpovika COTS
(commercial off the shelf). H avamtuén TN HIKPO-NAEKTPOVIKNG KOl TWV UIKPO-ETTEEEPYATTWY,
EXEL OULVTEALCEL OTNV Onuoupyla plog emavaoTaong OTov Xwpeo TG Texvoloylog Tou
AlOTAPATOC, SNUIOLPYWVTOC TIPWTOYVOPEC KOl KOWVOTOUEG EPOPUOYEC (TNAETIOpOTAPENON,
TIPOANYN KL TIXPOKOAOUBNON OLKOAOYIKWY KATACTPOPWY, VOXVOLTTAOIY, TNAETIKOWWVIES) OTO
AlGOTNUOL PE QETEC BETIKEC OUVETIEIEC OTNV KOBNUEPWVA poag Cwr). 2TNV Ttapovoa optAta, Ba
TIXPOUCLOOTOVV TIAPASEYUATO ALQOTNUIKWY XTIOOTOAWY Kol TEXVOAOYIOC TOU AlCTAPATOC
TIOU £X0UV aVamTUXOel o aKadSNUAIKO TEPBAAAOY, OTIWC KO TIPOTACELG YL EPEVLVE, OVATITUEN
Kol dnuoupyla Beoswv epyaoiag oTov Xwpo TNC ACTNUIKAG OtV EAAGSa a8 akadNUAIKO
TEPBOANOY, LE TPOTIO PEOALOTIKO, BpaxutpoBeopo kot BootlOPeVO TNV KavoToplo, e
duvatotnTeC Eupwmaikng xpnuatodotnong.

JUvtouo Bloypawpikd

O Baiog elvan amogottoc Mny. Aepovautinyoc (B. Eng) Tou Ryerson University
(Toronto, Canada) kot Mny. Alxatnuikng (MSc) Tou International Space Univer-
sity (Strasbourg, France). MNpe To AIGAKTOPIKO TOU artd TO MNAVETILOTAMIO TOU
Surrey (UK) to 2002. Exel Stateréael Postdoctoral Research Fellow, Lecturer,
Senior Lecturer, Reader kot Professor in Space Vehicle Control oto
MoveToTAMIO Tou Surrey, OTIOUL OULUUETE(XE wC Principal Investigator oe
EPEVLVNTIKA TIPOYPUUUOTO KOL SIAOTNUIKES OTTOOTOAEC UE XPNUATOSOTNON
Twv Airbus Defence and Space, European Space Agency,NASA, European Com-
mission (FP7). MeTéxel o€ TexVIKEC eTiTpoTieC (Small Satellites, GNC, Deployable
Structures) tou American Institute of Aeronautics and Astronautics, sivait Asso-
ciate Editor Tou Journal of Guidance,Dynamics and Control kot UeTEXEL OTNV eTITPOTN Space Advisory
Group (SAG) Tng FupwTaikAC ETTPOTIAC Yo BELOTO EPELVAC KO aVATITUENG amd To 2011, Ao TO
Iavoudplo tou 2015 BplokeTal atnv EANGSa, OTtou cuvepy&leTal pe TNV EAANVIKA Blopnxovior ko
EAMNVIKG EpeuvnTIK& IVOTITOUTO 0TNV €PELVA KOL QVATTTUEN CLUOTNUATWY Kol TEXVOAOylag Tou
AlOTAPOTOC,
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Koauwvopa AvopouMa: 2015 European Year for Development, the importance
of technology and knowledge transfer and why is it relevant for Electrical and
Computer Engineers

MepiAnn Opiag
2015 is a very important year from the international agenda point of view. It is the year during which
the Millennium Development Goals, which focused on addressing poverty in developing countries
and which were adopted by the UN in 2000, should have been achieved. This year, the 'Post-2015'
goals for all countries — both developed and developing — are being negotiated at the UN and will
hopefully be adopted in September. These negotiations therefore concern everyone. These major
global developments are why the European Union has dedicated 2015 to be the European Year for
Development.
The presentation will aim to explain:
* What are these important global developments, what is being debated and what can be expected
as an outcome?
* Why European citizens, and particularly the younger generation should be interested and in-
volved?
* Why is technology and knowledge transfer important?
*  Why specifically Electrical and Computer engineers have an important role to play?

JVvtouo Bloypawpikd

Androulla Kaminara is Principal Adviser 'Outreach in Development' in the Direc-
torate General for Development and Cooperation — EuropeAid - of the European
Commission. Androulla was the European Union Fellow at the European Studies
Centre of St. Antony's College, Oxford University for 2012-13 and the EU Academic
Visitor for 2013-2014 at the same center. She is currently a Senior Common Room
member of St Antony's as well as being Senior Research Associate — Non Resident
at EUCERS. From 2008 to 2012, she was the Head of the European Commission
Representation in Cyprus. Representations are the eyes, ears and voice of the Eu-
ropean Commission in the Member States. From 2006 to 2008, Androulla was the
Director for Quality of Operations in EuropeAid. The directorate provided thematic
expertise and quality oversight to all EC delegations in third countries, where de-
velopment cooperation projects were being implemented. She has also been Head of Unit for the coordi-
nation of development co-operation projects and programs of the EC in 44 West & Central African and
Caribbean countries as well as having served as a member of cabinet in the offices of two European Com-
mission Commissioners. She started working for the European Commission in 1991. Before joining the
Commission she was special adviser to two cabinet Ministers in Greece and Managing Director of a private
consultancy firm. She holds a B.Sc (Hons.) in Geology and Physics (King's College, Univ. of London), a MSc
in Management Science (Imperial College, Univ. of London) as well as Maitrise in International Politics
(Université libre de Bruxelles — Brussels). Androulla has presented papers and published work on the geo-
politics of energy, energy security, climate change policies, EU energy policies, the East Mediterranean
region, and on development cooperation.
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MavwAokog HAlag: YroAoylotiké MeBodol yia tnv vrootpén in silico
BloAoylag o€ peyoAn KAILOKO

MepiAnyn Outhiog

O avBpwTIVOg 0PYAVIOHOC EIVAL ULl TTOIK IO TPLOEKATOUUUPIWY KUTTAPWV-UKPWY BLOX MKWV
LUNXOVWY, PE TN SIKA TOUC QUTOVOUN AELTOUPYIO TTIOU ETUKOWVWVOUV PETOED TOUG OAAX KO HE
TOUC SEKATMAACIOUC TOUAXXIOTOV HIKPOOPYOVICUOUE TIOU TA TEPIBGAAOLY. H katawonon e
SLVOULIKNC CLUTIEPLPOPAC TOV KUTTAPOU, OAAG KOl TWV BLOAOYIKWY uTtEpSOUWY Ttou xTilovTtal
LE Baon ouTO, QMOTEAEl TO QVTIKEIUEVO HEAETNG TOU TOXUTOTO OVASOUOUEVOU TOMHEX TNG
ouOoTNUIKNG  BloAoylog (systems biology), omou cuvavTiovTal SnNUIOVPYIKE N Bloloyia, T
LOONPOTIKA KoL N TIANPOPOPLKA. 2TNV OMAlal Hou Bar TTAPOUCLAOW TA QMOTEAECUOT SVO
EPELVNTIKWY EPYWV TNG OMAdAC MOC O aUTO TO SIETOTNUOVIKO Tedlo. XTO TPWTO
VAT TUOCOVLE TIOXPAAANAOLC 0AYOPIBUOUG KOl QPXITEKTOVIKEG YLt TNV ATTOSOTIK OTOXAOTIKN
mpooopolwan  BOAOYIKWY  SIKTUWV — HEYOANG  KAHOKOC, — HE  XIAMGKOEC  BLOUOPLOKEC
OAANAETILOPAOELC, OTIWC OMMAUTETAL YIX TN KOTOVONON TNC OTOXOOTIKNG KOl SUVOUIKAG
OULUTIEPLPOPAC CLUOTNUATWY BLOAOYIKWVY HoVOoTIaTIWY (pathways analysis), pe okoto tov in-silico
OXESLAOUO (PUPUAKEUTIKWY TIOPEUBXTEWV. 2TO SEVUTEPO £PYO AVATITUOTOUE TEXVIKEC VAAUONG
ELKOVOOELPWV HIKpookoTiag (time lapse microscopy "cell movies") yla tTnv akpBr) KataTunon
(segmentation) oAA&G kot TNV LxvnAatnon (tracking) PBokTnplwy, TOU POAC ETUTPETIOLV VX
TIOXPOKOAOUBOULE Kol VO XapakTNEICOVHE TOUC PAVOTUTIOUC TIOU TIPOKUTITOLV KaBwC Ta
KOTTOPO SIPOVVTAL KOL Ol OTTOIKIEC EVWVOVTAL KAl EEXTAWVOVTAL SNUIOUPYWVTAG KOWWVIEC
LE XIALAOEC €TEPOYEVT HEAN, OTIWC TL.X. Ta Bloupevia (biofilms). H avaAuon elkovag Hog TIapexEL
TIANPOPOPLEC TIOL T CUVOUAOUO UE TN MOBNUATIKA MOVTEAOTIOINON ETUTPETIOLV TN TIPORAEWN
NG XWPOXPOVIKNG EEEALENC CUTWV TWV KOWWVLWV.

: . 20VTOUO Bloypapikd

&5 O Ap. HAlag 2. MavwAdkoc eival AvamAnpwtne Kabnyntig oto Tunua
MANPOPOPIKAC Kol TNAETUKOWWVIWY  TOU  TaveToTAoU  ABnvwy, OTou
Slevblvel  TO  AETIOTNUOVIKO — METOMTUXIOKO — [poypouua  STIoudwy,
"TexvoAoyiec MAnpopopikng otnv Iatplkr Kot Tn BioAoyla!. Mo emiotpéet
otnv EAAGSa Atav pédoc AEM oto Tunua HAEKTPOAOYWY MnXovIKwy Kol
Mnxovikwy MAnpopopikng Tou Mavemotnuiov Northeastern t¢ Bootdvng,
omou kat dinuBuve To Communication and Digital Signal Processing  Communi-
cation Center for Research and Graduate Studies. H tpéxouvoa €pguvd Tou
XOPOKTNPIETOL omtd TOV EVTOVO SIETIOTNUOVIKO TNG XOPOKTAPX. Zekivnoes amo
NV avOALON ONUATWY KOl EIKOVWY, TN UNXAVIKI H&BNaon, To UTIOAOYIOTIKA
OLOTAPOTA VPNAWY €TUEO0EWY, OANG Tl TEASUTAO XPOVIX €0TIG(EL OTN XPAON TOUC VA TNV
QVTIUETWTILON TIPOKANCEWY OTOUC TOUEIC TNG CLOTNULIKAG BloAoylag Kot olkoroyiag. Exel cuyypduet
E TOUG (POLTNTEC TOL TIOVW aTO 120 SNUOCIEVTELG O EYKPITA ETUOTNHOVIKA TIEPLOSIKY, KEPOALXL
BBA WY, Kol TIPOKTIKE OLVESPlWY HE KPLON TIANPOUC KEWWEVOU. H €psuva TOu €XEL TTPOTEAKUOEL
ONUOVTIKA LUTTOOTAPLEN OO OPYAVIOUOUC XPNUATOSOTNONG £peuvaC otnv Eupwtaikn Evwan, TIq
HMA ko Tnv EAAGSa. O Ap. MavwAdKog slval emtiong eToKETTNG KaBNnynTAG ato Wyss Institute for
Biologically Inspired Engineering Tou Mavemiotnuiou Harvard tng Bootovng (2012-). O Ap. MavwA&Koc
elval ekAeyuEVO pEAOG TNG AleBvouc Ettitportig IEEE TC on Machine Learning for Signal Processing
(2012-,2004-2008), ko uTthp&e ekAeypEVO PEAOC TNC AleBvoug Etiitportng IEEE TC Design and Imple-
mentation of Signal Processing Systems (2004-2010). Ettiong, éxel SIATEAETEL UEAOC TNG ZUVTOKTIKNG
Ertitpomig kopupaiwy Teplodikwy, omwc Ta IEEE Transactions on Signal Processing,IEEE Transactions
on Neural Networks, kTA. O Ap. MavwAdkoc eivan Senior Member tou SleBvoug opyaviopou IEEE.
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TlapapeNog Mepaouog: 20yXpovn ETIXEPNUATIKOTNTO KO KAVOTOUL

MepiAnyn Outhiog

To Beua Tng mapouaiaong elval Ol KOWVOTOMIKEG LOEEC KOL N OUYXPOVN ETUXELPNUATIKOTNTA,
TIPOCOPUOCUEVN OTIC QVAYKEG KOl TO EVOLXPEPOVTO TWV avBpWTIWV TIou PBplokovTtal aTo
MNavemothuo. o oo Aoyo aéllel var emeVOUOEL KAVEIG OTn XWPa PG KaBWC Kol ol N
omovdAOTNTA TOL TITU) (oL TTov Ba apel. H EAAGSa alyoupar pmopel vo Ttael Umpoatd, TTopoAd
TO TIPOBAAUOTO TTIOU OV TIMETWTICEL, YIXTL EXEL KATAPTIOUEVOUC KAl EEEISIKELIEVOUC aVBPWTIOUC,
oe OAa Ta emineda. Emiong Ba avamtuxBel eva business plan to omolo Ba Baoiletat otnv
KOWVOTOLO, KATLTIOU oKOUO TNV EAAGS elvat g€ THAOTIKA OTASIX. 2 TNV opAlo B TtapovolaoTet
TIPOKTIKG KO EQOPUOCIUA. TeAOC, Bal ToVIoTel N oTTouSAOTNTA TNE TTPOCWTIKAG avVamTLéNG o€
OXEON HE TNV ETUXEPNUOTIKOTNTA, KaBWC Kot n oroudaotnta e Hyeolag, "Leadership Devel-
opment".

2UVTOUO Bloypouptkd

O Tepaopog TCapapeAog yevvnBnke aotnv ABnva. Elval katoxoc
ASOKTOPIKOU TITAOL OTIOLVSWY OTO MAPKETIVYK MAvaT(UEVT Kal
MtuxlouxoC oTtnv  Emkowwvia Kat atnv  PuyoAloyiar Tou
KotoavohwTtn.  lMpayuatomoinoe ™ AwTpy  Tou  OTO
MNavemotAuio Ttou McGill otov Kavaddé.. Exel epyoaotel wg
AlevBuvTAC  MAPKETIVYK Kol Alapnuong o EkSOTIKOUG
Opyaviopouc pe kuplotepoue Tov A.OA. Kat To MpwTo Ofua. To
2008, T6puae TNV AlapnuioTikn etauplor Gelma Advertising & Con-
sulting. Exel TiunBel yia Bépota Snuioupylkol oxedlaopov. Eumelpog kot Eykekpluévoc Kabnyntng
ETUXEPNUOTIKWY  gepvopiwy  MaveToTNUIOKWY  IOPUUATWY Kot Anuociwy  Opyoaviouwy, e
e€eldikevan ae Bépata Marketing Kat ETiEloNUOTIKOTNTAC.
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[PAPERS]
[MpwTtn cuvedpla: KovwVIoKeEVTPIKG Sedopeva]

21.1 Nodnuota Xopd kot AwAog Kwotng - H evowudtwon tou Namecoin oto
OpenBazaar

Y€ auTh TNV gpyacia, avoA&BaE Vot LAOTIOINCOLHE TNV voTtolnon Tou open source project Open-
Bazaar pe TO cryptocurrency namecoin. To OpenBazaar elvat eva project, eva marketplace
KOAUTEPQ, TO OTOl0 WC OTOXO EXEL TNV OyOopATIWANCIX TPOIOVTWY PETOED TWV XPNOTWVY,
e&aoailovTag Toug euBelec TLVOAAOYEC, XWPILC POPOUC Kat Xwplc censorship. To namecoin amo
™V AN elvat eva eldog cryptocurrency, To TIPWTO avTtiypoo-Tiadt Tou yvwaoTtoTtepou Bitcoin
Kol N Baolkr) Tou SlaPopd elval OTL UTTOPOVLE VA amoBnKeVOOUUE Kot data oe owTo. Me TNV
evotolnon auTh aevoc 50BNKe N SuvVaTOTNTA OTOUC XPNoTeC Tou OpenBazaar va SnAwaouv
EVO HOVOSIKO Ovoua e TO OTolo var lval YyWWwOTO TO KOTAOTNHA TOUG, QPETEPOV HE TNV
TpooBnkn tou Namecoin OTA PNVOHATA TIOU QVTOAA&OCOUV ol KouPol tou OpenBazaar
EVIOXVONKE N a0@AAELG TNC ETUKOWVWVING HETAED TOUC.

21.2 ApakomouAog Mewpylog - Attacking DES with multilayer perceptrons

H kpumtoypopla Kot N KPUTITAVOAUGN QTIOTEAOUV  SIOXPOVIKG ONUOVTIKA OTolxelor KaBe
TNAETUKOWVWVIGKOU CUOTNUOTOC aveEaPpTNTWE TeEXVoAoylag. Mexpl TNV apxaxoTnTa elxovy non
SlavUoEL ToV SPOPO OTO TIG ATAPXEC TOUC WC TEXVEC O KOBeOTWC HOBNUOTIKNAG ETLOTAPNG
OTIWC COPWC HOXPTVPOVY TOCO TO HETABETIKO oAPERNnTO Tou lIovAlou Kaloapa 600 Kot  OKUTAAN
TwV Aokedatpoviwy. Ta TEXVNTA VEVPWVIKA SIKTUQ, OTIWC LTIOSNAWVEL KOl TO OVOUX TOUC,
ULOUVTOL 08 SoUN Ko AELTOUpyLla TIC avBpWTIVES VELPLKEC 080V( eTteéepyaaiag TIAnpopoplac.
JTO VPV PACUA TWV ETIOTNHOVIKWY TeSlWV OTIOU TA TEXVNTA VEUPWVIKA SIKTLX £X0UV BPEL
EQOPHOYN CUYKATOAEYOVTOL N TEXVNTA VONUOOUVN, N TIPOCAPUOOTIKN eTteéepyaoiar OAUATOC, N
TIPOCEYYLON CLVOPTNOEWY, KO OL UTIOAOYIOTIKEC VEUPOETILOTNMEC. Me Evauoua TOOO TV eTtiBean
070 DES, eva KpUTITOYPOPIKO CUOTNUA IBLWTIKOU KAELOLOU TO OTIOlO QTOTEAECE T OELPX ETWV
ULOX OO TIC AOPOALOTIKEC SIKAEISEC TOL TTPWILOU Internet, e TEXVIKES BLOUOPIAKOU UTIOAOYIOUOU
000 KOl TNV TPOCEATN AVAMTLEN EVOC OAOKANPWHEVOU KUKAWUATOCG N OPXITEKTOVIKH TOU
omolou BaoileTal og akIOWTA (spiking) veupwvika SIKTLE, N TToPOVOA Epyaaia TTaPOVCLAEL T
TPWTO amoTeAéopaTa TnG emiBeong oto DES evog moAuettimedou perceptron, paG €LOIKNG
KOTNYyoplag VEUPWVIKWY SIKTUWV. MapdAAnAa, avamtiooovtal SU0 TITUXEC TNG ekTtatdevong
KOl TNG AELTOUPYLOG TWV VEUPWVIKWY SIKTVWV, N HaBNon avwTePaC TAEEWC KAL N onuacior Tng
TIUKVOTNTOG TWV UNOEVIKWY 1 OXEOOV UNSEVIKWY CUVATITIKWY Bapwv.

21.3 ApokomouAog MNewpylog kow MmapouTtiadn Awkatepivn - Implementing graph cen-
trality measures for Neo4j

Ot ypapot BplokovTtal oHUEPA OTO ETIKEVTPO £VTOVNG £pELVAC, KaBwC BeTouv To BewpnTIKO
UTIOROOPO Oe SlapopeTIk& Tedlar Tar oTtolar KupavovTal amo TN oLVSUACTIKA BeEATIOTOTIOINGN
£WC TIG VEUPOETILOTAMES. H KEVTPIKOTNTA TWV KOPLPWV EVOC Ypapou Stadpapatidel kaiplo poAo
OTOV TOHEX TNC €€0pLENC, KABWC TIG KATATAOTEL VAAOYA E TNV CNUAVTIKOTNTA TOUG O€ O, Tl
QPOPA OTNV CUVOAIKI ETUKOW WV TOU YPAPOUL. JUYKEKPIUEVD, OTO TIAXIOLO TNG atvOAUONC TWV
KOWWVIKWY SIKTUWY, N KEVTPIKOTNTA AVAKOAUTITEL TNV ETILPPON UL KOPUPNC, EVW OTOV TOUEX
™NC BLOTIANPOPOPIKAG N KEVTPIKOTNTA eVTOTCEL TNV Kuplopxn TpwTelvn OTIC XAANAETILOPATELC
LETOEL TTPWTEIVWV. Ta TEAELTAUX XPOVLY, Ol YPAPOBEWPNTIKEG BACELC SESOUEVWY, TUAUO TOU
avepxouevou kivnuatog NoSQL, exouv TpooTeBel w¢ epyoielo NG avaiuong ypapwy. Mo
EQOPUOYN TNG KEVTPIKOTNTAC OLOSIAVUOUATOC, VA CNUOVTIKO WEAOC TNG EVPElaC KaTnyoplag
TWV HETPIKWY KEVTPIKOTNTAC, VAoToOnke os Java oto NetBeans yia xpnon otn Neodj, ua
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ONUOVTIKT YPoPpOBEWPNTIKA BA&an, EVW TIPOLOIALOVTAL KO TO ATIOTEAECUOTO TIOU TIPOKVTITOLV
OTIO TNV EQOPHOYT TWV OVWTEPW OFE EVOV TIPXYUATIKO KOWWVIKO S{KTUO.

21.4 M&AANG Anuntptog, Koapatiovog Mewpylog kot NIKOAXPAS AnurTeLog -
ZUVALOBNUOTIKY avaAvan eEANANVIKWY tweets Kot hashtags ue xprion Ag&ikou
guvLoBNUATWV

H paydador avamtuén Twv HECWY KOWWVIKNE SIKTUWONG EXEL KATAOTAOEL TNV £OPLEN ATOPEWV
KO CLVALOBNUATWY TWV XPNOTWV (opinion and sentiment mining) eva KXVOUPYLO KOl ONUOVTIKO
medlo gpevvag TNC €MOXNC MOC. 2Ta TAQIOIX QUTAC TNG €pyaolag aoxoAnNBNKaLE Pe TNV
TIAXTPOPUa microblogging Twitter pe okomo va e€dyovpe TNV SIGBE0N XPNOTWY WC TTPOC
Slapopec Bepatikec katnyopleq (hashtags). H e€arywyn Tou cuvatoBraTog TwV XPNOTWV yiveTal
LE xPpNon eMNVIKoL sentiment lexicon. H Stadikaola tou TpoTelvouue elval Ikowh var evToTiioel
TO ETIKPATETTEPO CUVAIOBNUA TWV XPNOTWV KAL VO EEQYEL CLUTIEPATUATA Yo TNV SLBE0n TOUC
0TI BepaTikeg Katnyopleg Tou e€eTalovTal, TOOO GUVOAIKA OCO KOl YO SLOKPLITA XPOVIKK
SlaoTApaTaL.

21.5 Koupmoupn ABavaoia, Apafovtivol Xplotive, Kot ZIHAkKn BaotAkr) - Opinion
Mining on Movie Reviews

Me tn paydator avamTuén Tou SIGIKTVOU KT TNV TEAeL Tl SEKOETIO, YWWHEC UTTOPOVV TWPX
va Bpebovv oxedov TavToU - LoTOCEASEC, blogs , loTOTEASEC KOWWVIKNC SIKTVWONG, (POPOLU
KOl (OTOOEASEC KPITIKWVY . Ot GvBpwTIOL £X0LV TNV TACN VA YVWOTOTIOOUY TN YVWHN, TIC
ATOWELG, T CLVOLOONUATA TOUC OTOV «KOWWVIKO L0TO», O OTIOlOC TIPEXEL ATTOTEAETHUATIKOUG
TPOTIOUC YLO VO T HOLpOVTaL PE TOVE XPNOTEC ToU Maykoauiou Iotov. Q¢ ek TOUTOU, N aVAyKN
va StepeuvnBel, var avahuBel Kot val opyavwBel eval CUVTPITTIKO TTOCOCTO TIEPLEXOPEVOU TIOU
TIOPAYETAL Ao XPNOTeC (user-generated content) pBe oto Tpoaknvio. H cUAANWN TNG KOWNG
YVWHNG OXETIKA HE KOWWVIKEC EKONAWCELS , TIOMTIKAX KIVAUOTA , OTPATNYIKEG ETAUPELWY
EKOTPOTELEC UAPKETIVYK , KO TIC TIPOTINTELC TIPOIOVTWY OLYKEVTPWVEL XVEAVOUEVO EVOLAPEPOV
TOOO QMO TNV ETOTNUOVIKA KOWOTNTA, OCO KAl OO TOV ETUXEPNUATIKO KOOWO. AuTh n
KIVNTAPLX OVAYKN ESWOE QPOPUN YL EPELVA OTOV AVASUOUEVO TOHEX TNG €EOPUVENC YVWUNG
(opinion mining). H kVplor TIPOKANCN 0 QUTOV TOV TopEx elval n KaTnyoplotoinon Tng
TIOAKKOTNTAG, OTNV omola Pl ek@PACOPEVN YVWHN UTIOPEL val XapoKTNPoTel we BeTkA 1
QPVNTIKN KO UTTOPEL VO EXEL TN LOPPT) TOU EYYPAPOU 1) TNG TTPOTAONG I XAPAKTNPLOTIKOV. 2 TNV
Tiapovoa epyacia, mpoTelvoupe ploe peBodoroylar yiar TNV katnyoptotmoinon ekpalOpEVWVY
ATOWEWVY IOV XPOPOVUV KPLTIKES TAUVLIWVY. ETUAEEQE VOl XPNOLLOTIOINOOUE SLOPOPETIKA TUVOAX
YVWPLOUATWY KAl HEOW TWV TEIPOUATWY HAC KATOANEAUE OTO TIOLX ATIO VT CUVELOPEPOUV
Kol 0€ Tt BaBuo oTnv Katnyoplottoinon tng ekepal OUEVNC YVWHNC HE akplBela.

21.6 Zyuékn Baolikn, ApaBavtivou Xplotiva kot Kouumoupn ABavooia - Towards a
knowledge-based approach for gender text classification

Ol BewpPnTIKEC KO EUTIEIPIKEC HEAETEC OTOSEIKVUOUV TNV LOXUPN ETUPEON  KOWWVIKWV
TIOPAYOVTWY OTIWC TO PUAO, N NAKKIX Kol N ektaddeuon OTIC YAWOOIKES ETIAOYEC TOU KOBE
avBpwToL. MaPOTL AUTEC Ol ETIAOVEC ElVAL TIEPLOCOTEPO EUPAVEIC OTO AOYO TWV avBpWTWY,
UTIOPOUME VO oVOYVWPEIOOUPE KATIOEC. 2€ QUT TNV €pyoaoia, TopovolalOVPE WG T
SLAPOPOTIOINTIKA XXPOKTNPLOTIKK TOL (PUAOL UTIOPOUV VO EVTOTIOTOUV Ot KE(UEVO amd TO
SLSIKTLO, KOl OVIXVEVOULE TO (PUAO TOU CUYYPOPEX HE PEYOAN akpiBela. YoTepa amod i
OPKETA €EQVTANTIKN ETILOKOTINON BEWPNTIKWY KOl EUTIEIPIKWY EPEVLVWY, UETATPEWAUE TOUG
YAWOOOAOYIKOUC OEKTEC OE XAPAKTNPLOTIKG TIoL Bt eTPNBOVV Of Kelpevo Tou exel TtapayOet
amo To XPNoTN. MapatnpoUe Tor SIPOPOTIOINTIKA XXPOXKTNPLOTIKA AVAUESO OTOUC GVTPEC KAl
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TIC Yuvalkeg 0TO YPOTITO AOYO KOl XPNOUOTIOIOVHE TO EPTIEIPIKA EVPHUATO TIOU X(POPOLV TN
YAWOOX TWV YUVALKWV 0 pla Sladikaolar katnyoplotoinang. AuTr n TipooTaBelax ammoTeAEl TN
Bdon yla TNV amodoon TOUu (PUAOU Ot VOl KEIUEVO QYVWOTOU CUYYPOEPEX, Kol OOKIUACEL
QTOTEAEOUATIKA VO GUVOVAOEL YAWOTOAOYIKEG Bewplec pe To Tedio TNC e£6PLENC KELUEVOL Kall
TEXVIKEG KaTnyoplomolinonc. H epyaoiar pog amodelkvieL OTL OVTWE Ol YUVAIKEG KOl Ol AVTPEC
KAVOUV SIPOPETIKEG YAWOOIKEC ETUAOYEG KATX TN OLOSIKTUOKH TOUC SpaaTnploTNTAL.

21.7 ApaBavTivou Xplotive, ZIpakn BaolAikn, kot Kouumoupn A@avoota - Associating
named-entities with opinion expressing words

OAogva Kall TIEPLOCOTEPOL AVEPWTIOL X PNCLUOTIOIOUY TO SLASGIKTUO YO VO EKPPEATOUV TN YVWHN
TouC yloo Spopa (NTAMOTA. TO OTMOTEAECH QUTAC TNG SPACTNPLOTNTAC TIPETEL VA
XpnootoinBel amodoTIKA. 2Ta TAQLOLX TNG TIXPOVCACG EPYATIAC EYLVE O CUOXETIOUOC HEBOSWV
Avayvwplong Ovopatikwy OVToTATWY UE TexVIKeG ETtiAuonc tng Avapopac (Anaphora Resolu-
tion) kat EE6pLENC MNvwung (Opinion Mining), e OKOTIO V& EVTOTIIOOVLE TN YVWN TIou eKPPAXCETAL
ylor KGBe OVOoUaTIK oVTOTNTA O éva Kelpevo. AuTo €xel WOlaltepn onuacia, yortl av e&ayoupe
UL YVWHN oo dioe Tipotacn oAAG &g ywwpllOLPE O TL QVAPEPETAL, TOTE QUTN N yvwun Sev
utopel va odnynoel 0g TOAU  XPACWA CUUTIEQPAOUOTA. TO CUOTNUO TIOU  LAOTIOINOOUE
oavayVwpIlel TIC OVOUOTIKEC OVTOTNTEC O eval KE(HEVO Kal OTn ouvexelx, kabopllel tnv
TIOAKKOTNTA TouG. O OXeSIOUOC KA N VAOTIOINGN TOU TTPOTUTIOV CUCTAUXTOC CUUTIEPLEACBE TN
LEAETN Ko a€loAOynon €vOC OUVOAOU  ETOLUWY  YAWOOTOAOYIKWY  EPYOAElWV  TIOL  €lvat
amopaltnTor ylor TNV Tipaypatomnolnan Tou (NTOUMEVOU TEPAUATOC. META TNV €TIAOYN TWV
epyorelwy, oxeSOTNKE N TEPOUOTIKA a&loAoynon TNC peEBOSoU pe Xpnon €VOC CUVOAOU
KELMEVWV TIOU TIPOEPXOVTAL aTtO online reviews, KAT& TNV OTIOI VAOTIOINBNKE YLK EQOPUOYT TTOU
TiEPAaBAVEL TOL TP TN T UTIOCUCTAPOTA KOl TO OAOKANPWVEL O €Vl TIPOTUTIO CUOTNUA, LE
QPKETA KOAT amddoan.

21.8 PoakwTAKNG NIKOAAOG-ANUNATPLOC - ZUVEPYATIKOG EAEYX0C AlWKTWV-PoumoT yio
JOMNYPN EloBoAswv-Poumot

TNV epyacio ouTr) avTIHETWTUETAL TO TPOBANUA TOU CUVEPYATIKOU EAEYXOU POUTIOT OTNV
efoudeTepwan EOBOAEWY POUTIOT, Ot eAgyxOpevn Teploxn. [Mpotelvovtal Sladikaoleg Kat
OAYOPLBUOL, YLt TOV EVTOTIOHO, TNV TIEPIKUKAWON KO QLY MOAWGCI TWV ELCBOAEWV-POUTIOT MO
SLWKTEC-POUTIOT. Ol SIWKTEC-POUTIOT TOTIOBETOVVTAL OE TIPOKABOPIOUEVO OXAHO KOL KIVOUVTAL
LE TPOTIO WOTE VA UTIOPOUV HE BEPXOTNTO KO TaXUTNTO Vo VTOTIIoOLV TIBovoUC ELOBOAELC.
AKOAOLBEL KATEAANAOG CAYOPIBUOC, TTOL e SUO (2) KT  EAXXIOTO KO OKTW (8) KATA PEYLOTO
SIWKTEC Al oAWTIoOLY OAOLC TOUC ELCROAEIC-POUTIOT OE TTOAVWVULLIKO XPpOvo. H epyaaia autnh
gylve ota Aol TNC SUMAWHATIKAC pou epyaciag, n omola ekmoveltar oto Epyaotnplo
PoumoTikng Tou TUAPOTOC HAEKTPOAOYWY Mnxavikwy Kol TexvoAoylag YTOAOYlIOTWY TOu
Mavemiotnuiov Motpwv.

21.9 Moamapyvpiov Mapiva, MamovAidng HAlag, lwavvou Eudyyelog, Kou@ouAng
Movoywwtng, ko Xapohautidou Mapla - Automations for the prevention of accidents in
outdoor playgrounds

H epyoola eKEVIPWVETAL TNV avASEEN TOU TPORBAAMATOC KOl TNG QVAYKNG avamTuéng
QUTOPOTIOUWY Ao@OAEiag o LTTAUBPLEC TTAUSIKEC XOPEG KO TTOUOOTOTIOUC. APXIK& EYLVE N LEAETN
KOl €TOKOTINON Omo Gmoyn TPOTUTIWY  ao@OAslag Kot vopoBeolag kol 0Tn ouvexelx
TIPOTABNKAV pia OELP& OO AUTOUATIOUOUE TIOU TTPOKUTITOUV ATIO TN HEAETN TWV XUTIWV TIOU
TPOEEVOUV T OQTUXAMOTO. H OUVOAIKA KOTOOKELH TWV OUTOUXTIOUWY OUTWV KOl N
EVOWUATWAN TOUC OTIC TIAUSIKEC XOPEC ATTOTEAEL ETTEKTOON KO LEAAOVTIKI) EPELVAL VIO TNV OUAST
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epyooiag. Kot eA&xloTo PeBatar Ol KATOOKEVEG OV UTTIOPOUV VO QTOKAIVOuV oo TIG
TIPOSLAY PAPEC ATPOAELDG TTOL BETOUV Ta TIPOTLTIAL KAt N VopoBeata (Tnv EAAGS X KT eAGixLloTO
10 EAOT EN 1176 ko To EAOT HD384).

[AgUTePN cuvedpla: Evepyela]

22.1 Topoudng Iwavvng kot AAelpepng Zrupidwv - H My Apvntikwy Iovtwy
Y&poyovou (H-) “MpounBsag I" — Mapouaoioon Kot XopakTneLopog

H mapovoa epyaoia apopd aTnV TTapouaiadn Kol OTOV TIPWTAPXIKO XAPAKTNAIOMO TNG TINYNC
QPVNTIKWY LOVTWYV udpoyovou (H-) “MpounBeag I". H mapaywyr Tou TAAOUXTOC YIVETOL oo eV
SIKTVWHO SITOAK WV TINYWV KuKAOTpovIkou JuvTtoviopou HAektpoviwv (Electron Cyclotron Res-
onance — ECR). Ot SlayVWOTIKEG TEXVIKEG TIAAOUOTOC Ol oToleq epapuolovTal slval o)
NAEKTPOOTATIKOl KOXBETAPEC TUTTOL Langmuir, e TOUG OTIOlOUC LETPOUVTAL ATOUIKEG TIAPAUETPOL
TOU TIAGOUOTOC (SUVAUIKO TIAKOUATOC, QLWPEOVHEVO SUVOUIKO, TTUKVOTNTO Kol BepoKpaoia
NAekTpoviwy) kot B) ewtoamoomoon (Ue Laser) nAektpoviwv amd Ta H-, pe tnv omola
TipoadlopldeTal N aOAUTN TTUKVOTNTA TWV APVNTIKWY LOVTWY H-.

22.2 TpouAAGKN Alkatepivn kot Aatougpng Kwvaotavtivog - Comparison of different
magnetic materials for locally manufactured axial flux small wind turbine generators in off-
grid applications

Y€ aUTH TNV €pyaciar LEAETWVTAL YEVWATPLEG A€OVIKNG PONG MOVIHWY HOyVNTWY WE UEPN UKWV
QVELOYEVWWNTPWWY  OE  auUTOVOUX ouoThuata. H mAsloynelar Twv  YyewwnTplwy  auTwv
KoTookeuaovTal oNPepa pe payvnteg veodupiov (NdFeB), ol omolol, av kat slvat eEatpeTika
LOXUPOL HOYVNTEG, €XOUV OCUCXETIOTEL PE OLAPOPA TIPOBANUOTO OLKOVOUIKNG, KOWWVIKNG,
TEEPBOANOVTIKNC KO AELTOUPYIKAG PUOEWC. 't uTOUC TOUG AOYOUC, SLEPELVATAL N CAAXYN TOL
LOyVNTIKOU UAKOU TNG YEVVATPLOC KOL OUYKEKPLIMEVD N SLUVOTOTNTA QVTIKATXOTXONG TWV
LOyVNTWY  VEOSLUIOL HE KEPOUIKOUC HAYVATEC (okAnpol @epplteg). Xe TpwTo OTAdL0,
TIOXPOUCLACOVTAL TA ATIOTEAECUOTO OO EPWTNHATOAOYIO TIOU SnulovPYNEnKe oTa Aol
QUTNC TNG £PYQOIOC, OXETIKA UE TOTUKA KOTOOKEVOOWUEVEC UIKPEC QVELOYEVVNTPLEC Kol BAOEL
QUTWV KAl TNG BIBALOYPAPIKAG £pELVOC, ATTOPOCICETAL N LUEAETN YEVVNTPLWY HE PEPPITEC. 2TN
OLVEXELR, OXESIACOVTAL KO TIPOCOUOLWVOVTOL YEVWNTPIEC WE (PEPPITEC KAl YEVVATPLEC HE
LoyVNTEG veoduplou ylor Tecoepar Peyeln akTivag TTtepuylwy kot avadNToOUVTaL Ot BEATIOTEC
SLAOTAOELC HOyVATN Yo KaBeplo omd aUTEC WOTE VA BEATIOTOTIOLOVVTOUL CUYKEKPIUEVO KPLTAPLA.
AoV BpeBoVv oL BEATIOTOL HOYVATEC YL KABE YeEVWWNTPL, avaldNTATOL KOt O BEATIOTOC KABOAIKOG
LOtyVNTNG (EVOC Yo KABE HoyVNTIKO VAIKO) TToL Bat UTTOPEL Vol X pNOLUOTIOINBEL IKOVOTIOINTIKA YL
YEVVNTPLEC O OAO TO €VPOC OKTWVWY PTEPWTNAC TIOU UEAETOME. Mo KABe LAIKO, 0 KOBOAIKOC
LOtyVNTNG OLYKPLVETOL PE TOUC BEATIOTOUC LOYVNTEG VA QKTIVOL (PTEPWTNC KAXBWC KAl UE TOV
TO SLASESOUEVO EUTIOPIKO LOyVATN TNEG OXYOPAC.

22.3 Katolpoag BaoiAelog - Evepyeloko SUVOUIKO TOU TIOALPPOIKOU PEVHITOC TOU
Euplou

H epyaoio avagepetal otn SUVATOTNTA TIOPAYWYNG EVEPYELRC OTNV TEPLOX Tou Eupimou
KOATIOU MECW TTOALPPOTKWY PEVPATWY. XPNOOTIOIOVVTAL OTOLXEIO KO ETPNTELG EPEUVWIV TTOU
exouV Sle€oxBel oTNV TEPLOXN KL ETUXELPELTOU N EKTIINGN TOL EVEPYELOKOU SUVOIKOU BAOEL TWV
ASN EUTIOPIKWV TIOALPEOTK WV TOVPUTIVWV. MNapouatalovTal TEAOC Ol TTPOVTIOBETELC, TIEPLOPLOUOL
Kol SUVOTOTNTEC K Yot TNV aloTtolnon TN MOALPPOIKAG EVEPYELXC OTNV TTOAN TN XaAKidac.
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224 Yo MépBa kau Memmag Mewpylog - EAEYX0G Kol JEAETN oLOTNUATWY Yelwong
KTLPLWV TIOVETILOTN IOV MNoTpwv

H mopovoa epyacior aoxOAelTal PE TOV €AEYXO KOl TNV LETPNON TWV YEIWOEWVY OO TX
OLOTHUOTO AVTIKEPOUVIKNC TIPOCTACIAC TWY KTIplwy Tou TtaverioTnuiov Matpwyv. ZKOTOC Tou
OLOTAPOTOC Yelwong elval var LAOTIOEL TNV amaywyn Kat Sleyuon ToU PEVHUATOC GO TOV
KEPOUVO PECOL OTNV yn Xwplg var SnUoupyouvTal eTIKIVOUVEG LTIEPTATELC TIOU PTOPEel v
TIANEOLY ToV &VBPWTIO 1N ToV €EOTIALOUO. AOYW TNG CUXVOTNTOC TWV KEPXUVIKWVY TIANYUATWV Ol
OUVETIELEC TOUC KO N apx1) AELTOUPYIOG TWV OAEEIKEPOUVWY XTIOTEAOVV EVO ONUAVTIKO KOUUATL
TIou kaBopllel avTioToX O KOl TO KOOTOC TWV KAXTAOKEVWV. [MapaKATw TEPLYPAPOVTAL BACIKEC
EVVOLEC YLt TO CUOTNUX OVTIKEPAUVIKNG TTpoaTactag OTwe elvan n oxedlaor) Tou, To UVAKA TIou
ATIAUTOUVTAL, Kot T KaBoplleTal N oTABUN TTPOOTACIG VIO TNV EKXOTOTE KATAOKELN KOl TOTIO.

22.5 lkaitdatdng MooxdAng, Mmouxoupdg AyyeAog, kot Xyoupag KoAAloBevng - Ebpeon
BEATIOTOL aPLBUOV, BEONG KO LOXVOG HOVASWY SIOVEUNHUEVNC TIOPAYWYNG LE XPNOoN
TEXVIKNG OUNVOUG CWHOTISIWV

Je aquTAV TNV epyaoia YIvVETal plor KavoTOUOC TTPOOTIABEL TTPOC TNV ETHALON TOU TIPOBAAUATOC
€UPEDNC TOU BEATIOTOU aplBUOY, BE0NC KAl EYKTECTNUEVNG OXVOG Movadwy Alavenuevng
MNapaywyng (M.AM) ota Alktua Atavoung HAektpikng Evepyelac (AAHE), pe otoxo tn pelwon
AMWAELWV LloxVoc. Kata tn Sadikaoia emtihuong AauBavovtat oYy W TTEPLOPIOUOL Ta OPLX
Taoewv 0toug (UYOUC KAl TO BEPUIKO OPLO TWV YPOUUWY. 2TNV £pyacior auTh avamTUOCETAL
KXTOAANAO AOYLIOULKO, TtIou LAOTIOLEL TN peBodo BeATioTomolnong Zunvouc Swuoatdiwy (Particle
Swarm Optimization, PSO) oe meplBéAov MATLAB kot pe tn xprnon tov Aoylopikov MATPOWER
TIPAY U TOTIOLOVVTAL TIPOCOUOWWOELC o€ XHE 16 kot 69 Cuywv (IEEE-16, IEEE-69) yia Tnv avadelén
™NC pebodou.

22.6 M&vtQiopng Aynoidaog kot 2youpag KodiaBevng - MeBodog emiAuong pong
(POPTIOL HE YPOUULKI) TIOAUTIAOKOTNTX

H epyooia outh mapouaotadel pior vear peBodo emiAuonc Tng pong opTiou 08 OKTIVIKA StkTua
LETXPOPAC Kol SLAVOUNG NAEKTPLIKAC evepyelag e plo Tpogodooia. e avtiBeon pe tnv
TIAELOVOTNTA TWV PEBOSWV, N AVON TOL TIPORANUATOC TIPOTEYYICETAL E N ETOVOANTITIKO TPOTIO.
To Baolko TNC epyolelo elval eva povtedo SVO (UYWV. TO POVTEAO QUTO OTN OUVEXEL
emekTelveTal 0 peyoATepa SikTua LE plar ypaplkn peBodo adpwong SIKTUWV — SEVTPWVY, N
oTtola aEAEL TIG ATIWAELEC EVEPYOU LOXUOC ETIL TWV YPAUUWY TOUu SIKTVOU, TTOV OPEAOVTAL OTNV
QTIOUOKPUCHEVN, QTIO TN TiNyN, e€uinpeTnon @opTiwv. MelpapaTika N peBodog a&lohoynBnke o
SlkTua LYNAAC Kal PEONC TAONG Kol ommodelxOnke ToxXUTATN, HE EAXXIOTEC OMAITACELS Of
UTIOAOYLOTIKG LECOL KO UE ATIOTEAECUOTO UKPOU TPAAUATOC.

22.7 Xohatadkog Oduooeag - Design and real time control of a stellarator in development
2NV gpyacior qutn TapouolaloVTal TA ATTOTEAECUATO TNC AVATITUENC KATIOWWY HEBOSWV Yl
TOV EAEYXO O TIPAYUOTIKO XPOVO HIOG UTIO-KOTAOKEUN OUOKEUNC EAEYXOL PONG Bepuov
TIAGOHPOTOC. 2TO TIPWTO OTASLO YIVETAL PO TIPOCEYYLOTIKN EKTIINGN TOL HOVTEAOU TNG CUCKEUNG
LUE BAon evar OMAOTIOINUEVO NAEKTPIKO KUKAWUX Kol €TAUCN TwV BACKWY  SIXQPOPIKWY
€€lOWOEWV TIOU TO SIETIOUV. TN CUVEXELD, YIX TNV €£QYWYr €VOC TIO OVTUTPOCWTIEVTIKOU
LOVTEAOL TNG OUOKELNG XPNOWOTIOETaL N peBodog Tou "yKpL KOLTIOV”. To AMOTEAECUX TNC
LEBOSOU CLYKPIVETAL UE TNV TIPOYUATIKA XTIOKPLON TOU CUOTAUATOC. Me BGan TO TIPONYOUUEVO
LOVTEAD OxedLalovTal SUO SIPOPETIKOL EAEYKTEC YLt TOV EAEYXO TOU PEVHATOC KAl TNG TAONG
™C ouokeung. Ot eAeykTeg oL oxedlalovtal elval evac PID kol evac eAeyKTAG TIPORAEWNC
uovtehov (MPC) ko oxedladovtal Pe KPLTAPLA TN YPHYyopn OTOKPLON TOU CUOTHUATOC Kol TNV
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efoheln NG vmepLPwaonc. Ot eAeykTeC SOKIUALOVTIOL HE TO TIPAYUOTIKO CUOTNUO Of
TIPAYUOTIKO XpOvo. Tar amoTteleopatar Selxvouv OTL 0 eAeykTC MPC elval Tlo ypryopoc Kot
amodOTIKOC O OX£0N UE ToV eAeykTh PID.

22.8 Kwtidng ANeEorvSpog, Zikepidng XapdAoumog, ZTtaBouAaG NIKOACOC,
Xortdnyewpylou Mewpylog, ko XapoAaumidou Maploa - PwTIONOG ESIKWY CUVONKWY,
OVOAUOT PWTOTEXVIKNG HEAETNG KOL GUTOUTOTIONON EYKOTAOTAONG

JTIC HEPEC MOC, EVAL KOWVOC TOTIOC N OVOYKXLOTNTA TNG HEAETNC PWTIOMOU £VOC XWPOU. EISIK&
&g, 0TNV TepIMTWOnN, OOV Ol CUVBNKEC TOU XWPOL elval ISLaUTEPEC (ETURXPLIEVN ATUOCPALPQ,
owénueVn uypactor XWPou, KATL), N 0pON HEAETN PWTIOUOU EVIOXVEL TOCO TNV OOPOAELX OCO Kal
TN AELTOVPYIKOTNTA TOU XWPEOL. 2 TNV TIAXPOVCN EPYOTIR, VAAVOVTAL Ol TIEQIMTTWOELG (PWTIOUOU
EWOIKWY ouvOnkwv Kot Slvovtal ol opPXEC TNG PWTOTEXVIKAG TOUC HEAETNG. AKoAouBuwg,
TIPOTElVOVTAL AVOELC UTOUATOTIONONC TNG EYKATAOTACNC PWTIOUOU HE XPNON KATCAANAWY
aaBNTNPlWY Kal EVEPYOTIOINTWY, HE OTOXO TNV QTOSOTIKOTEPN KAl OIKOVOULKOTEPN AElToupyla
NG EYKATAOTOONG. TeAOC, TopoaTiBetal plar e@opuoyr €pyaoTnploknG  KAUoKoC  ploag
(PWTOTEXVIKNG HEAETNG PWTIOUOU EISIKWVY CUVONKWV LE XPNON MIKPOEAEYKTA KAl £dyovTal T
OULUTIEPAOUOTO KOL Ol HEANOVTIKEC KATEVBUVOELG TN EpYaOiaC.

[Tpitn cuvedplo: ZVyxpOVO CLCTAUOTA]

23.1 P&mtng Afuog - LCN - a prediction-based contention aware scheduler for multi-
threaded applications

JKOTIOC TNC Ttapovoag epyaoiag elvat n oxedlaon kot LAoTIoINON EVOC XPOVOSPOUOAOYNTH TIOU
Vo UTtopel apevog va evToTidel TOV aVTAYWVIOHO LETOED SIUPOPETIKWY SLEPYATIWV OTOUG
TIOPOUC TWV LTIOAOYLIOTIKWY CUOTNUATWY KAl PETEPOU VO SPOUOAOYEL EQAPUOYEC, WOTE VAl
LELWVEL KOTA TOV BEATIOTO BoBud auTOV TOV QVTAYWVIOUO, TIPOKEEVOU VAl BEATIWOEL TNV
OULVOAKN €Ttidoon Tou cLoTAUATOC. O XPOVOSPOUOAOYNTNG TIOU VAOTIOWBNKE CLYKPIVETAL U
OAAOUC XPOVOSPOUOAOYNTEC ETIYVWAONC VTV WVICHOU TIPOTEWVOUEVOUC QIO TNV TILO TIPOTPATN
gpeuVNTIKY BBAoypapia, KaBwC Kal PE TOV XPOVOSPOUOAOYNTH) TIOU XENOLWOTIOE(TaL Of
OLYX POV AEITOUPYIKA ZUOTAUATA, OTIWC TO Linux. 2Tn onuepLvr) emtoxn, KabBlotatat ETUTOKTIKA
N ovaykn BEATILWONG TOU AELTOVPYIKOU PEPOUC TWV CUYXPOVWY UTIOAOYIOTIKWY CUOTNUATWY,
TIPOKELEVOU VL £(VAL IKAVEA VO EKMETAAANEUTOUV TNV CUVEXT TIPOOSO TIOU TIAPOUCLALETAL OTOV
TOMEX TOU VAIKOU KOl TNG OPXITEKTOVIKNAG TWV VTIOAOYLOTWY. H cVyKpLon Tou €yve peta€L Tou
TIXPOVTOC XpovoSpopoAoynTn Kol Twy LTIoAoMwY Baclotnke ae SVO KPLTNPL, TNV CUVOALIKN
amodoon TOU CUOTHUATOC KOl TNV SIKAOOUVN HETOED TWV SIPOPETIKWY  SLEPYATIWV.
Erituxaue vor OxeSIO0LPE €vaV  XPOVOSPOUOAOYNTN, O OTolog TAPOUCIALEl ONUAVTIKN
BeAtlwon oTnv oUVOAIKT) amodoon TOL CUCTAPXTOC KAl LOXELA SIKALOOUVN, CUYKPIVOUEVOC HE
TOV TPEXOVTA XPOVOSPOUOAOYNTH TOU AEITOUPYIKOU CUOTAPATOC Linux. Xe cUyKPLON HUE TOUG
KOAUTEPOUCG  XPOVOSPOHOAOYNTEC TIOU  EXOLV  TIPOTOBEl Omd  TPONYOUHEVN €PELVA, O
TIPOTEWVOUEVOCG TIAPOUOLX(EL TNV  KOAUTEPN OUVOAIKN  ommOd0Cn OCUCTAPXTOC, OAAG  OxL
BeATiwpEVN Sikaoouvn.

23.2 Moamoiwdavvou MaydaAnvr - Anuloupyla Xaptn B&BoUC OKNVNE O LVTTOAOYLOTIKA
OLOTHUOTA TIXPAAANANG eTte€epyaaiag

JKOTIOC TNG TAPOVOOC £pYaCiag AT N HEAETN Kal AoTIolnan pueBOSwWV dnulovpylag Tov XaPTN
B&Boug g oknvnC omod SUO PWTOYPAPIEC TNG, XPNOLHMOTIOWWVTAC TEXVIKEC TTAPOAANANG
enefepyooiac. Apxika n Swadikaolar avoAuBnke otouc Poolkoug NG aAyopiBuoug (Ttnv
TIPOETEEEPY T TWV PWTOYPAPLWY, TNV AVTIOTOXLON TIEPLOX WV TIOU TIEPLEXOLV TNV (Sl oknvh
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KO TOV UTIOAOYLOMO TNC amOOTAONG TWV QVTIKEIWEVWY a0 TO Onueio AMPNC) Kat eEETRTTNKE TO
KOT& TIOOO KOl HE TIOLOV TPOTIO Ba umopovcay auTtol va tapaAAnAomoinBouy. AkoAovBnaoe n
vAoTtolinon Twv PeBOdSwV xpnaldomolwvTag Tic BBALBNKeC Aoylouikov OpenCL kot OpenCV, ot
omoleg kaBloTouv duvath TNV ToPaAANAoTIoiNoN €vog oAyoplBuou LTTOAOYLOTIKNC OPACNC.
MpayuoatomonBnke emiong agloAdynon tTng amodoong Twv cAYopBUWY W TTPOC TNV TaXUTNTX
KOl TNV akpiBelor TOL ToPayOUEVOL XapTn BaBouC. H TEPOUOTIKY) SIoOIKACIO EKTEAEOTNKE O€
UTIOAOYLOTIKO oVOTNUa pe emeepyaatn intel i7 1.8GHz kat kapTa ypawpikwyv AMD Radeon HD
8850M. Ta amoTeAeopaTar €6lEaV OTL UE XPNON LOXVPOTEPWY UTIOAOYIOTIKWY CUOTNUATWY
UTIOPOUV Vo LAOTIOINBOUV 0AYOPLBLOL EKTIINONC OTOCTACNC WE XTIOKPLON TIPAYUOTIKOU XPOVOU,
YEYOVOC TIOAU eVBOPPUVTIKO YLot HEYOAO TIANBOC EQUPUOYWV.

23.3 MamovutodyAov EuayyeAia kot Papudkng ApLloTtoteANnG - Fractal animations ue
mapreduce

2TNV TIaPOVUoH pYaCiar LEAETATAL TO BEpa TNG KATAOKEUNC €vog fractal animation pe xprion tng
TIPOYPAUUATIOTIKNG TEXVIKNG MapReduce Tou Hadoop. AUTH HOC ETITPETIEL VO KATAVEUOULE, OE
TIEPLOCOTEPA CLOTHUATA, TOOO TO UTIOAOYLOTIKO (POPTIO OCO0 Kot TO KOOTOC EYYPAPNC aTo Sloko.
AlveTtay, Aomov, eupacn oto Bepa TG amodoonc, Wlwe amd TMAELPAC xpovou. EEeTalovpe av n
ETUAEYHEVN TEXVOAOYIO ETILPEPEL TIC AVAPEVOUEVEC ETUSOTELC, KOl KXTOANYOUUE GTO CUUTIEPACU
0Tt n pla amd TIg dvo peBodoug mou mpoTelvoupe odnyel ge Spauatikh BeAtiwon NG
Sladikoolac.

23.4 MAaTtutodn Moplia - MVDR beamformer - Speech quality assessment in presence of
background noise

H epyooia auTrh €XEL WC OTOXO VO ATIOKCAVWPEL TIG SUVATOTNTEG KAL TOUC EYYEVAG TIEPLOPLOHOUC
otV omodoon TwV  gUPUIWVIKWY  TEXVIKWY TIPOCAVOTOAIOPEVNG ANWNC O Tevapla
TIPAYUOTIKWY OLVONKWYV. ALPOPETIKEC EEOUOLWTELC TIPAYHOTIKWY OKOUCOTIKWY CuVONKWvY
TIPAYUOTOTIOLOUVTOL CUUPWVA JE TO TipoTuto ETSI EG 202 396-3. To un-avnxolkKO POVTEAO
UIOOETETOL KOl TIPOYUOTIKG GKOVOTIKA  ONUATA AOUBAVOVTOL OO YPOUUIKEC SLOTAEELC
UKPOPWVWY. H TEXVIKA €AXXIOTNG TOPAUOPPWONE  XPNOWOToETal Yl TNV avaBean
OUVTEAECTWY OTAOULONG VA UKPOPWVO. ETUTIAEOV, N TEXVIKA NUITOVOUL €KBETIKAG OXPWONG
XPNOWOTIOLE(TAL YL TNV EKTIUNON TNG KPOUOTIKNG amoKPLong TwV N-OKOUOTIKWY KOVOALWY
LEOQ O SWUATIO AKOVOTIKAG. TEAOC, TO povTeho 3-QUEST XpNnOLMOTIOETAL Yot TNV HETPNAON TNC
oo TNTAC opAlac oe BopuBwdn epBdAAovTa. To povTeAo auTd BaotleTan ato TpdTuTto ETSI
EG 202 396 — 3 ko TTapeXEL UWNAT CUOXETION OE OXECN UE TNV UTTOKEIUEVIKT) v TIANYN TTOLOTNTAC.

23.5 MAAGG NIKOAIOG - ZU0TNUO ETILTAPNONG KO EAEYXOU NAEKTPOKIVNTOU OXNUOTOC UE
XPNoN NAEKTPOVIKOU SLoPOPLKOU

AOyw TNC LTTOREBULONG TOL TEPIPAAAOVTOC, TIOU TIOXPATNPEITAL Ta TEAEUTAUO X POV, OLAPOPEQ
(PWKEG TIPOC TO TEPIBGAAOV  Texvoloyleq PplokovTal oTo €TikeVIpo TOU ETLOTNHOVIKOU
evolapepovtod. QC €K TOUTOU TIPAYUOTOTIOOUVTOL EKTETOUEVEG TIPOOTIGOEIEC Yl VEX
QTIOTEAEOUATA EPEVLVAC OTO TESIO TWV NAEKTPIKWY OXNUATWV. Ouwe, Tapd TO yeyovog OTL T
NAEKTPLKGA OXAUOTO SEV TIPOKAAOUY KUECO BAAPBEPEC CUVETIELEC OTO TIEPBAAAOV, XPNOLUOTIOLOUV
KT KOPOV OUHPOTIKG CUOTAUOTO METASOONC HE XOUNAO BaBuo amodoong Katl TadnTkn
OLUTIEPLPOPA. 2TNV epyacior ouTh TPOTEIVETAL VO CUOTNUO ETILTAPNONG KL EAEYXOUL TNG
OULUTIEPUPOPAC EVOC NAEKTPOKIVNTOU OXAMATOC XPNOUOTIOLWVTOC NAEKTPOVIKO SLaPopLko. Exel
oxedlaoTel plor LIkpoUTIOAOYLIOTIKI SIATAEN TIPOKEIUEVOU VO CUAEYOVTAL Kol Vo deTadibovTtal
T SESOUEVA IOV ATTOAUTOVVTAL VI a€LOTILOTO €AgyXO TOU oxNUoaToC. H oTiBopr petadoon
SESOUEVWV HECQ OTO CUCTNUA ETITUYXAVETAL E TN XPNon evog StavAou CAN Ttou xapoaktneilet
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NV TIOPOUCN OPXITEKTOVIKN. e TNV LAOTIOINON TOU NAEKTPOVIKOU  SLX(POPIKOU  EXEL
SnuovpynBel evag aAyoplBuoc Tov  UIElTal TN AstToupyla TOu €AeVBEPOL  PNXOVIKOU
SLAPOPLKOY, TTIAPEXOVTOC TNV (Slar TooOTNTA POTING OTOVE SVO KLVNTNPLOUE TPOXOoUC. Me Bdon
TOV 0AyOplBpo ouTo, Slvetal n SLVATOTNTA CLYYPUPNEG TIOAUTIAOKOTEPWY CAYOPIBUWY UE
OKOTIO TNV EVEPYNTIKI CUUTIEPLPOPA TOU OXNUATOC 08 aKkpaleg ouvBnkec. To TtpoTaBev cLTTNUX
£XEL TOTOBeTNOEl Og evar OXnua TUTIoU Buggy Tpokeluevou var aélodoynBel n aélomiotiar Tou,
OLYKPIVOVTOC TIC ETILOOCELC TOU HE T BEWPNTIKA KTOTEAECUATA TIOU TIPOKUTITOLV OO TN
yewpeTplor Ackermann.

23.6 MtoxoAng XplotodouAog kot Patovpog Oduoosag - MNMpoadloplaudg Tng BEong
TIAOloL eVTOC Se€auevnc Le TN XPNon copwTr texvoloyiag LIDAR

2TNV POUTIOTIKNA, N aKPPNC YVwon Tng Beong Tou poUTIOT ElVal TO ONUOVTIKOTEPO TIPWTO Prpal
TIOU TIPETIEL VO YIVEL WOTE O PETETELTA EAEYXOC VO Elval ETUTUXNAC. TO POPTIOT MO elval eva
LOVTEAO (popTNyou TAolou pnkoug 1135mm kot AdTtoug 140mm. 2TOX0C HaC Elval 0 EAeyX0C
Tou TAolou evToq Se€apevig SIxoTAaewy 6m x 2m. ETiAEEQuE var AVCOLUE QUTO TO TIPORANUX
XpnootowwvTag eva oopwtn LIDAR kat Tapladovtag T SIaSOXIKEC COUPWOELC TOU XWPOU
WOTE VX LTTOAOYLOOLLE TNV VEX BE0n KO TO VEO TIPOCAVATOACHO TOU TIAOLOL.

23.7 Povtoylavvng Emtaueviovdag - AVOKOTOOKELT BEPULKWV EIKOVWY VPNANG
VOAUONG OO EIKOVEC XOUNANG 0tvEALONG UE TEXVIKEG compressed sensing

2NV apovoa epyooia e€eTadeTal N oiENCN TNC avaAuoNC (super resolution) og BepUIKEG EIKOVEC
XPNOWOTIOWWVTOG TEXVIKEG OULMTILECUEVNG KaTaypa@ng (compressed sensing). Ot €KOVEC
eKQEPACOVTAL HE 0PALO TPOTIO WC TIPOC SVO LTIEPTIANPN AEEIKK (EVa XOUNANC KoL EVar BWWNAAG
QVAALONC) KAl ETILXELPOVUE KATAOKEUN TNG EKOVAC LWNANG avaAuonc. Tal ATOTEAECUATA TNG
LEBOSOU QUTAG CLYKPIVOVTAL PE TO OTIOTEAECUOTO TEXVIKWY TIOU XPNOLUOTIOIOVY image regis-
tration pe axpiBeta subpixel yioe TV emtiteuén Tou super resolution.

23.8 Tolvykag HAlag ko AnuomouAog Metpog - Serial communication over BLE - RS-232
cable replacement over Bluetooth Low Energy

To Bluetooth elvat 1O TO CUXVA XPENOLWOTIOIOUMEVO TIPWTOKOAAO QOUPHATNG HETAS00NG
SeSOUEVWV LETOED CUOKEVWV XOUNANG KATOVOAWONC. 2TIC Ttpodlaypape Tou Bluetooth 4.0 pia
VEQ TITUXT) TOU TIPWTOKOAAOU ELOXYETAL UE OTOXEUON QUTOV TOV TOpER, TO Bluetooth Low Energy
(BLE), emiong yvwaoto kot wg Bluetooth Smart. Ao TIq veeg Ttpodtaypapeg Asimel plar pebodog
LETXPOPAC LG OTABEPNG PONC TELPLOKWY SESOUEVWY, YWWOTO K w¢ RFCOM aTIC TTponyoUEVEC
eKOOTELC. H TTPpOOEYYLON HOC TIPOCTIOOEL VOr CUUTIANPWOELC TO KEVO KO ETITIPOOBETWE VO ELOAYEL
ulo oAokAnpwpevn vAomoinon plag Swraéng mouv Ba pmopsl va xpnowworoinBel  wg
QVTIKOTOOTATNG VOC RS-232 KoAhwdiou. Mot va TO TIETUXEL UTO VO LEYUX OTTO EUPEWC YVWOTEQ
TEXVIKEG OTIWC O KUKAIKOC buffer, Tar interrupt, pnxoveg TETEPACUEVWY KATAOTACEWY KATL.
xpnototolovvTal. EmmAgov, n epapuoyn vAomoleltal mavw oTo Bluetooth stack ov mapexeTal
amo 1o Dialog Semiconductors Software Development Kit. H tpotelvopevn uhomoinon a&loloyeitat
B&on Tou peyloTou throughput Kot TNG KATAVEAWGONG. AUTEC Ol LETPNTELC ANPBNKaV LE TN XPNHoN
epyoelwv omwc o logic analyzer yio To peyloto throughput Kot Evor KOKAW PO UETPNONG PEVATOC
YLt TOV UTTOAOYLOPO TNG KATaveAwong. Ot PETPNOELC €0el&oy OTL N LAOTIOINON ETUTUYXAVEL
ueyloto throughput tng téénc twv 10,9KB/sn omola axedov (pepvel o€ KOPETUO TO RS-232 KAVEAL,
EVW TOUTOXPOVA N KOTAVAAWON LoXVOC BEWPEITAL IKOWOTIOINTIKG XaNAR ylat pla popntn
EQPOPHOYN.
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23.9 KaoAng Kuptakog - A photodiode sensing circuit for operation in harsh environments
JTNV TIOPOKATW £pyacior TTaPOUVOLALETAL EVO KAVOTOUO OTITONAEKTPOVIKO KUKAWUO avixveuong
a0BeVWV PEVUATWY PWTOSIOS0L T8 avTiEoeC cuvBnkeg. H amodoaon (A/W) Twv euTodlodwv
LELWVETOL GUVOPTAOEL TOU XPOVOU, IOLUTEPOL OV AELITOUPYOUV O eva SUOUEVEC TIEPIBGANOV. 2€
QUTAV TNV €pyaola, TIPOTEIVOLHE Ut NAEKTPOVIKA TOTIOAOYIat IO CUVOLALEL EVA KUKAWUX
QTOKOTING TNC OTaBEPNC TAONG TNG PWTOSIOO0V HE EVOl KUKAWMO METABANTAG evioxuong,
EAEYXOHEVNG OTO TACN, TOL WEEAOU ONUATOC WOTE VA VTIOTOBUIOTEL N TITWTIKY amtodoaon
™NC PWTOSIOS0V. TO TEAIKO CUOTNUX UTTOPEL VO QVIXVEVUEL KOl VO EVIOXVEL PEUHOTO EVTOONC OO
100 nA €wg 10 pA, exel LPNAG VPOC KEPSOUC KA, OXETIKA, UEYGAO EVPOC (WVNC UE QTIOTEAECU
va elvat 16avIKO Yo Xpnaon o€ TANBWEX TIPAKTIKWY EQAPLOYWV.

[TeETapTtn cuvedpla: AvOPWTIOKEVTPIKA SESOUEVA]

24.1 KokkivomovAog Kwvaotavtivog - MEAETN TNG KATXYPAPNC LOVOPUVIKNG HOVGCLKNG
o€ TLevTAaypaupo pe WYSIWYG Scorewriter XpnoLUOTIOWWVTOC TTANKTPOAOYLO XWPLG
Numpad

JKOTIOC TNG TXPOVCaC Epyaatag elval n HEAETN TNG SleTapng xpnotn Twv What You See Is What
You Get (WYSIWYG) TpOypaUATWY KOTOYPAPNHEG HOVOIKAG(Scorewriters), Tt TTROBANUOTA TTOU
TIPOKUTITOLV OTIO TNV AAELPN OPBUNTIKOU TIANKTPOAOYIOU KO N AV TIMETWTILON TOVC. H epyaoia
€0TIOEL OTNV  KOTOYPOP) HOVOPWVIKNG HOUCIKNG, HE CUUTIEPAOUXTO TIOU UTIOPOUV VO
YEVIKELBOUV £w¢ va BoBud Kat oTor UTIOAOLTIAl £(6N LOVOLKAC,.

242 Minmoa EvayyeAio ko Mrtopog lwon - Unsupervised analysis of EEG signals for the
discovery of ictal patterns

Je ouTN ™mv epyaoia, TIPAYUOTOTIOONKE un ETRAETIOUEVN avaAuon
NAEKTPOEYKEPOAOYPOPIKWY CNUATWY EEEISIKELUEVN VIO KXOE 0aBEeVH e OKOTIO TNV oVaKGALN
AYVWOTWY  ETUANTITIKWY  TIPOTUTIWY. [l TNV avaAuon, BaclOTAKOUE OToV  0AyOpLBuo
ovotadonoinong k-means. H mpotewvopevn peBodoloylar OTaV EQOPUOCTNKE OE KATOYPAPES
NAEKTPOEYKEPOAOYPOPNATOC QTIO  EVAV  ETUANTITIKO  a0BeVr) OMOKOAUWE TIPOTUTIA TIOU
ep@aviCovTal PE ONUOVTIKA PEYOAVTEPN CUXVOTNTA KOT& TN SIEPKEI TWV ETUANTITIKWY
Kploewv. Ta MPOTUTIAL TIOU  QVOKOAUMBNKOY  UTTOpoLV va aglomoinBouy we OelkTEC TwV
ETUANTITIKWY TIEPLOSWV T ULt UTOUXTOTIOINHEVN TIPOTEYYLON YL TNV aviXVELON TWV KPlogwv.

24.3 Auapoavtidng Adumpog, @soxopldng Xapng kot Xatdnkwvotavtivou Xpnatog -
Avoyvwplon GUVOLOONUOTOG WE XProN NAEKTPOEYKEPOAOYPAPNUATOC KOl TTATIOTIKNG
oVWTEPNG TAENC.

TNV TIOPOVCO HEAETN TIAPOUCIAETAL IO TIPOOTIABEIX oVaYVWPLONG CLVALOBNUATOC UE TN
XPNON TOU NAEKTPOEYKEPAAOY PPN UATOC KOl OTATIOTIKAG VW TEPNC TAENC. Tl TNV Talvounon
TWV ONUATWY XPNOWWOTIOLOVLE TOUC aAyoplBuoue Taglvounaong Support Vector Machine (SVM),
Quadratic Discriminant Analysis (QDA) kou k-Nearest Neighbors (k-NN). BeATiotog aAyopiBuog
amodelxtnke o SVM pe mooooto etiituxiog 87,78 %. H xpnon Twv NAEKTPOSIWY TWV IVIOKWV Kal
BpeyUaTIKWVY AOBWV @AVNKE Vo SIVEL TO BEATIOTO AMOTEAECUA.

24 4 Kovtadakng Mpnyoplog, Xaaloupag Anuntplog, Mpwyudkn Aéomowva - Design of
augmented reality 3D rehabilitation application using an inertial measurement unit

JTOXOC TNG epyaaiag elvat N uAoTolNoN ML QU TOUATOTIOINKEVNG EQAPHOYNG (PUOIKOBepaTeiag
KOl OTTOKOTAOTAONG YOt GOBEVEIC TIOU €XOUV KAVEL OAIKI) OPBPOTIAACTIKY) YOVATOU, O€
ouvvepyoaata pe To Nevikd Noookopeto Xaviwv. H epapuoyr) xpnoomolel eva autooxedlo KOURo
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TIOU TIEPLEXEL AULOONTNPA UE EVOWHATWHEVO ETUTAYUVOIOMETPO KAL YUPOOKOTILO Ylot VO BPEL TNV
TIEQLOTPOPN TOU XELPOLPYNUEVOU GKPOUL. 2TOXOC TNG EPAPHUOYNC Elval Vo SWOEL TO KATAAANAO
kKlvnTpo oTov aoBevh) WOTE WE TN XPNON TOu coBNTNPX VO TIPOYHATOTIOE! HE aKPpIBEla Ko
EUXAPLOTA TG OKNOELC OMOKATACTAONE YOVATOU TIOU OMAITE(TAL HECO OTIO €V TPLOSIACTATO
T vidL To o vidt pofdiel otnv 08ovn TNV Kivnon Tou XEPOLPYNHEVOU GKPOU OOV UEAOG
UL TPLOSLAOTATNG OKNVAG KO ETUXELPEL v TOEWVOUNTEL TNV (OKNON TIOU EKAVE OOV CWOTNA N
AGB0C pe BAoN TO KPLTHPLX TIOU £X0UV CUYKEKPLUEVOTIOINBEL amd TO (PUOIKOBEPATIEVTY). 2TOXOC
Lo lvatl n pelwon TG QUOIKAG TTaPOLVCLAG TOU PUOIKOBEPATIELTY) BONBWVTAC TNV XTTOSOTIKN
UAOTIOINON OKATEWV OTO OTUTL WE EVKOAX KO XAUNAO KOOTOC. MPOKEIUEVOL VO EKTTAUSEVTEL TO
oLOTNUO Kol Vo eTTELXPel LPYNAG TIOCOCTO AVAYVWPLONG AOKACEWV, HEBOSOL UNXOVIKAG
uaBnong mpemel va xpnowotioinBouv. O ouTooxESIOG KOUBOC TIOU  XPNOWWOTIOINONKE
QTOTEAE(TAL OO €val UIKPO-UTIOAOYLOTH Raspberry Pi A+ kot tov cuoBntrpa MPU-9150 tou
XPNOOTIOLE(TAL OE TIOAEC EUTIOPIKEC CUOKEVEC. TO TPEXOV CUOTNUA VAOTIOLEITOL £E0AOKAN POV
oTNV YAwoox Java pe tn PonBeta TnG pnxavng maixvidiou JMonkeyEngine kol To cVuOTNUX
e€opuénc dedopevwy Weka.

24.5 Avdpikog Xprotog kat Paooldg MNewpylog - Real-time medical collaboration services
over the Web

H BoBuiador LeTaTOTIION TOU KEVTPOU ANPNC XTTOPATEWY OTNV LXTPLKT, OO TOV KAWIKO YIXTPO
0€ OHASEC TTIOANATAWY EIOIKOTATWV (KaTa Tn BBALoypaplor multidisciplinary teams), eyelpel Tnv
QVAYKN YLt CLOTAPTO VTIOOTNPENG ATTOUAKPUOUEVWV LATPIKWY SIABOUAEVTEWY TIPOYLATIKOU
XPOVOU. 2TO TIAXOLO aVTO, TAPOVCIACETAL Ot OAOKANPWHEVN TIAXTPOPUA BACLOUEVN OTIC TULO
OLYXPOVEC TEXVOAOYIEC LOTOV, N oTtolar TTPOCPEPEL EUPUN SLAXEPLON KAL QVTOAAXYN LATPIKWVY
SedopeVWY, yla TNV PLAOEEVIO UTINPECLWY CLVEPYATIAC TIPOYHATIKOU XPOVOU LETAEL [ATPIKOU
TIPOOWTIKOV. MO CUYKEKPIUEVD, OTNV TIOXPOVCX EQYOOIa ELCAYETAL N KATAVEUNUEVN OTOUC
TieAGTeq (client-side) eme€epyaoion LATPIKAG EKOVOC EVAVTL TNG €WC TWPX KEVTPIKOTIOINUEVNC
Tpooeyylong  €€umnpetnTh  (server-side). ETMAcov, TPOC OVTIUETWTILON TOU  TUTIKOU
TIPORANUATOC CLIPOPNONG KAL TWV YVWOTWY BEUATWY KAUOKWONG TWV KEVTPLKOTIOINHEVWV
OPXITEKTOVIKWY  SLOUOLPACUOY  SeS0UEVWY,  ELCAYETAL  Eval  OxNUa  eupeonc  KAnong
Amtopakpuopevne Aladikaoiog (RPC) BaolopEVO OTO GUYXPOVIOUO QVTIKEILEVWY SLXPETOL TNG
veoeloaxBeloag WebRTC texvoloylac.

24.6 A\lakng Iwavvng - Gesture recognition for alphabet characters from fingertip motion
trajectory using LRB hidden Markov models

AUTA N VAPOPA TIEPLYPAPEL UL LEBOSO avayVwpLong 0A@OBNTIKWY XOPOKTHPWY 1O Jia nén
EVTOTIOHEVN KOL KATAYEYPOUPEVN TPOXIA TNG &KPNG TOL SAKTVAOU, Pe TN Xprion HMM (kpupda
uovtehar Markov). Mo autdv TOV OKOTIO  SnuoupynBnke ploe Baon  Sedopevwy  amo
KOTOYEYPAUUEVEC TPOXLEC. O TIPOOAVATOAMOUOC TWV KIVNOEWV KBavVTICETAL yla Vo LETATPOTTEL
0t KWOLKO-AEEELC. XPNOLWOTIOETAL [lot povodpoun aplotepd-Se&ia (Left-Right Banded) HMM
ToTIoAOY(O E SIUPOPETIKO APLOUO KATAOTACEWY TIOU KLPavovTat arto 3 w¢ 10 kot SIopopETIKO
apBUO cupBOAWVY TIou KupatvovTal amo {8,12,18}. H kaAlTepn emidoon emituyxaveTal Pe 5
KOTOOTAOELG KOl 8 GUUBOAGL

24.7 KaveAakng Xplotogpopog, Kupitang Nnwpyog kot Toountpou Oupavia -
Avamtuén Slataéng Blopnxavikng 0paang yla Tpoadloplopod Bong kol
TIPOCOVOATOALTHUOU KIVOUHEVWY XVTIKELUEVWY Kol 08rynan poutoTikoL Bpaxiova

O 0TOX0C QUTAC TG epyaaiag elvat n vAoTolinon plag Blopnxovikng SITagng s EpyaaTnPLOKN
KAlHakot otnv omola ouvepyadovTal €V OTEPEOCKOTIKO OCUOTNUO KOL EVOCG POMTIOTIKOC
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Bpaxlovag. H dadikaoia xwplletal og SVO PEPN, TNV AVOYVWPLON OTO XWPO TWV ETOUUNTWY
QVTIKELHEVWVY KOl TNV 0dnynan BACEL aUTAG TOU POUTIOTIKOU Bpaxiova. Mot To TpWwTo HEPOC
ylvetaw xprion tng BBALOBNKNG avolkTou kwdika OpenCV kat SUO TTOPAANAX SIATETAYPEVWV
KOUEPWV. 2TO SEVTEPO UEPOC XPNOLLOTIOLELTOL O POUTIOTIKOC Bpaiovag Katana s400 6M90G tng
eTaptag Neuronics.

24.8 Znkov Anda kou Mamoypriotog Xpriotog - Power-over-tether: A remote powering
system for small unmanned aerial vehicles

TNV Topovaa epyooiar TapoualadeTal eva €Tyl oUOTNUA TPOPOSOCIOC Ylot UIKPK Un
ETOVOPWHEVA OEPOTKAPN, UE OKOTIO TNV ETITEVEN TITACEWV TIPATETAUEVNG SIAPKELC YL TNV
KOAUWN TWV EVOEXOUEVWV OVAYKWV TIOALTIKWY EQOPHOYWY VYNAWY aTtoiToewV. o To OKOTIO
QUTO, avamTUXOnKke evar Power-over-Tether cuoTnua pe ToToBeTNUEVN TNV TPOPOSOoia Tou
OEPOOKAPOVE OTO €5APOC, €VW N OXUC HETOPEPETAL OTO (S0 peow €voc KoAwdiov.
MPOKEPIEVOU VO TIAPEXETAL N SUVATOTNTA OTO AEPOTKAPOC VO EKTEAEl EAEVBEPO KABETEC KO
SLOUNKELG TPOXLEC OTO XWPO, XPNOUOTIOONKE KOAWSIO HEYXAOL UNKOUG TUALYLEVO YUPW OTIO
ulor KUAVSPIKA B&on, €Tol WOoTe va elval duvatn N eAeLBEPpWON Kol avakAnan tou. To Power-
over-Tether cUoTNUO OXESIAOTNKE KOl KATAOKEVXOTNKE UE TETOLO TPOTIO WOTE VO AELTOVPVEL
QUTOVOUQ, EXOVTAC TNV IKAVOTNTA VO "aldBAVETAL" TIOTE TO AEPOTKAPOC ATIAUTEL EAeUBEPWON
ETUTIAEOV PNKOUC KOAWSIOL WOTE va KIVNBEl TTpOC TNV €KACTOTE emIBLUNTA B€on, Kal TOTE
UTIAPXEL VTTAPXEL ETITIAEOV UNKOC KOAWSIOU amd auTO TIOU XTIALTE(TAL TO OTIOO KOl TIPETIEL VX
avokANBel, kal ekteAel TNV oamapaltnTn  Asltoupylal avoAOywdc. XTnV  epyocia auTh
TIOXPOUCLACETAL QVOAUTIKA N Sopr TOU OLOTAUOTOC KoBWC emiong Kal O €AgyxoC Tou
vAototOnke.  TeAog, OleEdyovTal Kol EKTIHWVIOL TO TIEIPOUOTIKG  OTIOTEAECUOTA  TNG
AelTtoupylag, Ta oTtola mOSEIKVVUOUV TNV ATTOTEAECUATIKOTNTX TOL TIPOTEWVOUEVOU CUOTHHATOC.
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[POSTERS]

Al Ntoutoog-Okovouou Kwvotavtivog, XAamikag Anuntplog, Baoieiadng NikOAxog,
ko MovteAng Anuntplog-NikoAoog - Athens Wireless Network Analysis

JTNV onUEPLVA KOWwVIa, TO Vo eloat cuVSESEUEVOC OTO SIASIKTLO EXEL VIVEL TIAEOV VALK, ElTE
YL TIPOOWTIKA XPNON ETE VIO ETTAYYEAUXTIK XPNON. AUTO EVKELTAL KUPIWC OTO TTOCO (POPNTH
exel ylvel n texvoAoyla TAEoV. ZXeSOV OAOL X0V EVAV (POPNTO UTIOAOYLOTH N eva smart phone
ONUEPA. AUTO CUVETIAYETAL OTO VA& Elval Kol TO SadIKTUO 000 «POPNTO» YIVETAL, KATL IOV N
EVOLPUOTN TEXVOAOYION Sev eTUTPETEL [lat aUTO SNUOUVPYNBNKE N QVAYKN OCUPHATOU
TIPWTOKOAAOL £TUKOWWVINC. To TiLo Sladedopevo Sladedouevo amod auTd elvot To Wi-Fi, Ttou pag
ETUTPETIEL VA OLVOEBOUUE AOVPHATA OE Vo SIKTLO PETW POPNTOU UTIOAOYLOTR, smart phone f
OKOUN KOL ATTO GAAEC OUOKEVEC. 2 TNV TTopoUaa €peuva Ttapoualdloupe Tt ouvnBideTal ota Wi-Fi
NG ATTIKNG OO Bepa aOPOAELRC, TexVoAoylag, a&lotloTiog, TEXVIKNG KAl KATOOKEVAOTPLOG
etauplog.

A2 Alapavtidou EAsvn kot ZuyKipldng @e0dwpog - Aoylouiko Npocopolwaong
XOpoKTNPIOTIKWY ISLoTATWY METONAIKWV

H epyoaoia ou €xel amooToAel TIPOYHATEVETAL TNV VAOTIONGN HLOG YOXPIKAC SIETILPAVELXC OE
TIPOYPAUUOTIOTIKO TiepBorAov Matlab (GUI) pe Bepar tnv mpocopolwaon XopoKTNPELOTIKWY
IOLOTATWY TWV HETOXVAKWV.

A3 KotomoUAn EvayyeAia - MEAETN YELWOEWY XVEUOYEVVNTPLWVY HE OKOTIO TNV
BeAtiwon Twv BNUOTIKWY TAOEWV

JKOTIOC TNE TIOPOVOAC £pYACiag elval N LEAETN TWV BNHATIKWY TAOEWV O eVa OLOTNUA YElwang
QVEUOYEVVATPLOC, HE TO LOOSUVAHO avBPWTILVO KUKAWHG, Peow TNC gEopolwong Tou WE To
AOYLOUIKO EMTP-ATP, €X0VTOC OUUTIEPIAGBEL OTOUC UTIOAOYIOMOUG Kol TO (PALVOUEVO TOU
LOVIOHOU, WOTE VA eKTIUNBOUV Ol BNUATIKEG TAOELC 0T BACN OVELOYEVVATPLOC O TIEPITITWON
TIANYHOTOC KEPaLVOL. H gfopolwan ylveTal ylor SU0 SIATAEEL BEUEAOKWY YELWOTEWY KAl Yl
TPELC SLUPOPETIKEC TIEPITITWOELC. 2 TNV TTPWTN TEPITITWON T CUCTAPATA Yelwanc LUTIORAAAOVTOL
0g KEPOUVIKO TIANYUa 100KA, pe xpovoug 1.2/50us, Bewpwvtoag bk avtiotaon edagoug 50
Om kat TN mediov oviopov 300 kV/m. Ztnv SeVTepn TEPITTTWON TO KEPAUVIKO TIANYUO £lval
30kA,1.2/50 ps, pe eldkn avtiotaon edagoug ota 1000Om kat edio toviopov 300 kV/m, evw otnv
Tpltn MepimTWon UTORAAAETOL TO CVLOTNUX O PeLPA Kepauvou 10kA, pe xpovoug 1.2/50us, ue
eldlkn avtiotaon edaouc ota 1000m ko otaBepr) T Tedlov toviouov ota 300kV/m.

A4 Motolka HALGva, ZakEpoyAou EAsvn, kol Koptooapidng MNewpylog - AlSIKTUaKO
TIANPOQPOPLOKO TUTTNHA SLOXELPLONG KO KATXYPAPNC TIOPOLCLWY iPresence

Je autn TNV epyacio Tapouvoialovpe TO iPresence, eval €EEIOIKEVUEVO KOl  EUEAIKTO
TIANPOPOPLOKO CVOTNUA Yl TN dlaxtrpnon evog “online” mapouaioloylou, Tov Pmnopsl va
XPnooTonBel o OAX TO EKTIASEVTIKA LOPUUATA E TTOXO TN SLEUKOALVON TNG EKTIAUOEVTIKNG
Sadikaotag. Tooo ol kaBnynteg, G600 KAl Ol (POLTNTEC, UTTOPOUV VO XPNOLWOTIOINOOLY TN
OLYKEKPLUEVN SLOSPOOTIKN TIAQTPOPHA VI TNV 0PYAVWON TWV TIAPOUCIWY EVOC MOBNUATOC.
Alvel Tn duvaToTnTa SNUouPyLlag Kat EKTUTIWONG TeKUNplwy (tokens) pe HovadikoUug KwSIKOUC,
ToroTola SLVEHOVTAL TTOUC (POLTNTEC KA PECW OUTWY, KATAYPXPOLV TNV TIapouaia Toug aTnV
TIAXTQOPUA. MapeXEL, €TIONG, EVA YPNYOPO KO EUXPNOTO TPOTIO KATAYPAPNC TIHPOVOIWY HECW
ULOC €OIKA oXeSlAOpEVNC epappoyng Android, n omola capwvel To barcode TNG QOLTNTIKAC

SOHMMY 8 |31



TOUTOTNTOC. T ATTOTEAECUATO TNC XPNONG OE EVOL LOBNUO KOPUOU, AVESEIEQY TOX OPEAN KO YL
TOVC (POLTNTEC KA YLt TOUC KaBNyNTEC.

A5 BevilgNov BeviZehog - Technoeconomic study of RES installations in hospital

O oKOoTog auUTAC TNG epyaciog elval Vo TTOPOLOIACEL UL OAOKANPWHEVN TIPOTOON YL
eykataotaon AlME oto Mevikd Noookopelo Aepeaoy, To omolo Bewpeltal wg eva amod Ta KTipLa
LE TN HEYOAUTEPN EVEPYEIOKN KOATOAVOAWON. APXIKK TIPOCOHOlWVETAL eva ®/B ovotnua
Staouvdedepevo e To SikTvo TNG Apxng HAekTplopou Kimpou (AHK), xpnoluomolwvToag To
AOYLOUIKO PV * SOL. 2Tn ouvexelor HEAETOUE eVal SIAOUVOESEUEVO VRPLOIKO Kol evar LBPLSIKO
QUTOVOUO CUOTNUG, HE TN XPNON Tou Aoylopikow HOMER. ‘'OAeC Ol TEXVOOLKOVOULKEC PEAETEQ
Booilovtatl ae evar KUKAO CwNC SLapKelag 20 ETWV. 2TO TEAOC, CUYKPIVOULPE Ta Tplor CLUOTAPOTA
YLt VO OplOOULE TNV TILO CUMPEPOUON TIPOTAAN.

A6 Toludpag BaolAelog - ZxeSLaopog SIATOENC HETATPOTIEN KO KUKAWIOTOG EAEYXOU
yla 081ynon ouTOVOUWY PUWTOROATHIKWY CUCTNUATWV

H amaykioTpwaon tng avBpwivng SpacTnploTNTAG oo TIAPASOCIOKEC LOPPES EVEPYELXC OTIWC
TO OPUKTA KOVOWUOL EXEL OONYNOEL TA TEASLTAUO XPOVICt OTNV QVATITUEN TWV AVOVEWTIUWY
TINYWV. 2nuatvouoa Becn 0TOV TOUEA AUTO KATOXAXUBAVEL N CUYKOWLON NALOKAC EVEPYELQC HECW
PWTOROATAIKWY panel. QoTOCO, ATO TNV OKOTILX TNC EVEPYELOKNG aTtOS00NC QVTHC TNG HeBOSou
OEV UTIXPXEL HEXPL ONUEPO KABLEPWHEVN 08OC EKUETAAELONC TNC. AVTIBeTa TTaPOUCIACETAL EVAG
LEYOAOC apLBUOC TIPOTEWVOUEVWY TOTIOAOYLWV KOl OPXITEKTOVIKWY EAEYXO0UL, N KOOl eK TWV
OTIOlWV  TIPOOPEPEL SLOPOPETIKA  XOPOKTNPOTIKA. 2E QUTAV TNV epyacior emixelpeltat n
Tapouoiaon evOC HOVTEAOU OTOTEAOUUEVO omd evav Cuk HETATPOTEX KOl €VOC VEOU
KUKAWHOTOC EAEYXOU OVAPOPAC TAONC, TO OTIOL0 EKTEAEL OAYOPIBUO OXANCNC KOt TTPATAPENONG
(P&O) yia Aettoupylor 0to onuelo peylotng amodidopevng oxvod. H mpoavapepBeioa Staraén
aVOAUBGVEL TNV 0SAYNCN OoPTIoL XaUNANG LoxLog (60W) amtd pwToRoATAIKO panel (60Wp). To
OLVOAIKO CVOTNUA LOVTEAOTIOLE(TAL N SLATAEN UE OKOTIO VO UTIAPEOLV TIELPUUATIKEG UETPNTELC.

A7 Anuntpng Evéa MeAe, EAadv Mmteiépt, Todko Aovpiu ko 2tepdy AA - PANDORA:
MouxviSoToINUEVN EPAPUOYN YO TNV eKTIAUOEVTN 08 BEUOTO NAEKTPLKNC EVEPYELOC

H epyaoia aqutn meplypa@el TNV Snuovpylal Lo EQAPPOYNG VI TNV eKTtaldeuon XpnoTwy o€
DepoTor NAEKTPIKNC EVEPYELOC WE XPNON TNC TexVoAoylag gamification. 2TOX0C TNG EQPAPUOYNG
Pandora, lval n Tpomomoinan TNG CUUTIEPLPOPAC TOL XPNOTN O BEUOTO NAEKTPLIKNG EVEPYELOC
LECQ OO TNV eKTIA{SELON KOt TNV CLVOLOONUATIKY EUTTAOKN TOU HE TNV epappoyr. O xpnotng
EKTIAUSEVETAL HECW UNXOVIOHWY TIAXVIOIOU OTOV EAEYXO TNC KATAVAAWONG, TNV €€0IKOVOUNON
KOL TNV TIOOY WY NAEKTPIKAG EVEPYELAG. ZEKAELOWVOVTAC ETIUTIESN KTIPLOKWY EYKATAOTATEWY
noBadvel va e@apuolel HeBOSOUC Yo TNV EVEPYO KOl GUVELONTY CUMHIETOXN TOU OTIC TIOPOTIAVW
SLSIKOOLEC HECO OO TOL ATTOTEAECHATX TIOU £X0OULV Ol KIVATELG KA OTTOPATELC TOL. 2TA TIAX{CLX
™MC e@opPoyng Tou Slvetal emiong n SLVATOTNTA VA TIPOCOUOWWOEL 1 VO PETPNOEL TIG
TIPAYUOTIKEG KATOAVOAWOELG TWVY CUCKEVWY TOU.

A8 MoBe Eiprivn - Assessment of user experience with a commerical BCI device

O oKoToC auTAG TNG epyaoiag elval n a&loAdynon TNG eUTEplag XPNONG MIAC EPTIOPIKAG
OUOKEUNC  OLETIOPNC  EYKEPGAOU-UTIoOAoYoT  (Brain - Computer  Interface-BCI), kot Tl0
ouykekplgeva Tou Neurosky Mindwave Mobile. H cuokeur) ouTr) €xel Tn SUVOTOTNTA VO LETPAEL
OUYKEKPLUEVOUC TUTIOUC EYKEPOAKWY KUMATWY KOl VO TOUC "UETAPPACEL" O TIOOOTIKEQ
LETPNOELC TNC OUYKEVTPWONC (attention) kow TG XoAdpwong (meditation) Tou Xpnotn.
XpnowoTolel eva NAEKTPOSLO, TO OTtolo e@aPUOCETAL OTO PETWTIO TOU XPNOTN HE LN ETTEURATIKO
TPOTIO. KATAOKEVAOTNKE VA TIPWTOTUTIO OXNHA BACIOUEVO OTNV TTAATPOPUX Arduino Kot O€ eVa
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TIaSIKO TtauyVidL, To omolo ko eAeyxetat peow touv BCI kot yax TNV aéloAdynon tng ePmelplog
xpnong Ste€axOnke eva Telpapa pe 20 xPNOTEC, YLt TOUG OTIOlOUC QTIOTEAECE TNV TIPWTN TOUG
eumelplo pe pior ouokeun BCL

A9 Moapivou Mopla - ZUyxpoveg epapuoyeg mHealth kot peBodot a&loAdynaong

Kotd tnv SIGpKelor TwV TEAELTAlWY ETWY, N XPNON TwWV €EUTIVWY KIVNTWV CUOKEVWV EXEL
EloXWPNoEL paydala o U TIANBwpa KoBNuepvwY  Asttoupylwy. O Ttopeag tng Yyelog
TIPOOPEPEL TIOAUTIAEUPEC SUVATOTNTEG AVATITUENC LATPLKWV EQUPHOYWY Ol OTIOIEC UTTOPOUV VA
EKTEAOUV IO OTIAECG AELTOUPYIEC ANWNC KOl KATOY PO TUTHK WY KAWVIKWY HETPATEWY CWTIKWV
ONUATWY, EWC VO AELTOUPYOUV  WC  UTIOAOYIOTIKA OCUCTAMOTO  LTIOOTAPENG  KAWVIKWVY
amo@aaswy. H uloBetnon Tng xpnong Twv mHealth epapuoywy Bot SUUBGAEL OUCLOOTIKA KOBWC
Ba BeATiwvel TNV TTOLOTNTA (WNC TWV aOBEVWY KAl TNV TTOPELa TNG VOOOU TOUC Kol Bor amtoTEAEL
KIVNTPO Yl TNV obENCN TNEC EVNUEPWONC KAL TIPOANYNG EVAVTIO OE VA GUVOAO QOBEVELWV. 2 TNV
Tiaxpovoa epyaciar TTapouolaleTal eva TeETolo TAalolo a&lohoynong mHealth epoapuoywy mou
OLUTIEPNOUBAVEL BELATA XOPAAELQC KO TIPOOTACIAC TOU LATPIKOU ATTOPPNTOU, JLOt TEXVIKI KAl
EPYOVOULKN TIPOTEYYLON OVAPOPIKA LE TNV XPNOTIKOTNTA TWV EQAPHOYWY, TNV TIOIOTNTA TOU
TIEPLEXOUEVOU TOVC, TNV SIOLVEECIHOTNTA, TOV TUTIO KOl TNV TIAQTPOPHA VAT TUENG KAl TO
KOOTOC OTOKTNONG KOl AETOUPYLOG TwV €@OPUOYyWV. MPOKEITAL ylor eVvay TOPEX O OTtolog
TIPOOPEPETAL VO CLVELOPEPEL (WOYOVNTIKA TIAEOVEKTAUTA OTOUC XWPOUE TNG Yyelag kat g
[aTpkAG Kot Yot oUTO SeV TIPETIEL VAL MEIVEL AKOAUTITOC OAAX VO EVOYKOALOTEL OO VAL YEVIKO
TIAQ{OLO TTPOOXPHOCTIKNC aéloAdYNoNG.

A10 Zapavng Xpriotog - Capacitive Immunosensor to quantify C-reactive protein

Je autn TNV epyacio avaEpoupEe  evav  alcBnThpa avooodoklpaciog pe Baon TNV
QVOOOOLYKOAANGN YLt TOV TIOOOTIKO Tipoadloplopd tng C-avtidpwoag mpwTtelvng (CRP). O
avamtuxBev cuoBntpoac avooodokipaoiag amautel epimou 15 ATt ovd Selyua Kol TIapEXEL
evatoBnola ewe 0,5 mg/L. MeTpdie TNV TTOCOTIKOTIONGN TNG CUYKEVTPWONE TOU SElYUATOC TTOU
TPOOTIBe T HECW TNG XWPNTIKOTNTAC TWV XPUOWY 0AANACCUUTIAEKOUEVWY NAeKTPOSIWY (IDES).
JTnv mapovoa epyacia, elpaote oe Beon va TTPOOSIOPIOOUKE TIOCOTIKA TN CLUYKEVTPWON TNG
CRP, pe Mo yxounAn ouvykevtpwon Ta 0.5 mg / L kot o vynAn ta 10 mg/L. Me tnv
moootikomoinon tng CRP atov 0po, exoupe aloloynaoetl dv ol aaBevelq elval emippemeic oe
KOPOLOKEC TIABNTELC KOl TTPaKOAOUBNCEL TOV KivBuvo Ttou cuvdeeTal e auTeC. H doun Ttou
aLaONTAPA elval oA HE XAUNAG KOOTOC. AUTOC O TUTIOC alaBNTAPO UTTOPEL VO ATTOTEAETEL L
TIOAA UTTOOXOUEVN EQOPUOYN YIa TaXela kot euadoBnTn avixveuon SelkTwv vOowv og point-of-
care OUOKEVEC.
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[WORKSHOPS]

Aeoxn PoumoTtikng - Firefighter robot

H Aeoxn Poumotiknc (Robotics Club), Asttoupyel oto Mavemiotruo Matpwyv and to 2002 , aTto
Tunua MnxavoAoywv Mnxavikwv & Aspovaumnywyv. H Asttovpyla Tng vootnpldetat omd tnv
EpsuvnTikr) Op&da POUTIOTIKAG TOU TUAUOTOC. ATIAOXOAEL (POITNTEC KATA KUPLO AOYO OO T
TUAUOTa MnXavoAOywy , HAEKTpoAOYWY Kot Mnxavikwy H/Y. Xkomog tng elval n e€otkelwon
TWV MEAWV TNG ME TIG TIAEOV OLYXPOVEC TEXVOAOYIEC OTNV ETILOTAUN TNG POUTIOTIKAC, HECW TOL
0XeSLAOUOU, TNG KATAOKEUNC KAl TOU TIPOYPAUUATIOHOU POUTIOTIKWY CUCTNUATWY UIKPOU Kal
ueoatou peyeBouc. Tar TeAsuTala XpOVIa Tar HeAN TNG Aeoxng SPACTNPLOTIOIOUVTAL €TONG O€
TEXVOAOYIEC TPLOSIGOTATNG eKTUTIWONG (3D Printing) Kot KATAOKEUNC NAEKTPOVIKWY TIAGKETWV
(PCB Fabrication). 2e auth TV Mapouaiaon, weAn TG Acoxng, Ba TTAPOUCLACOLY CTOLXEl o
SL&PopeC TexVoAoyleq aloBnThpwy Kot KVNTHPWY, Kol cUVOLALOVTOC TA TIOHPOTIAVW HE EVOV
ULKPOEAEYKTH) KO KATTOLo €€QPTAMOTO EKTUTIWHEVA 0 3D-Printer, Ba KATAOKEUACOLV VO UIKPO
KIVNTO POUTIOT HE TN SUVATOTNTA VO OVLIXVEVEL AVOUPEVO KEPLE OTO TIEPIBAAAOV TOU KO VO TX
oBnveL

IEEE - Functional Programming

Functional programming is a computing paradigm relying on higher order function principles such as
recursion and variable immutability. This workshop offers an introduction to functional programming
using Scala, a multi-paradigm language supporting both functional and object-oriented program-
ming running over JVM and interoperating fully with Java. Scala source code has garnered over a
short time a strong reputation for brevity and efficiency. Emphasis will be placed on hands-on expe-
rience through code dealing with realistic programming tasks.

Accusonus - Audio source separation - Mixing DSP and math to unmix music

and audio

Audio source separation has been an active research topic for many years. In the first part of this
workshop we will define the problem and see how it arises in various applications. We will discuss the
challenges it poses and review a number of methods that have been proposed in the literature to
solve it. In the second part, we will focus on the renaissance of audio source separation that has been
fueled by the powerful non-negative matrix factorization (NMF) technique. We will discuss how and
why NMF works, why it's a great tool for audio applications and present several extensions that have
been proposed in the literature. Throughout the workshop we will present several practical examples
to provide insight and better understanding of the methods discussed.
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[ZOHMMY ++]
[Mapouvoiaoelg Startup]

UrboTour

Ot auyxpovec Texvoroyiec Tng UrboTour (QR codes, Bluetooth 4.0 , Augmented Reality) pmopouv
vat SWOOLV 0TOUC ETIAYYEAUXTIEC TOU TOUPLOPOU KOWVOUPYLX HETA Yot TNV ovaBEBuLon Twv
UTINPECSLWY Toug. H UrboTour mapexel TipwTOTIOPLAKES AVCELG Yo Eevodoxela (dnuovpyla QR
code, spappoync yx smartphone,lotogeAidoac), yloo povosiax (06nyog ylao smartphones), ylo
Eevayoud , Yo TaE-EVOIKIAOELC OXNUATWVY KAl ylo TOV SHKO.

Clio Muse

Evac Zuvtnpntng Apxawotntwy kot Epywv Texvng e amogoltn Tou  OKOVOULKOU
MNavemotnuiov ABnvwy kol evag HAEKTPOAOYOG MnYovIKOG. AlQPOPETIKOL XOPOKTAPES, HE
SLAPOPETIKI ETUOTNHOVIK KAXTAPTLON. ATIOQACLOUEVOL VO (PEPOUV TOV KOOUO THoW OTX HOUOElX
Snuovpynoav TNV e@appoyn Eevaynong Clio Muse.  Zuxva otae Mougela cuvovTaue
EVTUTIWOLOK A ekBepaTa. Opwe, ot AeCavTtec Toug ouvnBwg pac kovpalouy. H Clio Muse elvalt pia
e@appoyn Eevaynaong TIou VTIOOXETAL VO TO OAAGEEL oL TO, TTapoLaLAOVTaC KABE KB peoa
QIO CLVAPTIOOTIKES, AANBLVEC, CUVTOUEC, TIOAXTIAEC KOl XPOVOUETPNUEVEC LOTOPLEC.

Codebender

To codebender eivat pla online TAQTQOPHA Yl XpNOoTeC Arduino IOV omMAOTIOLEL TOV TPOTIO UE
TOV oTolo YIVETAL O TIPOYPOUUATIONOC TouG. Meow Tou codebender k&Be xpnotng umopel va
EEKLVNOEL yPNYOoPO KOL EUKOAX HE TO BACIKE, YAVTWVOVTOC TIOAUTIUO XPOVO TIOU OTTOUTELTOL YLt
TNV €yKATAOTAON, TN PUBULON, TNV avaBEOULON TIPOYPOUUATWY, VO QVATITUEEL T projects Tou
KO VO GUVEPYQOTEL E GAAOUC XPrOTEC. 2TO codebender exouv avapepBel Stapopa online media
onwc to Techcrunch, to lifehacker k.AT.

[Moapovaoidoelg Epsuvntikwy Ouadwv]

Applied Informatics in m-Health (AiM)

H epsuvntikn opdda AiM 16puBnke To 2014 aTnV Ox0AH NAEKTPOAOYWV UNXAVIKWVY Tou EBVIKoU
MeTaoBou MoAuteyvelov, otov Topea JuoTnuadtwy Metadoong MAnpogoplag kat Texvohoylag
YAKWV. ZTOXOC TNC Elval N avA&TITUEN KAWVOTOUWY EQAPUOYWY OTO XWPO TNG (POPNTNC LYELDC
(mHealth). H AiM €xel TAOVOLO CLYYPAPIKO KOL EPEVLVNTIKO £PYO TO OTIolo OXETICETAL WE:

A. Zupuoppwan AcBevwy PHECW XPNONG KIVNTWY CUOKEUWV

B. TnAclaTpikn Emtetyovtwy MeploTaTikwy

. MAatoo Mapoxng Yrnpeowwy MpwTtoBaBulag Yyelag

UoP Racing Team

H UoP ¢€xel pe eutuxia Aafel pepog oe 19 SlaywVvIopoUc TNV SIPKELX TNC MEX PL ONUEPT TTOPELDG
™C. Elvat n mpwtn EAANVIKA opada tov eAaBe pepoc otoug Staywviopoug Formula Student ko
N mMPWTN EAANVIKN opdda Ttov oxedlage Kot KATAOKEVOTE Vol EEOAOKANPOL NAEKTPOKIVNTO
AYWVLIOTIKO LPWNAwV Tpodlaypawy. To UoP4e , To TpWTO NAEKTPOKIVNTO HOVOBECLO TNG
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OHASOC, OUPHETEIXE O SVO peyGAoug EupwTaikoUg AlYWVIOHOUC KOTA TNV SLXPKELX TNG
TeAeuTalag aYWVIOTIKNG HOC TteEplodou, autoug tTng FSUK kat tng FSCzech, omou katapepe va
OUYKEVTPWOEL EEXIPETIKA OXOAMO OO KPLTEC KOl OVTAYWVIOTEG KAl VO SIaKPOEl HECW TwV
QTOTEAEOUATWY TO OTIOI ATIOTEAOUV TO KOAVTEPO AMOTEAETUOTO EAANVIKAG Ouadag pexpt
TWPA.

Aristotle University Racing Team Electric (ARIST.U.R.T.LE)

H Aristotle University Racing Team Electric (ARIST.U.R.T.LE) elvat pior epeuvVNTIKA (POLTNTIKY OpdSa
Tou Aplototeleiou Maveriotnuiov Osaoarovikng H oudda 16puBnke Tov OkTtwBplo Tou 2013,
OO OPLOUEVOUC TIPOTITUXLAKOUE KOl HETATITUXIOKOUE (POLTNTEC TOU TUNUOTOC HAEKTPOAOY WV
MnxovIKWY Kot MNXovIKwy YTTOAOYIOTWY KO £XEL WG OTOXO TO OXESLOOHO KAl TNV KXTOOKEUN
EVOC NAEKTPOKIVNTOU QyWVIOTIKOU [OVOBECIOU QUTOKIVATOU UE OTOXO TN CUMPETOXN Of
TIAYKOOULOUG SlaywVIopoue Tng Formula Student FSAE. T pwtn pop& N opado CUMMETELXE,
TOV TEPACUEVO AUYouOTOo, OTO SlaywVvIopo e Itodiag, ATA 2014 o OTaTIK& aywviopoTa
KeEPSICOVTOC TNV TETUPTN CUVOALIKG BEaN.

Centre for Doctoral Training (CDT)

The Centre for Doctoral Training (CDT), the first of its kind in Europe, addresses priority areas such as
autonomous products, functional materials, high performance connected systems, data-to-
knowledge solutions (e.g. digital healthcare), and engineering for industry, life and health. Its focus is
to deliver well-trained, commercially aware, experienced graduates to alleviate the shortage of skilled
professionals in the thematic areas of: Device design, Packaging & integration technologies, Software,
Manufacturing solutions, Applications engineering, System Services. CDT-EI PhD students follow a
bespoke industry-informed programme of training over a period of four years, including the EPSRC's
acclaimed “Transition Zone" Training and Development programme, which is accredited by the In-
stitute of Leadership and Management. Research expertise and support is drawn from 5 Schools at
Loughborough University and over 30 industry collaborators who co-sponsor students during their
studies.

2Votnua Yneokwyv Wnpogoplwyv Zeug and To EBviko Alktuo Epsuvag Ko
Texvoloylag

To ovotnua Zeug elvan eva ovoTnuae Slaxelplong kot Ste€aywyng ekKAoywy, To oTolo exel
avamTuxBel amo to EBviko Alktuo Epeuvag kat Texvoloyiag. BplokeTal oe Aettoupyla omo to
2012 ko exel xpnowomnoinBel yiax mMARBog ekAoywy, e SeKGdeC XIMAdeC Wnpopopoud. Ot
EKAOYEC SLEEyoVTal HECW SIASIKTVOU, WATE Ol PYNPOPOPOL KAL Ol SIOPYAVWTEC GAANAETUS pOLV
uodl TOL PHECW ATAOU TIPOYPAUUATOC TTAONYNONC. BaolleTan og OTIBOPEC KPUTITOYPXPLKEC APXEC
KO TIPWTOKOAAQ, £TCL WOTE VA TIPOOPEPEL: (0) SLTPBEALON OTL KABE PWHPOC KATAUETPATAL CWOTA
0TO amoTeAeoua (B) TTANPN cvwVL L OTOLC PYNPOPOPOUC. JUYKEKPIEVQ, N PXITEKTOVIKA TOU
Zgug elval TETOLX WAOTE OL WYNPOPOPOL KAL N EQPOPEUTIKNA ETITPOTL VO UTTOPOUV VL eivat BERatot
OTL Ol EKAOYEC SLEEAYOVTAL OWOTA, XWPEIG Ko VA X PELGCETAL VO EUTILOTEVOVTAL TOUC SLOXELPLOTEC
TOUL CUOTNUATOC, OV UTOL CUUTIEPLPEPBOVV e SOALO TPOTIO KAl TTPOCTIABTOUV VO CAAOLWTOUV
TO ATOTEAECU, OVTO Bal YIVEL avTIANTITO, eV SeV elval og Bean va TopaBLCoLY TO amoppPNTO
™MC Wneov. O KWAIKAC TOL CUCTAPXTOC ZeVC lvan avolXTog (http://github.com/grnet/zeus), £tol
WOTE OTIOLOOSATIOTE UTTOPEL VOl LEAETATEL KAl VO aVOAUCEL TNV TPOTIO AELTOUPYLOG TOL.
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[ZuveSpiar KOWVWVIKOKEVTPIKWY AeSOUEVWV]
OuANTC 2uvedplac: Metpog Mapaykog (E.M.I)
Mpoedpelo: Ilwavvng MNxpoparakng (Mav. Matpwv)

1. Hevowpdtwaon tou Namecoin oto OpenBazaar — Modnuoata Xapd, AwAog Kwathg

2. Attacking DES with multilayer perceptrons — ApakomovAoc MNwpyoq

3. Implementing graph centrality measures for Neo4j — ApakomouvAog Nwpyoc,
MTmiapouTtiadn Akatepivn

4. JuvaoBNUOTIKY avaAuon eAANVIKWwY tweets kat hashtags pe xprion Ae&ikov
oLuvVaLoONUATWY — MAAANC AnunTptog, Kehapoatiavog Mewpytoc, NikoAapdg AnunTtpLog

5. Mining on movie reviews — Kovumoupn ABavoaoia, Apafavtivou Xplotiva, 2IHaKn
BaoAkn

6. Towards a knowledge-based approach for gender text classification — Ziudkn BaatAkn,
ApaBavTtivou Xplotiva, Koupmovpn ABavaoia

7. Associating named-entities with opinion expressing words — ApaovTivou XploTive, ZIudkn
Bao\ikr, Koupmoupn ABavaoia

8. JUVEPYATIKOG EAEYXOC SIWKTWV-POUTIOT YL CUANWN ELOBOAEWV-POUTIOT — PAKWTAKNG
NIKOAaOC-AnurTPLoq

9. Automations for the prevention of accidents in outdoor playgrounds — Moamoapyupiou
Moapiva, MamouAidng HAlag, Iwavvou Euayyehoc, KoupouAng Mavayltwtng,
XopoAaumidou Maplo
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H evowudtwon tou Namecoin oto OpenBazaar

Xapd Todnuatd*, Koothc Adhoc!
*Edvixd Metodflo Ilohuteyvelo - charapod @ gmail.com
TEOvix6 MetodBio Tloluteyveio - lolos.kostis @ gmail.com

IMepiindn—2Xe auth v epyaoia, avardBoue va LAOTOMGOUUE
v evomoinon tou open source project OpenBazaar pe to
cryptocurrency namecoin. To OpenBazaar eivow évo project,
éva. marketplace xalUtepa, 1o omolo wg otéyo €xel TNV a-
yopanwhnolor Teolovtwy Uetoald Twv Yenotwy, eacpolilovtdc
toug evdelec ouvalhayée, ywelc pdpous xan ywelc censorship.
To namecoin ané tnv dihn elvon €va eidoc cryptocurrency, o
newto avtiypago-toudi Touv yvwotdtepou Bitcoin xou n Paoixn
Tou diapopd elvan 6TL umopolue vo anodnxedooupe xou data oe
autd. Me tnv evonoinomn auth agevée 860 e n duvatdTnTo 6TOUS
yenotec tou OpenBazaar vo dnhdoouv €va povadixd dvoyuo Ue
10 onolo va elvol YVWoTO TO XATIG TNUE TOUC, OPETEPOU UE TNV
npoo¥rxn Tou Namecoin oo unvipota TOU AVTHAALGGOUY OL
x6pfol Tou OpenBazaar evioyOdnxe 1 ao@dreld Tng emxovmviog
petol Toug.

‘Opor Khedid—Namecoin, Bitcoin, OpenBazaar, Cryptogra-
phy, Cryptocurrencies, Censorship

I. Ewoaywyn

To OpenBazaar w¢ project and uévo Tou umopel va «e-
mAboey Ta 0o and ta tpla {ntAuata and to Telywvo Tou
Zooko: tnv anoxévipworn xo TNy acpdieio. To namecoin
pog Pondd oto emhboouue xan 1o Teito {iTnuar vo etvan
avdpdnvar xatavonté (human meaningful). H eyniotooiv
TAEOV TOU €YOUUE OTNV «TOoToToinony Tou xdde xoufou
dev eCaptdton ané to GUID tou x6ufou avtol (uévo)
oM amd To Ovopa mou €xel oploel o xdde yeNoTng Ue
Bdon to Namecoin tou xou autd To dvopa dev unopel va
naparyopoydel. uvende, unopolue vo emioxegdolye to (Blo
poryoll pe to (Blo 6vopo 6To uéANOV.

IMopaxdtew e&nyodvton extevdde, TGO TO cryptocurrency
Namecoin xot 0 «umaumdcy tou, to bitcoin, 660 xou To
OpenBazaar. ' vor epyas Todue 6T0 project auTo YeeldoTnxe
va Ypnouwlonoticouye to github xado¢ to OpenBazaar elvou
€voL open source project, To omolo avanTieoeTo ond TOANOUC
developers and élov tov xéopo. Ta teyvixd otoyela tng
epyaciog TapoucldlovTaL TopUXATe.

II. BITCOIN

A’ "Eva axdun vouiopa

To Bitcoin elvon €va axdun vouopa pe 1o onolo unopel
xavele ofpepa vor ayopdoer ayodd xou umnpeoieg. Etvou
ouwe Ayo SapopeTind and to undroima voployata. To Bi-
tcoin elval TNV TEAYUATIXOTNTA EVOL XUTAVEUNUEVO CUG TNUL
TANEWUGY oVOLYTOU ®OBLXAL, €Vl XATAVEUNUEVO “Tpamelixd
Lo TNUA, TO OTO{0 TPEYEL OTOUC UTONOYIOTES TWV YENOTWY
Tou.

O\ Bdoeig yio ) dnwovpyio Tou tédnxay and tov Satoshi
Nakamoto to 2008 [1], oe éva dpdpo mou mepéypougpe oe

Pewpnuxd eninedo tov 1pdR0 Ye OV omolo Yo Aertovpyoloe
éva Tétolo vouopa. H mpdtn vhomoinon tou oe hoyiopxd
axohoUinoe WOMG éva Ypovo apydTERd, eV() €XTOTE EYEL
avamtuydel xou évog peydhog apriude amd dhha avtioTouya
voulopota o omolor avtarywviCovton yio gl Yéon ota mop-
TOQONL HOC.

To Bitcoin Béfoua anoteAel t0 Mo dSadedouévo amd autd,
ue TN ouvolxr) o&la TV VOUGUAT®Y TOU XUXAOPOROLY Vo
Eemepvd ta 10 Soexatoupdplar Sohdplor to Noéufpeto tou
2014, ev¢d TouTOYEOVAL 0 APIIUOSC TV ETUYELRYOEWY OL OTolEg
TOUAOUV TOL TEOLOVTA X0 TIC UTNEEGIEC TOUG GE oVTEARAY UL
pe Bitcoins cuveyme awédveta.

B’. Zuvarhoyéc yéow Bitcoin

O xdtoyog evée voulouatog Bitcoin pnopel v to petofi-
Bdoel oE ®EmOLOY TOEUANTTY UTOYRAPOVTOC UE TO TEOCWTULXO
Tou xhewdl éva hash e cuvalhoyfic and tnv onola napéhofe
T0 vouwoua, pall ye to dnudoio xhewwi tou moparrTn. Me
auTdV ToV TEéT0 Umopel onolocdhrote va emPBefoundoet 4t
0 TopoATTNG elval TAéoV XdToY0¢ TOu vouiopatog, agol 1
cuvaAloyY) elvon UTOYEYPOUUEVT amtd TOV TEONYOVUEVO LBLlO-
XTATY), XU ETUTAEOV EXEL T1) BUVITOTNTA VoL TO E0BEPEL AmACdC
UTIOYRAPOVTOS TNV ETOUEVT] GUVUAAXYY| UE TO TROCWTIXO TOU
el

To npdPAnua @uoxd pe Ty Topoamdve Wéa etvar 6Tt dev
OMOTEENETAL UE XATOLOV TEOTO o WloxThTNe evde Bitcoin
omd vo t0 Eodédel oe meplocdtepeg amd piot cuvahhayéc.
T voe Audel autd o medBAnua, yenoyronoteitor 1 WO€a TOL
block chain. Kdde cuvahhayh mou emxvpdveton tomole-
telton oe évav xpixo piac ohvoidoac and blocks, xdde éva
an6 ta omolo mepléyel éva hash tou mponyoluevou. ‘Etot,
agevoe xodopileton pe adowpioBriTnTo Tedémo 1 oeld UE
TNV omolo TEAYHATOTOLAUNXAY Ol GUVOAAALYES, KoL OPETEQOU
amoTeéneTal onoladrnote Tpoomdieln apanoinong xdmotug
and autég, ool xdtl tétolo Yo cuvenaydtay ahAayr oTa
hash 6hwv twv xpixwv mou axorouvdolv. H ahuoibo dnhadn
QUTY| AMOTEAEL Lol AP GEOXTY LOTOPol TV CUVAAAILY WY
nou €youv cupPel.

I va e€aogaiiodel 6tL dev Yo undpouv BUo SlapopeTinég
(xon avtixpoudpeves) exdoyée tne ahuoidag, xdde block o
npootidetan cuvodeveta and pio anddelln bt autdg Tou To
npocédece €yel MPAYUATOTO|OEL £VAY UEYSAOU UTONOYLO TL-
%00 x60T0UC UTOAOYLOUS Yia var To xdvel. H teheutaio auth
Wéa elvan yvoo 1 we proof-of-work.

Baowlbpevor oto 6t 1 mhewodnpla tov yenotdv tou Yo
oLUUETdoYOLY oTo cUo TN Va efvan ethixpivelc xaw dev Yo
emdugoly Ny anoiwor tou, av Yo xdnolo Aéyo undpouv



800 exdoyéc udmotac ahvoidag 6To dixTuo PnopoLUE mavTA
vor YewpolUe we €yxuprn auth PE To PeYaAUTEpo TARDOCg
xpixwv. Egbcov 1o mhfloc twv xplxwy mou anoteloly tnv
ahuaido cuvendyetan avTioTOLYO UTOAOYICTIXG OYXO Yial Vo
xatooxevoodel, etvon Aoyixd va urmodéooupe 6Tl 1) Ueyo-
Aotepn ahuolda xataoxeudodnxe and Ty TAsoPnela TV
YENO TAOV, 1 omolol XATEYEL XoU TN EYAAVTERT UTOAOYIC TLXN
oYY, xou Oyt and o petogneio 1 omolor mpoomnadel va
egamathoeL T0 GUCTNHUOL.

I, Yuurepdoyata

O ahharyég mou emupépet to Bitcoin otny mpdén oe oyéon
e to topadoactoxd voplouota etvon toAlég. Kat” apyde, agpou
10 povo Tou ypeldleton €vag Ypnotng yia vo petoPiBdoet éva
1066 elvon T0 avtiotolyo WwTxd xAewdl, unopel oe xdde
cuvahhayy) va yenouronotel éval vEo xAewdl mou dnuodpynoe
ewwd yoo auth ™ ouvorlhayy. ‘Etol, to Bitcoin moapéyet
EX TWV TEAYUATOV avevuuia, agol dev uropel xdmotog va
yvwplletl tolog etvor 0 Quotxde xdtoyog evoc véou dnuociou
XAEWL00, e TIC VeTxég xon opVNTXEC CUVETELEC TOU XAt
TETOLO GUVETAYETOL.

Emniéov, 10 YEYOVOC OTL OL GUVOAAXYES TEOLYUATOTIOLOVY-
ToL Amd OPEN-sSource XUTAVEUNUEVO hOYIoMXS Xou Oyl Tpdme-
Cec tou Bivel T duvartdTrTa vor AettovpYel Ue TOAD uixplTepeS
xpathoelS avd ouvahhay. Autd, oe GUVBLACUO UE TNV
ENheW) POopONOYNONE TNV OTolol GUVETAYETOL 1 AveYLULA,
xdvel To bitcoin elxuoTixd TEOTO TANEWUNC Yo AEXETEC
emLyElpOELC.

Téhog, OTwWC Elval AVOPEVOUEVO Yia EVOL VEO X0 TOCO Blo-
(POPETIXO VOULOUA, TUPOUCLALEL UEYAAES BLOXUUAVOEL OTNV
T Tou, TEAYU Tou TO xohoTd UGANOV avao@ahy) ohAd
TAUTOYEOVA BUVNTIXG ETLXEEST] EMEVOLOT).

III. NAMECOIN
A’ Kdévovtog plor xahr| e xohOTepn

To mpwto enlonuo moudl’ tou Bitcoin dnuovpyrinxe 3
yeovio apydtepa, to 2011, xou ovopdleton Namecoin. To
Namecoin 8¢ yolpdletol anhde WOEEC Xa YAUPAXTNELOTIXG [UE
to Bitcoin, ahAd o TO HEYUADTEPO UEPOS TOU XWBLXOL TTOU TO
vhonotel (arotehel to mpdto fork tou Bitcoin xou 1) Soupopd
TV dVo elvan pohic 400 ypoupéc xMdixa).

H edomnotde drapopd petod twv 80o elvan 611 to Namecoin
olvel N duvaTtoéTNTA OTOUC YENOTEC TOU VO BECUEUCOUV
ovouata, ot va anodnxedoouy TANpoQopie GUCYETIOUEVES
pe owtd oto Block Chain. Autd Tou emitpénel var Aettoupyel
W¢ €Val XATAVEUNUEVO GUGTNUA OVOUATWY, avTloToLYo Tou
napadocloxol DNS, 1o onolo duwe mopéyel v emniéoy
acpdAela, avelaptnota, cuehi&io xou avevuuion Tou “xAnpo-
vounoe’ ané to Bitcoin.

B’. Awgogéc and to Bitcoin

INo vo mapéyel tic unneeosiec tou, to Namecoin ypnol-
pornotel éva aveEdptnto block chain, xodde xou wa oepd
and véeg evTohéc oL onoleg umopolv va yenoidonondoldv yia
Ny Onoupyior xou avavEWo ) TwV OVOUdT®Y ToU QPLAOEEVEL.
Ta (Bl Tor ovopaTa avanaplo TavTal ECOTERIXE WS ELdLXol

TUTOL VOULOUST™Y, oL ontolol Bev urmopolv va "EodeuTtoly’ yia
ocuvrdelc ayopéc, ahhd umopolv va yetoBiBoactody omwe ta
vouloyota Tou Bitcoin.

Emuniéoyv, yia v ad&non Tou xiviTpou Tou THpEyETal
otouc miners (étol ovoudloviar oL YPHOTEC TOU VoAU~
Bdvouv TNV extéheom NG UTOAOYICTXNC epyacioc mou o-
montelton yioo TNV xatooxevh evog block yio xdmolo block
chain), o Namecoin touc emtpénel vo (dyvouv yia hashes
nou npooptlovtan yio toAhamhd block chains tautdypova, wia
BLVATOTNTA YVWOo ! w¢ merged mining.

Moo autd BéPouat, To Namecoin dev model vor elvor xon To
B8lo éva avedptnto véulopa, xar pnopel vo ypnouwonoundel
vt oyopanwhnolee ayaddy xon UTNEECSIOY OTWS XoL TO
Bitcoin.

IV. To domain .bit

‘Evo anapaitnto cuotatxd yla T Aettovpyla tou Sladt-
xTtbou elvon 1 Onopén evéc domain name system Tto onolo
VoL OVOAOPBAVEL TN HETAPEACT, TGV EUXORNL XATAVONTWY Ao
oV av¥pwTo oVoUdTeY TwY I6ToceABKY ot Bievdivoelg IP.
Trv evdivn yio Ty Omoeén xou Asttovpyla owtod Tou Gu-
othuatog avohouBdvel ofuepa o dletvic opyavioudc ICANN
(Internet Corporation for Assigned Names and Numbers), o
onoloc aoxel Evav xevtpxd EAeyyo oTov TeéTO Tou Yivetou
N ovopatodocia oto ddixtuo, puduillovtac ) Aertovpyia
peELX@Y Ythddwy DNS servers avd tov xéouo.

Mot and TS YopaXTNRLO TIXOTEPEC CUVETELES TNE BNULOUE-
yiag tou Namecoin Htav 1 dnuovpyla evée evarloxtinod
TeoéToU Yot TNV emiteudn avtod Tou oxomol. Aol ue To
Namecoin o xdde ypotne pmopel vo amodnxeloel GTO
Block Chain ovépata xou mhnpogopieg, umopel to (Blo TO
Block Chain va yenowwonowniel ¢ évo xatoveunuévo xou
un xevtpwd ereyydpevo Domain Name System. To domain
autd ofepa LTdPYEL xou AelToLpYEL XdTw amd To dvoyo .bit,
Baolopevo mhrpwe otnv unodour| Tou Namecoin.

Ta mhcovextiuota Tou domain outol elvor TOANE xan
onuovtixd. Ou mAnpogopleg Yo Tic dlevtivoel TV LoTo-
oehdwv oTo .bit Peloxovtar polpacuéves xon amotdnuevuéveg
OTOUC UTOAOYLO TEC OAWY TWV YENO TV, EVE TO GUYYPOVIGHO
X0l TNV EVNUEPWOT| TOUg avohopBdver Oyl uuo xevteuxr opyn
oAhd To xoTaveunpévo dixtuo Tou Namecoin. ‘Etot, dyt amhd
elvol TOA) BUGHOAOTERO YLOL XETOLOV VoL TIOPOTOLAOEL XETOLaL
mhnpogopla yia TN diebduvon uiag totocehibog, ool dev
apxel va anoxthoel mpbdoPaon ot apyeia Xdmolou xEVTEL-
%00 server, aAAd elvon emlong o mOAD BUOKOAOTEPO Vo
aoxndel hoyoxpioia oe xdmoov and toug yerotes. Axdun,
TO YEYOVOC OTL oL TANpo@opies etvor anodnxeuuéves Tomixd
OTOUC UTIOAOYLOTEC TWV YPNOTOV UELOVEL XoTd TOAD TO
Yeovo avalfitnone evoc ovopatog, evéd Tto OTL OAGXANEO
t0 obotnua Bacileton o open source xduxa, Tou divel TN
BUYVATOTNTA VoL TTUPEYEL XUTd TOAD YAUNAOTEPO XOGTOS YLd
TN BEGPUEVOT] EVOG OVOUATOG.

IV. OPENBAZAAR
A’. T etvw o OpenBazaar

To OpenBazaar elvon €voa project ovoiytol x®Ouxa, Ue
oTtéx0 TN Onuoupyid EVOC ATOXEVTPWUEVOL BIXTUOL Yl



Bradixtuomd eundplo PeTall IoOTWOY Yeno Ty (peer to peer)
- Yenowornowwvtac Bitcoin - to omolo dev €yel xoddrou
popoug xou Oev umopel v eheyyldel. e va to Yéooupe
o omAd, to OpenBazaar eivon to moudi tou eBay xou tou
BitTorrent.

Avutr) ™ oTiypr, To dladixtuad eundplo elvan Tautdomnuo
HE Un-amoxevipwuéveg umneeoiec. H eBay, n Amazon xau
Ghhec peydhe etonpeieg eqoppolouy TEPLOPLo TIXES TTONTIXES
X0l YPEWYOLY POEOUC Yol TNV Biddeon xou TNV TOANCT TV
ayaddv. Anodéyovta, eniong, uévo TOTOUC TANEOUGY TOU
YEEWVOLY TOGO TOUS TWANTEC OGO Xl TOUC AYOPUCTES WE
AT, OTWE A TOVUE Ol TLOTWTIXES 1) OL TPOTANPWUEVES
(PayPal) xdptec. Anoutolv and Touc YpHOTESC TOUC TPOCH-
mxéc TAnpogoplec, YEYOVOC ou unopel vor 0dNyHoEL 6TO va
xhamolv oL TAnpopoplec auTéS 1 axdun xou Vo TwAntoly oe
dhhoug ue otdyo T dlapriuon xou Aownd. O oryopaotég xan
oL TwANTéS Bev elvon mdvto ehetdepol va avtahhdEouy ayodd
xau uneeoieg petagd toug, xadog etalpeieg xan xuPepvhoeic
ehéyyouv dhec TG xatnyoplec eunopiov.

To OpenBazaar eivon pio SlapopeTixnf| TEOCEYYION OTO
dlodixTuoS eumopto. Alvel xou maAL T BOvoun oo YépLa
WV Yenotov. Eneidy) dev mopepfBaivel xavels wg evilduecog
oTic docoindiec, dev umdpyouv @bpol, xovele dev umopel
v hoyoxplvel xdmoto docoindla xan o xadévag umopel va
amoxahbel uévo doec TAnpopopiec emhéet.

B’. IId¢ douvielel to OpenBazaar

Ac¢ uno¥éooupe 611 Féhete va moulfoete 10 TOMS caC
laptop. Xpnowonowdvtag tov client tou OpenBazaar (éva
Tpdypauue Tou unopel vo xateBdoer o xadévag), pmopet
xovelc va dnuLovpyfoet Wlor TeEpLypopn Yiot To TEoioy auTo,
pe 0,TL Aemtouépeieg Yo fdeke, oxpiBne omwe Yo cuvEPBauve
ue x&le dhAn unneeota nhextpovixol eunopiou. H Siapopd
elvow 6TL 1) TiN mou Yo oploet o TwANTAC, dev Bo elvan TAov
og gup N o BohAdpla, aAAd oe Bitcoin. ‘Otav dnuocteutel
auTA N TEpLYPopr] TNG BlodesOTNTOC TOL TTEOLOVTOC, AUTY
OTEAVETOL GTO XAToveEUNUéEVo p2p dixtuo mou amoteheitan
ané toug undhotneg ypriotec tou OpenBazaar. ‘Omnolog Pdgel
yioo g MéEeic-whedid mov éyete ypnowonolfoet (my laptop,
nhextpovixd xAt) Yo Bpetl xou TNV TEpLYpapy| Tou Bixol cog
npotévToc. Mnopodv t6te autol var amodeytolv 1 Sxr cog
T 1 vo {nticouy xdmota GAAY T,

Edv xou ol 800 pepiéc cuppwvhcouy oe plo Ty, toTE 1|
epopuoyy tou client dnulovpyel éva ouuBéhato petald Twv
000, XENOLOTOLOVTOS TIC PNPLIXES TOUS UTOYPIUPES, Xl TO
oTélvel oe xdmolov Teito, Tou ovoudleTon GUUBONALOYEAPOS
(notary). Xtnv mepintwon mou undpyet xdmota Sioudym,
évac dntntic (arbiter) propel vo éplel xou vor cuppetdoyet
otnv dwbixacta e docorndioc. O cuufolaoypdpol xon
oL doutntég etvon xan avtol yprotec oto dixtuo tou Open-
Bazaar - Yo unopoloe va efvan o veltovdg yog 1A xdmolog
dyvwoTog amd dAlo pépog Tou TAAVH TN - Tov onolov téco
0 TWANTAC, 600 XAl O OYORUCTHC EUTICTEVOVTOL YloL TNV
nepintwon énou undpet Swopdyn. Ou tpitol autol yenoteg
BAEmouV To cupPdiato xa dnuiovpyoly éva Bitcoin (multisig
Bitcoin account) nou anoutel dVo and Touc TeEe YENOTES
TIOL GUUUETEYOLY GTN docoNla Vo GUPPKVRCOUY TEOTO
«anehevdepwiely to Bitcoin.

I, Kou av xdti ndel otpaf3d;

‘Eotw 611 ayopdlouue éva auyxexpipévo BiBilo amd évay
TWANTA, TANEOVOLPE To multisig, xou auTol Yog oTEAVOLV
elte Mdog BB, elte 10 owotd BiBilo oe xoxt| xatdotoo
17} BEV Hag GTENVOUY XAV XATOL0 TTEOL6V.

Téte elvon mou nopepPaivel o evdduecoc. Ouuoduacte ot
éva multisig amontel 800 and Toug TEE aVIPOTOUS Vo GUY-
PWVACOLY TEOXEWEVOL Vo Yivel 1 petaxivnoy twv Bitcoin.
Avtol edéyyouv to Tpito xAeWdl TN ToAU-UROYEUPNS, doTE
o xe@dhonar vo un petaxavndolyv uéypl elte ol mwAnThc-
ayopaoThc éptouv oe cuupevio HETOE) TOUC 1 0 EVOLAUESOS
ouUPVAcEL Pe xdnotov amd toug dVo (elte e tov mwAnTi,
| UE TOV aYOpUoTH).

Ilcde pnopel duwe xdmotog vo eumioTeuTel TOV EVOLIPESO;
Axbun mo yevnd, mde umopeic va epmoTteutelc TOv O-
TOLOVOHTOTE OF €val BIXTUO TOU PUALCCEL TNV WBLOTIXOTNATA
TWV YPNOTOV, XUl CUVETAOC ETUTEENEL TNV Peudo-ovwvupla;
To OpenBazaar €yel cUotnpa @Aunc xou Bordpohoylog mou
EMTEENEL OE OAOUC TOUG YPNOTEC VO BWOOUV TANRoYopieg
ovaTEOPodOTNONG Yia dhhoug YeroTes. Av xdmolog yeRotng
npoonadoel vor xopoldédel xdmolov GANov, 1 QHUN Tou
Yo unootel TAYUa xon To (Blo axpBig Loylel yio Toug
evlidpecous. ‘Otav emhéyel xdmolog yeNotng vo ayopdoet
éval TEOTOV xou SLaAéyel €vay EVBLIUESO YLol VoL TG TOTOLGEL
T ouvahhayn, pmopel vo 8et T600 TN QAU 600 oL T
Barduoroylo Toug, ote va xatahdBer €4V 1 UTOAOLTY XOL-
votnTa Toug eymotedeTon 1) Oyt EmBefoucdivovrog dtL autée
ol Baduohoyieg elvon mporyaTinég xon T0 GG TN PHUNG OEV
éyel «Eeyehaotely elvar Bloxoho oe 6,TL apopd TO TEYVIXO
xoppdtt xan Yot WACOUPE Lol AUTO GTN CUVEYELD.

Avutd 1o Brgato pmopel va poldlouv meplmhoxa, oANd
T Aemtopépeiee Tic yewiletan o Biog o client. O otdyoc
TV Onuiovpy®yv tou OpenBazaar elvoar t600 oL mwANTEC,
000 %oL Ol AYOPAOCTESC Vo amoAopfdvouy xoAUTeRT eunelpia
yenotwonownvtoag To OpenBazaar ond 6,TL Ue TI TUAUOTERES
centralized mhat@opueg.

O TUPOUCLICOLPE OTN CUVEYELN XAmOlEC TANPOoYopieg
oYETIXd pe plo ey VXY Tou yenotonoleitow 6to OpenBazaar,
o Reputation Pledges, ta omola elvon pioa vAomoinon tou
proof-of-burn. Qo avagepdolye oto T elvan to proof-of-
burn, yiotl elvon avaryxaio xou midg unopel xavévag va yenot-
nomoioet Ta Reputation Pledges.

A’ Proof-of-burn

O 6po¢ proof-of-burn ypnowwonoleitar ylor vor UTOBNAGOGEL
NV eoxEPPEVN o omodedELYPEVY) xaTaoTEoYY bitcoins yia
évay ouYxexpévo oxond. ‘Otav xdnolog cuupwvel oe wia
proof-of-burn, mpaxtixd xepdiona petapépovtar o i Sie-
Uuvon, and émov, duwe, dev yivetow vo emavaEodeuTouV.
Anhady), 6TV TeayHaTiXoTNTA, €Youy efapavioTel Yo Tdv-
ol

To epdtnua tHpa mou edhoya yevvdtan efvon to e€ng:
yiatl xdmolog va Yéhel va xatao teédel o bitcoins tov; 3to
TapeAYOY, aUTH 1 TEYVIXY YENOWOoToloUVTAY xUplwe Yot val
exxwvicoupe pla cryptocurrency and pio dhhn (bootstrap). H
dlavopy) ulag véag cryptocurrency umopel va xodoplotel omd
oavdptdroug Tmou «xalvey To voulouatd toug, o avTdhhoryo
yior T vEo vouloyoTa.



E’. Reputation Pledges

To OpenBazaar vhonotiel to proof-of-burn pe évov xdmewe
OLapopeTind TEoTO. MTo dlxtuo Tou OpenBazaar, ol ypfoTeg
umopolyV va BlohéEouv v elvon (Peudwvupol, dnhadh va
un yvwpllouv ol undloimol YeRoTeS TNV TEOYHATIX TOUC
TautoTnTa. Enouéveg, moAd cuyvd eivan apxetd dUoxolo
va xadoploovpe xotd néco elvon éumiotol ¥ Yo €npene vo
anogebyovTan. Lot To0 Adyo autd, éva cloTnuo griune etvou
ONUAVTIXG O VoY X0 TEOXELIEVOU VOl EVNUERPOVOVTOL Ol
YPNOTES TOU BIXTVOU WS TPOS TO TOLOL YPNOTEC €Y OUV EVER-
YHoeL ellxpvee 6To Topehdov xou ool dyt. To cbotnua
¢hunc tou OpenBazaar éyel Sudpopes Oelc xou eEehicoetan
CUVEYWG.

Koyydtt avtold tou cuvotiuoatog amotehodv xou To Re-
putation Pledges (oe pio mohd xoxf petdgpaon: «Opxot
Druncy - Vo ypnowonoeltar o 6poc Reputation Pledges).
Avuté onualvel 6t évag ypRotne éxel emhélel va amodelfel
Vv agoolwor Tou oTny TawTtédNTd Tou oto OpenBazaar,
«xafyovtogy plo ouyxexplévn nocdtnta and bitcoins. H
xivnon tou «xadluatocy bitcoins Belyvel oto dixtuo mdHGO
€Vag YEHOTNG APOCLIVETAUL OTNY TAVTHTNTA Tou 6To OpenBa-
zaar ylotl Topa €yel emevdioel TépoUE GTo (Blo To GUG TN,
népoug ol onolol g TMERINTWON MOV AMOXTACEL Xax QHUN,
Yo Eyouv Eodeutel doxoma.

Mo va xatakdBouye améluta TN onpacia twv Reputa-
tion Pledges mapadétouue xan 1o mapddelryua to onolo €yel
xenowwonoioel évag ex twv lead developers. Ou mhavodiol
TWANTES TOAD LY VE avTeTOTI{OVTAY YE OXETTIXOWS o
TOUC XATOXOUC TV TOAEWY ToU emioxénToviay. Extéc and
T0 OTL HTAY EVOYANTIXS VO TOUC Y TUTIAVE Tl XOLBoLVIAL GTo
on{tior Toug, ylatl umopel 0 x6opog Vo HTay BloTaxTINOG
0TO Vo ayopdoel TeoldvTa amd €va Thavodlo Twinth; O
npwTtoc Adyoc elvon yiatl xavele dev umopel va eyyundel
Yo TNV TOLOTNTA TWV TROOVTWY €VOE TAAVOBIOU TWANTH,
dedopévou 6L o Tponyoluevol TEAdTeS Tou dev elvan bxoho
v evtomiotolv. O Beltepog Adéyog elvan éTtL xan o {Blog o
TWANTAC Oev €xel Tinoto amohiTwe va ydoel oe mepintwon
TIOL TO TPOLHY TOU BEV XavoToLAaEL ToUE Tehdtes, xadmg dev
Yo yohdoer xotdAou 1 @riun tou!

AxpBide to B0 Yo ouvéBauve xou oto OpenBazaar. Av
Oev UTdEYEL XOCTOC GTO Yo dNULOURYHOEL xdmolog uio véa
TAUTOTNTA, TOTE Umopelc vou «MeTdEelcy amhd TNy Tponyolue-
V1] 60U TAVTHTNTA, OE MEPIMTWOY TOL AGPBELC apVNTIXT| Q1.
Ta reputation pledges tou OpenBazaar mpoonodolv va To
avtipetwtioovy autd, Balovtde o va «EmeVOUoESY GTO Vo
ATOXTHOELS XAl VoL CUVTNENOELS Uiot XohY) @riun.

V. OPENBAZAAR - NAMECOIN INTEGRATION

H avéntugrn tou OpenBazaar yiveton €€ ohoxAnpou oto Gi-
thub, plor SladixTuaNXT UTNEESTA TOU TEOGHEREL BUVATOTNTES
CUYYPOVIOHOU %ol EAEYYOU OF TPOYQEUUUATIOTIX projects,
n onola cuvepydleton e To epyaheio eAéyyou exddoewV
Git. Yta mhalolo autd, TO €pYO0 TNG EVOWUATWONG TOU
Namecoin oto Openbazaar etye xataveuniel oe pio oelpd and
“issues”, ta omolo YyTov Tt BAUATA TOU ATV OTOEOLTTAL YioL
v viornoinon tou épyou. Ta Pruata autd avantdocovtol
AVOAUTIXOTERA OTY) CUVEYELXL, CUVOBEUOUEVA OO Y oEUX TNl
oTxd onuela Tou (WO ota onola Eytvary TapeUPBdoElS.

A’. Allow users to configure their user-friendly URL in the Ul

To mpdto PrApa oy 1 npootixn tne Suvatdtntog oe
évav yeriotn tou Openbazaar va emAé€el To Namecoin mou
emdupel vo dNAdvel wg dvopa tou xatoo THUatdg tou. To
Ovoud oUTS EMPETE QUTOUNTOTOMNUEV VAL XATOLY WEEITOL Xa
vor ovaetdton oo T Bdom dedouévwv pall ue tor undhoina
otolyelo Tou yeno.

Emniéov, epbdoov o project ftay 7dn oe Aettovpyia, yia
va yivel omoladrjmote ahhoryt| otn Bdor Sedouévwy, Yo Enpene
v ypapel éva xatdhhnho script to omolo v tpomomolel
T Bdomn and TNy TEONYOVUEVY €XBOGT GTNV TEEYOLT XAl
10 avtiotpopo. Me autév tov TpéTO xdmolg o omolog
yenowonoloboe TV mponyoLuevn éxdoon tou OpenBazaar
da umopoloe Tpéyxovtoac To script autd va avoPaduloet T
Bdomn tou otnv Teéyouca €xdoor, ywelc vo yeewoTel vo
v Eavadnuioupynoel and To Undév ydvovtag to dedopéva
T0U.

<div class="form-group">
<label for="inputNamecoin_id"
class="col-sm-3 control-label">Namecoin id
</label>
<div class="col-sm-9">
<input data -model="settings.namecoin_id"
3 -0 ngth="39"
lata-ng-pattern="/"[a-z0-9\-]+$/"
"form-control"
"inputNamecoin_id"
1ame="inputNamecoin_id"
pla lder="Namecoin id"
>
</div>
</div>

def upgrade (db_path) :
with dbapi2.connect (db_path)
cur = con.cursor ()

as con:

e PR: ey

.execute ("PR

cur.execute ("ALTER TABLE settings "
"ADD COLUMN namecoin_id TEXT")
print ’Upgraded’
con.commit ()
except dbapi2.Error as e:
print ’‘Exception: %s’ % e

B’. Relay Namecoin id to other nodes

To OpenBazaar xatd tn Acitovpyia ToU AVTAAAICOEL ULa
oelpd amd unvopata UETOHEY TV XOUBKY TOU, UE OXOTO Vo
avTohAGEEL TANPOGORIES Yial YVWo To0G XOUBoug oANS xan va
petoPiBdoel antrpota petald Toug. Enopéveng, évae xéufog
o omnolog toyvpiletar dTL glvon xATOY0C EVOS CUYXEXPWEVOU
ovouatog oto Namecoin, Yo Tpénel Vo xowomolel To ovopa
autéd ot pnvopato mou otédvel. Ilpwv yiver autd Quoixd,
Yo mpénel va emahnVedetan 6TL To Gvoua Tou AdBaue and T
javascript mou eAéyyel v 1oTooeAida €xel axoloudel Toug
xovdvee ovopdtwy tou OpenBazaar, xou otn cuvéyeid vo
arodnxedeton 0to XotdhAnio avtxeiuevo Python dote va
elvon dueoa Slodéoluo and Tov (WO TOU avohopBdveL Vo
OTENVEL Ta UNVOPOTY, oAAG xan va amodnxeuvdel otn Bdon
BEDOUEVLV.

Télog, €xovioac xdvel To Tapandvew, apxel vo Tpomonol-
NOOUKE TOV XOBXA TOU XATAOXEVGLEL TOL UNVOHOTO TOU O-
nocTéAoVTL TIPOg dhhoug xouBouc Wote vo teplAauBdvouy
70 dniwdév Namecoin.



Validate that n id received is well

if not re.match(r’”[a-z0-9\-]{1,39}$’, msg[’'namecoin_id’]):
msg [’ namecoin_id’] = '

the r eCco1l

nickr e and

# Update coin id
self.transport.nickname msg [’ nickname’
self.transport.namecoin_id = msg[’namecoin_id’

if ’burnAmount’ in msg:
del msg[’burnAmount’]
if ’burnAddr’ in msg:
del msg[’burnAddr’

# Update local s
self.db.updateEntries (
"settings",
msg,
{"market_id’ :

self.transport.market_id}

self.send_raw (
json.dumps ({
"type’: "hello’,
"pubkey’: self.transport.pubkey,
"uri’: self.transport.uri,
" senderGUID’ : self.transport.guid,
"senderNick’: self.transport.nickname,
" senderNamecoin’: self.transport.namecoin_id,
"v’: constants.VERSION

ler inf

ide ser
guid’] =

[ self.guid
[’ senderGUID’] = self.transport.guid
[furi’] = self.transport.uri

data[’pubkey’] = self.transport.pubkey
[’ senderNick’] = self.transport.nickname
[ senderNamecoin’] = self.transport.namecoin_id
["v"]

= constants.VERSION

IV. Validate claimed Namecoin id from data received

‘Orav évag xépfoc ewoépyeton oto dixTuo, TO Namecoin
id mou wq exelvn TV Gpa toyuelletan dTL €xEl, cuvdEeTal
HE TIC UTOhOLTEC TANpogopiec autod Tou xouPou. Autéc ol
Thneogople, o unoypapoly nhextpovind woli e to ECkey
10 onolo cuvdéeton pe To GUID tou xéufou autou.

Avadutixdtepa, cupnepthaudvovtoac to namecoin id tou
ATOG TONED GTO APYIXO UHVUMA, TETUYOUVOUUE TNV GAANAOO-
VOPORd NG XPUTTOYEAPNONS ot TNV (YneLoxnic UToYpapnc
Tou UnvopaTog Yio To oo sign-then-encrypt mou yerot-
porotel to OpenBazaar [3]. O mopahfittne dnhoady| propel
vou avaxthioel and to block chain tou Namecoin to GUID
Tou x6pPBou mou cuvétale xou unéypade To URvNUa, Xou Vo
TOTOTOLAGEL OTL AUTOS TIOU XPURTOYEAPNOE Kol UTOC ToU
unéypade to pAvupa eivan to Blo tpdowto.

'Oty howndy évac x6ufog mopohauBdver éva uivuuo anod
%x6pPo o onolog toyvpiletar 6Tt elvar xdtoyog evée ovéuatog
oto Namecoin, Yo mpénel vo Pd€et to dvoua auvtd oto block
chain, xon vo e€axpBmoel otL Tt otouyelor To omola elvan
xatoywenuéva exel ocupPadilouv ye autd mou toyvpiletal o
%x6pfoc autog.

H avalftnorn oto block chain tou Namecoin yiveton ye
) Bordewa tng eqapuoyrc Python avoiytod xwdxo pydn-
schain. Ta deboyéva anodnxebovtar oto block chain oe
noen JSON, eved ypnowomoleitar o yohpog ovoudtwy id/. H
epapuoyy) pydnschain avohopfdvel tn petatponr tov JSON
string mou moapohouBdvel and to block chain ce éva Python

dictionary, to onolo xou emotEépet. Apod to teleutaio mo-
poAngiel pe emituylo mpaypatonoleiton o Eheyyog, o onolog
EMTUYYAVEL av 1) EYYpapH) oTo Namecoin €yel nedlo ue dvopa
’openbazaar’, to onolo €yel T iom ue to GUID tou xoufBou
ME TOV OTOl0 EMXOVWVOVUE.

def _on_message (self,

msg) :

# 1 is a dict holding whatever]

pubkey = msg.get (' pubkey’

uri = msg.get (‘uri’)

guid = msg.get (' senderGUID’)

nickname = msg.get (’senderNick’, ") [:120]

msg_type = msg.get ('type’)

namecoin = msg.get ('’ senderNamecoin’)

# Checking for ma m

if not network_util.is_valid_uri (uri):
self.log.error('Malformed URI: %s’, uri)
return

# Validate t claimed nar oin in ]

if not trust.is_valid_namecoin (namecoin, guid) :
msg [’ senderNamecoin’] = '’

self.log.info(

"Received message type "%s" from "%s" %s %s’,

msg_type, nickname, uri, guid
)
self.log.datadump (' Raw message: %s’,

json.dumps (msg, ensure_ascii=False))

self.dht.add_peer (uri, pubkey, guid, nickname)
self.trigger_callbacks (msg[’type’], msg)

def is_valid_namecoin (namecoin,
if not namecoin or not guid:
return False

guid) :

server = DNSChainServer.Server (
constants.DNSCHAIN_SERVER_IP, ""
)

"

_log.info("Looking up namecoin id: %s", namecoin)
try:
data = server.lookup ("id/" namecoin)
except (DNSChainServer.DataNotFound,
DNSChainServer.MalformedJSON) :
_log.info(
’Claimed remote namecoin id not found: %s’,
namecoin

)

return False

return data.get (' openbazaar’) == guid

Télog, To OpenBazaar ypnowomoiel €va autopatonOL-
nuévo epyarelo vl T diayelpon twv BBModnxdy mou
yeetdleton yio vor extereatel, o onolo elvat Yvwo 16 we pypi.
To epyahelo autd, avahauPdvel xatd tn didpxela tou confi-
guration vor xoteAoEL XU VO EYXATAC THOEL TG AMORALTNTES
BiBroxec mou ypewdleton éva project, xou TN GUVEYELX
peovtilel ote va elvon diodéoiues xatd T Bidpxelo TG
extéheong, aveEdpTnTo TOU TL GARO UTdPYEL EXEVY TN CTLYUT
EYXATECTNUEVO OTOV LToAoYloTH. Enopéveg, yio var yivel
xerion tou gpyaieiov DNSChain, éywve n mpooixn tou ota
requirements Tou pypi.

A’. Display remote namecoin id name

Egbcov 1o dvopa evog xoufou péow tou onolou Emxove-
voOue €yel emxvpwiel pe Tt dodixacio Tou mponyoluevou
issue, Yo mpémel évac yeotng o omoloc BAénel TIC AemTO-
uépetec evoc paryoaltod vo BAETEL Xt TO GVOUO QUTO. g QUTH
v nepintwon o Namecoin nallel to pého tou user friendly
ovéuatog Yéow tou omnolou o yenotne Yo Eépet éva poryall.



Enoyévwe, 1 mAnpogopla yetagpépetal 6Tov xwdxo html tou
nopdyeTon, xou eugpavileton otov browser tou yeNotn wc
«Store URL».

<tr data-nc >w="page.senderNamecoin">
<td c s="col-xs-3">Store URL</td>
<td style="word-wrap:break-word">
{{page.senderNamecoin}}
</td>
</tr>

E'. Test a basic complete request/response

'Onwg eldaye mopamdve, yia Ty tpdcfaocrn oto DNSChain
€ywve ypfion Tou epyaieiou pydnschain, to omolo etvan xan o
Blo éva project avolytol xwdixa to onolo Peloxetan auty
N oTiypy) und xataoxeuy). Lto thalola Aotndy g epyaoioc,
yio var eaopoiodel n opdotnTo Tou xddixa tou OpenBazaar,
vhomotdnxayv dlo issues to onola eExxpepoloay Ge oWTd TO
project, ta omolat oyetilovtay pe Tov Eheyyo e opdotnTog
TV EPWTNUATWY OV TEOYUATOTOLEL.

To mpito {htnue agopoloe T dnuiovpyia evog test to
omolo Vo TPAYUOTOTOLEL EPWTARATA VLo YVWOTES EYYPAUPES
oto block chain tou Namecoin, xou va eAéyyel 6TL oL Twég
nou Tpae Tow ATy ol avouevoueves. o To oxond autod
yenowonodnxe to framework yia unit testing tng python
nou ovoudZeton unittest. To framework autd Topéyel TOMES
Ol LOYVEES DUVUTOTNTES YLOL TNV ATOUOVWOT) XU TOV EAEYYO
EVOC HOUUITION XOOLXA YE AUTOUATOTONUEVO TEOTO.

class TestDNSChainLookup (unittest.TestCase):

def setUp(self):

self.dnschain_server = Server (
"192.184.93.146",
"NOTYETIMPLEMENTED"

)

self.test_cases = {
"id/dionyziz": "dionyziz@gmail.com",
"id/greg": ["contact@taoceffect.com",

"hi@okturtles.com"]

}

self.responses = {}

for name in self.test_cases:
self.responses[name] = \

self.dnschain_server.lookup (name)

def test_valid_JSON(self):
for response in self.responses.itervalues():
try:
json.dumps (response)
except:
self.fail ("Response was not valid JSON")

def test_contains_email (self):
for response in self.responses.itervalues():
self.assertIn("email", response)

def test_correct_email (self):
for name in self.test_cases:
if "email" not in self.responses[name]:
self.skipTest (
’Response does not contain key "email"’
)
self.assertEqual (self.test_cases[name]
self.responses[name] ["email"])

Fpdpoye howndy yia autéd TpeElC EAEYYOUC, OL OToloL eXTE-
AOUVTOL GE OVOUATA TNG EMAOYHC Hog To ool Yvwpellouvye
6t untdpyouv oTo block chain. O mpdtog and autolc eAéyyEL
OTL 6vTWG THpoue dedouéva and To Namecoin, xou 6Tl autd
€youv 1o avauevoyevo JSON format. O dedtepog eréyyel Ot
o dedouéva TepthopBdvouy nedlo “email”, evdd o tpltoc 6Tl

7o email mou mep€youy elvol T0 YVwoTé email Tou avopévou-
pe. Ou éheyyol Théov autol EXTEAOLVTOL AUTOUATOTOUEVA
uall ue 6houg toug umbholmouc avtioTolyous ENEYYOUC
EXTEAOVTOC TNV €VTOAY| “nosetests”, xai To anoteAéouatd
toug epgavilovtal e cuvontixd 1eéno. O oYETINOS XWOXOC
polvETAL TOEAXATE.

d". Make travis run the tests

O Xoyog Yyl tov omolo Y€AouUE Vo TEOYUATOTOLOUUE
oV EAEYYO TOU WO Wog ouTopaTomolnuéva efvan va
UTOPOUUE Vo ToV exTEAOVUE edX0Aa xdde Popd oL XdvouUE
xdmolot odhary). To Github vnootnellet yia awtd T0 GXOTO
1o epyahreio Travis CI, to omolo avaroufBdver vo exteréoel
auTtépaTa GAOUC TOUg EAEYYOUG TOU €youv YeapTel Yio Eva
project xdle popd mou aAAdlel ATl oE AUTO.

INo va evepyonotioouue AoLmov TNV auTOUdTY eXTEAEOT
TwV EAEYYWY, AUTO TOU EMPENE VoL XAVOuue Nty ool
puduio el To repository oo Github (péow tou interface) Bote
vo. xohel to Travis, va ypddouue éva configuration file o
omnolo va Aéel oo Travis Tt axpiBcde va exteléoet. Aedouévou
ouws 6Tl Ypnowonotovoaue ¥d1 to framework eAéyyou mou
eENYHOOUE OTO TPONYOVUUEVO issue, To UOVO Tou EUEVE Vo
xdvoupe Mtay va tovye oto Travis va exteAéoel TNV eVIOAA
“nosetests”. 'Etot, xdlde @opd mou xdnolog mporyuatonolel éva
Pull Request oto pydnschain extelolvtan autéyator GAOL OL
oyetxol éheyyol xau eupaviCovton to anotehéoyato pall Ue
7o Pull Request.

language: python
python:

_ mp gm
script:

— nosetests
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Abstract—Cryptography and cryptanalysis have both histor-
ically been crucial communications components. Undoubdtedly
originating as delicate arts, they had already obtained science
status during ancient European times as both the Czsar sub-
stitute cipher and the Spartan scyfale clearly indicate. Artificial
neural networks, as their name suggests, have been inspired by
human information processing neural pathways. Applications of
artificial neural networks include diverse fields such as artificial
intelligence, adaptive signal processing, function approximation,
and brain sciences. Motivated by biomolecular computation at-
tacks to DES symmetric cryptographic scheme and by the recent
development of a chip whose architecture is based on artificial
neural networks, this work presents an attack mounted on
DES through the man-in-the-middle approach by a feedforward
multilayer perceptron utilizing backpropagation training. This
paper also explores aspects of the training procedure such as
higher order characteristics and synaptic weight absolute and
effective sparsity. In order to promote reproducible research, the
source code used in this paper is freely available from GitHub.

Keywords-Feedforward multilayer perceptrons; Synaptic
weight sparsity; Higher order computation; DES; Private key
cryptography; Man-in-the-middle attack

I. INTRODUCTION

Cyptography is the science (or, arguably, the art) of de-
livering a series of messages to a friendly party over an
open channel possibly monitored by one or more hostile
parties possessing at least equal computational power with
that of the message originator. Since antiquity diplomatic
services and military leaders emphasized the importance of
safe communications. Prominent examples include the Casar
substistute cipher and the Spartan scytale as described by poet
Archilochus. The German Enigma Maschine is now an almost
iconic cryptographic system utilized extensively during WWIL.

Since its introduction by the US Government [28] the Data
Encryption Standard or DES has been the target of broad range
of attacks, inspiring and frustrating cryptography professionals
and cryptanalysis enthusiasts alike [25]. DES has been long
replaced by Advanced Encryption Standard or AES [29] as
the former provides insufficient protection against modern
supercomputers. Nonetheless, DES is an excellent vehicle for
a proof of concept like the one presented in this paper.

This paper summarizes the author’s diploma thesis at the Computer Engi-
neering and Informatics Department of the University of Patras.

This work has been inspired by both theoretical and tech-
nological developments, namely the field of biomolecular
computation and the very recent creation of a chip whose
architecture is based on spiking neural networks. More in-
formation is provided in section II. This paper is part of
a broader framework intended to outline the properties of
various types of artificial neural networks including the spiking
and feedback networks, to illustrate their computational power,
and to highlight their applications to brain studies. To this end,
DES is used as a vehicle as it still poses at least medium
difficulty both in practice and in theory.

The contributions of this paper are the following: The
computational power of feedforward multilayer perceptrons
is demonstrated by using them in order to mount a man-in-
the middle attack on DES. Moreover, the notions of absolute
and effective synaptic weight sparsity are explored. Finally, a
note on the higher order computational nature of multilayer
perceptrons is provided. Although MATLAB has a specialized
neural network toolbox [9], the multilayer perceptron used in
this paper has been implemented. This was deemed necessary
as the synaptic weights had to be monitored in each training
step for reasons stated in section VII while the MATLAB
toolbox functions operate in a black box fashion.

Table I contains the most common symbols used in this
work. Throughout the text, the terms neural network and
networks both refer to the artificial neural networks, as there is
no reference to human neural pathways. The reader is assumed
to be familiar with multilayer perceptrons and backpropa-
gation training [16]. The rest of this paper is organized as
follows: The literature in cryptography and neural networks
is overviewed in section II and the inspiration for this paper
is outlined. A high level description of DES is provided in
section III. The higher order nature of computation performed
by neural networks is commented in section IV. The archi-
tecture of the actual network implemented as well as selected
implementation points are explained in section V. The results
obtained by attacking DES with this network are described
in section VI. Finally, future research directions are presented
and discussed in section VII.



Meaning

= | Equality by definition
> | Fourier transform pair

w | Neuron synaptic weights
90 Neuron threshold

Neuron learning parameter

g (z; o, 0, ) Gaussian kernel
¢ (x; Bo) | Logistic or sigmoid function
¥ (x; Bo) | Hyperbolic tangent function
sign () | Signum function

TABLE I
SYMBOLS USED IN THIS PAPER.

II. INSPIRATION AND RELATED WORK

Broadly speaking, cryptography systems can be divided into
two main categories. DES belongs to private key or symmetric
systems. They have been the predominant encryption systems
until the relatively recently and they correspond to our intuitive
notion of data security. In a symmetric system the same key is
used both to encrypt and decrypt the data [10]. In contrast, with
the advent of public key or asymmetric systems as described in
the seminal [31] this no longer needs to be the case. Number
theory made possible the use of one key for data encryption
and another for data decryption [25], further facilitating the
secure communication between two parties. Currently most
widespread cryptography systems are asymmetric. Within a
cryptographic context, initial or unencrypted data in general
are referred to as plaintext, whereas encrypted data are called
ciphertext.

Literature abounds with descriptions of attacks to crypto-
graphic systems in general and to DES in particular. These
have been mounted from various attack vectors, inspiring a
number of complexity- or number theory related concepts and
theorems. Among these are exhaustive key search, exhaustive
key search with time-memory tradeoff [19], differential crypt-
analysis [4], and linear cryptanalysis [23]. It is believed that
these are in fact galactic algorithms!. These attacks shall not be
discussed here further and the interested reader is referred to
the appropriate original sources. As a general remark, today
DES is considered insecure as a brute force attack utilizing
dedicated hardware built by EFF can break it in a relatively
small amount of time [11].

A particular type of brute force attack was based on
biomolecular computation [2][6]. As its name suggests, the
latter aims to manipulate biological macromolecules like DNA
molecules exploiting their ability to assemble in even bigger
molecules. This was in part inspired by the seminal [12].
By treating macromolecules as self-sticking strings, massive
parallelism can be harvested, at least in theory [1][5]. Although
biomolecular computation and neural networks have little in
common in theory and practice, the former served as an

IThe term galactic algorithm was coined by R.J.Lipton and K.Regan to
refer to algorithms that have good asymptotic behavior but would never be
used in practice.

inspiration regarding how nature-based computational models
can solve difficult problems. Notice that there are also other
biology-inspired computational tools like genetic algorithms
[81[27].

Since their inception, neural networks have been attracting
considerble research interest because of their mathematical
elegance and their connection to the human neural system
[16]. They are also considered to be crucial in the effort
to unravel the functions of human brain [20][7][14]. It has
been announced recently the manifacturing of a prototype chip
whose architecture is based on spiking neural networks [26],
a special type of neural networks [13][17]. This has led to
a resurgent interest in neural networks as well as in efficient
implementations thereof.

III. DATA ENCRYPTION STANDARD

Data Encryption Standard or DES operates by transforming
plaintext bit blocks of constant size to an equal number of
ciphertext bit blocks of equal size. Its function is outlined in
algorithm 1 and depicted in figure 1. Figure 2 clarifies the
concept of S-box used in DES.

Algorithm 1 Data Encryption Standard (ECB mode)
Require: A private key of 56 bits.
Ensure: Plaintext blocks are transformed to ciphertext ones.
1: Permute key using table PC1.
: Create 16 pairs C,, D,, of 48 bits long each.
: From C,, D,, and table PC?2 obtain subkeys K.
: for all plaintext blocks P of 64 bits each do
Permute P using table /P and obtain Ly and Rj.
for i + 1 to 16 do
Li «< Ri-1 3R, < Li—1+ fsp(Ri1, K3)
end for
Create block R16L1¢ and obtain C from table 7P~ 1.
: end for
: return Ciphertext blocks C'

R A A A o
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The DES mode described in algorithm 1 is named Electronic
Code Book (ECB) and operates individually on plaintext
blocks of 64 bits. There are two other modes, namely Chain
Block Coding (CBC) and Cipher Feedback (CFB), which
depend on both current and past plaintext blocks using xor
operations. In all three modes function f;, depends on sub-
keys K; as well as on P- and S-boxes which are defined in
[28].

IV. HIGHER ORDER COMPUTATION

This section describes the inherent higher order nature of
computation taking place in multilayer perceptrons, namely
computation whose primary characteristics include high non-
linearity, non-trivial inforation flow, strong dependency on
higher order auto- and/or cross-correlation between data, and
possibly memory effects in the form of past inputs or outputs
contributing directly to current output [3]. Secondary charac-
teristics may as well include distributed or parallel process-
ing, communication schemes between computing units, and
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Fig. 1. DES implementation block diagram.

S-Box function in DES.

Fig. 2.

dimensionality reduction and input preprocessing algorithms.
The above are required in the interconnected, high speed and
high volatility of the big data era [21]. Notice that it is possible
to have memoryless higher order computation, as for instance
any function of this form suggests

fla) = o
or any Taylor univariate function expansion for that matter.
High order phenomena appear in three ways in neural
networks in general and in multilayer perceptrons in partic-
ular, namely higher order structure, signal non-linearity, and
synaptic weight sparsity. Higher order structure refers to the
way inputs and intermediate data in general flow throughout a
neural network [9]. There are two primary factors contributing
to a higher order structure, cycles and long paths, ie paths

of length equal to or more than three edges. Viewed as a
graph, any neural network has weighted paths connecting

reR,pezt 6]

input layers to hidden neurons and eventually to the output
layer neurons. This applies to feedforward networks with
cycles or to feedback networks, since they contain cycles
by definition. It is worth mentioning that using cycles as a
complexity indicator has been used in cyclotomic complexity
software quality metric [24]. Long paths require considerable
graph traversal and signal correlation along such paths is
treated either through spectral [18] or structural methods [32].
The latter is remniscient of the higher order graph traversal
methods used in graph databases [32][30].

Intermediate non-linear activation functions are essential,
since otherwise the hidden layers would easily reduce to a
single linear neuron. Therefore, it is possible to approximate
a wide range of functions by selecting the appropriate acti-
vation functions as builduing blocks [16]. Each leyer or each
individual neuron may as well have its own activation function,
allowing a given function to be decomposed in various forms
as appropriate.

Absolute synaptic weight sparsity, ie how many and which
synaptic weights are zero, is a very important higher or-
der parameter with a twofold role. From a computational
standpoint, zero weights ease the burden caused by signal
flow among neurons. This effect is especially desired in
hardware implementations [16]. From an algorithmic view,
synaptic weight sparsity refines the data processing model
by indicating which connections actually contribute to the
result. Naturally, this varies with the task performed by the
network. A similar property is that of effective synaptic weight
sparsity where weights whose absolute values are equal to or
less than a predetermined threshold 7y are treated as zero.
Effective sparsity is more flexible than its absolute counterpart,
as it allows network examination at multiple levels as 7
varies. Moreover, it may be more indicative as to which is
the unerlying connectivity configuration since a very small
synaptic weight, either of positive or negative sign, does not
actually contribute to the network output.

V. NETWORK IMPLEMENTATION

This section discusses the major aspects of the feedfor-
ward multilayer perceptron training using the backpropagation
training algorithm (see algorithm 2), a distributed version
of steepest descent optimization technique. This algorithm is
repeated here for clarity but the reader, as stated in section
I, is assumed to be familiar with both the network and the
learning procedure.

The network arcitecture is the following:

o There is an input layer of 64 neurons.

o There is one hidden layer of variable size.

o There is an optional hidden layer of variable size.

o There is an outpt layer of 64 neurons.

Each input layer neuron reads one ciphertext bit and each
output neuron computes one potential plaintext bit which is
compared to the corresponding actual one. Each neuron of the
hidden and output layers receives signals from each neuron of
the preceding layer and in turn sends its outpt to each neuron of
the next layer. The network is coded so that additional hidden



layers can be added, giving extra flexibility to the end user.
With flexibility come additional functions as well as increased
computational cost and, after some point, overmodeling issues
and the Occam razor phenomenon [16].

The synaptic weights are initialized with random values in

the interval 94 24
[ _ - , - ] )
Ne MNo

where n, is the number of outgoing connections for each
neuron. In this particular case, n, is the same for all neurons
of the same layer and equls the number of neurons of the next
layer.

The learning parameter n[k| can take any of the following
four customizable forms:

Mo constant

) = no(7o + 11k) " inverse linear decay 3)
= Mo e~ ok, Yo > 0 exponential decay

nok=%, 6 >0 power law decay

where 7, 7o, 71, Y0, and dq are programmable parameters. 7[k]
is decaying since initially large steps in the synaptic weight
search space need to be done. When the training procedure,
however, approaches the global minimum, then small steps are
needed. In practice, a constant or a linearly decaying parameter
is selected during early epochs while a faster decaying one
is chosen for later epochs. For this reason, when n[k] is a
constant 7, this is small, typically one order of magnitude
less than twice the inverse of the maximum eigenvalue of the
input vector autocorrelation matrix [16].

The network can use three common neuron activation
functions. The first is the logistic function defined as
1
A
¢ (x3 Bo) = T o—fov
where [y > 0 is a scaling parameter controlling the curvature
of the characteristic S-like shape of ¢ (x;80) [16]. When
Bo — +o0, then ¢ (x; By) tends to the signum function sign.
A negative value for 5y would result in ¢ (—z;|Bo|). An
important property of ¢ (x; 8p) is that

¢ (w3 Bo) + ¢ (=5 Bo)

4)

—1 (5)

An important property of the logistic function is that
¢ (; Bo) and its first derivative ¢! (x; By) are realted through
the equation

oW (23 80) = Bo (1 — ¢ (21 50)) b (x; Bo) (6)

In fact, (6) can be used to derive a similar polynomial relation
between ¢ (; Bp) and its n-th order derivative ¢(™) (x; By) for
any order n. This property is especially useful in hardware
implementations of multilayer perceptrons since very little
circuitry is necessary in order to compute ¢! (z¢; By) given
only ¢ (zo; 5o) at a point zg.

A closely related activation function is the hyperbolic tan-

gent function defined as

efor _ g=Poz sinh (Box)

cosh (Box)

where [y plays the same scaling role as in (4). ¥ (z; o) is
both the Bayes and the linear unbiased estimator of a single
bipolar variable in the presence of additive white Gaussian
noise. The hyperbolic trigonometric functions owe their name
to the fact that

cosh? (Box) — sinh? (Box) = 1 (8)

w(x;ﬁo)é = tanh (Boz) = @)

6501 + 6*5017

The hyperbolic tangent function is closely related to the
logistic one as the next theorem shows.

Theorem 1: The hyperbolic tangent function is a scaled and
translated version of the logistic function.

Proof: From the hyperbolic tangent definition it follows
almost imemdiately that

Y (x5 89) = tanh (o)

ebor _ o—Pox

ebox e~ Box

- ePox 4 e—Pox © gBom + e—Box
1 1

T 1 1+ e—2B0x ] 1 ¢2Pox

= ¢ (z;260) — ¢ (—2;280)

= 2¢ (z;26) — 1

||
The third option is the Gaussian kernel, used among others
in radial basis networks. It is defined as

e )2
1 _ (= ug)

e 2470 9
ooV 2T ®

where now g is a location parameter and o( is a scale
parameter. Radial basis functions have been used in order
to approximate arbitrary functions. Gaussian kernel is the
eigenfunction of the Fourier transform, meaning that [15][18]

paN

9 (3 po, o3)

1 _aon)? w2od
e 20 e Tz e MoV (10)

(o 0\/%
with /7 being the corresponding eigenvalue. This fact allows
the construction of networks operating in the frequency do-
main. Notice that equation (10) displays both the scaling and
the translation property of Fourier transform. The Gaussian
kernel is the basis of the MSK modulation scheme [18]
whereas the related Gabor and Morlet functions are common
wavelet choices [22]. Also

- (x 2ﬂ0> g (5 po, 03)

9%

g (25 p0,08) = (11)

The objective function at epoch k is the mean square error

p Ap

o 2D il - i)’

12)



where p is the number of plaintext desired output vectors, £,
is their length, p; is the j — th plaintext vector, and y; is the
network output vector when the j-th ciphertext vector is used
as input.

Algorithm 2 Backpropagation Training Algorithm

Require: A feedforward multilayer perceptron N
Require: A learning parameter function n[k].
Ensure: Network A is trained.

1: repeat

2. for layer < 1 to n do

3 Compute each neuron output.

4:  end for

5:  for all output layer neurons do

6: Compute local error gradient and fix weights.

7:  end for
8. for layer < (n—1) to 1 with step —1 do
9 Estimate error gradient and fix weights.
10:  end for
11: until training converges
12: return Trained network N

VI. RESULTS

In this section the results of this work are presented. Table II
summarizes the average probability of the network recovering
a ciphertext bit gg after learning to operate like an approximate
inverse DES black box. Notice that the more gg deviates from
q' = 0.5 the better the network performs, the reason being that
¢’ is the global maximization argument of the binary entropy
function H (g) defined as

1 1
H (q) = q log, (q) + (1 —q) log, (1(])7 0<¢g<=<1
(13)
Notice that H (q) is symmetric around ¢, ie H (¢) =
H (¢’ — q), meaning that any cryptanalytic system can pos-
sibly be improved by flpping zeros to ones and vice versa.

Network P o m 72 3
62:32: 64 10 0.4997 0.4812 0.4982 0.5002
62:32:64 20 0.4493 0.4891 0.5492 0.5103
62:32:64 30 0.5010 0.4942 0.4886 0.5252
62:32:64 40 0.4901 0.4710 0.4961 0.4992

64:32:32:64 10 0.4993 0.5000 0.4009 0.5201

64:32:32:64 20 0.4834 0.5804 0.5101 0.4946

64:32:32:64 30 0.4987 0.4012 0.5074 0.5352

64:32:32:64 40 0.4949 0.5099 0.4482 0.5253
TABLE II

AVERAGE PROBABILITY OF RECOVERING A SINGLE PLAINTEXT BIT.

Entry p of table II denotes the number of training vectors
available. Notice that they are much fewer than typical training
sets. This is because in the man-in-the-middle attack a third
party is assumed to having obtained a small number of

plaintext-ciphertext pairs. Therefore, it would be unrealistic to
use more training vectors. The four learning parameter options
were the following:

_ 1 _ —0.2k
= T Bkl = 05e
(14

where k is the training epoch. Another observation is that the
network does not actually recover the DES key. Instead, it
attempts to recover plaintext directly from ciphertext. In other
words, the key is progressively incorporated into the synaptic
weights, making thus the network the key in a sense.

Tables III and IV summarize the effective weight sparsity
when the threshold equals 7y = 0.1 and 0.2 respectively.
The thresholds have been normalized for each neuron, ie the
maximum weight has been mapped to 1 and the rest have been
expressed as a percentage of the maximum weight.

no = 1072, = 1073, na[k]

Network p Minimum Average Maximum
64:32:64 10 0.0521 0.0555 0.0569
64:32:64 20 0.0519 0.0529 0.0565
64:32:64 30 0.0611 0.0617 0.0630
64:32:64 40 0.0580 0.0582 0.0588

64:32:32:64 10 0.0599 0.0601 0.0612

64:32:32:64 20 0.0501 0.0521 0.0544

64:32:32:64 30 0.0499 0.0509 0.0512

64:32:32:64 40 0.0533 0.0604 0.0612
TABLE III

EFFECTIVE SPARSITY FOR NORMALIZED 19 = 0.1.

Network p Minimum Average Maximum
64 :32:64 10 0.0624 0.0629 0.0645
64 :32:64 20 0.0600 0.0609 0.0622
64:32:64 30 0.0599 0.0611 0.0644
64 :32:64 40 0.0706 0.0724 0.0753
64:32:32:64 10 0.0614 0.0621 0.0640
64:32:32:64 20 0.0655 0.0684 0.0712
64:32:32:64 30 0.0809 0.0822 0.0899
64:32:32:64 40 0.0701 0.0712 0.0729
TABLE IV

EFFECTIVE SPARSITY FOR NORMALIZED 19 = 0.2.

VII. CONCLUSIONS AND FUTURE WORK

This is the first of a series of papers describing theoretical
aspects as well as applications of spiking and multilayer
artificial neural networks. Of primary interest are the inher-
ently higher order computation offered by multilayer percep-
trons, a popular category of neural networks. The primary
characteristics of this type of computation are higher order
structure, signal non-linearity, and synaptic weight sparsity.
Depending on network architecture, memory effects may be
present, though this is not the case with feedforward multilayer
perceptrons. These characteristics are appealing for mining



the complex datasets of the big data era. As a vehicle for
demonstrating the above, the DES symmetric cryptographic
system has been selected. A feedforward multilayer perceptron
mounted a man-in-the-middle attack on it and the results
obtained were positive despite the limited training set size.

Future research directions include the use of matrix structure
and effective sparsity discovery techniques for partitioning the
synaptic weights. Graph theoretic tools can be also useful
in this direction. Meaningful weight thresholds, either task-
independent and based on information theoretic or machine
learning criteria or task-specific, should be sought in order
to better understand weight sparsity patterns. These tools can
be also applied to other network types such as spiking neural
networks or to networks operating in the frequency domain.
Finally, other higher order tasks such as biomedical and social
dynamics data processing should be considered.

As a closing remakrk, the MATLAB source code is available
from GitHub in order to encourage reproducible research.

APPENDIX

Theorem 2: The Gaussian kernel is an eigenfunction of the
Fourier transform. The corresponding eigenvalue is /7.
Proof: Using the definition of the Fourier trasnform
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Observe that the above relationship demonstrates and com-

bines two important propoerties of the Fourier transform,
namely a translation by 1 and scaling by o3.
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Abstract—Graphs are currently the epicenter of intense re-
search as they lay the theoretical groundwork in diverse fields
ranging from combinatorial optimization to computational neu-
roscience. Vertex centrality plays a crucial role in graph mining
as it ranks them according to their contribution to overall graph
communication. Specifically, within the social network analysis
context centrality identifies influential indivduals, whereas in
the bioinformatics field centrality locates dominant proteins in
protein-to-protein interaction. In recent years graph databases,
part of the rising NoSQL movement, have been added to
the graph analysis toolset. An implementation of eigenvector
centrality, a prominent member of the broad class of spectral
centrality, in Java and NetBeans designed for use with Neodj, a
major schemaless graph database, is outlined and the findings
resulting from its application to a real world social graph are
discussed.

Keywords-Graph databases; Graph mining; Social network
analysis; Centrality metrics; High order data; Neo4j; NetBeans

I. INTRODUCTION

A connected age is starting. The driving factors behind
this trend are many. Graphs form the algorithmic cornerstone
of several recently developed fields including, among others,
the semantic web and ontology [23][2], machine learning
and artificial intelligence [13], big data [4] and distributed
computing [14].

Social network analysis also relies heavily on graphs, as
their analysis allows conclusions to be reached to regarding
social coherence [10], expansion [15], or information flow
[22]. Among the foundational concepts of social network
analysis is that of centrality, which aims to discover influential
individuals in the network according to certain prespecified
criteria. In turn, those criteria depend on features of the graph
representing the social network.

Graph databases such as Neo4j, a prominent member of
the NoSQL database movement, are often the preferred front-
or back-end media where actual information regarding social
graphs is stored to. Moreover, not only do graph databases
provide a natural means for graph storage, but they also offer
graph analytics such as link prediction and minimum spanning
trees [21][19].

The main contribution of this work is the implementation
of eigenvalue centrality, an established vertex centrality metric

based on the spectral characteristics of the adjacency matrix
associated with a graph, in Java using NetBeans for Neo4j and
the validity of this approach is confirmed by comparing the
results with those obtained by MATLAB. Moreover, a brief
overview of the rising trend of graph databases and their
properties is given. A third contribution is the synopsis of
two prominent subclasses of spectral vertex centrality metrics,
namely the power series subclass and the eigenvector subclass.
Finally, there are two theoretical notes regarding graphs. The
first pertains to the inherent high order nature of graphs in
terms of their information content and the second involves
the important role of the adjacency matrix, which allows their
representation and handling through linear algebra in addition
to combinatorics.

Table I contains the notation used throughout this paper,
regarding mostly vectors and matrices. It should be noted
that K, refers to undirected graphs. The rest of this paper is
structured as follows. Section II summarizes the brief history
of graph databases and social network analysis. An overview
of the main characteristics of graph databases is provided in
section III. The high order nature of graphs and its relation to
vertex centrality metrics, including the eigenvalue metric, are
outlined in section IV. Section V describes certain implemen-
tation aspects and the results of applying eigenvector centrality
to established datasets. Finally this work is concluded in
section VI where its main points are recapitulated and future
research directions are explored.

II. RELATED WORK

Sociologists at least as early as the 1950s at least had also
similar interests in social network analysis as outlined in the
semimal work of Katz [8] and others. It was not however
before the advent of computer networks and their widespread
adoption on behalf of the general population that allowed
the study of massive and reliable data collected from daily,
ordinary interaction between users in social media. Even more,
it has been gradually realized that the Web is evolving into a
mirror of our own society.

This sparkled an interest in social network analysis from
both sociologists and computer scientists alike. The latter
could build upon their own experience derived from earlier



Meaning

= | Equality by definition
I, | Identity n X n matrix
Set comprised by xj

<g> Sequence of vectors g
gl"l | k-th vector of an iterative process
g[k] | k-th component of vector g
g, © g, | Elementwise multiplication of g and g,
g\a/g Elementwise square root of vector components
K, | Complete graph with n vertices and (Z) edges

TABLE I
SYMBOLS USED IN THIS PAPER.

research on fundamental graph problems such as persistence
[9] and lazy evalutation in functional progamming languages
such as Haskel [6] among others. Moreover, Thus, onwards
since circa 2008 there has been rising and intese activity in
this crossdisciplinary area which has already bore fruit in a
multitude of forms including outling large graph properties
[12], graph modeling and synthetic graph generation [11],
opinion mining and trolling detection [22], as well as infor-
mation diffusion and dissemination [10].

III. GRAPH DATABASES

This section is dedicated to a brief overview of NoSQL and
graph databases in general in subsection III-A and of Neo4;j
in particular in subsection III-B.

A. Beyond or Along Relational Databases?

Relational database management systems (RDBMS) or sim-
ply relational databases are based on the pioneering work of
Codd [5] and today are operational mainstays in a typical
business environment. However, the advent of modern Web
with the almost continuous, unstructured or semistructured,
and high order data has highlighted the need for new ap-
proaches in the database world. The recent movement of
NoSQL databases aspires to fill this gap. It has four primary
independent technologies, namely [21]

o Graph databases. Data is stored in property graphs, allow-
ing interconnections between features to be represented
in a natural way.

o Key-value databases. Data is stored in associative arrays,
allowing the construction of complex maps between sets
of objects.

o Document databases. Data is stored in JSON documents,
allowing large document collections to be handled effi-
ciently.

o Column family databases. Data is stored in tables with
very long rows which are groupped into column families,
allowing efficient row operations.

The above NoSQL branches all share the schemaless prop-

erty, a major departure from the relational world. More-
over, the four ACID requirements (Atomicity, Consistency,

Isolation, Durability) have been replaced by the three BASE
requirements [21]:

o Basic Availability. The database is operational most of
the time. The percentage of downtime depends on the
local operational requirements.

o Soft state. The database does not have to be write consis-
tent. Also replicas do not have to be mutually consistent
sometimes.

« Eventual consistency. The database does become consis-
tent at later point.

Notice that NoSQL databases like every software tool
are not panacea. Therefore, although originally thought as
a replacement for relational databases ("No SQL”), they are
expected to coexist with the latter, at least in the foreseeable
future ("Not only SQL”).

B. Property Graph Model and Query Languages

The property graph model is the primary conceptual data
model supported by Neo4j and offered to a high level user
typically through the Cypher querying language [21][19]. Its
main characteristics are:

o Graph comprises of vertices, edges, and properties.

o Vertices represent objects.

o Vertices contain properties in key-value pairs.

o Edges represent connections.

o Edges have directions and labels.

o Edges have a start and an end vertex.

o Edges contain properties in key-value pairs.

Notice that these characteristics can be extended in a number
of ways. For instance, an edge can be allowed to connect
a vertex to two or more vertices resulting in a property
multigraph. The latter can serve as a data model in situations
where relationships can be clustered or when a higher level
but lower resolution view of the original property graph is
desired. This paper addresses simple property graphs only.

Neo4j supports a querying language named Cypher oper-
ating at the highest conceptual database level. Moreover, it
supports three programmatic user-facing APIs. From higher to
lower abstraction level these are the traverser, the core, and the
kernel API. The proposed approach of this paper was based on
the core API, which is fully integrated into the Neo4j NetBeans
extension library.

IV. SPECTRAL CENTRALITY

This section focuses on an area of vertex centrality termed
spectral centrality because the associated algorithms rely on
the spectral properties of the graph adjacency matrix. Specifi-
cally, subsection I'V-A discusses the need for high order vertex
centrality metrics, subsection IV-B outlines a popular scheme
based on adjacency matrix power series, based indirectly on
the adjacency matrix eigenpairs, and subsection IV-C describes
the eigenvector centrality method which depends directly on
the adjacency matrix primary eigenvector. Throughout this
section graphs are assumed to be simple, unweighted, and
directed.



A. A High Order Metric

A basic concept in social network analysis is vertex central-
ity. As its name suggests, it identifies influential individuals in
a particular network in two distinct yet parallel senses. From a
structural viewpoint the centrality of a given vertex v;, quanti-
fies its contribution to graph connectivity. Alternatively, from
a spectral perspective centrality is a measure of information
that v, reveals about the graph.

Literature abounds with vertex centrality metrics. Histor-
ically among the first ones was Katz centrality model [8].
It is worth mentioning that most known successful centrality
metrics, either structural or spectral, rely heavily on the con-
nectivity properties not only of the vertices under consideration
but also on the connectivity properties of their neighbors at
various distances. The families of algorithms in subsequent
subsections illustrate this point.

A direct consequence is that graphs contain information of
inherently high order, in terms of edges that need to be crossed,
partly at least due to their distributed and connection-oriented
nature. Therefore, graph processing should be of analogous
nature, if useful information is to be extracted from a graph.

A manifestation of higher order graph nature in the par-
ticular yet significant case of vertex centrality is that degree
centrality, a first order metric, identifies only some of the
important vertices and its success depends on the topology
of the graph under consideration [16][3]. On the contrary, the
number of closed triangles and the number of open ones a
given vertex participates to, both third order metrics, combine
to yield clustering coefficient, a reliable centrality indicator
[17][26]. For undirected graphs, a closed triangle is one where
all three edges exist between its three vertices, in other words
an instance of K3, whereas in an open triangle any of these
three edges is absent. These notions generalize in more than
one ways for directed graphs. From the viewpoint of higher
order processing, the above make perfect senese.

B. Power Series Centrality

A broad class of vertex centrality metrics which take into
account the higher order nature employ the fact that by its
very definition the adjacency matrix is square, hinting to the
possibility of building matrix power series [7]. Computation-
ally, if A denotes the adjacency matrix of a any given graph,
then the first step is to select a member of the power series
family

—+o0
I+ 71A+72A% +3A% . =Y 3 AF = f(A) (D
k=0
Then the centrality of vg is defined as the k-th diagonal
element of f(A). The rationale behind this approach is that
the k-th diagonal element of A’ is the number of closed paths
of length ¢ originating from vy. In general A*[4, 5] contains the
number of paths of length ¢ from v; to v;. Thus progressive
powers of A codify concisely the number of paths of various
lengths without having actually to traverse these paths in the
actual stored graph. Although matrix multiplication is by no

means a cheap operation especially for large graphs, A can
be and most often is sparse and this sparsity is to be taken
advantage of [12].

Obviously, different choices of coefficients {v;} in equation
(1) essentially assign different weights to yield a different
centrality measure. However, notice that the convergence of
1 to a matrix function does not depend on {74} alone but
also on the eigenpairs of A. To see why, let us consider
the case where the geometric and the algebraic multiplicity
of each of the eigenvalues of A coincide. Then, the spectral
eigendecomposition of A is

A = UAUH 2

where matrix U is unitary and contains the eigenvectors of A
while A is diagonal containing the corresponding and possibly
distinct eigenvalues of A. It is easy to verify, assuming
function f is analytic, that

f(A) = U fA)U" 3)

where f(A) denotes that function f is now applied to each of
the eigenvalues of A separately resulting in a new diagonal
matrix containing the transformed spectrum.

The role of spectrum to series convergence is illustrated in
the Neumann metric defined as

+oo
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since (4) converges if and only if the spectral radius of A
is strictly less than one. Note that this is a strict requirement
placed on A.

On the other hand, the Estrada index [7] is based on the
series

“+o0
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which exists for every A. e® denotes the matrix exponential
of A. In this metric longer paths contribute little to vertex
centrality because of the inverse factorial weight. In practice
e is not computed through (5) as power series are expensive
and rather inaccurate in this sort of computations [18]. A
viable approach for matrix exponentials relies on the property

At — -1 [(SI - A)*l} (6)

where £7![-] denotes the inverse Laplace transform.

In a similar manner, the Estrada centrality can be modified
in order to exclude the effect of even sized closed paths
yielding

“+oo
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(7
which is known as the odd Estrada centrality. The grounds for
ignoring even lengths are that they mostly contain multiple
crossings of a single edge. Similar to series (5), (7) always



converges to matrix hyperbolic sinus.
The Mercator centrality moves a step further and assigns
negative weights to the paths of even length, leading to

W,, A—7A2+ A3 (7Ak

Mg

= In(A+1)
3

Finally, a more general vertex centrality metric relies on the
matrix power series

k=1
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yielding the resolvent centrality. In (9) z € C.

C. Eigenvector and Gell-point Centrality

Another common vertex centrality metric whose success
highlights the high order nature of graphs is eigenvector
centrality. As its name suggests, it is based on the computation
of the adjacency matrix primary eigenvector g, namely the
eigenvector corresponding to the largest eigenvalue. Then,
gl[k] is assigned as a centrality indicator to vertex v, and
sorting g, in descending order provides a vertex ranking [15].
It is of 1nterest to notice that, according to empirical studies
[12][4], the components of g, follow a Zipf law.

Power method is a stralghtforward way of generating a
sequence <g[k]> whose limit under mild conditions is the
principal eigenvector g, of A. As algorithm 1 illustrates,
it is an iterative method requiring only the matrix-vector
multiplication Ag at step 4 in each iteration. Therefore,
it belongs to the class of matrix free algorithms, meaning
that the explicit matrix-vector product can be replaced by
a function computing it indirectly. This is attractive both
from computational and memory view as matrices representing
social graphs are sparse [10]. Notice that the distribution used

Algorithm 1 Power method

Require: Valid adjacency matrix A.

Require: Positive threshold 7.

Ensure: gl® is a principal eigenvector approximation.
1: Initialize g[O] with random values.

2 k+1

3: repeat

4 gl Aglh— 1]/HAg’“ 1H1
s k<« k —|— 1

6: until ||g 75[]671]”1 < 19

7: return g[’“

in step 1 of algorithm (1) is irrelevant as eventually the vector
sequence <g[ ]> converges to g, provided that g[ I contains
a component of g . Norm selectlon is also a matter of choice
since |||/, ||[l5» and |||, are equivalent in R™ in the sense
that for any vector w € R™ and for any dimension n there are
fixed constants 7y and 7); independent of w such that

nwllwly < lwlly < mlwly XY €{1,2,00} (10)

Gell-point centrality can be thought of as a concept analo-
gous to eigenvalue centrality for directed graphs. Indeed, it
is based in a simple manner on both the primary g and
the left primary q, eigenvectors of A [25], ie the primary
eigenvectors of A and A”. Contrary to symmetric adjacency
matrices, a nonsymmetric one in the general case has complex
spectrum and the left eigenvectors do not coincide with their
right counterparts.

Once g, and q, are computed, the elementwise product

w = ¢/g,0q (1)

is formed and in a similar manner to eigenvalue centrality
w k] is used as the score of vj. The square root is also applied
elementwise. Ranking then is a simple issue of ordering scores
in descending order. According to Perron-Frobenius theorem,
since A is a nonnegative matrix, g, and q, can be nonnegative
too.

V. EXPERIMENTS
A. Datasets

Table II summarizes some basic information regarding the
dataset used in this paper, namely the anonymized Facebook
egonet collection from [24]. It is undirected, so that the
primary eigenvector can be used as a centrality indicator, and
of average size, three orders of magnitude smaller compared
to real, large scale graphs. In table II density is the ratio of
edges to vertices, an approximation to the average degree, and
completeness is the ratio of the edges to the number of edges
of K,,, where n is the number of vertices.

Feature Yeast
Type | Undirected
Vertices 4039
Edges 88234
Density 21.3127
Completeness 0.0108
Triangles | 1612010
TABLE II

OVERVIEW OF THE DATASET.

B. Results

Figure 1 shows the scree plot of the primary eigenvector
components, groupped in ten bins. This eigenvector has been
computed entirely in Java and it has been compared to the
results obtained by the MATLAB function eig. The vertex
rankings were the same and this demonstrates the capability
of integrating at least some graph analytics at the application
level.

In a similar manner, figure 2 shows the logarithmic scree
plot of primary eigenvector components as well as the ideal
line connecting the ends of the log scree plot. The rationale
behind that is that in log scale a power law becomes a linear
relationship.
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VI. CONCLUSIONS AND FUTURE WORK

This paper presented the Java implementation utilizing the
Neo4j low level API in the NetBeans environment of the
eigenvector centrality metric for undirected graphs using the
power method. The anonymized Facebook egonet collection
from SNAP [24] has been used to verify the correctness of
the proposed implementation. The rankings computed by the
Java code have been compared to those produced by MATLAB
and no mismatches have been found. The time required in
Java was within reasonable bounds, implying that for medium
size graphs at least some analytics can be computed at the
application level, offering a first insight to the final user
without the need for external applications. Notice that this
approach can be used in graphs from other fields.

Research on efficient graph tools remains to be done. One
possible research path at the system level lies in the direction

of combining a graph database with a streaming system. Thus
the underlying graph would need to be updated in almost real
time. In turn graph analytics would have to take this fact into
account and adjust accordingly, perhaps sacrificng a degree of
accuracy in favor of speed. Such scenaria are expected to be
commonplace in the emerging IoT.

Graph modeling is another aspect of current analysis strate-
gies. In situations where real graphs are inacessible, synthetic
ones are employed in their place. Synthetic graphs obey certain
laws that their real counterparts do, in the sense that they have
similar structural and spectral characteristics [12]. Structural
models include the Aiello family [1], while spectral models
include the Kronecker model [11]. A suit of synthetic graph
generators could be a useful part of Neo4j APIL.

One last possible research alternative would be to extend
existing graph analytics and graph models to fuzzy graphs. In
a fuzzy graph edges exist with a certain probability, paving the
way for new definitions of path length and, consequently, of
vertex centrality. Very recently a fuzzy version of Cypher has
been developed based on a fuzzy alebra for graph querying
[20], indicating research interest towards this direction.
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2uvaicOnuatikn Avédivon Exinvikov Tweets
Ko Hashtags pe ypnion Ae&ikov ZvvaircOnudtov

Anpntprog MéAing, I'edpyrog Kohapatiavoc, Anurtprog Nikoropds, Avyepivog Apapmating
Tuqpa Hiektpoddyov Mnyavikdv kot Mnyovikdv YToAoyloT®mv
IMoAvteyvikn XxoAn, Anuoxpiteio [Mavemotiuio Opakng, Zavon 67 100, EALGda
dimimalll@ee.duth.gr, georkala3@ee.duth.gr, diminiko4@ee.duth.gr, avi@ee.duth.gr

Abstract—H paydaio. avantoln TOV pPEGOV  KOWVOVIKIG
olkTVmong &yer  kKaraotioel TNV €€0puEn oamdyeov ko
covareOnpudtov Tov ypnoetdv (opinion and sentiment mining)
£V KavoUpylo Kol G1ILOVTIKO TEGI0 EpEuvag TG EMOYNG HOS. XTO
mhaiclo VTG TNG epyociog acyornOnkape pe TNy TAATQOPRA
microblogging Twitter pe okomé va s&dyovps v oabeon
APNOTAV MG TTPog dhdpopes Oepotikés katnyopisg (hashtags). H
egayoyn Tov ouvvalCONETOS TOV YPNGTAV YiveTan pe ypion
ehinvikov sentiment lexicon. H diadikacia mov wpoteivovpe givar
IKOVY] VO EVTOTTIGEL TO EMKPATEGTEPO ovvaicOnpa TOV YPNETAOV
Kol va g€yl copmepdopata Yo TNy d1d0eon 1006 6TIC OgpaTikég
Kot yopisg mov e&etalovran , T660 GUVOLIKA 660 KOl Y10 SLOKPLTA
APOVIKE SLOGTIHATO.

Index Terms— E&opvoén XvvaicOnuarog, Kowvovikd Aixrova,
Twitter, Aeéiko LovareOnudarwv, Eéopoén Arowns

I. EIzArQra

H d166son tov avBpdmov o¢ mpog dudpopa {ntiuota
EVOLPEPOVTOG OTOTEAEL ONUAVTIKT TANPOPOpin TOGO MG TPOG
TIG KOWOVIKEG 000 KOl (OC TPOG TIG TOALTIKOOIKOVOUIKES TG
npoektdoelg. Ov mapoadoctokés péBodol ektiunong amoyng
Nkt cLVOIGOAUOTOG TEPIAOUBAVOVY [T OVTOLOTOTOUEVT
afloldoynon  dedouévov  amd  dlGpopeg  mNYEG  OT™G
ONUOCKOTNOELS, €PEVVEC K.0., Ol0dIKOGIEG Ol omoieg &ivol
xpovoPopeg Kot dev divouv dueco amoteAéopate. Kotd
ouVEmELD, €fvol VROPKTA M OVAYKY]  GUTOULOTOTOUUEVOV
Moegwv oto mopomdve mpoPinua. H éEapon yprong tov
KOW®OVIKOV SIKTO®mV 610 Atodiktvo kabiotd tov topéa  Tng
avtopatng eEaywyng ovvaulcOnuaTog €vav OMNUOVIIKO Kol
avamtoooopuevo  kKAGdo g €E0puéng Kot avakInong
TAnpoopiog.

H moapovoa epyacio mpaypatomombnke oto mAaicl Tov podfipotog
Ipoyopnuéva Oépata Bacewv Aedopévov, 2014-2015, tov Anpokpireion
Mavemompiov Opdkne. Ot cvvtdkteg eivar ot

Méiing Anpntprog, Kaiapatiovog I'edpylog ko Nikorapds Anpitpiog,
TPOTTVYOKOL  QOITNTEG TOL  TUAHaTog HAeKTpoAdy®V UnYoviK®v Kot
Mnyovikav Hiektpovik@dv Ymoloyiotdv tov Anpokprreiov Iavemompion
®Opaxng.

Apaumatliig  Avyepwog, Emikovpog Koabnynmg tov  tpipatog
Hlektpordyov pnyavikdv kot Mnyovikov Hiektpovikdv YToAoylotdv Tov
Anpoxpureiov Iavemompiov Opdkng, Kot SOACKOVIOG TOL HaOAUATOG
Ipoyopnuéva Oénota Bhoewv Asgdopévov ota mhoicio Tov omoiov
vAomomOnke 1 epyacio.

M khaoow| mpocéyyion oto mpdPfAnpa e e&aywyng
ovvalcOnuotog amotedel to “affective text”, omAadn n
avalvon Tov cuvvolcHnuoTikoy meEplEyopEvor Aécewv Ko
Tunudtev keywévov. H Aoyum oavt ypnowomombnke oto
SemEval-2007 [1] pe okomd Tov TPOGOOPICUO  TOV
OLVOIGOHNLOTOG TOV TPOKOAOLV GTOV avayvVAOGTN OlG(popot
tithot ewdNoemwv. Mio mo ocvyypovr mPOGEYylon Eivar To
Latent Dirichlet Allocation (LDA) [2], to onoio amoteAel éva
Oepaticd povrého mov emiyelpel va e&dyel  SlOPOPETIKO
ovvaicOnua yio kOe AEN avdioya pe To cuyKeipevo Kot To
Bepaticd mhaicto.

AxolovBmvtag T Aoy tov “affective text”, oe avtn v
epyacio egetalovral dedopéva KeWWEVOL, OV GLAAEXON KAV
amd v mhoteoppo microblogging Twitter, g mpog TO
ouvalcOnpotikd tovg mepeyopevo. Ta dedopéva avtd (oto
e&nc Bo avapépoviol g tweets) eivar OAa otV EAANVIKN
yAdooo. Ot 6tdyot pog tvor ot €ENg:

e H onuwovpyia pog peBddov m omoion Pabuporoyel
ocuvolcOnuoTikd ta eEAMMNVIKG tweets, ylo. TOALOTAG
eldn ovvaoOpdtov oOmog Bopdc, @o6Pog, yapd,
ExmAnén, K.o.

e H dnuovpyia pog pebBddov yoo v cuvoicH LTI
aflodoynon Oepotikdv  katnyopidv (hashtags), pe
yxpnon tov fabuoloynuévov tweets,

e H avdivon g petaforfg tov cvvousOnudtov mwov
neplEyovv ot dudpopeg katnyopieg  (hashtags) oto
xpévo.

Ot o&lohoyfoelg tov ocvvalsnudtov yivovtar pe ypron
eMnvikov  Aegikov  ocvvoroOnuatov  (Greek  Sentiment
Lexicon) [3].

H S1apopomoinon pog and Tig Tpoimapyovceg Tpoceyyicelg
EYKEITOL OPYIKGL OTNV YPNON TNG EAANVIKNG YADCOAG 1 OToial
dev €yel eketaotel péypL tOpo pe mTAPOUOlES Ol0dIKOGIEG
e&opuéne, tovAdyotov oty Piproypaeio mov efetdoape.
Axopa, 1 pébodog mov mpoteivetan €ivol apkeTE oA Kot
OmOd0TIKY] KATO TNV €KTEAEGT, YEYOVOG mov TNV kafiotd
€0KOAO EQUPLOCIUN OE HeYALEG CLAAOYEG dedopévav. TErog,
e&dyovpe  YEVIKOTEPO GLUTEPAGUO YO TOV TPOTO 7OV
ypnowonowvv ot EAAnveg ypnoteg to  twitter Ko
npocdopilovpe 1o cvvaucHniuoata mov  ek@pdlovv
ocvvnbéotepa péca amd avTo.
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21 cvvéyela TG epyaciog akoAovBEiToL 1) TOPOKAT® Soun.
To dedopéva, ot TOPOL 7OV  YPNOOTOOVVIOL KoL T
pebodoroyia avarvovrar oto pépog II. Ta mepdpota Kot n
eEayoyn Tov amotelecpdtov mapovcidloviol oto pépog III.
Y10 pépog IV ovlntdpe d1dpopeg TopaTPCELG TOV KAVOLE
Katd v ektéleon Tov nepapdtov. Télog, mapovoidlovpe To
GUUTEPAGLOTO KOl TIG TPOTUCELS LOG Y0 TEPOITEP®D EPELVOL
oto pépog V.

II. XYNAIZOHMATIKH ANAAYZH TWEETS KAl HASHTAGS

A. ZvMoyn Aedouévarv

I ™ cvAhoyn TV dedopévmv éyve ypnor Tov Streaming
API tov Twitter péom tng YAOOGS Tpoypappatiopov Python.
H toktue) mov akoiovdbnke ftav n og Pdbog avalitnon Tov
social graph tov twitter (Depth First Search). Eekivdvrog and
évav avBaipeto opopévo ypnotn, emiégape va XTiGovE o
Mota ¥pnoT®V TPog avalfTnon, TOTodeTOVING GE QVTH TOVG
xpfioteg mov axorovBovv (“followers™) tov mpmdTO YPNOTN.
3t ovvéxeln eEETAoUE EMAVOANTTIKG TOVG YPNOTEG TOL
mepiEyovral otny Aota, cLAAEYOVTAG TO tweets Tovug OAAG Kot
ta ids Tov followers tovg, dote va e&etooToOV 6T0 PEALOV.
Mepikég mapatnpnoeig eivor:

1. H emioyn tov “followers” avti tov “following”
APNOTOV, €yve e OKOTO v amopevydel, 660 ival
duvatdv, 1 GLYVY AVAKTNON ONUOGI®MV TPOCSHTMV Ot
omoiot akoiovBovvton (“followed”) omd peydio
aptipo ypNoTOV.

2. Zm Moto avalitnong mpootifeviar povo followers
XPNOTOV HE EAANVIKOVG YOPOKTIPES OTA tweets Tovg,
MOOTE VO TEPOPICOVIE OGO TO JVUVOTOV TNV
avalnmon pog og EAANveg ypnoteg.

3. Aev mpocbétovpe otn Alota mpog avalntnon tovg
followers 6iAwv TV Ypnotdv mov eEetdlovrat.
Apevog yuoti to TAR00¢ TV gpNnoTdV Elvar oA
peydro kot to péyebog tng Aiotog Bo avEavotov
ONUOVTIKE. A@eTépov yloTi 0dnyel o€ TMOPUTAVED
aypelaoto arripoto oto API tov twitter, To omoio
€xel mepopiopd oe 180 arrrpoto avd 15 Aentd omd

K&Oe epappoyn.

4. Ta tweets mov avokmnOnKov TePEiyav €AANVIKOOG
yopoxtipeg tov Unicode.

5. H ovAoyn tov odedopévev Ompkeoe peydlo
XPOVIKO ddotnua AOY® TAAL TOL TEPLOPIGUOD TOV
APL.  Amd «dPBe ypnotn mov  e€eTdoTnKE
avaxtOnkov ta televtaio 200 tweets oAl Kot M
YPOVIKN OTIYU TOL TpaypoTomombnke to kabéva
omd ovtd.

Y10 Table I mapovcidfoviol 6TUTIGTIKA TG GLALOYNG
Tov tweets mov Onpovpyndnke kot oto Figure 1 to
«ovvvepoy» e ta 100 mo dnpoeiin hashtags émov ta mo
ovyva-eppoviiopeva  hashtags  epgavilovior  pe
peyodotepn ypoppotooepd. To Figure 2 diver v
KaTovouT| TV tweets Tov cVAAEXONKaY avd pépa.

TABLE I
ZTATIETIKA XTOIXEIA DATASET
Méyebog Dataset 832.1 MB
Ap1Ouog Tweets 4,373,197
Ap1Oudg Xpnotmv 30,778
Ap1Ouoc Hashtags 54,354

Hashtags pe >1000 tweets 41
24-04-2008 ¢ 29-11-2014

Xpovikd Atdotnpuo

#kalokairipantou #y fsfant

#phraseispoutromazo

#eurovisiongr*
#panellinies2014

Figure 1. Ta 100 o dnpogian Hashtags
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Figure 2. Tweets ava nuépa

B. Agéiko ZovaioOnuatawv

To Ae&wcd cvvausOnpdtov mov ypnoiporoinke eivar 1o
Greek Sentiment Lexicon [2], 10 omoio mepiéyer 2,315
Mupata agodoynpéva kotd to e&ng €61 cuvaicOnoto: anger
(Bopdg), disgust (améybewn), fear (poPog), happiness (yopd),
sadness (AO7N), surprise (ékmAngn).

To Ae&wd mepthappdvel cvvarsOnpatiky a&loAdynon towv
Mppdtov ond téooepelg aveEdptntovg Pabuoroyntés. Eivon
oaPES OTL TO GuvaicHNUa TOL AVTIAAUPBAVETOL KATOL0G Yol [Lict
AEN elvarl vmokeevikd. v epyacio ovty emiéyOnke o
LEGOG OpOG TV TEGCAPOV PUBLOAOYIOV DOTE VO TPOKHYOLV
ot teMkég Pabpoloyieg KaBe ApUpLOTOG.

210 Aefkd mePEXOVTOL OKORO KATOlES YAMOGOAOYIKES
TANPOPOpPieg TOL APOPOVYV TO ANUUOTE ,OTOG KEPOG TOL
AOYOV, OVTIKELEVIKOTNTO TG KaOe AéEng Omwg agloloynOnke



arnd Tov Kabe Pabuporoynty, evod mepi€yxetar Evo akouo medio
pe oyoi mov devkpwilovv v ypnon tov O6pov. Ot
TAPATOVEO TANPOoQopieg dev Adfope vadYY GTHV TOPOVLGA
gpyooio.

C. Ipoeretepyoaocio Aedouévawv

H nposneéepyacio tov dedopévav ywve pe yprion Hadoop
[5] kot ¢ mpoypappatioTikng Texvikig MapReduce [6], Aoyo
TOV HEYAAOV OYKOV TV deG0UEVMV. ZVUYKEKPLEVOL:

o Xopicape ta tweets oe opyeia avaroyo He TO
hashtag mov 7to0 7epypdpel. AkOpO  EVOOOLE
napoépoto hashtags apatpdvtag pun aAeoapBpunTiKovg
YOPOKTAPES KOl KAVOVTOG TO KEQPOAOLO YpAppoTo
neCd. T mopddetypo to hashtag #wegrld ko
#WCgrl4 opadomombnkav otmv idta kotnyopio.
EnéEape va efetdoovpe povo ta hashtags mov
epnpaviCovtor oe mve oand 1000 tweets, ®ote va
éyovpe opketd dedopéva mpog a&loldynon o kabe
Bepatikn kamnyopio. Adym g cvvnONng TPOKTIKNG
TOV YPNOTOV TOL twitter va YpNCLLOTOLOVY HEYAAO
mAn0oc hastags oto tweets tovg, éva tweet pmopei vo
katnyoplonomBel oe mopomdve omd évo hashtags.
Axopo  emAéfope Vo KPOTNGOLUE KoL TIG
avadnUocledoelg tweets amd GALOVG XPNOTEG EPOGOV
Bewpnoape 6Tl CLUEVOLY LE TO cuvaicOnuo Tov
exepalovy xpNoTeG avTol.

o Aoapécape amd to tweets AéEelg and o Alota 627
eEMVIKOV stop-words, Yo peimon Tov ydpov Kot
VIOAOYIGTIKOV POPTOL.

o AVTIKATOAGTNOOUE TOVG TOVIGUEVOLS YOPOKTNPES LE
TOVG QVTIOTOLYOUG N TOVIGUEVOUS, Kol KOVOpE
kepolaio To yphupoto yw vo €yovv v dwa
popeomoinomn pe 10 Ae&ikd Kol e TOV stemmer Tov
ypnoonomonke (oto emodpevo Prjna).

e  Eoeopuocape 1000 ota dedopéva 660 Kot 6to Ae€ikd
évav edMnvikd stemmer [4] v vo avéfoovpe v
avtiotoiyion og opdpilec AéEeic.

D. MeBodoloyia ZovoucOnuotixng Acioddynong Tweet

o k@b Aquua tov Ag&ikod mov evtomiletar oe éva
ovykekplévo tweet, dnuovpyodue éva dtdvooua W pe 6
oLVIOT®OES, Wio Yo kiBe éva omd To cvvousHNUATA TOV

peretape. Tehkd Exovpe N dtavdopata Wj

Wj:[wll_ Wy Wy W, Wy wéj]

omov j=1...N ko N givor 10 mAn0og AéEewv mov gvtomilovron
oT0 tweet.

11 ovvéyeto eEdyovpe éva davoopa 6 cuvicTwo®v T

61OV KAOE GUVIGTMOGO TPOKVTTEL OO TNV GYECN

i=1..6 (1)

ue I vo omotelei to TAn0og Tov cuvictocdv Tov T . H oyéon
(1) eivor o tetpoyovikdg pécog (quadratic mean) TV
nupdtov W mov evtomiotnkoyv og kabe tweet. O pécog avtog
emAéyOnke avti Tov omAov apBuntikod pécov, AdY® NG
WOTNTAG TOL Vo Oivel PEYOAVTEPEG TIUEG YO TEPUTTMOELG
OLUVICTOOMV UE peYdAn olaomopd. Me owtdv Tov TPOTO
TETUYOAVEL VO AVAOEIKVOEL TOL ALLOTO TOV £X0VV VYNAR TN
o€ KAmow amd TIG GLVIGTAGEG TOVG.

E. MeBoodoroyio ZovaioOnuartikng ACioroynons Hashtags

21 ovvéyelo GuVOVACOUE TO JOVOGHOTO TV tweets ;

kGOe hashtag H

H:[hl hz hs h4 hs hé]

maAl pe tov quadratic mean, ®cte vo gEdyovpe TEMKO
cuumépacpa Yo KaOe Kotmyopio.

i=1..6 (2

kot M eivar To TA0og TV tweets Tov gvtomicTnKay Vo
neplEyovv cuvaicOnua yio kaOe hashtag.

F. MeBodoloyio. Métpnong e LovaioOnuatikng Meroforns
Hashtag orov Xpovo

Ye kG0 éva and ta apyeio hashtag mov emAégape va
LEAETAGOVUE, TOEWVOUNCOLE OPYIKO TO TEPLEXOUEVO TOVG
KaTd avEovTa XPOVo.

2TV GUVEXELD, TNPOVTOG Sl0GTAROTO piog MuUépag
vroloyicape 1o péco cuvvaicHnuo ywo ekeivn v nuépa
oOLE®VO HE TNV dwdKocio mov TEPLYpAQeTaL otV
TPOMNYOVLLEVT] EVOTNTOL.

E&etdoope povo to amoTeEAEGUATE TOV NUEPDV TOV
ovykévipovav aplud tweets peyaAddtepo tov 60,
kpivovtag OtL Muépeg pe Ayotepa amd 60 tweets ovd
hashtag  0Oo  ewonyav  06pvfo o610  ovLVOAKO
YPOVOSIAYPOLLLOL.

III. TIEIPAMATA

A. ZvvoucOruaro Meuovouévav Tweets



21 ovvéyeto mapovctdletal ) exidoon tov aiyopiduov og
GLYKEKPUEVD tweets MoTE va Yivel KOADTEPA OVTIANTTA N
Agrtovpyio Tov o€ pKpn KAMpLoKa.

#kalokairipantou: Kolnuépo oayamnquévor uov! Mov
Aetyare gybéc... Erowoalopoote yio to #KalokairiPantou
kou oog todidedooue orovg Iolovg.

# panellinies2014: mpotiuw vo yopouiow to. Hopia PO
rapa ) {wn pov #panellinies2014 #apotelesmata

#vouli: Ileote v olnbeia exer oty #Hvouli kovete
WYHNPOPOPIES Y10, VO, GYOAMOLOVUE EUETG.

Kaoln egfooudda.... Ilaii
#madtv

#eurovisiongr: Kalnuépa.....
oovietd... AMa... To Ppddv éExer party...
#eurovisiongr #eurosong

Figure 3. ITapodeiypoto tweets

H Babporoynon 6mme Tpoikuye yio, To TUPUTOVE TEGGEPO
tweets divetar otov IMivaka II.

TABLE II
BA®MOAOTHEH [TAPAAEITMATON
# Anger Disgust Fear Happiness Sadness Surprise
1 1.00 1.00 1.00 4.75 1.00 2.75
2 350 3.50 1.00 1.00 1.00 2.50
3 258 2.00 0.79 0.79 0.95 1.63
4 1.00 1.00 1.00 3.75 1.00 2.50

BAémovpe 611 0 odyopBpog elvar wkovog vo eviomicel v
dufeon ToL YPNOTN OTIC TOPATAVED TEPUTTOOEL,. [0 TO
TPOTO Ko TéTaPTO tweet €xel e&dyel Mo €vrovo cuvaicOnuo
XOPAC, VA Yo To dgbTEPO Kal Tpito tweet cuvaicOnuo Bopod
kot améyfetog, amotedéopato o omoia cvuPadifovv pe ™mv
KON ovTidnym.

B. XvvaioOnuora twv Hashtags

Ytov ITivaka I Topovstdlovtal GUVOAKE AmOTEAECUATA
Yo kémoteg o Tig OeploTikég katnyopieg mov eEgTdoTniay.

TABLE III
BA®MOAOTIHEH HASHTAGS
# Anger Disgust Fear H:gs g i- Sadness Surprise
#wcldgr 1.3910  1.2862  0.9512  1.3604 0.8412 1.4552
#ekloges14 1.1627  1.1676  0.8180  1.1456 0.7219 1.2885
#kalokairipantou ~ 0.7930  0.9158  0.7739  2.1856  0.7570 2.1084
#skouries 1.0608  1.0460  0.9399  1.0603 0.7337 1.1197
#panellinies2014  1.3900  1.3374  0.9810  1.4521 0.8153 1.4659
#vouli 1.3040  1.2608  0.7832  1.1767 0.7419 1.3122
#ert 1.0892  1.0757  0.8065  1.0242 0.6694 1.1292
#mbl4gr 1.3948  1.2742 09510  1.3451 0.8041 1.4225
#eurovisiongr 1.3464  1.2957 0.7933  1.3533 0.7599 1.4092
#enikos 1.3189  1.2866  0.8195  1.1918 0.7616 1.3551

[Hoapatnpodue 6Tt 0 aAydpOLOg TOV KATACKEVAGTNKE Efvarl
wKavog vo BydAel copmépacpo ®g TPog T cLVOLGONLOTIKO

mepleyOpevo  Tov  OEHOTIKOV  KOTNYOPI®dV  TOov  TAAL
avtamokpivetal ot daicbnon poc. Ipdypatt, ol katnyopieg
omog Ioyxéopio Komeddo Ilodocpaipov  (#wcldgr),
Karokaipt Ilavtov  (#kalokairipantou) ot  Eurovision

(#eurovisiongr) e&dyovv éva cuvaicOnpa xopds, oe avtibeon
pe moAticd {nmiparta 6mwg 1 BovAn (#vouli), To KAgioo g
EPT (#ert) xou to {ftmuo ot Ziovpiég (#skouries), 6mov
peyaAdTepn T Taipvouy ta cuvoisOnuata tov Bupod Kot g
anéyderag.

SUyKPITIKG Yo TIG S1Gpopeg KATNYopieg UTOPOVLE VO TOVUE
axopo, 0tt 7o sadness kot fear maipvouv peydieg Tég yuo to
hashtag #panellinies2014, yeyovog mov toupdler onv
OLYKEKPLLEVT BepaTiK Katnyoplo.

C. Merafoln ZvvaioBnuarwv Hashtags otov Xpovo

21 ovvéyelo e£Ayovpe To cuvaicOnua TOV ¥pPNoTOV G
pog dVo yopoktnpotikd hashtags, avd ypovikn mepiodo piog
pépac. Mapaxdro Tapovctdlovial To. GLVOAIKE OTOTEAECLLOTO
Y10 TIG CUVICTMGEG TNG XOPAS Kat ToL Bupov:

#wcldgr : AmoteAéopata ava npépa @~ Anger

17 GER-POR
40

16 -

®— Happiness

CRC-GRE
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Sentiment Value
»

%, 23, Zs,
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Figure 5. #wcl4gr: Anoteléopota avé nuépo

Ocov apopd ota wepdpoto mov e&etdlovv ta hashtags og
BaBog ypovov, mapatnpodue OTL givar wavd vo evTomicovv
KOPLOEG  OTIG  TWES OLVOLCHNUAT®OV TOL  UTOopovV Vo
OULCYETIOTOVV e emikopo yeyovota. [o mopddetypo, To
OeTikd amotéheopa TOV aydva Todoceaipov peta&d EAAGSag
kot Aktng EAepovtootod copmintel ypovikd pe peydiec Tpég
YOPOAG Kot LIKPES TIHES Bupov. AKOLO Kot TO Tty vidl avAapesa
omv Leppovio kot v [optoyoiio to omoio cvykévipwaoe To
EVOLOQEPOV TOV EMATVIKOD KOO0 ep@avilel peydreg tiuég
YOPAg KATL TOL YiveTOol avTIANTTO OtV €€eTdoEl KAMOL0G TO

#panellinies2014 : ArtoteAéopata ava npEpa
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Figure 4. #panellinies2014: Amotelécpato avd nuépo



tweets Tov avaPEPOVTOL GE QVTO.

Télog,

oTNV TEPINTOOTN TV TovEAANViOV eEeTdoemv

pumopolue vo  gvtomicovpe YOUNAEG TWéS Kot ot OHO
cuvalcHnpaTa TOL HETPLOvVTOL, TPV THV EEETAGT TOV---KOTA
KOwn opoAoyio---duckoAdTEP®Y pobnpdtov  katedbovong,
OAAG Kot VYMAEG TIWEG 6TO cuvaicnua g xopag v Nuépa
mg AéNg Tov e€etdoemy.

IV. TIAPATHPHZEIZ

Katd ™ viomoinon tng epyociog avtrg éywvav ot &€ng
TOPATNPNOELS:

H mpocéyyion avt) dev eivar wcavny va a&loAoynoet
tweets 7OV  TEPEYOLV  EPOVIKG  GYOAOL KO
Supopobpeva  vonuate, To omoio vmdpyovv o€
TAN0dpo oTNV  GUYKEKPWEVT] TAATEOPLO, OAAG
tweets pe EekdBapo cuvalGONUOTIKO TEPLEXOUEVO.

Iopampeitor 6Tt cuvoucOuato OTmg Anger Kot
Disgust aAld kot Happiness kot Surprise gpeoviCovv
mopOmANClES TWEG ot  101eg  Kornyoplec, pe
OMOTEAEGLLO. VO UMV UTOPOVV Vo Sy mPloTovv.
Oempovpe OTL TO QOWVOUEVO OVTO oQeiheTal OTO
peyddo Pabud cvoyétiong mov €xovv ovd 6v0 Ta
moponive  ocvvoucOuoata  oto  Aefikd  mov
ypnowonoteitar. Ovrog kdtt 1€T010 €ivol UQOVEG
otov mivako Omov mopovotdlovior ot TEG TNg

petpikng linear correlation peta&d Ohwv TV

Cevyopudv  Ohowv TtV ovvolsOnudtov  wov

egetalovrat.

TABLE IV
LINEAR CORRELATION ZYNAIZOHMATON
Anger Disgu Fear Happi Sadne Surpr
st ness SS ise

Anger 0.827 0500 0.002 0384 0.465
Disgu | 0.827 0.427  -0.105 0.370  0.403
st
Fear 0.500  0.427 0.205 0.530  0.549
Happi | 0.002  -0.105 0.205 0.196  0.558
ness
Sadne | 0.384 0370 0.530 0.196 0.425
SS
Surpr | 0465 0.403 0.549 0.558 0.425

ise

Evdiagpépovca mapatnpnon omotelel o yeyovog OTt
OTN TEPIMTOON TOV ATOTEAECUATOV OVA NULEPT. Y10l TO
hashtag #wcl4gr 10 ovvaicOnua g yopdc Exet
avtibeteg petaforéc oe oxéon pe To cuvaicOnuo Tov
Bopov.  Avrtibeta oto  #panellinies2014 ot
avéopelmoelg epeoavifovy  peyoAdTEPN OHOLOTNTO.
I'evikd o pmopovcape vo Tovue 0Tl 6TV TEPINTOON
€VOG TOO0COUIPIKOD KLUTEAALOVL TO GuVOLSONpAT
aVTA dgV KLPLPYOVV TOVTOYPOVE, EVD GTO TACICLO
TV maveAlnviov efetdos@v gival Aoyikd va eivat
OVALLELKTO Y10l 101G YPOVIKEG OTIYUES.

¥t ovAAoYN pog 0ev epoavileTor peyaiog aptBpog
and €wovidln emoticons To  omoio  WEPLEYOVV

Eexdbopn ovvocOnuotikny TANpoeopia. AmO 1O
VMKO TTOV £YOVUE UTOPOVUE VO GUUTEPAVOLLE OTL O1
‘EMnveg ypnoteg dev ta ypnoyLomolodv o HEYAAO
Bobuo.

To Ae&iwd mov ypnowomomoape dev  givar
oXEOLOOUEVO Y10 SLAOIKTLAKO AOYO KOl OgV TEPLEYEL
peyéio opOpo Aéewv mov gpeoavifovral cuyva oTa
tweets pe amoTtéAeco Vo Uy €ivat 1o 100VIKOTEPO
Y ovtn T dovAed. Metpnoape 6t povo to 11.7%
Tov AéEemv Tov e€etdlovtal TEPEXOVTOL 6TO AEEKO.
Hoapora avtd, ot pébodot mov mpoteivovpe PaiveTol
VoL OVAEVOVY IKAVOTTONTIKGL.

levikd mopanpndnke 611 1 GLVIGTMOGES TOL POPOV
KoL TG MOTNG TaUpvouV LIKPOTEPES TYEG GE OYECT] LE
T1g VToroweg. To yeyovog awtd pmopel vo opegiletal
1060 ot0 OTL YA®oooloyikd eivar wo dOoKolo va
TPocdloploTohy  PEGH  TOL KOOy  AOYOv  TOL
dtadtktoon, 660 Kol 6T0 0Tl 0 HEGOG YPHOTNG dgv
TPOTIE To HECOH KOWMVIKNAG OIKTVMOMNG Yo Vo
ekQpacel TETooL idovg cuvatoHnpata.

V. XYMIIEPAZIMATA- [IPOTAZEIL T'IA BEATIQZEIZ

H dwdikacio mov mpoteivovpe divel evBappuvtikd

QTOTEAEGLOTO, KOl LLTOPOVLE VO TOVUE OTL ival €QIKTO Vo
e&ayovpe 10 ocvvaicOnuo ypnotdV ®¢ mWPog SUPOPES
katnyopieg pe  xpnon Ae&wod ouvvaicOnuatov. Ta
OmOTEAEGUOTA HOG QOivOVTOL Vo Vol 0OOTO MG TPOG TO.
ocuvoicOnpoto Anger kot Happiness gvéd ywo ta vrdrowra
ocuvolcHnpoTa 1 ewova dev givat Tavta 1060 Eekdabopn.

Q¢ mpotdoelg yoo Peitioon g peboddov WOV

TPOTEIVOVLLE AVOPEPOVLLE:

Xpron  Ag&wod  edka
SLOIKTLAKT EPAPLLOYT.
A&lomoinon YAWOGOAOYIKOV d£50UEVRV OTT®G, TTY, TO
HEPOC TOL AOYOL KABE ALOTOG.

Enéxtoon oe epappoyn Tpayratikov xpdvov MGTE Vo
yivel ekt M e&aymYN 0mOTEAEGUAT®V Y10 dEdOUEVL
7OV aPoPOoVV TpEYovTa {NTHLLATO.

KOTOOKEVOGUEVOD Y10

VI. EYXAPIZTIEZ

Evyopiotodpe tov vmoynelo dddktopo tov Tunpotog

HAextpordymv Mnyovik@v Kot Mnyovikdv Ymoloylotdv Tov
Anpoxpiteiov TTovemomnuiov @pdxng, Zvpedv Zvpemvion,
yio T KofBodqynom Tov KoTd TNV TPOYUOTOTOINCT NG
gpyociag.
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Abstract—With the advent of Web 2.0 and popularity of
social media where focus shifted to user generated content, the
way people express opinion has changed dramatically. Opinions
can now be found almost everywhere - websites, blogs, social
networking sites, forums and review sites. Hence, the need for
understanding the opinions of the general public and consumers
toward social events, political movements, company strategies
marketing campaigns, and product preferences emerge. Opinion
mining is a process to automatically detect and extract opinion
of writers about some particular product, topic or problem. The
main challenge in this area is the polarity classification in which
an opinion stated in text document can be labelled as positive
or negative and can be in the form of document or sentence or
feature. In this paper, we propose a polarity detection framework
aiming to detect the expressed opinion (positive or negative) in
online movie reviews.

Keywords: Opinion Mining, Sentiment Classification, Fea-
ture Extraction

I. INTRODUCTION

With the rapid growth of the web over the last decade,
opinions can now be found almost everywhere - websites,
blogs, social networking sites, forums and review sites. People
tend to make their opinion, views, sentiment widely known on
the ’social web”, which provides efficient ways to share them
with everyone connected to the World Wide Web. As a result,
the need to explore, analyse and organize an overwhelming
amount of user-generated content came to the fore. Capturing
public opinion about social events, political movements, com-
pany strategies, marketing campaigns, and product preferences
is garnering increasing interest from the scientific community
(for the exciting open challenges), and from the business
world (for the remarkable marketing fall outs and for possible
financial market prediction) [1]. This motivating need gave rise
to research in the emerging field of opinion mining.

Opinion mining is a process to automatically detect and
extract opinion of writers about some particular product, topic
or problem. The main challenge in this area is the polarity
classification in which an opinion stated in text document can
be labelled as positive or negative and can be in the form of
document or sentence or feature. It stands between data mining
and natural language processing (NLP), combining and using
techniques from both fields to retrieve and extract opinions
from web?s tremendous textual information. Opinion mining
has gained a considerable deal of attention from the research
community in the past few years due to abundant challenging
research problems and practical applications both in commerce
and academic areas.

Christina Aravantinou
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Informatics Department
University of Patras
26500 Rio, Greece
Email: aravantino@ceid.upatras.gr

Vassiliki Simaki
Computer Engineering &
Informatics Department
University of Patras
26500 Rio, Greece
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Companies use opinion mining to gather information about
their products or services from the Web that can be utilized
in marketing research. They can improve the quality of their
supplied product and develop or change marketing strategies
based on users reviews. Government, as well as companies,
can utilize opinion mining to feel the public pulse on a topic
and identify both critics and favorables over it by mining the
prevailing opinions on public policy. For example, opinion
mining makes it efficient to detect the impact of an upcoming
legislation in society by monitoring people reactions in forums,
blogs, social networking sites etc. Similarly, individuals can
use opinion mining for their benefit. Nowadays, it is a common
practice to review and share experience about a product or
service. Moreover, while purchasing a product or service,
people can easily evaluate other’s opinion and experience
about it and also can compare with competing brands from
more than one source. Furthermore, opinion mining enables
detection of “flames” (overly heated or antagonistic language)
in newsgroup and forums, blogs and social media and makes
opinion spam detection possible by labelling textual content as
”spam” and “not spam” and preventing people from misleading
content.

In this paper, an opinion classification framework is pro-
posed. We experimented with a large variety of features derived
from our dataset aiming towards the best set of features in
order to predict more accurately the expressed opinion. The
remainder is organized as follows. In Section II, we present
an representative research related to opinion extraction. In
Section III, we present in detail the framework used for opinion
detection. Section IV offers a description of the data used,
the achieved experimental results and the evaluation of our
system’s performance. Finally, in Section VI we conclude this
work.

II. RELATED WORK

Many researchers have worked on mining words bearing
opinion and identifying their semantic orientations, positive
or negative. Hatzivassiloglou and Mckeown [2] proposed an
algorithm to determine the polarity of adjectives. Popescu
and Etzioni [3] and Ding et al. [4] extended and improved
this approach. Researchers, such as Hu and Liu [5] and
Kim and Hovy [6], have proposed an approach based on
bootstrapping using a small set of seed opinion words to
find their synonyms and antonyms in WordNet. Some authors
suggested a dictionary approach which is based on a prebuilt
dictionary that contains opinion polarities of words, such as



the General Inquirer [7] and the SentiWordNet [8], which is
the most popular dictionary today. This approach is endorsed
by many researchers such as [4], [5]. Another main research
topic of opinion mining is opinion classification at document
level which considers the whole document as the basic in-
formation unit and classifies it as positive or negative. Most
existing techniques for document-level sentiment classification
are based on supervised learning, although there are also some
unsupervised methods. Pang et al. [9], Wiebe and Riloff [10],
Liu et al. [11] , Hu and Li [12] and many others followed this
approach to classify review document into two classes, pos-
itive and negative. Similarly to document-level classification
techniques can also be applied to individual sentences. Several
researchers also studied sentence level sentiment classification
among them Hatzivassiloglou and Wiebe [13] and Popescu
and Etzioni [3] and Pang et al. [9] aiming to classify each
sentence as expressing a positive or a negative opinion. More
thorough surveys on opinion mining and sentiment analysis
are presented by Pang and Lee [14] and Liu and Zhang [15].

III. METHODOLOGY

In the present framework for opinion detection, we as-
sume as input data collected from IMDb, an online database
of information related to films. During pre-processing, each
review was split into sentences with lowercase normalization,
with an average of 30 sentences per document and each line
corresponding to a single sentence. We propose a system that is
able to decide whether the expressed opinion is either positive
or negative based on three categories of features (statistical,
POS tag, language model) extracted from our dataset.

A. Feature Extraction

Our corpus consists of a collection of labeled documents
depending on the expressed opinion of the writer. Each movie
review, D;, is a down-cased text file which is labeled as
”positive” or “negative”. As shown in Figure 1, in order to
extract statistical, POS tag and language model based features
we processed each movie review by using feature extraction
algorithms. The statistical features can be briefly described as
features extracted from text without any further processing and
independently from writing language. Pos tag features derived
after part-of-speech tagging (pos tagging) words in each movie
review based on their definition and content. Finally, language
model based features where extracted after building two uni-
grams language models, one for each expressed opinion. The
above applied techniques ensures that we get as much possible
information from our data. Hence, the estimated feature vectors
for each movie review D, are the statistical feature vector,
FST, the POS tag feature vector, F79 and the language
model feature vector, F*M,

For each of the 2000 movie reviews, we extracted three
categories of features: statistical, POS tag and language model
based features. In details, statistical features are statistical data
values extracted from text without any kind of preprocessing
and include number of (i) characters, (ii) words, (iii) sentences
and (iv) paragraphs. In addition, number of (v) numbers,
(vi) punctuation, (vii) special characters, (viii) white spaces,
(ix) capitalized words, (x) emoticons and (xi) acronyms were
computed. Apart from these, we used the percentage of the
(v - xi) parameters as features (xii - xix). Furthermore, four

features considering the length of words in each movie review
were calculated. These are: (xx) the mean, (xxi) the standard
deviation, (xxii) minimum and (xxiii) maximum value. POS
tag features, which mainly represent a particular part of speech
for every word in a given text were computed. These are:
(xxiv) nouns, (xxv) proper nouns, (xxvi) adjectives, (Xxvii)
prepositions, (xxviii) articles, (xxix) pronouns, (xxx) verbs,
(xxxi) adverbs and (xxxii) interjections. Finally, we built
unigram language models from the training sets and applied
them to test sets resulting in four additional features: (xxxiii)
loglikelihood for positive, (xxxiv) loglikelihood for negative
and (xxxv - xxxvi) their normalized values.

After the decomposition of our data to feature vectors V;,
where V; = F2T or V; = FFO5 or V; = F'M| the sequence
of feature vectors is processed by a classification algorithm C.

B. Opinion Detection

During the training phase, a subset of our data (training
data) with given labels, i.e. with a-priori annotated opinion
labels, is used to estimate one model, M, with 1 < k < 3,
for each of our three estimated feature vectors. At the test
phase, the unlabeled data (test data) will be pre-processed and
decomposed to feature vectors as in the training phase.

For the classification of the feature vectors we investigated
the applicability of various machine learning techniques. In
particular, we used a a C4.5 decision tree learner, J48, a
multilayer perceptron neural network, MLP, trained with 50000
iterations and support vector machines, SVM, implemented
with sequential minimal optimization, SMO, algorithm, us-
ing radial basis kernel (RBF) and polynomial kernel (poly).
Furthermore, we employed Adaboost.M1 (J48), which is a
boosting algorithm combined with decision trees and a bagging
algorithm using decision trees, Bagging (J48). We made use
of the Weka implementations of these algorithms with the
default values of all parameters, which are not specified here.
The classification algorithm C' will compare each test vector
Vj,with 1 < j < J, against each model M}, in order to decide
the corresponding opinion class, i.e. d; = maxz{C(V;, M)},
where d; is the opinion class label (positive or negative)
assigned to the j-th movie review of our test data.

IV. EXPERIMENTAL EVALUATION

In this section, we describe the database used in the present
study and we present our experimental results.

A. Corpus

The dataset used was Polarity Dataset v2.0, which is
distributed as a fully labeled dataset, and the classes indicate
whether a movie review is positive or negative. The dataset
has become a benchmark for many studies since the work
of Pang and Lee [16]. It consists of 1000 positive and 1000
negative movie reviews drawn from the IMDB movie archive.
During pre-processing, each review was split into sentences
with lowercase normalization, with an average of 30 sentences
per document and each line corresponding to a single sentence.

To conduct experimental evaluations we split the dataset
in half, having two subsets of 1000 labeled reviews, with
500 positive and 500 negative reviews in each. We chose to
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Fig. 1: Opinion Detection Framework

TABLE I: Accuracy per feature vector and classification

algorithm
MLP J48 SMO rbf | SMO poly Bagging AdaBoost
vsT 56.20% | 53.25% | 53.80% | 60.15% | 56.40% | 55.20%
vPOS | '57.40% | 55.80% | 52.60% | 59.50% | 54.20% | 56.20%
VVIM |\ 7910% | 78.60% | 79.85% | 80.05% | 77.85% | 77.85%

use these subsets as training set and test set interchangeably,
repeating our experimental procedure two times, one for each
of the two combination of training and test set. Each time
we ran a 10-fold cross validation for the training set and in
order to calculate classification accuracy we used the average
of correctly classified movie reviews from both times.

B. Experimental Results

A common experimental protocol was followed during
the evaluation of all classifiers. The experimental results, in
percentages, for the five evaluated classification algorithms and
for each of the 3 feature vectors which are shown in Table I.

As can be seen in Table I, SVM using polynomial kernel
(poly) achieved the best accuracy for all evaluated feature
vectors, outperforming all other models. The advantage of the
SVM algorithm is probably owed to the high dimensionality of
the feature space in combination with the amount of evaluated
data, since SVMs do not suffer from the curse of dimension-
ality. The performance varies from 51.70% to 80.05%. This
range is owed to the significant impact of the language model
features on the prediction accuracy. The evaluation results
showed that VM achieves an improvement of nearly 20% in
accuracy compared to V57" and V9% which achieved barely
60.15% and 59.50% respectively.

V. CONCLUSION

In this work, we present a polarity detection framework
based online movie reviews. We experimented with three
categories of features (statistical, POS tag, language model)
extracted from our dataset. The experimental results indicated
a major impact of language model features on the prediction
accuracy with performance ranging from 59.50% to 80.05%. In
the future, we plan to improve those results by experimenting

with additional features and classification algorithms. More-
over, we intend to use additional datasets in order to verify
the cross-domain reliability of our framework.
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Abstract— Theoretical and empirical studies have proven the
strong influence of social factors, such as gender, age and
education into the linguistic choices that every person makes.
Although these choices are more obvious in people’s speech, we
can identify some of them in written too. In this paper, we
present how gender indicators can be detected into online text,
and we identify the author’s gender with a high accuracy. We
conducted a quite exhaustive study in theoretical and empirical
researches, and we adjusted linguistic indices to features in user’s
text. We observe differential features between women and men in
written language and we use the empirical findings about the
women’s language through a classification process. This effort
lays the groundwork for the attribution of user’s gender to his
unsigned online text, and tries to effectively connect linguistic
theories to text mining and categorization techniques. Our study
eventually proves that women and men make diversified
linguistic choices in their online activity.

Keywords— Natural Language Processing; text classification;
gender identification;

I. INTRODUCTION

People use the web not only to gratify their informational
needs but also to provide information, share opinions,
sentiments and communicate with other users. In recent years,
online social media, where millions of users develop
interpersonal relations, are expanded. The online user’s
attitude can be observed and explained from a social
perspective and his “digital traces” [1] may be very
informative about current trends in any domain and leaves
several elements about his identity. The user, consciously or
not, provides us useful information about his social status,
about his gender and age, his educational level, profession,
etc. In our first effort in the field, we propose an
interdisciplinary methodology for the detection of the user’s
gender, based in the automated computation of linguistic
knowledge.

Sociolinguistics is an active research field of linguistics
observing the relation between the society and the language.
Theories prove the strong influence of social factors into the
linguistic attitude of every person. Factors as gender, age,
education, etc, delimitate the linguistic diversity, the choices
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that people and social groups make in everyday life. These
choices can be observed in many linguistic levels and they
differentiate the speaker’s attitude from the official language
(norm) according to the given communicative occasion [2]. In
our study, we try to observe differential features between
women and men in written and more precisely in users’ text
on web, in order to automatically extract their gender.

Detecting the user’s gender after his online activity is an
interesting task not only for social science studies. Our
findings could improve e-commerce services, where market
analysts and advertisers observe a product’s or a service’s
impact to women and men, in order to personalize it to the
most receptive audience. In our work, we try a novel
approach, combining theoretical data and computational
techniques. We have done a quite exhaustive study around the
theoretical and empirical findings of the sociolinguistic
research about the women’s language. The characteristics
observed are collected, in order to become measurable features
that can be detected in user’s textual information.

The remainder of this paper is organized as follows.
Section II surveys researches related to automatic gender
identification and the theoretical basis for our work in
language and gender research. In Section III we describe our
methodology, and corpus. In Section IV we present the
experiments and our results, and we discuss the classification
accuracy. We close our paper (Section V) with the final
conclusions and discussions for further work.

II. BACKGROUND KNOWLEDGE

A. Automatic detection of user’s gender

User’s gender detection is perceived as a text classification
issue, where machine learning techniques are used to identify
the author’s gender ([3], [4]). [5] proposes text classification
methods to extract the author’s gender from formal texts, using
features such as n-grams and function words that are more
usual in authorship attribution. This research combines
stylometric and text classification techniques, in order to
extract the author’s gender. In a subsequent study, [6] by
applying factor analysis and machine learning techniques,



contribute with gender and age information in texts mined from
the blogosphere. [7] uses frequency counting of tokens, tf-idf
and POS-tags to find the gender of blog authors. For gender
recognition in Twitter, [8] exploits the content of the tweet
combined with the username and other information related to
the user.

Many recent studies around gender estimation ([9], [10],
[11], [12]) deal with social media and propose methods
detecting the gender and, in some cases, age of web users. The
researchers implement their experiments, taking into account
features, such as gender-polarized words, POS tags, sentence
length, in order to obtain best classification results. An
interesting work is the one of [13], which performs a
comparative study of gender attribution, without taking into
account the topic or the genre of the selected text. [14] applied
machine learning techniques using a feature vector containing
word counts, in order to detect the author's gender of Facebook
statuses. [15] introduced a set of stylistic features to extract the
gender and age of authors, using a large set of documents from
the social web written in Spanish, whereas [16] focused on
detecting the best feature set towards age and gender prediction
in social media.

B. Language and Gender

In this section, we introduce the basic concepts of
sociolinguistics and more specifically the gender linguistic
variation. The relation between language and society may
exist, in the sense that social relations are registered in
language. Sociolinguistics is the domain of linguistics
observing the relation between the society and the language.
Sociolinguistic research examines the bidirectional and
systematic relations between different linguistic systems and
the social environment they are used [17]. The study of
language in real conditions highlights the social characteristics
causing linguistic variation. These factors, the linguistic
variables [18], are the language items which have more than
two performances when associating to other social variations.
These variations at different levels (intonation, phonological,
morphological, syntactic), are perceived as a socially different
but linguistically equal way to say the same thing [9]. It is
considered that they behave as markers of social
characteristics either of the speakers (gender, age, education,
etc.) or the communicative situation (formal, informal,
spontaneous, etc.).

A long chapter in the sociolinguistic research concerns the
differences between men’s and women’s language, the gender
attribution. Men and women are not just two different
biological categories but they constitute two different social
groups. The participation in each social group implies
different duties and privileges and by extension, different
linguistic attitudes. The gender is the social sex, emphasizing
in social and cultural distinction between sexes.

A general opinion about the women’s language is that,
statistically, women tend to use standard types of language.
The only occasion they slip the norm, is when they adapt
socially prestigious changes, local linguistic elements,
indirection, and under specific communicative situations.

From another aspect [19] in their Belfast research support that
gender is a non-homogeneous category in each community.
They associate the women’s linguistic attitude more with the
social class they belong than the gender itself (social network).

We made a quite exhaustive study around the language of
women, and we summarize below the characteristics observed
in standard researches ([20], [21], [22], [23], [24], [25], [26],
[27]). The cited references identify the knowledge and use of
refined color gradations in women’s talk. Compared to men
discourse, women tend to use more analytical ways to describe
a specific color tone (e.g. cherry blossom pink, salmon orange,
mint green, etc.). We should not overlook, however, that this
characteristic is more frequent in text associated to topics
around fashion, makeup, etc., domains that attract the female
interest.

Another important characteristic in women’s talk is the
frequent use of empty adjectives, which carry a metaphorical
sense of admiration and/or approval. Women tend to make
different compliments than men by using adjectives such as
sweet, divine, stunning, lovely, etc.. Women also prefer a
more ‘gentle’ way of conversation, by using questions in place
of statements. This genre lays the ground for the
conversation’s opening and/or continuation. A statement like
‘this car is not of a nice color’ may not open a conversation,
when ‘do you like the car’s color?’ needs an answer at least.

Besides specific lexical choices that women do unlike men
(use of norm types, avoid bad words, etc.), researchers observe
their effort in many cases to decline the illocutionary force of
their utterances. This phenomenon is achieved by using
palliative forms like tag-questions (e.g. he is a good boy, isn’t
he?), interrogative intonation instead of affirmations (e.g. |
should go now?), extension of requests (e.g. hey dad, will you
drive me please to the movies, if you can?) and hedges of
uncertainty (e.g. I’'m not so sure, I don’t know, etc.).

In the following section, we describe how these
characteristics constitute the basis for the classification’s
feature set. The originality of our method relies on the
extraction of standard theoretical and empirical linguistic
markers concerning the gender detection and their automatic
measurement in online texts.

III. A KNOWLEDGE-BASED CLASSIFICATION APPROACH

Our objective was to make an interdisciplinary study,
which would exploit theoretical knowledge and computational
techniques. This combination was a challenging task, due to
previous studies in the field of gender attribution which are
either theoretical/empirical or statistical. The sociolinguistic
researches conducted by linguists observe even the finest
differential characteristic and result to precise empirical
results. They confirm existing theories and they create new
rules, but they are time consuming, and it is not always easy to
work with different data collections. On the other hand,
systems based on machine learning methods examine rapidly
the collected data, which can be easily updated, although the
statistical approaches used do not always achieve high
classification accuracy.



In our study, we tried to combine the sociolinguistic
knowledge with machine learning techniques in a way that
standard theories are turned into measurable data. As a first
step, we collect all possible features for the categorization
process. The quantification of the female linguistic
characteristics results our feature set and it can be described as
follows.

The characteristic of women of avoiding using
disapproving exclamations, slang and insulting words, is
perceived as two different features to be considered. We
created a list of bad words that can be detected in our data, and
a list with abbreviations and slang, often used in social media
interaction. In order to identify automatically palliative
elements in women’s language in online user’s text, we detect
the tag-questions using n-grams, and the punctuation other than
structural, when there are more than one contiguous
punctuation tags (ex. ??, ..., !?1?!, etc.). We also created a list
with all basic colors, and using n-grams (ex. JJ + basic color
from list: light blue) we are able to detect fine color gradations.
The use of empty adjectives and adverbs is detected by the
overall measurement of adjectives and adverbs used. We do not
use a separate list of empty adjectives and adverbs, because the
more frequent use of adjectives and adverbs implies the use of
empty adjectives and adverbs. Additionally, we detect the
emoticons in texts, which are non-linguistic items, but they
carry sentimental weight and they are frequently used by
women instead of the words they describe.

For our experiments, we created a corpus with users’ forum
comments about various topics', such as health, fashion, sports
and cars, containing 344 comments of men and women (172
for each gender, 189.596 words in total). In the following
section we present the classification process and we discuss the
experimental results. We intentionally collected this type of
text, whose genre is not formal, but more spontaneous and non-
designed. It is a corpus constituted by medium and small
textual blocks, in which we can detect social traits.

IV. EXPERIMENTAL SETUP AND RESULTS

After collecting the features that we described in the
previous section, we have to reduce the feature space and keep
only the most important features. The criterion for selecting
the features is how well they discriminate the data, during the
classification process. In order to perform the evaluation of the
features, we used several methods (information gain, chi
square test, ReliefF algorithm). The five features that had the
highest ranking scores in all the methods mentioned above
were the following: number of adjectives, number of
emoticons, number of punctuation occurrences, number of
adverbs and number of abbreviation occurrences, therefore
these are the features that we used to perform the
classification.

For the classification we relied on five well known
classification algorithms, which are the support vector
machines (SVMs), a multilayer perceptron (MLP) neural

! http://uk.askmen.com/, http://carforum.net/,
http://backwoodshome.com/, http://www.makeuptalk.com/,
http://www.thefootballforum.net/, http://forums.menshealth.com/

network, the C4.5 (J48) decision tree, Random Tree and
Random Forest. All classifiers were implemented using the
WEKA machine learning toolkit software [28].

For our experiments, we used the corpus described in
Section 3 and we also created a second dataset, which consists
of user comments in news websites’, in order to examine the
gender features in two different text genres (spontaneous and
non-designed VS neutral and pre-designed). This corpus
contains 100 comments written by women and 100 comments
written by men.

From the first corpus we created the training set and two
discrete tests sets, in order to evaluate the performance of the
classifiers for each gender separately. The first test set
contains only female comments and the second only male
comments. The tests sets are completely disjoint from the
training set. We used the same training and test sets for all the
classification algorithms. For the training, we used a corpus
with users’ forum comments about various topics, such as
health, fashion, sports and cars.

However, we used four different test sets. The first two test
sets consisted of users' forum comments about various topics,
similar to the training set. The third and fourth test set are
derived from the second corpus that we described above (news
websites). The third test set contains only female comments
and the fourth only male comments. We chose to add the two
latter test sets to our implementation, because we wanted to
investigate whether the users' personal style in written is
maintained even when they write about rather neutral topics,
such as news topics, which are not related to their preferences
or hobbies. TABLE I presents the classification accuracy for
the first and second test set and TABLE II shows the
classification accuracy for the third and fourth test set, for all
the classification algorithms.

TABLE 1. The classification results for the first and second test set

SVM MLP J48 Random Tree | Random Forest
1 test 62.00% | 66.20% | 63.40% 70.40% 74.60 %
set(female)
2"test | 63.40% | 52.11%  49.30% 62.00% 45.00%
set(male)
Overall | 62.70% | 59.10% | 56.35% 66.20% 59.80%

TABLE II. The classification results for the third and fourth test set

SVM MLP J48 Random Tree Random Forest
3" test 21.00% @ 21.00% | 21.00% 34.00% 45.00 %
set(female)
4Mtest  97.00% 96.00% | 97.00% 70.00% 61.00%
set(male)
Overall | 49.00% @ 48.50% @ 49.00% 52.00% 53.00%

2 http://www.theguardian.com/




As we can see in TABLE I, Random Tree is the algorithm
that achieved the best overall performance (66.2%) among all
the classification algorithms. Also, we can observe that the
female comments are classified more accurately than the male
ones, achieving accuracy up to 74.6% with Random Forest
algorithm. This was a rather expected result, since the features
we chose are based on female behavior in written.

In TABLE II we present the classification results of the
second and fourth test set. Our implementation using these test
sets doesn't achieve as high results as those appeared in
TABLEI This is mainly caused by the fact that the training set
we used in both cases is much more similar to the first two test
sets, than to the third and fourth test set. Thus, we can presume
that the classification is domain specific and it gives better
results when there is an association between the training and
the test set. The male comments are classified more accurately
than the female ones, achieving accuracy up to 97% with
SVM and J48.

V. DISCUSSION

The initial idea that inspired this research was the
substantial conjunction of a theoretical and a computational
science. We wanted to perform an interdisciplinary study,
respecting the principles of the implicating sciences. The goal
was to implement an automatic text classification in terms of
gender, without though departing from the linguistic
characteristics. These characteristics are the results of
numerous and important researches in the field of
sociolinguistics, and they constitute the most accurate markers
of gender variation. In this paper, we described how we
transformed these markers into measurable features, in order
to ameliorate the automatic text classification, and gain a
higher accuracy.

Our interdisciplinary effort after the exhaustive
sociolinguistic study around the women’s language, proposed
the alteration of the linguistic indices into the categorization
features. This proves that a real convergence of two different
scientific domains is possible, and we can benefit the
sociolinguistic knowledge for classification issues.

In a future task, we could train more data, from various
sources, in order to achieve higher classification accuracy. We
could also enrich the proposed feature sets, or try more
combinations. It would be interesting in a further study to
expand our work in more categories, such as age and/or

education, by selecting features after sociolinguistic
characteristics for these classes.
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Abstract—A constantly increasing number of people use the
Web as a means to express their opinion about different topics.
The user generated content that comes of this activity must be
utilized effectively. In this paper, we combine Opinion Mining
techniques with Named-Entity Recognition and Anaphora Reso-
lution methods, in order to detect the opinion expressed for each
named-entity in a document. This is very important, because if
we mine an opinion from a sentence, but we do not know where
it refers to, then this opinion is not very useful. The system that
we implemented recognizes the named-entities in a text and then
determines their polarity. We accomplished this task by using a
set of tools (JavaRAP', NLTK? and SentiWordNet’). Finally, we
tested our system using a large number of reviews, with promising
experimental results.

Keywords— Named-Entity Recognition, Opinion Mining,
Anaphora Resolution

I. INTRODUCTION

In recent years, the Web has significantly expanded. As a
result, a constantly increasing number of people use it as a
way to publicly express their opinion about political, religious
and other issues in social media. They also write reviews
about products, movies, music and books. The User Generated
Content (UGC) provides information that we must efficiently
make use of. The users’ opinion is very important, because
it can be used as a reference for other users. Also, many
companies study the user reviews in order to find out the public
opinion for their products.

It is, therefore, essential to be able to detect the opinion
expressed about an issue or an object. Opinion Mining (also
known as Sentiment Analysis) is the scientific field that recog-
nizes subjective words, opinions and sentiments in a document
and includes a wide range of research studies. Most of them
assume that a document refers to one subject only and try to
extract the associated opinion.

An issue that is quite interesting to study is the recognition
of the named-entities (people, locations, organizations etc) of
a document, after having resolved the anaphoras and finally,
their association with opinion words. In our study, we wanted
to find out the polarity of each named-entity in a document.

Ihttp://wing.comp.nus.edu.sg/~qiu/NLPTools/JavaR AP.html
Zhttp://nltk.org/
3http://sentiwordnet.isti.cnr.it/
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This process has many applications, including e-commerce
and e-government services. At first, it could be used to design
an opinion search engine that classifies reviews by prod-
uct/service and by features. This way, the potential clients will
have more detailed and precise search results about other users’
comments on a product/service. In addition, it can categorize
the articles that appear on the Web and in newspapers based
on their negative and positive comments about a topic. This
method can also be applied in polls, where the issue is to
extract the public opinion about politicians.

In our method we combine Opinion Mining techniques
with Named-Entity Recognition and Anaphora Resolution
methods. We examined how standard systems as JavaRAP,
NLTK and SentiWordNet work as successive parts of the same
system and we evaluated their performance. We tested our
system using a large number of reviews for music, movies,

books, cars, computers and telephones from Epinions®.

The remainder of this paper is organized as follows. In
section II we present some representative research related
to opinion extraction for each named-entity in a document.
In section III we describe the method that we implemented
to associate named-entities with opinion expressing words.
Finally, in section IV we present our experimental results and
the evaluation of our system’s performance.

II. RELATED WORK

Opinion Mining has a wide range of applications [1]. The
problem that we try to solve is the recognition of the entities
that have been mentioned in a sentence and then, the extraction
of the opinion expressed for them [2].

In [3] they rely on the observation that nouns and noun
phrases that appear many times in a document are more likely
to be features. They detect the most frequent features by
extracting the word associations and then, they apply pruning
techniques.

In [4] they discover nouns and noun phrases that are
product features and imply an opinion. If a feature’s context
expresses a positive (negative) opinion, then it will be consid-
ered positive (negative). If a feature can be associated with both
positive and negative adjectives, then it will not be considered
as an opinion expressing adjective.

“http://www.epinions.com/?sb=1



[5] describes a semi-supervised method to extract product
names that appear in a sentence. They focus on forum and
blog discussions, in which the participants refer to many entity
names and they compare them. Sometimes, the entity name is
implied and it is necessary to define it. The next step is to
mine the opinion expressed for the discovered named-entities.

In [6] they associate named-entities and their features with
adjectives. Their semi-supervised system extracts new named-
entities and polarity words using already extracted named-
entities and polarity words. When a Named-entity or a polarity
word is extracted based on a seed word, it will be assigned
the same polarity as the seed word, unless there are opposition
words between them.

[7] introduces OPINE, an unsupervised information ex-
traction system. OPINE uses product reviews from the Web to
build a model that includes product features and the opinions
that have been expressed for them, categorized based on the
strength of the opinions.

III. METHODOLOGY

We created a system that is able to detect the named-
entities mentioned in a document and then to associate them
with emotionally charged words, in order to define the opinion
expressed for these named-entities.

Our goal is to resolve the anaphora, to detect the named-
entities of a document, to associate them with emotionally
charged words (adjectives) and to estimate their polarity. We
chose to associate the named-entities with adjectives because
adjectives are often used to describe an opinion about some-
thing or to express an emotion and they usually have positive
or negative polarity. Existing research on polarity classification
mainly focuses on adjectives to identify subjectivity ( [8], [9],
[10], [11]). The system’s input can be one or more documents.

A. Anaphora Resolution

The first step is to resolve the anaphora in each doc-
ument. An anaphoric expression may consist of a pronoun
(anaphoric, reflexive etc) referring to an entity that has been
mentioned before the pronoun (antecedent). When we detect
the antecedent of an anaphoric expression, we replace the
anaphoric expression with its antecedent. This way, we are
able to associate more adjectives with the named-entities.

We use the tool JavaRAP [12] to resolve the anaphora. It
is an implementation of the Resolution of Anaphora Procedure
[13]. It resolves third person pronouns, lexical anaphors and
identifies pleonastic pronouns.

In our implementation, in the cases where the documents
were rather short and included properly capitalized words,
JavaRAP extracted the anaphors and their antecedents properly.

B. Text Pre-Processing

We use a simple information extraction system architecture
for text pre-processing. All of the steps of this stage are
implemented using NLTK, a Python package for Natural
Language Processing applications.

At first, the raw text of the document is split into sentences
and each sentence is subdivided into words using a tokenizer.

Then, each tokenized sentence is tagged using a part-of-speech
tagger. This task is necessary for our next step, named-entity
recognition.

C. Named-Entity Recognition

NLTK provides a classifier that has already been trained to
recognize named-entities. At first, the sentences are chunked.
Each chunked sentence can be represented by a tree. We search
its leaves for proper names which represent named-entities. If
a proper name is a named-entity, it will be tagged as “NE”.

Named-entities are definite noun phrases, which refer to
organizations, people, dates, locations etc. The types of the
named-entities recognized, are the following: PERSON, OR-
GANIZATION, LOCATION, GPE (geo-political entities).

D. Associating named-entities with emotionally charged words

The next task is to associate named-entities with adjectives.
We look for adjectives that can be associated with the named-
entities, only in the sentences that contain named-entities.

The first issue is to deal with negations. A negation occurs
when the word “not” precedes an adjective. In this case, we
cannot use the adjective without any transformation, because
this will affect the polarity of the named-entity associated with
it. Negation can be formed in the following ways:

e Not/ n’t + such + word + adjective. For example,
“Maria isn’t such a good person”, “Anne is not such
a popular student”.

e Not/ n’t + word + adjective. For example, “Maria isn’t
a polite girl”.

e Not/ n’t + adjective. For example, “Maria isn’t nice at
all”.

If we come across any of the previous cases, we replace
the adjective with one of its antonyms. We get the list of
the antonyms of an adjective using WordNet, a large lexical
database of English. If this list is empty, then we simply add
the prefix “not” to the adjective.

In order to associate named-entities with adjectives, we
must segment the sentences in a way that each sentence
will contain one named-entity and after that, we can apply
sentence chunking. Chunking segments and labels multi-token
sequences.

When we chunk a sentence, we look for word sequences
which match a certain part-of-speech sequence. This sequence
is called grammar and consists of many rules which indicate
how the sentences will be segmented. Our goal is to detect
noun phrases which contain named-entities and adjectives and
to extract as many adjectives as possible. More specifically,
we search for:

e  Sequences which contain an adjective before or after
the named-entity (chunk grammar 1).

e  Sequences in which there is a named-entity, then a
verb and then one or more adjectives (chunk grammar
2).



e  Sequences which search for a named-entity followed
by one or more adjectives (chunk grammar 3).

e  Sequences in which one or more adjectives precede the
verb and then, a named-entity follows (chunk grammar
4).

The next step is to create the chunk parser, which will apply
the rules of our grammar to the sentences. This gives the
following correspondence: [named-entity i] - [word sequence
which contains named-entity i]. One or more word sequences
may correspond to one named-entity. Finally, we modify each
word sequence, so that it will only contain adjectives.

E. Polarity estimation for each named-entity

Now, we must estimate the polarity of each named-entity,
using the tool SentiWordNet [14]. According to the scores
assigned to each word by SentiWordNet, if the word is positive
or negative, we assume that it expresses an opinion, but if it
is objective, it does not express any opinion.

Based on these scores, we create a list which contains the
named-entities and the adjectives associated with them, sorted
in three categories: positive, negative and objective. We call
“uncategorized” the adjectives that were not recognized by
SentiWordNet.

After that, we sum all the positive and negative polarity
scores of the adjectives that are associated with each named-
entity, in order to obtain an overall positive and negative
score for all the named-entities. If the positive (negative) score
is higher, we assume that the named-entity has a positive
(negative) polarity. If these scores are equal, then the named-
entity has an objective polarity.

IV. EXPERIMENTAL EVALUATION

In this section we will describe the corpus that we used
and we will present our experimental results.

A. Corpus

The corpus that we used is SFU Review Corpus® and it is
written in English. It contains reviews, which were collected
in 2004 from Epinions website. These reviews are about
books, cars, computers, cookware, hotels, movies, music and
telephones. Each category contains 25 positive and 25 negative
reviews. The classification into positive and negative was based
on the “recommended” or “not recommended” tag that the
reviewer provided.

We divided the documents of the corpus in two categories.
The first category contains reviews for music, movies and
books and we called it FUN. The second contains reviews for
telephones, computers and cars and we called it PRODUCTS.

B. Experimental Results

We used the four different chunk grammars described in
section IIID, in order to test the efficiency of our system. For
each grammar we performed two experiments. Each of these
experiments corresponds to the two corpus categories (FUN
and PRODUCTS).

Shttp://www.sfu.ca/~mtaboada/research/SFU\_Review\_Corpus.html

TABLE 1. COMPARATIVE RESULTS FOR ADJECTIVES - PRODUCTS.

ASSOC. POS. NEG. OBIJ.
GRAM.1 995 130 40 480

GRAM.2 1477 201 79 593
GRAM.3 2365 270 143 981
GRAM.4 3598 401 241 1419

FUN category includes 8084 adjectives, 3562 proper nouns
and 2139 named-entities and PRODUCTS category includes
9173 adjectives, 2349 proper nouns and 1382 named-entities.
The rate of the named-entities on the proper nouns is 60% for
FUN category and 59% for the PRODUCTS category for all
the chunk grammars.

With the first chunk grammar, PRODUCTS category has a
smaller number of associated adjectives, although it contains
more adjectives overall. The associated adjectives in both
categories are few, compared to the total number of adjectives.
More specifically, the associated adjectives are the 13% of the
total number of adjectives for “FUN” category and the 11%
for PRODUCTS category. Also, few negative adjectives have
been extracted, while objective and uncategorized adjectives
are quite a lot.

Due to the second chunk grammar, the number of associ-
ated adjectives increased in both categories. More specifically,
the associated adjectives are the 21% of the total number of
adjectives for FUN category and the 16% for PRODUCTS
category. Objective and uncategorized adjectives are more than
positive and negative adjectives.

The number of associated adjectives increased in both
categories, when we used the third chunk grammar. More
specifically, the associated adjectives are the 35% of the total
number of adjectives for FUN category and the 26% for
PRODUCTS category. However, the number of objective and
uncategorized adjectives also increased, while the number of
positive and negative adjectives showed no significant increase.

Using the fourth chunk grammar, the number of associated
adjectives increased in both categories. More specifically, the
associated adjectives are the 57% of the total number of
adjectives for FUN category and the 40% for PRODUCTS
category. However, the number of objective and uncategorized
adjectives also increased, while the number of positive and
negative adjectives slightly increased. Figure 1 shows compar-
ative results for both categories, for the fourth chunk grammar.

The fourth chunk grammar has the best performance
among the four chunk grammars, because it associates many
adjectives with the named-entities. The rules of this chunk
grammar are accurate and placed in a reasonable sequence.
SentiWordNet did not classify the majority of the adjectives
of our corpus and it also assigned a high objective score to a
lot of them. That is the main reason that positive and negative
adjectives are much less than the objective and uncategorized
adjectives. Tables I and II show comparative results for the four
grammars, for PRODUCTS and FUN category respectively.

The efficiency of our system depends on the rules of the
chunk grammar. The order of the rules, as well as the part-
of-speech sequences that the rules contain can create many
variations in the number of the associated adjectives. Also, our
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Fig. 1. Comparative results for chunk grammar 4
TABLE II. COMPARATIVE RESULTS FOR ADJECTIVES - FUN.
ASSOC. POS. NEG. OBIJ.
GRAM.1 1052 109 68 450
GRAM.2 1684 207 113 695
GRAM.3 2842 280 221 1069
GRAM. .4 4609 444 340 1803

system is affected by the text genre. Finally, the tools that we
used to implement our system, affect its performance, because
a wrong assignment in one of them, will propagate to the rest
of the stages.

V. CONCLUSION

This paper presented a practical system that recognizes the
named-entities that are mentioned or implied in a document
and associates them with adjectives, in order to extract the
opinion expressed for each named-entity, as well as their
polarity. Our experimental results show that the proposed
method is effective.

In the future, we plan to improve the accuracy of our
system. This can be accomplished in several ways. At first,
it would be useful to merge all the proper nouns that refer to
the same named-entity, using the same name. For example, the
proper nouns “Barack Obama” and “President Obama” should
be considered as the same named-entity. Moreover, we plan to
extract collocations, nouns, verbs and adverbs that may contain
polarity, in order to estimate the polarity of the named-entities
more accurately.
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Zuvepyatukog 'EAsyxog Atwktov-Pourmnot yia ZUAAnyn

E1060A¢mv-Pourot

Nixkog-Anurtplog PaKOTAKNG
Tpnpa Mnxavikev HAektpovikev Yrodoylotov kat ITAnpodopikng

Zuvoyn

Znv epyaocia avtn avilpetonietat to npo6An-
Ja TOU OUVEPYATIKOU EAEYXOU POPMOT OTNV £§0U-
6etépwon £1060AV POPNOT, O EAEYXOHEVY) Me-
proxn). IIpoteivovtar Sradikacieg Kat aAyopi6-
HOl, yla TOV £VIOMIOH), TNV MEPLKUKAGOTN Kat
aiypalwoia TV £1060ALwV-popndt anod S1OKTEG-
pounot. Ot S1OKTeEG-popnot tonobetouviat oc
nporadoplopévo oxrpa Kat Kivouvial pe Tpomno
@AOote va prnopouv pe BeBarotnta Kal tayvTyta va
evronicouv mOavoug £106o0Aeig. AroAouBsei Ka-
taAAndog aAyopiOpog, nou pe §vo (2) kat eAayt-
OTOV Kal OKT® (8) Katd PEYIOT®OV S10KIEG aiy-
RaAoticouv 6Aoug Ttoug £1080Aeig-popnodt os mno-
Avovuniko xpovo. H epyacia autr) £ytve ota mAa-
i01a g SuUMA®paAatikNAg POV £pyaociag, 1) Onoia £K-
noveitatl oto Epyaotnpro Popmnotikrig tou Tprpa-
tog HAektpodoywv Mnyavikov kat Texvoldoyiag
YnolAoyiotov tou Iavenmotnpiou IMatpov*.

A€e1g KAe181a: pursuer, evader, encirclement,
capturing

1 Ewayoyn

To Pursuit- Evasion rnpoBAnpa anacyolei 1o X®po
v pabnpatkov kat mg Emotmung tov YroAoyt-
owwv. X1o mpoBAnpa auto ot SiwKieg-poprnot Orn)-
H10UpyOoUV Kal aKOAOUBOUV OTPATNYIKEG € OTOXO TOV
EVIOIIOPO Kal T CUAANYI) TV £1080AE®V-pOUITOT (e-
vaders). Zuotnpatkn épeuva gekivnoe 1o 1976 dtav o
Torrence Parsons [1] eionjyaye npotog tv avadrtnon
1OV avirdlev oe ypagoug. MropoUlie va 10XUpioto-
Upe o1l 1o mPoBAnpa autd propei va avanapaotabet
€lte 08 OUVEKTIKO YpAdo, £ite o€ eruddvela pe KeAd.
[Mapopoia apBpa £xouv dnpooteutel amno toug Marcos
A.M. Viera, et.al.[2], Borie, R., et.al.[3], V. Isler, et.al.
[4], Deepak Bhadauria, et.al. [5], D. Bhadauria and

V. Isler [6], K. Klein and S. Suri [7], Sergiopoulos, J.,
and Tzes, A. [8]. Zinv undapyxouoca BiBAoypadia ta
apBpa Saxwpidovial pe Bdon ta akdédouba kpurpa:
10 X®WPO otov ortoio ektudioostatl 1o rnaiyvio (6nAadn
av Bplokopacte oe Yypadnpa 1) 0 GUVEXT) XOPO OI®G
0 VEMUETPIKOG XMPOG), T OXEON HETASU Tou A 0oug
1V 8U0 aviinadev opddev popndt, v opaATOTNIA TOV
SlOKTOV-pourot, ta eprodia oto erminedo, 10 oxnua
TOU erutebou KAt Vv taxutnIa IOV POUIOT.

L10 OUYKEKPIIEVO APBPO, @G IIPOG TNV 0pATOTI)-
1a, 10 KABe popurot yvepidel t 9€on 1wV urtoAoinev.
O1 6uwkteg €xouv mAnBog 2<N<8, 610t pe ) Xpron
Alyotepov v 2, 6edopévou o1l Umapyel mMANpng o-
patotnta, dev pnopouv va cudAngBouv ta avtinada
POUITOT, VO MEPLOoOTEPA TV 8 gival rmAeovaopog. H
erugavela nave oty oroia e§ediooetal 1o naiyvio e-
vat oxnpatog tetpaymvou kat Sev mepiexet eprnodia.
OAoxAnpovoviag, oto Kepddatlo 2 yivetat pla eKte-
VNG rapouoiaon tou rpoBAfjpatog. Ito kKepadaio 3,
napouctadetal Kat avadvetat o alyopidpog yia tov
EVIOIMIOPO KAl CUAANYT TV €1080Aéwv. TEAOg OTO Ke-
@alaio 4 nmapouciadetal CUPIIEPACHATIKA T0 OUVOAO

g epyaoiag.

2 Opopog IIpoBAnpatog

To npdBANpa avagpépetal oe Hi1o61dotatn ermpaveia
TETPAYDVIKOU oxrjpatog peyeboug MxM (Exnpata 1)
He opatd opila. Xe KABe onpeio g erm@aveiag PIo-
pel va Bpioketat 1o oAU éva (1) poprnot KABs Xpovike)
OTlyPn] KAt 1o onpeio auto kabopidetal Paocet tetpn-
pévng kat tetaypévng, dndadr), n Séon evog pournor,
¢0te i, eivar n (x4, ¥;) o ouykekppévo xpovo. Ta po-
prot kwvouvtat eite opigdvua, eite kabeta, pe Prpa 1,
1) 0, kaBe xpovikn ouyur). I'a diapoponoinon, oe ap-
TIEG XPOVIKEG OTIYHEG Kiveital 0 e1080A£ag POPTIOT EVR
O€ TIEPITIEG XPOVIKEG OTIYHEG OAOL 01 S1OKTIEG-POUTITOT.
Ot poprnot-e108oAeig (evader) toroBetouvial otnv -
(avela Tou matyviou pe tuxaio Tporo, eve ot H1dKteg



POUIIOT elval TOTIOBETNEVOL O OUYKEKPIIEVEG JEOELS
Katl Kvouvtal Pe nipokaboplopévo Tporo, Orwg mept-
ypagetatl oto kepadao 3. H xpovikn otypn teppa-
Tiopou oupBaivel otav to aviirnalo pounot Ppebel oe
YEITOVIKO KeAl evOg S10KTN-popuIiort.

Zinv ouvéxela, mapouotddetatl (avadvetay o mpo-
TEWVOPEVOG aAyoplOog, IOU eVIOIidel T OUVIEIAY-
PEVEG TOU aVTIITAAOU-POUITOT KAl KataAryet e BeBat-
OTNTA O€ EMTUXT] TEPHATIONO, O TIOAUGVUHIKO XPOVO
X&€1potepPNg repirmtoong, O(n).

3 Evtomopog

Kdbe Sioking €xet éva eupog eualobnoiag ( sensing
range ) mou opiletal @wg 1 emeavela g oroiag ta
KeA1d €Xouv arodotaor) ion 1 PIKPOTEPn g andota-
ong evawobnoiag S. H andotaon suvaiobnoiag Sivetat
TIAPAPEIPIKA OV apXl] Tou mpoypdppatog. Qg a-
nootaon petasy §Uo kedwv opidetatl to abpolopa twv
ATIOAUTOV TIHOV TOV 1aPopaV TRV TETHNHEVROV KAl TOV
etaypévey v 8o onueiov (d = |z; —y;| + |z — ;).
To eupog eualobnoiag yia kabe dioktn, dedopévng tng
poBoe1d0oUg TOU POPPL|G, HITOPEL va UTTOAOY1OTEL ©OG
E = 52 +28+1 xeMd . Zto ZxAua 1 Sivetat to eupog
eualobnoiag evog 1okt pe anodotaon eualobnoiag
S=4.

Zxnpa 1: To evpog euaiodnoiag E evog Sioktn pe
anootaon suaiodnoiag S=4.

Zinv duobidotaty terpayeviky emepaveiaM xM to-
oBetoUle TOUG S1OKTEG 08 DE0EIG TTOU va PITOPOUV
va napéxouv ) BEAtiotn emnortteia tng neploxns. a
TOV TIEPLOPIONO TOU TTANO0UG TOV S1OKI®V 1] TOTIO0E TN -
01 TOUG 010 XOPOo da mpPEMel va eival T€tola WOotE 1)
EMKAAUYT TOV IEPLOXOV gUalodnoiag Toug va eivat 1
eddyxiotn.

Apxka ot P 1dkteg torobetovvial oe ouykekpl-
péveg 9€oe1g Kal KAVOUV IPOYPAPHPATIOPEVES KIVI|OE1G

TIPOKETPEVOU VA EVIOIIOOUV TOUG IiBavoug £10680AElg,
pe BeBaidtnta otov eddxioto duvatd xpovo. O erayt-
otog ap1buog Siwktov-pournot P, yia tov BéBato evio-
ropo ewBoAéa sivat P = M/(2S + 1) , rou torobe-
Touvtal os pia otAn kat oe anodotaocn dist = 25 + 1
petadu toug. Ot P Siokteg petakivouvial tautoxpova
anod ) pa drpn ToU XWPOou otnv dAAn, £0G TOV eVio-
mopod €1060Aéa yia va §ekvrjoet n Sradikaoia g Ka-
1abiwgng. O péylotog apOpodg Pnudtev mou anatto-
Uvtat, pe 1o eAdy1oto rAnog S1OKIOV, yia TOV EVIOITL-
op0 €1060A€a eival 100G 1€ TO PIKOG TNG TETPAYDVIKIG
emgavelag (M). Ta va rieplopicoupie tov apibpo tov
Bnpdtev (taxutepog evioropog) avidvoupe tov apid-
16 v doktev (P) Snpioupywviag €10t Eva mAgypa a-
o eAeyxopeva KeAld Tou oapovel o erninedo (Exrpa
2).

Txnpa 2: IMAéypa and edeyyxopeva Keda

4 ZUAAnyn EwBoAéa

I'vopilovtag Tig CUVIETAYHEVES TOU £1080AEa-pPOUITOT
(evader), oe xkaBe 9éon tou, €xel ta akoAouba ma-
PAPETPIKA Xapakinplotkd (8 vontd subuypappa
Tunuata-Xxnua 3):

e To mpwto eubvypappo tunpa eivatr kadeto, pe
apxt) 1o keAl tou e10B8oAéa Kat T1EAOg Of KeAl
TO0U NMAvVe 0p1{OVIIoU 0pilou TG TETPAYDOVIKLG &-
meAavelag.

e To Seutepo eivar kabeto, pe apxr 1o Kedi tou
€1080Aéa Katl téAog oe Kedl TOU KAT® 0p1dovIiou
0pioU NG TETPAYWVIKIG EITIPAVELQG.

e To tpito eivat opidovtio, pe apxn 1o KeAi tou
e1080Aéa kat 1€Aog oe Kedl tou He€lou kABeToU
opiou g ermgaveiag.



e To tétapto eivat opigdviio, pe apxr 10 KeAl ToU
€10680A¢a kAt 1€Aog oe KeAl TOU ap1oTEPOU KABe-
TOU 0plou NG ErmPaAvelag.

e To méprto eival d1aydvio, pe apxn 1o KeAl ToU
€1060A¢a KAl TIPOEKTEIVETAL OTO MPWTIO TETAPTH)-
Boptlo, av Yem®priooUPEe apxn vonIov aiovev 1o
kedl oto orolo Ppioketal o €1080Atag, £wg TO
opto.

e To éxt0 eival daymvio, pe apyn to KeAi Tou
€1060A¢a KAl TPOEKTEIvVETAl OTO TPITO TETAPTN)-
Hop10, £mG TO OP10.

e To £85op0 Siayovio, pe apxt] 1o KeAl Oto oro-
10 Bpiloketal o €1080Afag Kat rmpoeKIieivetal oto
beutepo tetaptnoptlo, £mg To Oplo.

e TéMog 10 0Y600, €xel apXr) to KeAl Tou e1080A¢a
KAl ITPOEKTEIVETAL OTO TETAPTO TETAPTNHOPL0, £RG
10 Op10.

Qg ek TOUTOU Jg Vv KAOe Kivnor) Tou £1080A¢a-poprnot
aAAdder kat 1) 9¢on TV eVBUYpapPOV TUNRATRV, §10T
KABe XpOVIKY) ouypr] ta eubuypappa tunpata £Xouv
®G apxn To Kedl mou Ppiloketat o €0BoAéag.  Xt0
Zxnpa 3, gaivetat tpnpa g diodidotatng erpay®-
VIKAG erm@pdvelag, ave oty oroia e§edioostat ) d1a-
dikaoia tou mayviou. Me ta Sagpopeuka ¥popata
anekovidovial o1 ITapApEIPOl OTI§ OIoieg avapEPOn-
Kd Mo nave. X1o oxnua (a) BAErmoupe v KAtaKtnon
Kal TV oX1e (8) eubuypdppov tpnpdtev arno toug 8
dloKteg popurtot. Autd onpaivet 0t o1 SitwKteg KivrOn-
Kav pe ) Aoykr g ouvdaptnong reachTheLinear-
Parts (avaAustal mapakdi®) Kat KAtEKinoav oAa ta
npata. Metwd and avtd Sa nepdoouv otr eKTEAe-
on g devtepng ouvdaptnong reachTheEvader (ava-
AUectal apakdiw). Xto oxrpa (B) povo &vo (2) 61-
OKTIEG £XOUV KATAKTNOEL U0 aro ta oXte eubuypay-
pa tpipata, ta ornoia dev £xouv Koo agova Kat Petd
Vv Katakon toug Sa mepdoouv ot devutepn @aon
6nAadn v TaKUKL KIvoe®Vv PEO® NG OUVAPTNONG
reachTheEvader.

(a)

(B)

Zxnpa 3: Awodidotatn em@avela IEIPAYOVIKO-
U oxnuatog, pe: ewo0BoAéa-poprnot (evader -kitpivo
Xpopa), OlwKteg-poprmot (pursuers-pmie  Xpwpa).
Kagé xpopa: kedl eubuypappou tpfjparog.

O mpotevopevog alyopidpog xwpiletatl o duo ta-
KUkEG (600 pépn). Zinv npotn takuky (ITivakag 1)
£€xoupe tn ouvaptnorn reachTheLinearParts() rmou xi-
vel Toug S1OKTEG KATA TETOLOV TPOI0 MOTE PETA ATIo
TTOAU®VUPIKO Xpovo va Bpebolv mave ota vonta €u-
Suypappa tprpata tou e1080A€a, IoU avapépaple rma-
PATAV®. AUTO EMMITUYXAVETAL PE KIVI|OE1G TETOIEG WOTE
Va EMMTUYXAveTal 1 PEyot Pelmorn g péong andota-
ong Tou 810Kt and ta Siabéopa eubuypappa tpnpa-
1a. Andadn:

ditdatotd, G _ ditditotd,
n * Ynew n

av dold =

e d; n andotaorn) 10U S1wKTn ano 1o ¢ dabéopo eu-
Suypappo turpa, Sa ekteAéooupe Kivnor) T€tola Oote
va peylotornow)oouie ) 81apopd dyg — dpew-




reachTheLinearParts()

for i = 1 to numberO f Pursuers do
if pursuer HasAPart[i] == False then

then
if pursuerli] is at partl[i] then
moveli] < moveclosertoevader

d + AverageDistance FromEveryAvailable Linear Part €lse if pursuerli] has distance 1 from

{ pursuerHasAPart[i]==False means that pur-
suer [i] has not reached any evader’s linear
part yet}

moveli] + 0 {moving up by default}

dNew + NewAverageDistance F'romEveryAvailable

Linear PartAfterThisSpeci ficMove
maz < d — dNew
for j =1to 3 do

dNew < NewAverageDistanceFromFEveryAvailable

Linear PartA fterThisSpeci ficM ove
maxNew < d — dNew
if maxrNew >= max then
max < marNew
moveli] < j
end if
end for
end if
end for
return moveli]

IMivakag 1. IIpoto pépog tou aldyopibpou oe
Weubokwdika- ouvaptnon reachTheLinearParts().

O péyiotog aptBpog SiwKtov ou Xpetddetal yia v
EMTEUE TOU MPOTOU PEPOUG TOU S1IEPOUG OTOXOU &-
tvair N=8 810Kteg, ®OTE va KATAKTI|COUV £va dltadopett-
KO eubuypappo tpnpa o kabévag, dnAadn oe karoo
XPoviko diaoctnpa va Ppebovv mave o Kedi mou a-
vrikel oto tpfpa. O gAdaxiotog aptdpog dioktwv eivat
N=2 xkat o meploplopog Ppioketal oto o6t Sa kata-
Ktjoouv éva eubuypappo tunpa 1o kabe éva pe Pa-
01K IPOUITo0eon) 0Tt Ta OUYKeEKpIEva THnpata e Sa
£Xouv Koo dagova.

Amd ) ouypn rou 9a oAorAnpwmOel yia KAIoo
POUIOT T0 MPROTO PEPOG, dnAadr) Sa €xel Kataxtroet
éva eubuypappo tphpa (eite Ppiloketat oe auto, eite
Bpioketatl oe anootaon €va (1) aro autod €av sivat n
OE1PA Kivnong tov S10KTOV), repva ot devtepn @aon,
oto Seutepo pépog tou adyopibpovu (ITivakag 2).

reachTheEvader()
for i = 1 to numberO f Pursuers do
if pursuer HasAPart[i] == True then
if part[i] == (horizontal or vertical linear part)

part[i] then
moveli] + moveatpart]i)
end if
else if part[i] == (diagonal linear part) then

if pursuerli] is at partl[i] then
moveli] < donothing
else if pursuer[i] has distance 1 from

part[i] then
moveli] +  ((moveatpart[i])) AND
(moveclosertoevader))
end if
end if
end if
end for

return moveli]

[Tivakag 2. Agttepo pépog tou adyopibpou oe Weu-
6okwbika, ouvaptinon reachTheEvader().

Topa, 6001 S1IOKTIEG £XOUV KATAKTNOEL EUBUYypappo
TUnua Kwouviatl pe Bdon ) ouvaptnon reachTheE-
vader(), eve 0Aol 01 UITOAOUTO Pe TNV KANOI NG OU-
vaptnong tou npotou pépous. H reachTheEvader()
KIVEL TOUG EMMAEYHEVOUG S1OKTEG-POUTITIOT £TI01 QOTE

e £dv PBpiokovial nmave oe opgdvio 1) KABeto eu-
duypappo tunpa va Kivouvidt Ipog To KeAi rou
HEWWVEL TNV amootaoct and 1ov €1060Aéa katd
éva (1),

e £dv Bpiokovial oe Siaywvio oe arootaot €va (1)
va pévouv akivntot,

e £dv Bpiokoviat oe anodotaon éva (1) and opt-
{ovtio 1 KABETO va PeTakvouval Iave oE auTo,
EVR

e £dv Bplokoviat oe anodotaon éva (1) and da-
y®@V1o eubUypappio THHPA, va Kivouvidl og KeAl
1ou PBpiloketal MAve oto eubUYpAPIo TU A KAl
pewwvetal n andotact aro tov £€106oAéa katd
¢va (1).

O ouvdbuaopog twv &U0 pepav TOUu aAyopiB-
pou egaogalilel pe erutuyia v efoudetépwon tev



€1080A£@V-POUIIOT, EVEPYOIIOIOVTIAS KAOE POopd ToV &-
Adaxioto apdpod dwktov-popnidt. O edayiotog apib-
Hog dlwKIOV-pourot mou ypetadovral yua t PéBain
OUAANYI T®V AVIUITAA®V O TIOAUDVUMIKO XPOVO XEl-
potepng nepirmmong eivat N=2, eve o P€y1otog yia v
TayUtepn aiypalotion tou £108oAéa sival oxte (8).

5 Zupnepaopata

Zinv gpyacia autr, Tapoucldctne Pid MPOCEYY1oT)
yla TV aVIHETOION ToU IIPOoBANaATOg TOU ouvepya-
TIKOU €AEYXOU POUIOT, OTNV AVIIPEIWITON £1080A€a.
AvantunKe oXeTKOg ailyopiB110g o oroiog pe ermtu-
xia, aviyvevel, evromilel kat e§oubetepivel e108oAéa
POUIOT O eAeyXOpevn Tieploxt]. O eVIOOPOG TOU £1-
oBoAéa pourmodt yiverat and toug S1OKIEG POUIIOT O
BAnata mou e€aptavial and 1o Anbog toug, Ve yia
mv ayypadotion tou £108oAéa anattouvial Kat eAa-
X10T0 2 Kal KAtd PEYIOT0 8 S10OKIEG, O MTOAUDVULKO
Xpovo. H epyacia autr] avartuxdnke e§0AokApou o
YAwooa ripoypappatiopou python.
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Abstract— In recent years, it is estimated that there have
been more than 200,000 injuries annually on public
playgrounds across the USA for which emergency room
treatment was required. The study of 2,691 playground
equipment-related incidents reported to the U.S.
Consumer Product Safety Commission CPSC from 2001-
2008 indicated that falling is the most common hazard
pattern (44% of injuries) followed by equipment-related
hazards, such as breakage, tip over, design, and assembly
(23%). Other hazard patterns involved entrapment and
colliding other children or stationary equipment.
Playground-related deaths reported to the Commission
involved entanglement of ropes, leashes, or clothing; falls;
and impact from equipment tip over or structural failure.
In this paper a number of automations have been
developed and proposed in order to address playground
related injuries and deaths. More specifically, the
aforementioned automations were based on the current
European and national legislative and aim to reduce
accidents that are caused by the lack of technology in
games such as slides, Merry-go-rounds and swings.

Index Terms — accident prevention, automations,
mechatronics, outdoor playground, safety, standards.

1. INTRODUCTION

laygrounds are exciting, fun places for children. They

can help to build dexterity, and they are a great place to

make friends. Kids are marvelously inventive and use
playground equipment in many different ways not intended by
the manufacturers. According to CPSC's study there were
more than 200,000 injuries annually on public playgrounds
across the USA [5]. At the same time, the Greek Centre for
Research and Prevention of Injuries records falling as the third
leading cause of accidents involving children and the first
cause of death as compared to any other cause!. Many of the
accidents in outdoor spaces, kindergartens and playgrounds
are caused mostly because of the lack of modern and safe
equipment. Despite the measures that are taken and the
standards established, the number of injuries continues to be
high. This occurs due to carelessness and non-implementation
of rules and standards. These accidents can be reduced with
the use of technology. The aim of this paper is to investigate

! http://www.keppa.gr/

the causes and failures of children accidents and to propose
improvements based on automations [1].

There are several standards to follow when designing,
equipping and maintaining an outdoor play area for a
regulated child care center. The intent behind these standards
is to create safe, secure and appropriate outdoor play areas that
provide a range of opportunities for the social, cognitive,
physical and emotional development of children.

II. PLAYGROUND SAFETY STANDARDS

A standard is a document that provides requirements,
specifications, guidelines or characteristics that can be used in
order to ensure that materials, products, processes and services
are fit for their purpose. As far as the playground safety
standards are concerned, the international attention is not
sufficiently high and concentrates only on the blind obedience
of guidelines. However, the obedience of standards does not
automatically create a safe play area. Safety standards mostly
focus on building safe game structures and not for example on
the way that the games should be placed on the playground.
Specifically, the legal framework for the members of the
European Union (E.U.) follow the recent adoptees for
playground safety standards of European Normalization (EN).
Additionally, the USA standards arising from the American
Society for Testing and Material (ASTM International)?, an
independent factor on standards development, are specializing
in the assessment of equipment. It is worth mentioning here
that the Greek legal framework is given by ELOT? (Hellenic
Organization for Normalization).

From our scope of view the research on standardization of
equipment worldwide is similar in all countries, with slight
variations. Of course there are shortcomings such as the lack
of standards in undeveloped countries. Recently, the
International Standards Organization (ISO) was approached to
create a global security standard for playgrounds, but has not
created one so far [2].

III. FREQUENT ACCIDENTS

From our research in the field, the main cause of accidents
in kindergartens and playgrounds is the lack of modern and
safe equipment as well as the fact that a part of playground
equipment is not even recommended for use on playgrounds.
Another cause is that is not taken into account the age range
of children who will use the playground. And this is important

2 http://www.astm.org/
3 http://www.elot.gr/default_en.aspx



because it is very crucial to know the age range of the children
when selecting playground equipment. Another parameter
that needs to be considered is that of the floor materials and
the perimeter of the playground, since it may well affect the
likelihood of life-threatening head injuries.

This work deals with accidents and injuries that take
place in kindergartens and playgrounds. More specifically
the paper analyzes accidents related to:

* Mechanical stressed points of the equipment

» Traps

* Sharp Points, Corners and Edges

* Clustering Area Depending on the Solar Group

* Construction Materials

* Equipment Maintenance

* Common Equipment

A. Mechanical stressed points of the equipment

Many parts of the equipment become more stressed. As
a result, these parts are very likely to break and cause
injuries during the game. Accidents can be caused by parts
that move relative to each other or relative to a fixed point
in the course of a normal cycle of use. Such examples are:
axis of the seesaw and the stress between the axis of the mill
and the moving part.

B. Traps

Another risk of injury of a child on the playground is due
to the possible trapping of body parts [5]. A child’s head
may become entrapped if the child enters an opening either
feet first or head first. Head entrapment by head-first entry
generally occurs when children place their heads through
an opening in one orientation, turn their heads to a different
orientation, and eventually they are unable to get
themselves out. Thus, when selecting materials, the
manufacturer should take account of the entrapment risks
that may arise due to the deformation of the material during
use.

C. Sharp Points, Corners and Edges

Projections on playground equipment should neither be
able to entangle children’s clothing nor be large enough to
impale [5]. Consequently there shouldn’t be protruding
ends, ropes, nails, sharp parts or parts with sharp edges in
any accessible part of the equipment should not exist,
because the children’s may be injured [3].

D. Clustering Area Depending on the Solar Group

Young children have not developed full comfort in
motion, they have a small radius of action and enjoy the
game and the equipment that helps develop their social
relationships. The older children want more space to move
and to run at higher speeds [5]. It is obvious that the design
of the area must agree with the needs of the age group.
During the design of the playground we must choose which
age group will use the equipment, such as 2-5 years, 6-12
years, or both, and there must be a specific signage
depending on the age of the children.

E. Construction Materials

The materials which are used must be suitable for the
construction of the playground equipment and must comply
with the European Normalization or with the ASTM
International [5]. The materials must be non-toxic to the
environment, nonflammable, ecological, must withstand to
heavy use and weather conditions and should be easily
maintained. Finally, they should be safe for all users, be
integrated in sustainable environmental culture and
participate in highly aesthetic presentation.

F. Equipment Maintenance

According to the specifications of ELOT for the
maintenance of children's equipment, the usual visual
inspection, the functional test and the annual main
inspection are required. A comprehensive maintenance
program should be developed for each playground. All
areas and facilities of the playground should be inspected
for excessive wear and possible risks. Particular attention
should be paid to moving parts and other components that
are accessible to children [3].

G. Common Equipment

Slide. During construction of the slide, we must avoid the
use of bare metal in the individual segments, because when
they are exposed to direct sunlight their temperature may be
increased significantly and may cause serious burns even
touch of seconds. Insulating materials can be used that can
reduce the temperature of the surface, such as plastic or coated
metal. However, during the summer months the temperature
in the slide zone remains high and may result in burns to the
user due to friction (Fig. 1a).

@ (b) ©
Fig. 1. (a) Slide. (b) Merry-go-rounds. (¢) Swing

Merry-go-rounds. Merry-go-rounds are the most common
rotating equipment found on public playgrounds. Children
usually sit or stand on the platform while other children or
adults push the merry-go-round to make it rotate. In addition,
children often get on and off the merry-go-round while it is in
motion. Merry-go-rounds may present a physical hazard to
preschool-age children who have little or no control over such
products once they are in motion (Fig. 1b).

Swing. Children of all ages generally enjoy the sensations
created while swinging. Although most of them usually sit on
the swings as they are supposed to, however, it is common to
see children standing on the seats and jumping off them. More
over younger children also tend to swing on their stomachs.
To prevent injuries, these behaviors should be discouraged.
Swings may be divided into two distinct types:

Type A: Single axis. Sometimes it is called a to-fro swing.
A single-axis swing is intended to swing back and forth in a
single plane and generally consists of a seat supported by at



least two suspending members, each of which is connected to
a separate pivot on an overhead structure (Fig. 1c¢).

Type A: Multi-axis. A multi-axis swing consists of a seat
(generally a tire) suspended from a single pivot that permits it
to swing in any direction.

IV. PREVENTING AUTOMATIONS

In order to prevent accidents caused by playground
equipment failures a number of automations are proposed and
analyzed in this paragraph.

A. Slide

The automation that is proposed aims to protect children
from potential burns on the sliding zone. For this reason a
temperature and a weight sensor, can be used in order to
activate warning devices (lights, buzzer) and a controlled
mechanism (ramp). The temperature sensor is placed on the
slide zone of the slide, while a servomotor is placed on the
bench and the warning devices in obvious positions. During
normal temperature conditions the warning device is out of
order, the entrance is open and the slide is accessible to
children. When the temperature of the slide zone increases
dangerously, warning lights turn on and the entrance remains
accessible. When the temperature rises above 40 °C, the
flashing frequency of the light increases without shuttering the
entrance. Eventually, when the temperature reaches or
exceeds the threshold of 50 °C, the light is continuously on,
while the servomotor drives the door and closes the entrance
of the slide taking into account whether a child is at this point
at the bench by using a weight sensor (Fig. 4).

A
Fig 4. Slide automation.

B. Merry-go-rounds

With regard to children's safety when using the merry-go-
rounds an automation for slowing down the speed is proposed
and discussed. For the construction of this automation a
tachometer, a deceleration device (mechanical brake) and an
alarm device (such as a warning light) are required. The
tachometer and the deceleration device are placed in the
rotation axis while the alarm device is placed on an obvious
position. In normal operation of the merry-go-rounds, where
the speed is low, both the warning light and the deceleration
device are deactivated. When the speed of the merry-go-
rounds increases, the light starts flashing without enabling the
deceleration device. However, whenever the speed exceeds

(normal at about 25 per minute), the lights is continuously
activated and the deceleration device regulates the speed to the
permissible limits (Fig. 5).

Fig 5. Merry-g(;'-round automation.

C. Swing

The swing automation that is proposed aims to protect
children from possible fall because of the large amplitude of
oscillation. The automation consists of an alarm device (such
as a warning light), a position sensor (such as an Inductive
Proximity Sensor), and a deceleration device (mechanical
brake). The position sensor is placed at a fixed point relative
to the drive shaft, while the deceleration device is placed at
the moving part and the alarm device is placed in obvious
position. In normal operation, while the amplitude of
oscillation is small the warning light and the deceleration
device remains off. When the amplitude of oscillation
increases and the position of the swing exceeds the upper
acceptable limit, the deceleration device and the warning
lights are activated. The slowdown of the swing is set to be
smooth until the amplitude of turns to be within the acceptable
range (Fig. 6).

Fig 6. Swing automation

V. LABORATORY MODEL

A laboratory model of all above proposed playground
automations is developed. For the automation of the slide (Fig.
4) a LED, a weight sensor, a temperature sensor and a
servomotor are used. When the sensor detects temperature
above 500 C, the LED turns on and the servomotor is activated



in order to close the entrance of the slide. If the weight sensor
detects a child being present at the time of closing the
entrance, the servomotor lifts the door and waits until the child
moves away. For the development of automation of the
Merry-go-round (Fig. 5), a photo resistor and a LED are used.
The photo resistor acts as a tachometer, because the photo
resistor may change the value depending on the light detected.
In each round of the mill the value of the photo resistor
changes two times. When the speed exceeds the 2 rounds per
second the LED turns on as a warning. Finally, for the swing
automation (Fig. 6) a touch sensor and a LED are used. When
the sensor detects any obstacle, the LED turns on as a warning.

The above mentioned automations were controlled via an
Arduino microcontroller platform.

VI. FLOWCHART

The flowchart explains the code of the automation that is
used (Fig. 6). At first, we declare and initialize the variables.
The main program consists of three parts, which run
simultaneously, one for each automation.

The first part refers to the slide automation. Whenever the
temperature is above the threshold, the warning led turns on.
If additionally the value of the force sensor is zero, which
means that there are no children on the bench, the door of the
slide closes, otherwise it remains open for as long as the child
stands on the bench.

The second part refers to the swing. In case the value of the
touch sensor is nonzero, which means that the upper limit is
reached, the warning led is on.

The last part refers to the Merry-go-round. If the value of
the tachometer (combination of led and photoresistor) is above
the velocity limit we turn on the warning led.

Declare variables

Read the temperature and Read the value of the Read the speed of the
the value of force sensor on touch sensor on the mill
the slide swing

High
temperature

J

%

| AN

| Turn on the LED | | Turn off the LED I

F
High
Force
T

I Open the gate l I Close the gate |

I} J

Fig 6. Flowchart

VII. CONCLUSION

This paper investigates accidents that have occurred in
outdoor playgrounds. The regulations and standards that apply
worldwide are analyzed in respect to the causes of the
accidents. Afterwards a number of automations that can act as
a deterrent and help reduce accidents in playgrounds are
proposed. Finally, a laboratory model of such automations is
given as well as the algorithm and the flowchart of the
application. The real implementation of these automations in
playgrounds and the export of key results in real conditions is
the basic perspective of this work.
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H IInyn Apvnrikov Ioviov Yopoyovou (HY)
“IIpounBcac I’ — ITapovcioon kot
XopaKTNPIGUOC

lwdvvng Topovong, Zrupidmv Alelpépng

IlepiZnyn - H mapovoo epyacia a@opd 6TV TO.POVGIAGT KAl
OTOV TTPOTUPYIKO YUPOUKTNPIONS TNS TNYIS UPVNTIKAOV OVIOV
vopoyévov (H) “Ipopnbéog 1”. H mopaymy tov mAdopatog
yivetor amd évo diktoopo SwmoMmkodv mnydv Kuklotpovikov
Yvvroviopov Hiektpoviov (Electron Cyclotron Resonance —
ECR). Ov dwyvootikig Tevikés TAGGMATOS Ol  O7OiEg
gpappolovror eivar ) mniektpootoTiKoi KoOeTPES TUTOL
Langmuir, pe To0g 0moiovg peTpovvrol atopikéc TapapueTpol Tov
aAMAopaTog  (SVVOMIKG TAGONOTOS, CLMPOVUEVO  SLVONIKO,
wUKvOTNTO Ko Ogppokpacio miektpoviov) km B) ¢wto-
omdéomacn (ne Laser) niektpoviov amé to H, pe v omoia
TPOGOLOPILETAL | ATOLVTY] TVKVOTNTA TOV APVITIKAOV 16vTov H.

Aéerg wieoig — Yoypdé mhdopa, Iy apvnTIKAOV 16vTOV,
Kvkhotpovikég ovvrovionds niektpoviov, HiekTpoostatikoi
Ko0etpeg, Poto-omdéomacn niektpoviov ne Laser

I. ErzAraora

H afefoidmro 66OV aPopld GTNV TOPAYWYT EVEPYELNG GTO
UEMAOV, KODIOTO ETLTAKTIKY TV AVAYKN Y10 EVOAAUKTIKES

pebodovg mapaywyng avtig. Mia amd TG To EAKVOTIKES
peBddovg givar  Beppomupnviky cdvinén, n omoia SvvnTiKd
Bo umopovoe vo ddoel aveEAVTANTO TOGA EVEPYELOG e PIAKO
mpog 10 mepPdArov tpomo. ‘Etol, og maykdopo eminedo to
avtikeipevo avtd peletdtor toc0 BsmpnTikd OG0 Kol
MEWPAUOTIKE, KU €0WKA 1 Oegppomvupnvikn odvinén pe
payvntikd mepropiopd. Ilpog emitevén oavtg, 10 TAGGHO
npénel va mepopiobel and éva 1oxvpod PayvnTiKod Tedio Kot vo
odnyndel oe Oeppoxpacio TOAGV ekotoppvpiov Pobudv
Kelvin. H 6éppovon tov mAdopoatoc o tétolo emimeda
Oepokpoociag emtTuyyaveTal e S1GQOPOVE TPOTOVS, LE TNV
amodoTIKOTEPT] TEYVIKN VO €ivor 1 &yyuomn ovdetépav
copaTiov  VYNANG  EVEPYEWNG OTO  ECMTEPIKO  TOL
BepLomupnviKod avTIOpaGTHPaL.

O k. lwévvng Topovdng eivaw oto Ilovemomuo Iotpov, Tunpo
Hlektpordyov Mnyovikov kot Teyxvoloyiag Ymoloyotwv, Epyactiplo
Yyniav Taoewv, 26504 Piov, ITdtpa

ece7140@students.ece.upatras.gr

O «x. Zmopidav Alewpépng sivar oto Iavemomjuo Ilotpdv, Tunpa
Hlektpordyov Mnyovikov kot Teyvoloyiag Ymohoyotwv, Epyactipio
Yyniaov Tdoewv, 26504 Piov, [latpa

H ypion ovdetépov ocopatidiov Evavilt QopTiIopHEVEV
kafiotatar avaykaio AGYy® NG TOPOLGING TOV 1GYVPOV
HOyVNTIK®V Tediv yio TEPLOPIGHO TOV TAAGUATOS, TO, OTOia,
0o e&étpenav ta poptiopéve copatiow. Qotdco, N avEnon
™G evépyelog TG OEGUNG TMV OLOETEPOV COUATIOIOV HECH
niextpootatikod  mediov  eivor  advvatn  Ady®  un
aAANAeTtidpacng, Kt €161 avtd Bo Tpénel TpdTaA Vo, 1oVIcHovV,
Katoémy va emtoyvvBouv Kot TeEAKA v ovdeTEPOTOINOOVV
AMyo mpwv v €ic0dd TOLG GTOV AVTVOPACTAPA SVVINENG.
Opwg, n amodotikdtnta TG ovdetepomoinong e&aptdTon
ofevapd amd To €100C TV EMTAYVVOUEVOV OVI®OV KOl TNV
evépyeln G Oéopung avtodv. Edd éykertar k1 m peydn
onuocio g mapoyoyng apvntikdv wvtov H kot D Eve n
ovdeteponoinon decudv OeTikdv WOVTOV €xel  eEapeTiKd
yopunA omédoomn yo  evépyelo.  peyoivtepn amd 100
keV/mopfva, yio to apvnTik@d 10vio. 1 0m6d00T  OLTH
mopopével  mepimov  60% okdpo oV WEPLOYN TGV
MeV/mopnvae  [1]. Bdoet oavtdv, to  apvnrikd  1ovio
epoavifoviar og M povn Pubown emioyn ywoo GLGTAHOTO
oVdeTéPV decpu@V T omoio mpoopifovratl ywo T Bépuavon
TOL TAAGLOTOG OVTIOPACTHP®V GOVTNENG.

II. TTAPATQIH APNHTIKQN IONTQN

Méypt ofjuepa €xovv omopovmbei dvo duvatoi punyaviopol
TOPOyWYNS opvnTikdv 1ovtov H: mopayoyn 16viov otov
KOPLO OYKO TOVL TAGGUOTOC KOl TOPOY®YH 1OVIOV OTIG
EMPAVEIEG TIOL EPYOVTOL GE €mMaEN HE TO TAGGpo. Me Pdon
oV mapamave Owyopwopd, n myn “Ipounbéag 1”7 €yet
oyedobel ywo mapaywyn H™ otov 6yko Tov mapaydpevov
TAGGLLOTOG VOPOYOVOL 1 devTepiov.

Yvykekpiuéva,  Aappdvoviog  kaveic  LvIOYN  TOLG
UNYXOVIGLOVE TapOy®ynsg Kot KOTAGTPOPNG TOV APVNTIKOV
wvtov H, 6mwg avoivtikd mapovstdfovial oty avoeopd
[2], xoBioTatar povepn M avaykn dtoympiopol g TNYNG o€
dvo Cwveg. H mpotn eivan n {odvn 0dynong émov moryidedeTon
0 KOpog mANOLoUOG TV EVEPYNTIKOV — MAEKTPOVIWV
(Beppa/hot), k1 m debtepn elvor m Covn mapaywyng 6mov
vrePTEPOVY ot mANOBvuopol  mAextpoviov  younAOTEPNS
evépyelag (yoypd/cold) kar dovntikdv dieyepuévov popiov
(mpoepydpevov gite amd v TpdTN (DVn £ite 0md EMPAVELES
[2]). Avtidpdoeig peta&d avtdv Tev 600 TANBuoudV 0d1yohv
oT0 oynuatiopnd oapvnTikov wviov H. O dwyopiopds ot
Cdveg emTuyyaveTol pe payvnTika GIATpaL.
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H mopordve Bedpnon epunveder v emhoyn ypHong
GTOLYEWODV Ty®OV Kvxiotpovikod ZUVTOVIGHOD
Hiextpoviov (ECR) [3] mpog oympoatiopd evog SIKTumdUOTOg
ECR oty anyn “Ilpounéag I, apod avtéc eppavifovv dirtd
poro. O TpdTOG GYeTIfETAL e TNV TOPAYDYT TAACUATOS LECHD
UUKPOKVUOTIKAG OKTVOBOAING, M 0omoio, amoppopatol Kupimg
ot {dvn 6mov TAnpeitar 1 cuvOkn ECR, onA.

me‘

B, =27(—9)f, ey

e

omov fo = 2.45 GHz «1 dpa By = 875 G, k1 0 dgvtepog porog
oyetifetal  pEe TO  OYNUOTIOHO TOVL  TPOAVOPEPOEVTOG
payvnTikod @iAtpov, TO omoio dnpovpyeitor amd TOVg
aveEApTNTOVG LOVILOVG HOYVITEG IOV €ival TPOCAPLOCUEVOL
GT0 AKPa TOV GToEIdOV TNydv ECR (évag avd ototyeidmon
mmyn).

III. TIAPOYZIAZH THx ITHrH: “I[IPOMHOEAS [’ &
AIAINQETIKEY TEXNIKES

To kdpro pépoc g mNYNg ovvictotar oe €vav KuPkod
Bdlapo vrepvynAov kevol (akung 240 mm) and avoleidwto
atodAL, 6TOV 0T0{0 TPOCAPUOLOVTOL TEVTE GTOLYEIMOELS TINYES
midopatog ECR. Tomikn popon tov oynuoatilopevov {ovaov
GLUVTOVICHOV Qaivetal ot Qortoypagic Tov Xy. 1, evd To
Sopikd Jaypappo TV KOPLOV TUNUATOV TNG TEWPULOTIKNAG
duatoéng divetor oto Xy, 2.

Type 1. dotoypaeic Tov TAAGHOTOG TOL TOpdyeTar oy Ty “TIpoun6éag
I” amd ™ pntpa tov mévie otoyewdav anydv ECR (udvo ot tpeig ek tov
méVTE efvar 0patég HEGH TOV GLYKEKPLEVOL TapdBupov g Tnyng) [4] (5x180
W, 10 mTorr)

Ev ouvvtopio, m wdBe myn (PAére [3] v TERVIKEG
AemTopépElES) amoTeELEiTOL amd £vay KLUHOTOONYO, oTNV AKpn
Tov omoiov Ppioketon €vag payving tomov SmCorr, Exmv
povyun  payvition 105 kG, O kdBe  xoporodnyog
Tpopodoteital pe pkpokvpoto 2.45 GHz (0-180 W) amd éva
TPOPOdOTIKO 0TEPEAS Katdotaons. H yoén tov anydv Kot Tov
TPOPOSOTIKOV  yivetal HECHO €VOG KAEGTOD GUGTHLOTOG
KukAopopiag vepod. H micon Béong tov Bolduov givor 3x107

Torr kot T0 Ypnopomoovpevo aépo  etvar  Hr(N50)
mapeyouevo pécm evog ereyk pong patog (MKS 1179B).
Zootnpa Yogng

Gy : N
) ) )
2.45 GHz -
\ NI
=1
Napoxn
udpoyovou |
0 m -L dl|p l |

Zwvn ECR P 3
P 3 | sooTnpa
Pl 1 noAwong
) kaBethpa &
3‘ w AvtAnon avaktnong
Y 7 5e5opévwv

Zyfpa 20.  Xovdpkd oynpatiko didypappa tg anyns “Tlpounbéag I”.

Dwtodiodog *

MNaApoypdadog

)

ON NO
P—a
ON NO

+15V T

MeTaoxnUaTIoTAS
PeUpatog

AEIMH LASER

Tynpa 2B, Awrtaén yie ™ Sefaymyn TG TEXVIKNG TS QOTO-0mOGTIoNG
niextpovimv pe Laser.

H =mieon Aeirovpyiag (1-20 mTorr) emunpeiton pe axpifelo
péom evog petpntn omoivtng mieong (MKS Baratron 627D).
Mo mmv teyvik MAEKTPOCSTUTIKOV KOBETNPOV  TOTOL
Langmuir ypnoyomombnke cvpua Boiepapiov 0.25 mm,
ouotog ‘I, pe pnArog éxbBeong oto mAdopo 15 mm,
tomofetnpévo 95 mm kdte amd 1o eninedo mov SEPYETUL OO
10 péco twv {ovav ECR. H moAmon tov kabetpa kobmg Ki N
avéxktnon tov dedopévev  (koaumoreg V-I)  €ywve  pe
OVTOHOTOTOMUEVO GUOTNUO. LETPACEWV 1010KOTACKEVNG [S].
H eneepyaoia tov mepapotikedv dedopévov Eytve pe Paon
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mv Khooowkn Oempio niekTpootatikdv kabetnpov, pe ™
BonBeta emiong WioavanTuypévov Aoyiopkoy Pociopévoy o
Matlab™. Tomikd mapdderypa ednpuévng kopmding V-I ki
enokolovdng eneEepyaciog mapovoialetat oto Xy. 3a kot 3,
avtictoyo. Edd (Zy. 3P) sivor epoavic n vmapén Svo
SpopeTik®V TANOVGUOV NAeKTpOVIOV (KUPI®S YOXPAV Neold
= 2.96x10'" cm™ kot devtEpevOVIRG DEpUdY Npot = 3.74x108
cm™).
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Zynpa 3. Tomkn kopmrdin V-1 tov kabetipa 60 KEVTPO TG TNYNG TPWV
(o) ko petd (B) v eme€epyacio avtg (5x120 W, 16 mTorr).

Katéd ™ dwdikacio G @oT0-0mdoTAcNG, TO TAGGHO
dwtopdooetal TomikG pe poe déoun Laser, pe evépyelo
POTOVIOV KAV VO OTOCTAGEL TO EMMAEOV MAEKTPOVIAL TMV
apVNTIKGOV 1OVTOV OT0. OTolo. TPOCTIMTEL, Kol TO Omoio
NAEKTPOVIO. GLAAEYOVTOL €V ovveyelo Tomkd omd Tov
NAEKTPOOSTATIKO KOBETAPO TOV gival TOA®UEVOG O SVVALUKO
APKETA VYNAOTEPO amd aVTO TOV TAAGHATOG [6] (€00 TOA®ON
kafempa = +15 V). Zm 0o10-0md0T00N 08 HETPLETOL AUEG
N TOKVOTNTO OPVNTIKAOV 1OVIOV, oAAG To TAGTOC Ai TOL
TOALOD PEVHOTOG TOV (POTO-OTOCTUCHEVTIOV MAEKTPOVIDV
ov GLAAEYEL o kafetnpag (Xy. 2 wou 4). Me dedopéva to
TAATOC OVTO KOl TIG PLETPMIEVES TAPOUETPOVG TOV TAACUOTOG
(mokvoTa miektpoviov n. kot DC pedua I, tov kabetnipo
6T0 JLUVOUIKO TOA®ONG) €€dyeTon 1 AOAVTN TUKVOTNTO np
TOV apvNTIKGOV 10vTeov H arnd ) oyéon (2):

Ai
my =, @)

e

—— Ifpa dwrto-andonacng

0.5 //'\
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3 054 |
2 |
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g 104 L f
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Iympa 4. Tomkd onpo GOTO-0TOCTAONG OTO KEVIPO NG TNYNG

(5x120 W, 16 mTorr).

Yy anyn “Tlpoun0éag 17 ypnoyomoteiton Laser Nd:YAG
1064 nm (Quantel-Brilliant EaZy) pe e0pog mokpod 5 ns kot
péyotm evépyewo 330 mJ/mokpo. H déoun tov Laser eivol
evBuypapopévn pe tov kobetnpa (Xy. 2) ki 1 dSbpeTpds g
etvan 6 mm. H evépysia déoung PeitictomomBnke, katodOTY
BaBpovounong [6], oto 70 ml/em? dote va eival Kovy vo
amoomd To. EMTAEOV NAEKTPOVIO ad OAL T WOVTA GTOV OYKO
OV TPOOTINTEL, YWPIG va emdyel coPapés datapayés oTo
mAdopo. Emiong, o kabetipa moAdvetoar oe  Svvapkd
VYNAGTEPO TOL Juvopikoy mAdcpotog (+15 V) dote va
eEaopolofel n oLAAOYH OA®V TOV Q®TO-0TOCTUCHEVTOV
niektpovimv. O TPOKLATOV  TOAUOC  KOTAYPOAPETOL  LE
petaoynuotiot] peduatog  (Pearson  Electronics, 6585
Bandwidth 40 Hz — 250 MHz) ot evpulovikd ynelakd
naApoypaeo (LeCroy WaveSurfer 104Xs-A, 1 GHz - 5
GSamples/s).

IV. TIPQTAPXIKOZ XAPAKTHPIZIMOZ
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ynpna 4. Tomkég TokvoTTeg Pacik@V TANOVOUGOY TAAGUOTOS GTO KEVIPO
mg s “TIpounbéag I” ocvvaptioel g mieong Aettovpyiog (5x120 W).
Aivovtatl ot péceg TIHEG KL Ol TUTIKEG OmOKAIcElS amd S0 aveEaptnTeg
GELPEC LETPNOEMV.
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To Xy. 4 ocvvoyilel ) petaforr] KOPIOV TUKVOTATOV TOL
TAUCUOTOS GTO KEVIPO NG MNYNG, OM®G HETPHOnKav LE Tig
MOPATAVO TEYVIKEG, OC GLVAPTNON TNG TECNG TOV LOPLIKOD
V3POYOVOL. AV KL QTG TO OTOTEAEGLOTO OEV OVTIGTOLYOVV
ot PéAtioteg  ouvvOnkeg  Asttovpyiog NG ANYNS,
KOTOOEIKVOETAL 1 OMOJOTIKOTNTA TG OV Topay®Yn
apvnTikev wvtev H.
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Comparison of different magnetic materials for locally
manufactured axial flux small wind turbine generators in
off-grid applications
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Abstract— In this paper the performance of coreless axial-flux
permanent magnet (AFPM) generators built using neodymium
and ferrite permanent magnets is compared and evaluated. The
generators are studied as parts of small wind turbines (SWTs) in
off-grid systems. The evaluation is performed by designing,
simulating and optimizing generators of four sizes of blade rotor
radii using finite element analysis, as well as by bench testing two
850W generators —one using ferrite and one using neodymium
magnets. It is shown that it is possible to construct ferrite
generators with efficiency similar to that of neodymium
generators. Moreover, for each PM material, the optimal
magnets that were found for the four sizes of blade rotor radii
are compared with the most common commercial magnet in the
market and with an optimal “universal magnet”.

Keywords - small wind turbines, permanent magnet, ferrites,
axial flux, off-grid, optimization, questionnaire, intermediate
technology

L INTRODUCTION

During the last years there is an increasing interest on axial
flux permanent magnet (AFPM) generators for wind power
applications and especially for small wind turbines. The vast
majority of these generators are manufactured today with
neodymium magnets (NdFeB), which, although extremely
powerful magnets, have been associated with various
problems of economic, social, environmental and functional
nature.

First of all, the price of rare earth metals like neodymium
(Nd) and dysprosium (Dy) that are contained in the NdFeB
magnets is highly unstable. The price for Nd specifically
increased more than 1000% from August 2009 to August 2011
[1]. In addition, while China is actually holding a monopoly
on the world’s rare earth elements (97% of the world’s
production in 2010) and is reducing or even ceasing the
exports at will, the wind power business that uses permanent
magnet generators is left with large insecurity.

There are two more substantial problems about rare earth
magnets. The one is the severe environmental and social
impact induced by the techniques used to extract and refine
these metals, causing great damage to people’s safety and
health and the ecological environment. The other problem is
that neodymium magnets have serious corrosion issues.

Kostas Latoufis

PhD candidate
Graduate Electrical and Computer Engineer
Imperial College of London
Athens, Greece
latoufis@power.ece.ntua.gr

Especially in warm, humid environments it is frequently
reported by SWT users that corrosion makes these magnets
swell and fall off the rotors or rub the stator and consequently
cause the wind turbine to stop operating. For all the above
reasons, it seems necessary to rethink our reliance on rare
earth metals and look for alternative PM materials.

In this paper, the change of the magnetic material of
AFPM generators for small wind turbines is investigated.
Based on literature research on magnetic materials, as well as
on the results of a questionnaire that was created, it is decided
to examine the possibility of replacing neodymium magnets
with ceramic magnets (hard ferrites) —the aim being to achieve
equivalent efficiency in the generators using ferrites. The
chosen topology is a double rotor single stator coreless
machine. The rotor consists of two steel discs where magnets
are mounted. The absence of an iron core in the stator and the
choice of a double layer non overlapping winding, simplifies
the initial design process.

Ferrite generators and neodymium generators are designed
and simulated for four sizes of blade rotor radii and the
magnet dimensions for each of them are optimized according
to criteria of cost and efficiency. Having found the optimal
magnets for each generator, we seek the optimal universal
magnet (one for each magnetic material) that can be
satisfactorily used for generators throughout the range of radii
that we study. For each material, the universal magnet is
compared with the optimal magnets per rotor radius and with
the most common commercial magnet in the market.

Finally, a 850W ferrite generator -designed to operate with
a 2.4 m rotor diameter- is manufactured, and its performance
is compared in the lab with the performance of an equivalent
power typical generator with neodymium magnets.

II.  QUESTIONNAIRE ADDRESSED TO USERS AND
MANUFACTURERS OF LOCALLY MANUFACTURED SWTS

As part of this project an online survey addressed to users,
constructors and designers of locally manufactured SWTs was
conducted.

The questionnaire created was composed of ten groups of
questions concerning mainly the manufacture, operation and



general evaluation of a homemade SWT that the respondent
has manufactured and/or operated.

Some statistic results based on 34 responses to the
questionnaire are presented below. All the results can be found
on the website of the Electrical Energy Systems laboratory of
the National Technical University of Athens (NTUA),
http://rurerg.net/survey.

Is it connected to the grid?
(28 respondents)

A

Figure 1. “Is it connected to the grid?”

Where is your SWT located?

(22 respondents)
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Figure 2. “Where is your SWT located?”

Figures 3 and 4 present the questions that affected the
most the direction of this project as they pointed at specific
problems that the users face. Figure 3 depicts the causes of
failures in the SWTs, their annual rate and the downtime in
days.

Corrosion of the generator’s magnets and design
miscalculations showed up as the most common causes of
failures, both of which having a 20% annual rate. In Figure 4,
the year of operation that the failures occurred is depicted. It is
interesting that the most common cause of failure in the first
year of operation is corrosion of the magnets.

Moreover, as shown in Figure 5, the majority of failures
result in loss of production and breakdown of the SWT, which
renders it important to investigate their causes and the ways to
prevent them.

Trying to investigate the problem of magnet corrosion in
SWTs we focused our research in the generators’ magnetic
material.

We decided to replace the controversial neodymium
magnets with ceramic magnets or hard ferrites. These ferrite
magnets are known to have very high resistance to corrosion
and, in fact, don’t corrode since they already consist of iron
oxides (MO X 6(Fe,03)). Furthermore, they are low-cost, easily
produced, highly available magnets and are made of cheap and
accessible materials.

Cause of failure and downtime
(11 users of SWTs)
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Figure 3. Cause of failure and downtime
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III. FERRITE GENERATOR DESIGN

The neodymium and ferrite generators studied in this
project followed the design explained in [2]. However, in the
ferrite generator design two basic modifications were made.

In order to achieve efficiency equivalent to that of the
neodymium generators we increased the number of poles, e.g.
if the equivalent neo generator was designed with 12 poles, 16
poles were chosen for the ferrite generator. This would allow
the ferrite generator to develop a specific power with less
turns per coil, resulting in fewer losses and thus, better
efficiency of the generator.

Because pole pairs and frequency are related with equation
(1) in a synchronous generator increasing the number of poles
resulted in increased frequency as well, but this was not a
significant problem for the current design [3].
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In addition, since ferrite magnets are significantly weaker

than neodymium magnets, it was decided to increase the

magnet thickness hy,. This would allow the ferrite generator to

develop a strong magnetic field without further reducing the
air gap.

IV. SIMULATION AND OPTIMIZATION OF GENERATORS

The design of the generators was simulated with the use of
MATLAB and Finite Element Method Magnetic (FEMM)
software. Generators with two different magnetic materials —
C8 ferrite and N40 neodymium magnets- and for four different
blade rotor radii were simulated — resulting in eight different
configurations of AFPM generators.

These configurations were optimized using criteria of high
efficiency and minimum cost -in accordance with low cost
intermediate technology applications and with an attitude of
effective utilization of materials. Eventually, a combinational
criterion of cost and efficiency was selected and a simple
objective function to be optimized was formed:

Output = efficiency*1000 — totalcost  (2)

which can be translated as “an efficiency increase of 0.1 is
valued as much as 100€”. It should be noted that the chosen
weights are subjective and can be modified according to
priorities.

The variables chosen to be optimized were the magnets’
width w,,, and length 1,. A simple algorithm altered the value
of these variables with a step of 1 mm in the domain of 20-100
mm and calculated each time the value of the objective
function.

Furthermore, a few constraints were introduced in the
process, which resulted in the rejection of the designs that
didn’t satisfy them. Specifically, there were three construction
constraints [3]:

2:T Ry <Wp'p (3)

t
2 <035 (4

WC
Wiin < 5 (5)
The optimal magnet dimensions that were selected for the

two materials and the four different blade rotor radii are
shown in Table 1.

C8 N40
Riurb Wmn |a Wn |a
1200mm 49mm 45mm 34mm 36mm
1500mm 60mm 52mm 39mm 43mm
1800mm 55mm 57mm 36mm 44mm
2100mm 63mm 66mm 39mm 52mm

Table 1. Optimal C8 and N40 magnets per blade rotor radius

Apparently, when using ferrite magnets we need bigger
magnets to achieve optimal operation. Also, as expected, for
bigger blade rotor radii, bigger magnets are needed.

In the figures below the generators using the optimal C8
and the optimal N40 magnets are compared regarding their
efficiency, cost, mass and volume.
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Figure 6. Comparison of generators using the optimal C8 and the optimal
N40 magnets

It can be seen that the optimal ferrite generators have
slightly lower efficiency and slightly lower cost but much
greater volume and mass. This was expected because in the
ferrite generator design the number of poles was increased
which, in turn, increased the generator’s diameter. As can be
observed also in Table 1, the optimization algorithm selected
bigger magnet dimensions for the ferrite generators which
increases further the generator’s diameter and weight.

After having specified the optimal magnets per blade rotor
radius, we also searched for the dimensions of a “universal”
optimal magnet for each magnetic material, which can be used
effectively in all the range of blade rotor radii that we studied.

The use of only one magnet for different sizes of
generators is desirable as it will reduce its cost of production
and, consequently, its price in the market. Also, the higher
demand that such a magnet will have will increase the
possibility to find it instantly available in the market.

Magnetic material c8 N40
Width (w,,) 55mm 39mm
Length (I,) 62mm 49mm

Table 2. Universal optimal magnet dimensions

The configurations using the universal C8 magnet
(55x62mm) were compared with the configurations using the
optimal magnets per blade rotor radius. It was indicated that
the universal magnet can be used effectively in the whole
range of blade rotor radii instead of the optimal magnets, as it

results in very similar generators regarding cost, efficiency,
mass and volume.

Universal magnet Output = Efficiency Cost (€)
(wm=55, la=62) eff*1000-cost
1200mm 549.9 0.86 310.1
1500mm 483.7 0.865 381.3
1800mm 380.6 0.865 483.4
0 2100mm 2349 0.845 610.1
b Optimal magnets Output = Efficiency Cost (€)
per Riurp eff*1000-cost
1200mm (49x45) 589.9 0.846 256
1500mm (60x52) 484.1 0.859 3749
1800mm (55x57) 381.3 0.859 477.7
2100mm (63x66) 237 0.863 626

Table 3. Comparison of ferrite generators using the universal magnet with
those using the optimal magnets per R

Similar conclusions were drawn for the universal N40
magnet (39x49 mm) as well. Whether the neo generators used
the optimal magnets or the universal magnet, there were only
small variations in their cost, efficiency, mass and volume.

Furthermore, for each magnetic material we compared the
performance of generators using the universal magnet and the
“commercial magnet” -that is the magnet which is most
available in the market. For each material the magnets that are
currently most commercial are depicted in Figure 7.
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Figure 7. Commercial N40 (46x30mm) and C8 magnet (50x50mm)
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Figure 8. Comparison of universal and commercial C8 magnet: (a)Cost in €,
(b)Efficiency, (c)Mass in kg, (d)Volume in dm’.

The comparative results for ferrite generators are shown in
Figure 8. It was indicated that the universal magnet achieves
higher efficiency, lower mass and lower volume, especially as
the blade rotor radius increases.

For the generator with Ryy = 2.1 m in particular, the
currently commercial magnet (50x50 mm) would be
inappropriate, as it results in a generator too heavy ( >35 kg
per rotor) and too bulky (Ry: > Ryw/6) to handle by an
average person.

Similarly, for the N40 magnets it was indicated that the
universal magnet results in better configurations than the
currently commercial magnet, especially for the bigger blade
rotor radii.

V. CONSTRUCTION OF A FERRITE GENERATOR FOR A 2.4M
ROTOR DIAMETER

At this stage, an 850W ferrite generator for a 2.4 m rotor
diameter (Ryyp, = 1.2 m) was constructed. The commercial
50x50 mm C8 magnet was used, as it was the closest to the
optimal-for-this-configuration C8 magnet that could be found
available in the market. Figure 9 shows some parts of the
construction process, which was equal to 84 working hours.
The construction process is described in detail in [3] and
generally followed the guidelines of [4]. A few modifications
that were made are briefly explained here.

Since the ferrite generator was going to come out with a
larger diameter and possibly would not be properly ventilated,
we decided to open six large holes on the rotor disks in order
to provide better cooling to the generator. Furthermore, the
rotor and stator are typically casted in polyester resin for better
mechanical support. However, this time vinyl ester resin was
used instead, since it has been proved in many previous
experiences that polyester does not adhere well to metals —
often cracking and letting moisture come through. In addition,
inside the resin and around the magnets a metal wire was
placed for extra reinforcement of the structure. Finally, when
casting the stator the ends of the coils were intentionally left
out of the resin so that later during testing different
connections could be performed.

Figure 9. Parts of the construction process of the ferrite generator.

VI. COMPARISON OF A NEODYMIUM AND A FERRITE
GENERATOR

Once the construction was completed, it was time to test
the ferrite generator in comparison with a neo generator of the
same rated power. The neo generator used was also designed
to operate with a 2.4 m rotor diameter and its design was
based on [4] and described analytically in [5]. Table 4 presents
the basic characteristics of the generators that were compared.

Magnetic Material NdFeB N40 Ferrite C8
Rated Power 850 W 850 W
Number of poles 12 16
Number of coils 9 12
Magnet dimensions 30x46x10mm 50x50x20mm
Design cut-in 215 RPM 215 RPM
Battery Voltage 48V 48V
Total Mass 12.47 kg 25.77 kg
Total Volume 3.9dm’ 10.7 dm’
Total Cost 328 € 219 €
Magnets’ cost 240 € 99 €

Table 4. Basic characteristics of the neo and ferrite generator

To compare the technical performance of the neodymium
and ferrite generators, the following tests were performed on
both generators: open circuit voltage, load test (3-phase
resistive and battery), measurement of the stator’s resistance
and stator’s temperature.



For both generators, the resistance of each phase in the
stator was measured at room and operating temperature and
then the average 3-phase resistance was calculated. It was
indicated that the ferrite generator has a 56% higher stator
resistance.

During the stator’s temperature test the generators were
connected to a battery bank and operated at rated power. The
increase in temperature was recorded every 30 seconds for a
total of 15 minutes using an infra-red thermometer.

In Figure 10 it can be seen that the ferrite generator
operates in lower temperature, even though it has higher stator
resistance (thus more thermal losses) and larger diameter. This
proves that the large holes that were opened on its rotors for
better cooling were effective.

—+—W=0 —8— Ferrite

—_
- [ My e e B S TR T LR s
g ——————————— o
- = =B
e, o LR S S ey " _:_.t il
e - i l:'_.'_. ________________
B, R
i e e e e e P R e S R e e
23 N
]
] ] 4 5 H 10 1z 14 15
Time (s}

Figure 10. Measurement of the stators’ temperature.

Additionally, the open circuit voltage was measured for
both generators and it was found that the generators have a
similar open circuit behavior, even though the neodymium
generator induced a slightly higher voltage, and thus
developed the cut-in voltage in less RPM. Specifically, while
both generators were designed to cut-in at 215 RPM, the neo
generator had n4,= 210 RPM and the ferrite generator ngy,=
222 RPM, which is further explained in [3].

Subsequently, each generator was connected via a rectifier
to a 48V battery bank. The RPMs were increased to the point
that current started to flow to the batteries and then until the
nominal current was measured. In this manner, the power
curve of the generator could be calculated.

Figure 11 shows the power curves of the two generators
where it can be seen that the ferrite generator produces the
rated power at higher rpm.
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Figure 11. Power Curves of Neodymium and Ferrite generator.

This is relevant to the ferrite generator’s higher stator
resistance. A generator with higher resistance has lower
current flow and thus lower torque at given RPM. However,
this is not necessarily a problem, since these generators are

studied as part of SWTs without pitch control. On the one
hand, low torque (caused by high resistance) can cause the
blades of the wind turbine to speed up too much, resulting in A
bigger than the optimal. On the other hand, high torque in low
RPM can cause the blades to stall even in low wind speeds,
preventing them from benefiting from the wind’s kinetic
energy.

Therefore, in order to operate with A, most of the times
(at the site’s average wind speed) it is important to determine
the most appropriate total resistance that the generator
together with the cable to the rectifier should have.

Finally, in Figure 12, the efficiency of the generators is
depicted against their produced electric power. Here, without
the effect of the RPM, it can be observed that the ferrite
generator can achieve efficiency per produced power
equivalent to that of the neodymium generator.
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Figure 12. The generators’ efficiency against their produced electric power.

List of Symbols
f - frequency (Hz)
hy, - magnet thickness (m)
1, - active length (m)
n — generator RPM
p — number of pole pairs
Rin — inner radius (m)
Ry — wind turbine radius (m)
tw — stator axial thickness (m)

Wiin — inner coil side (m)
w, — coil side width (m)
Wm — magnet radial witdth (m)
hopt — Optimum tip speed ratio
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TOVAMMV KOl KOOSOV Yopudv. ApKeTES €KO0YEG NG £XOVV
mpotabel puéxpt onuepa [9], [11],[20]-[22]. Xe avt) ™ gpyocia
epapudletar n Aeyopevn tomkn exdoyn (Local PSO Variant,
L-PSO-V) [17], kou pe xpnomn tomoroyiog daxturiov, Ady® g
SuvaTdTNTAG TOL TPOCEREPEL AVAPOPIKE pe TV eEgpedivion
TOV YOPOL ADGEDY Kl TNV AmoTPOT EYKAMPBICHOD GE TOMIKA,

grdyLoTaL.

Xmv ev Mye Teyvikn, €va mAnfvopds copotdiov
g€epeuva 1o ydpo AMoewv. H Béon tovg adhalet pe tn mépodo
Tov YPOVOL KOl HE KPUTHPWL TNV TPOCHOTIKY EUTEPIO
(mpoconikd PEATIOTO - YVOOTIKY GLVIGTOON), OVTH TOV
YEOVOV T0V¢ (KOWmVIKO BEATIOTO - GLVICTMGO), OTTMG KOl
TNV KEKTNWEVT TayVTNTE TOVG. Anhodn:

vi(t + 1) = wy;(t) + ¢, R (P (t) — X; (1)) (6)
+ Ry (P (1) —X; (1))

omovi = 1,2,..,N , 6mov N o apudg 1oV copatidiov Kot

X;(t) :Htpéyovoa BEon tov
cOUOTISoN I,
X;(t+1) :mnemnduevn Bon tov,
v;(t) :mTpéyrovoa toydTNTA TOV,
v;(t+1) :n emdpevn toydTd TOV,
P;(t) : 7o mpoconkd PEATIOTO TOV,
Py(t) : 1o BéATioTO TG YELITOVIAG TOV,

w  : Opog adpaveLNS YPOUUIKDS
pewvevog pe To ypovo ¢,

c; :ovvieleotés PapdnTag,

R; :petafintéc tuyaiov Tinmv
Baoet opordpopeng
KOTOVO UT|G.

Ymv Ewodva 1 diveton pio amotdnmwon tng Kivinong evog
ocopatidiov, evd oty Ewdvo 2 mopovoidletar 1o Aoykd
duypappa Tov aAyopifuov.

Kowovua
Zovictooa

P
g t+1
vi

I'vootua

ZuvieTacd

t

vi

Adpavera
t
xi
Ew. 1. Awavoopatikd Awdypappa kivnong copatidiov.
IV. ATIOTEAEZMATA
Mo mv avddeln tov  wKovothtev g  pHeBOSOL

TAPOLVCIALOVTOL TO ATOTEAECLLATA, OTMG CVTA TPOEKLYAV OO
v gpappoyn g oe THE 69 {uydv, IEEE-69 [23], 6nmg kot
>HE 16 Quydv, IEEE-16 [24], pe to omoio pdiota yiveTon Kot
OUYKPIOT| OMOTEAECUATOV He GAleg peréteg Yoo KaAOTEPM



ektipnon mc. Kot ta 600 XHE eivar axtwvikd, pe cvvorkd
poptio 3,8+2,69 MVA yw to IEEE-69, xau 28,7+j5,9 MVA
v to IEEE-16. H gpappoyn g puebodov €xet yivel kot o€
éAlo. THE, 6mog 30, 33, kot 118 Quydv.

Aedopéva
Ewc6d0v

Apyconoinon
Zopatidiov
& Toyvritov

A

Extog
Alnotdoswv;

To kaBe
Youatidto

Avéivon Porg @optiov
Yvvaptnon Ztoyov &
Iepopiopoi
Xi— Pi

Pi<PBest

Pbest=Pi Pbest=Pbest

Lbest=min(PBest)

t=t+1

Kpumpa
Teppoatiopon

Nt

Amoteléopata

Ewc. 2. Aoy Adypappo Alyopifuov.

Ta amoteléopata amd v epoppoyn oto diktvo IEEE-69
eaivovtar oto Ilivaxa II. Awmotdveror onpovtiky peiowon
TOV OTOAEIDV. AKOUN, TO OTOTEAEGLOTO OTO TV EQOPLOYT
™™g nebodov oto IEEE-16, divovrar otov ITivaxa I1, poli pe
ta omotedéopata GAA®Y pebddwv. ITio cvykekpipéva, ot
Merét #1 [6] epapudletar pia avorvtikny pébodog, ovopatt
Bertiopévn avarvtikr (Improved Analytical, 1A), pe yprion
ovuvteAeot®v  gvaucOnoiog  (Sensitivity  factors). To
peovéktnuo g nebddov eivatl 0Tl epevvdtal 1 EYKATAGTOON
plog povo povadag. Xt Merétn #2 [8], epapudletor mwor
avoALTIK]  péB0dOoG avut) TN eopd Op®G  gpevviTal 1)
gykatdotaon Tpov  povadwv. Kot otig 000 peléteg
npokobopiletor £vag ovyKeEKPUEVOG aplOpog povadmy. Avtd
amotehel €va ONUOVTIKO LEWOVEKTNUO OTNV  TPOCTAdeLo
e€edpeong g PEATIOTNG AdonG, S10TL pio PaGIK TOPAUETPOC
tov mpoPAnpatog (o PéAtiotog aplBpdg twv povédwv All)
npokoBopiletor kKot cvvendg dev eéacpaiiletar n PérTio
AOom. Avtifeta, oty mpotewouevr pebodoroyia, otnv
mapovoa epyacia, o akyopBuog apnvetol ehevBepoc va Ppet
TOV TPAYHOTIKA BEATIOTO apfud, Tavutdypova pe v B€on ko
™V Y0 TOV HOVAd®V. AmIGTAVETAL OTL LE TN TPOTEWVOLEVT
Adom ta aroteléopoata gival BeAtiopéva og onpavTikd Pabpo.

TIINAKAZ 1T
ATIOTEAEEMATA TTPOXOMOIQZEQN XTO IEEE-69
Apyég
Andleteg 0,2298
[MW]
Tehucé Meiwon katd
Andhsieg 0,0084 [0/"] 96,34
[MW] ’
Béltiom Evepyoc Ioyog [MW] Agpyog Ioyvg [MVATr]
®éon (+ mapaywyn, - katavéhoon)  (+ mopayoyn, - KaTovaAmon)
9 0 0,1886
12 0,5029 0,2789
19 0,3815 0,2523
53 1,6739 1,1774
Béltiotog Yvvolikd Eykoateotnuévn Yvvolkd Eykoteotuévn
ApBpuog Evepyoc loydg [MW] Agpyog loydg [MVAr]
4 2,5582 1,8972
TTIINAKAX IIT
YXYTKPIZH ATIOTEAEEMATQN ITPOXOMOIQZEQN XTO IEEE-16
Mé60odog Mehé Melétn Ipotewvopevn
#1 #2
Meiwon Anoieidv [%)] 68,21 86,7 98,99
Béltiom) Oéon 9 6915 3456710111213
ApBuds povadov 1 3 9
Yvvolkd Eykoteomuévn 13,04 22,75 27,84
Evepyog Ioyog [MW]
Yvvolkd Eykoteotuévn 1,86 3,24 17,16

Agpyog loydg [MVAr]




V. ZYMIIEPAIMATA

mv gpyoacio avt) yiveror pio mpoomdfelo emilvong tov
mpoPALoTog gvpeon 1060 TV PBEATIOTNG BEomg Kat 1oy0og
povadwv ATl oe AAHE, 6c0 kot tov Pértiotov apiBpod
aUTAOV, TOLTOYPOVA. ATOSEIKVOOVTOL TO OQEAN amd TNV
Béltiotn  tomofétnon TV povddwv, OT®G Kol TO
mheovektuata g uebodov, péow obykpiong pHe GAAeg
TPOGEYYIGELC.

Ewwotepa, emitvyybvetor  onpovtiky  pgioon  t@v
amOAEOV, Ady®m avalntnong Péitiotng Adong, 10 omoio
ONUOIVEL TEPIGOOTEPT] OOEAMUT TOPUYOUEVT] EVEPYELWD, KOl
HKpoTEPO KdoTOg Yo To Atayepiot) tov AAHE, 6nwg won
Kamoto amd to, Voo 0QEAT eykatdotaong AL (Bektimon
tov [poeik ¢ Tdong, peiwon g EOPTIONG TOV YPOUUDY
0V AKTOHOVL K.0L.).

Eniong, dwmotdveton 6Tt e T TposOnkn kot tng €HpeoNg
Bértiotov apBpod oty emidvomn, emTLYYAVETOL OKOUN
KOADTEPN ADOT, CUYKPITIKO HE TNV €Vpecn Hovo PEATIOTNG
Béomng kat woyvoc tov povadwv AIl. Xvvendg, empokeLto yuo
pio mpoaypatcd PEATIOTH AVON, TOV EMTVLYYAVETAL LE TANPN
erevBepia Tov alyopiBuov mpog v eEgdpeon| g,
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MéBooocg Enihvong Pong ®@oprtiov ue I'pappikn
[ToAvmAokotnTa

Aynoiloog X. Méavtiiapng, KaiiicBévng 1. Xyovpog

Hepiinyn— H gpyoocio avty mapovordler pio véa pédodo
emilvong TG PoNg QOPTioOn 0€ UKTIVIKG JIKTLO PETOQOPAS KoL
OLuVOUNG NAEKTPIKNG Evépyerag pe pio Tpo@odocio. Xe avtideon
RE TNV TAEWOVOTNTO TOV pedddmv, M Advon 1oV TPOofApoTOg
npooeyyileton pe pn emavolnmtikd Tpémo. To Paciwkd Tng
gpyadeio givar éva povrédo 6v0 Luydv. To poviého avtd otn
GUVEYELD, ETEKTEIVETOL GE PEYOADTEPA OiKTLO pE pio ypoeiki)
R£0000 6apOGNG SIKTVMV — HEVTPOV, 1 0700, ApedEl TIG ATMAELEG
gvepyo¥ 1oY00g €Ml TOV YPUUP®OV TOV SIKTVOV, TOV 0QEilovTaL
OTNV OTONOKPUONEVY, omd TN 7Y, e&vanpétnon @optiov.
Hewpopoatikd n pédodog a&roroynOnke oe dikTva VYNAS KoL
péong Taong kov  amodciydnke Taydtatn, pe ehdyoTeg
OTTULTI|GES GE VTOLOYIGTIKG PEGH KOL NE AMOTELEGUATO HIKPOV
ocpaipaTog.

Aééeig KAg1010— OKTIVIKA doikTVO,
TOAVTAOKOTNTO, POT] POPTiOV

YPoppIKI

I. ErzAraora

pon @optiov &ivor M AVom OV TWPOPANUOTOG TNG

OTOoUNG  KOTAGTOONG  Agttovpylag €vog  SkTOHOL
UETAPOPAC Kot dtavopng NAekTpikng evépyetac. H Adon tov
TPOPANUATOC OAVOQEPETOL GTOV VITOAOYIOUO KaTd WETPO KoL
@don TV TAcE®MV KOl TOV PEVUATOV, TOV POMV EVEPYOL KOl
Gepyov 10x00¢ KOOGS Kol TOV OTMAEWDV EvePYOD 10Y00G GE
Ola. To. onuelo TOV SIKTVOL KOT® ONO TPOYMATIKEG N
vroTBépeveg cuvOnKeg Aettovpyiag.

TNa v exilvon avtov Tov TpoPAnLaTog £xovv avamntuydel
TOMEC  pHéB0dOL e OOPOPETIKG  YOPOKTNPIOTIKG Ko
Swpopetikég duvoromteg epappoyns [11,[2]. Ta kpimpu
EMAOYNG NG KATAAANAOTEPTG HeBddoV, Yio TNV emilvon evog
npoPAnpatog pong eoptiov, givar N akpifelo Kot N ToyvTNTO
TOV VITOAOYIGUOV NG, N O100EGIUOTNTO GE VTOAOYICTIKA pEGO
Kot T0 kKO6TOG TG epappoyns. To edpog Twv peBddwv TOL
€yovv avamtuydel opeiletal ot Tpia AT KpLTNPLW, TO OOl
GUVOEOVTOL APPNKTO LE TO WOLOUTEPO YAPOUKTPLOTIKA TOV TPOG
enilvon dktoov, Onwg 1 TomoAoYio Tov, T0 HEYEBOS TOL, O
aplBpdc tOv myodv Tov, TO €00 TV EOPTIOV TOL
(novtedomoinon P-Q, P-V) kai 1o eninedo g téong. Zuvenmg
1 GUYKPICT] TOV OTOLTCEDV TOL SIKTVOL UE TIG EMOOGELG TOV
aAyopiBpmv odnyel oty emAoyn g KATIAANANG pebddov Yo

Aynoidaog X. MdaviCopng, Tunpe Hiextpordyov Mmnyovikov kot
Mnyavikeov Yroroyiotdv, Apiototéieto [avemomo Oesoarovikng, 54124
®eoocahovikn (e-mail: amantziaris24@gmail.com).

Kolucbévng 1. XZyovpag, Tunue Hlektpoddymv Mmnyavikdv kot
Mnyavikeov Yroroyiotdv, Apiototéreto [avemomo Oecoarovikng, 54124
®gocarovikn (e-mail: ksgouras@ee.auth.gr).

mv emilvon tov mpoPAniuorog. Ov pébodor mov Eyouvv
avantoybel eivor katd Pdorn emovoaAnmTIKAG @OCE®MG KOt
GTOYEVOLV GTN CUYKAIOT TOV ATOTEAECUATOV TOVG GE OPLUKES
TIéG, ot omoieg etvor kot ot {nrodueveg AVGE TOL
TPOPANUATOC.

A. Mio obvroun iotopixn avadpoun

To mpéPAnua g pong eoptiov givar €va KAAGGIKO OEpa
HEAETNG KOl €peuvag amd TIG OmapyES TG ONUIOVPYING TMV
Sdiktdov Mhektpikng evépyelag. Ot Tpadteg pébodot emihvong
eppavicTnkav ot Proypaeio to 1956. Mia and avtég nTov
kot n péBodog Newton — Raphson [3], n omoia &ixe moAd
VYNAEG dvvatdtnteg oOYKAMONG OAAG  KpwOTOV  OpKETA
xpovoPopa ce vroloywoTikd ypoévo. H e&éhén Ounmg tov
VIOAOYIOTIKOV HECHOV PEATIOOE OTLOVTIIKA TV ToYLTNTA TG,
KaOIoTOVTOG TNV EVPEMG YPMOUYLOTOLOVUEVT] KOl ETOUEVOG
Bdon ovykpiong pe OAeg TIC VIWOAOWES MOV OVATTOYONKOAV
petayevéotepa. [ToAAEG Pedtiopéveg exdoyEc T otnpixdnkav
070, TAEOVEKTHLOTO TNG TOMIKNG VIEPYPOUUUIKNG GUYKAIONG
G Kot 6T SLVVOTOTNTA TG Vo avTodtopBdvetan [4],[5].

To Poocwd peovéKTUd TG €lvar OTL O VTOAOYIOTIKOG
xPOVog TG avEdvetor ekBeTIKd o€ Gyéomn pe TV avEnon Tov
peyébovg tov Siktdov. Ilapoatipnon mov mepdpice TV
EPAPUOYN TNG OTO OIKTLO HETOPOPES, 00Tl 610 diKTLO
S1VOUnG, OV Eivatl AKTIVIKNAG LOPPNG, O Heyddog aplfuds tav
npog e&étoon  koOpPwv, MV KoOGTOOGE VTOAOYIOTIKG
acopeoprn. Xvvendg ovamtOydnkav véeg pébodot yio o
YEPWOUO TOL OKTVOL Odlavoung pe Poowdtepn T Back-
Forward sweep method [6]—[8].

Apyotepa 1 dieiodvorn g dwovepnpévng Topaym®yNng oTo
diktvo  mpoxkdrece v avamtvén  plog  oepdg  omd
Tpomonompéveg neboddovg pe Paon Tig TPoNyoOUEVEG Yio T
Bértiot avtipetdnion avtov tov {ntipatog [9]-[14]. Tékog
T OTOYACTIKOTNTO TNG TOPAYDYNG EVEPYELNS TOV GMTOPBOATAT-
KOV HOVAS®OV Kol TOV OVEHOYEVVITPLOV £0m0E TO epébicua
Yo avATTLEN TOOVOTIKOV HOVTEA®V Y10 TN ETIAVGN TNG PONG
eoptiov [15],[16].

II. TTAPOYZIAXH THE ME®OAOY TN AYO XHMEIQON

Z10x0¢ G epyasiog avutng eivor va mpooeyyotel 1O
TPOPANUA pe €va TPOTO TTOL OV EMSIDKEL T CUYKAION TOV
OTOTEAEOUATOV PECH® piag emavaAnTTikig dladwkaciog. Eywve
howmodv, pio mpoomdbeo va avamtuydel €va poviélo mov ot
petofAntég e1c6d0v Tov o Eyovv ypoppkn e&dptnon e Tig
petaPantég e£6oov tov. Epébicpa yio avti ™ mpocéyyion
amotédece 1 pedétn tov Renato Cespedes G. [17], otnv omoia



n Aon vroioyilovtav pe ™ ypnon HOVO TOV HETPOV TOV
TAGEDV TOV JIKTVOV, GALY LLE EMAVOANTTIKO TPOTO.

[T ovykekpyéva kataotpd®bnke pio péBodog dvo onpeiov
otV omoia &yel amaielpfel 0 TOPAYOVTOS TOV PEVLATOC KoL Ot
vroloywopol ™G otpépoviar YOp® omd TNV EVPECH TOV
Spopdv  QAcNg TOV TACE®Y, EVO TO  QOPTiL. OV
peretOnkav Bewpndniov otabepn woydog (P, cosh).

‘Eot® 10 mopakdto diktvo d0o onueimv Onmg eaivetot
oty Ew. 1.

S Z(ypapHng) R

Feeder Q—:l—@ Load

Ps Ploss Pr
O o
? Qypappnig ar

Ew. 1. YroBetuco dikrvo dvo Luydv
Omnov: Zypauuic = R +jX =1Z| <y

Me yvoot T téon tov {uyod tpogodociag S, 1 Tdon 610
dxpo R divetan amd ™ oyéon:

N [Xcos(p + 6) — Rsin(¢ + 6)]
B [Xcos(p) — Rsin(@)]

ey

O1 €£10(DGELG TOV TTEPLYPAPOVY TIG POEG 1GYVOG AO TO AKPO
S mpog to dkpo R givon [18]:

VsVr VR2
Psor =7 cos(y = ) = ————cos(y) (2)
ypaupig(SR) ypappuis(SR)
VsVr . Vg .
Qs =7 sin(y — ) — 7————sin(y) (3)
yYpapupng(SR) ypauung(SR)

Avtikafiotdvrog v e&icwon (1) otig e€lomwoeig (2) kat (3)
Kot AOVOVTOG OTN GUVEXEWL HE TN POACIKN TPLY®VOUETPIK
towtdmTo cos?(0) + sin?(f) =1  kataliyovps oty €£hg
devtepoPadna eEicmon:

cos?(20)[a? + B?] — 2ay xcos(20) +y?  —*> =0 (4)

y)
tan(e)

_ PsrZ A
- VSZ tan(p)

Omov: a =— , B=24,

. __ Xsin(@+y)+Rcos(p+y) —
Evé: 4, = 2[Xcos(@)—Rsin(p)] ’ Az =

2[Xcos(p)—Rsin(g)]?

MSZ /1 = Al + /12
H entAvon avtig g devtepofabdag diverl dvo Avoels:
_ay t|Blyat+p?—y?

cos(20),, = a1 2 5)

ATO avTEG TIG dVO, TEWPOPATIKG AmOdEKVOETOL OTL LOVO 1|
pia £xel puokt| onpocio kol avt etvon :

ay + BT T =77

Y Ilf(I)£2 d Bzﬁ 14 )
n omoia gival kKot M Sopopd Acng LETAED TV TACE®Y TOL
Cuyov tpopodociag S kot tov goptiov R. H aviikatdotaon
TOpo TS edong @ oty e&icwon (1) pog divel Kot To pETPO
™G nTodpevng Téon.

cos(20), =

Hopatnpnoeig:

o O mopdyoviog B eivor o gleykTng TG PAOTG TNG TAONG
tov fuyov @optiov R. Anhadn av B >0 n tdon Vi
émetat og eaon g téons V. Evod av f < 0 1 @don g
Tponyeitat.

e H d&wxpivovoa +/a?+ p% —y?

OULYKEKPLULEVO TPOPAN LA £xEL AVOT.

kaBopilet €av 1O

2nueiwon:

Me 116 10N vrdpyovoeg pebodoroyieg n un vmapén Avong
SOMIGTMOVETOL LE TN U1 GOYKAIOT TV OTOTEAEGLATMV DOTEPO,
amo £vav optipd ETAVOANYEDV.

[II. E®APMOTH THEX ME®OAOY XE AIKTYA

H napomdveo pébodog métuye va ddoet pio e&icwon oty
omol0l ELGAYOVTOL Ol YVOOTEG LETAPANTEG Kot AapPdavetor o’
evbeiag to {nrovpevo amotélecpa, ONAad TG TAoNg TOL
Cuyov tov @optiov. Avth 1 e&icwon Ba gival n pqTpa dAwV
TOV VTOAOYIOUOV oL Ba yivouv yio TNV €0peocT) TOV TACEDV
oAV TV DYDYV €VOG OAOKANP®UEVOD OKTIVIKOD SIKTOOV E
pio Tpo@odoaia.

"Eot® 10 mapaxdre diktvo, 6nmg gaivetal oty Ew. 2.

T—O P3a

P3p

Ew. 2. Ynofetucd aktvikd diktvo 7 {uydv pe pia tpo@odocio

[pokewévor va emdvbel m pon @optiov o610 diKTLO,
epappoletor n pebodoroyia g Pna-Ppa capmcng Tov, ard
™ Bepio TOV YpAe®V, Le Katevbuvor omd T Tnyn Tpog Tovg
KaTaANKTIKOVG KOpPovs. TTo ovykekpyéva o kébe kopPog
TOv JOIKTVOL emAveTal pe T MHEBodO Twv 600 onueiov
Bepdvtag OU®MG OTL G€ OLTOV GLVOEETOL TO GUVOAO TMOV
QopTiov Tov e&umnpeTodvTal amd TO VIOSIKTVO TOL CVTOG
opilet. (IMa mapdaderypa, yio va fpovue ) tdon tov képpov 1
Bewpovpe 411 68 AVTOV GUVEEOVTOL Kot ToL PopTia Py, Psy, Psp.)
21 ovvéyeta 0 KOUPog avtdg yivetar o KOUPOG avapopas Kot



1 dwdikooio Tpoympdel TPOG TOVG KATAANKTIKOVS KOOGS pe IIINAKAZ T
opoto tpomo. Ot 1doelg Tov vroroyilovtat og kdBe kOpPo, o€ ATIOTEAEZMATA
kabe Prue g Owdikacioc, eivor kot ot {nTodupeveg MEBodor ATPOWER ME80500 VIATPOWER
TOPAUETPOL TOV TPOBANLATOG TG POTS POPTiO. 1 [12,660<0° 12,660 < 0° 1 [11,000<0° 11,000 < 0°
2 |12,624<0,01° | 12,622 <0,01° 2 |10,863<-0,29° | 10,855 <-0,32°
IIINAKAS I 3 [12,453<0,09° | 12,443 <0,09° 3 [10,819<-0,42° | 10,799 <-0,49°
AIATPAMMA POHE THE EOAPMOZOMENHE ME®OAOAOT'IAS SE AIKTYA. 4 112,363<0,15° |12,348<0,16° 4 |10,781<-0,58° |10,773<-0,61°
5 [12,274<0,21° | 12,254 <0,23° 5 |10,768<-0,59° | 10,76 <-0,62°
Bﬁpa 1: Eicoﬁog 886()”8'\/(0\/ (Apleuog K(’)“Bwv N, T(’xc]’] 6 |12,047<0,12° |12,02 <0,13° 6 |10,678<-0,43° |10,71 <-0,39°
Tpogodosiag, R,X ypaupudv, P,Q eopricv) 7 | 12,004 <-0,11° | 11,976 <-0,09° 7 |10,509<-0,9° | 10,548 <-0,81°
Bnpa 2: ‘Ekeyyog dmapéng Abong 8 |11,834<-0,26° | 11,802 < -0,25° 8 |10,653<-0,44° | 10,807 <-0,18°
Bipa3: i=i+1 9 | 11,756 <-0,33° [ 11,722 <-0,32° 9 |10,499<-0,94° | 10,796 <-0,51°
Bnjpa 4: ABpoiopa tov goptiov mov e&umnpetodvrar and To 10 [11,682<-0,4° | 11,648 <-0,39° 10 [10,436<-1,13° |10,476<-1°
VodikTLO OV 0pilet 0 KOUPOG i. 11 | 11,672 <-0,39° | 11,637 < -0,38° 11 [10,887<-0,11° |10,861<-0,12°
Brjpa 5: Ymoloylopdg g tdong tov koppov i pe t pébodo 12 | 11,653 <-0,38° [ 11,618 <-0,37° 12 | 10,866 < -0,15° | 10,816 < -0,18°
oV §Yo onueiov 13 | 11,575 <-0,47° | 11,54 <-0,46° 13 | 10,832 <-0,23° | 10,806 <-0,24°
Bipe 6: Av i <N miyowve cto Bijpa 3. 14 | 11,547 <-0,55° | 11,511 < -0,54° 14 | 10,817 <-0,26° | 10,791 <-0,26°
Bijpa 7: Epgdvion omotelecudtov 15 {11,529 <-0,59° | 11,493 <-0,58° B) Case 16. Taoeig Luydv og kV
16 | 11,511 <-0,61° | 11,475 < -0,61°
Hapanflp;jgglg; 17 | 11,485<-0,69° | 11,449 <-0,68°
e H péBodoc aviygvevel tnv dmopén Avong g pong poptiov 16 {11,478 <072 {11,442 < '0’692
, , . , 19 112,618 <0,002° | 12,615 <0,003% | Apékhon | case 16 (11KV) | case 33 (12,66 KV)
610 chotnpa enfluong Tpv v Evopén TOV VITOAOYIGUMY 20 | 12,572 < 0,07° | 12,57 <-0,06° viewo | Gdon | Mewo | odon
mg. Xe ovtibeon pe OAeg TIC emavoAnmTikég peBoddovg mov 21 |12,563 <-0,08° | 12,561 <-0,08°| [“nizon | 56V | 0,087° | 30,9V | 0,0095°
70 SOMOTOVOLY 6T0 TEAOG TV VIOAOYIGHOV TOVG, €&’ 22 | 12,555<-0,11° | 12,553 <-0,1° % | 050% | 0,03% | 0,24% | 0,003%
artiog TG uUn ovykAong tov amotelesudtov tovg. O 23 112,408 < 0’0600 12,398 < 0’0600
. ; . ; . 24 | 12,324 <-0,03° | 12,313 < -0,02 Méyiotn | 296V | 0,43° | 359V | 0,019°
é\eyyog ywrewt pécw g 81()}1<pwovcag ™mg :gE_,tcscocng (4? 25 | 12,282 < 0,07° | 12,271<-0,07° " 2.70% | 0.12% | 0.28% | 0,01%
Yy Tovg KOpBovg mov cvvdéovtal an’ gvbeing oto {uyd 26 [12,023<0,16° | 11,996 <0,17° ey ST S — p—
TPOPOSOGIOG — TTNYN TOV SIKTVOV. 27 |11,992<0,21° |11,963 <0,23°
0 s
e H diepedvnon avtn, evromilel to tpfpa tov ductdov mov ;2 ﬁji: : 2230 ﬁjii : g:;o
odnyel oe actdfelo T0 cvoTNHA ETIAVOTG, S1EVKOAHVOVTOGC 30 | 11,701 <0,48° | 11,669 <0,5°
v €0peon Tov KOpPov-poptiov mov poptilet T ypapun 31 [11,649<0,39° [11,617<0,41° Taxbtnta | Mé@oSog | MATPOWER
népow 0V STEI‘EpSTCTOﬁ Op{OD. 32 11,637<0,37° |11,605<0,39° case 16 0,014 sec 0,08 sec
, ’ 33 (11,634<0,36° |11,601<0,38° case 33 0,018 sec 0,14 sec
OV amotTovvTal  givo dev

e Ot vmoAoyiopoi amhoi,
YPNOOTOOVVTOL HeydAol mivakeg G oVTOVG Kol Ogv
amotteital evolapesn amofKeVoT TOV ATOTEAECUATOV, LE
QMOTEAEGLO, TO VIOAOYIGTIKO KOGTOG TG Hebddov va eivat
Waitepa yopUnAod.

e Ot vmoroylopoi mov  omoutovvVTOL
e&aptnon pe 1o dedopéva Tov SIKTVOL.

£€YOVV  YPOLLLIKNY

ApOpdg vrorloyiop@v = AplOpdg TV KLAO MV TOV dIKTVOV

IV. TIEIPAMATIKH ANAAYZH

Ov emdooelc g pehBodov afoloyndnkav oe OKTVIKA
diktoa VYNANG kol péong Taomng pe moAD evBappuvtikd
aroteléopatoa. H viomoinon éywve oto MATLAB xou to
aroteléopoto cvykpidnkav pe to mpoypoupe MATPOWER
4.1 (emiong oto MATLAB), 10 omoio ypnoiomnotel yo v
eniAvon Tov TpoPAnparog ™ péBodo Newton — Raphson.

Evdeiktikd mopatiBevionr Ta cuykpitikd omoTEAEGHOTO Yol
d00 mpoTLmEG TOMOAOYieg OwTO®V péomng  TAOMG  TNg
Bprobnkng tov MATPOWER 4.1:

1. Case33: Emrinedo Taong: 11KV
Ioybg Bdong: 10 MVA
2. Case 16: Emrinedo tdong: 11KV
(14 Quyoi) IoyogBdong:  93.1 MVA

a) Case 33. Tdoeig {uydv og kV 8) Xpovor ektéleong

A. Zyohiaouog Arwoteleoudtwy

H taydmra ¢ peboddov emPePfordveror ko omd ta
TEWPOAUOTIKG amoteAéopata. Xto diktvo tov 14 Quydv
(casel6) m emidvom emtvyydvetor oe  ¥pdvo  TOAD
pikpotepo oe oyéon pe 10 MATPOWER (oyedov 6 gpopég
pikpotepo). Evd oto diktvo tov 33 Quydv (case 33) avtn
N dopopd yivetat akdpo To aodnT. ZVVETMG 1) ETPPON
oV peyéBovg Tov SIKTOOV oTN ToyLTNTO eMilvong, &ivol
HKPOTEPT OTNV TTPoTEWVOpEVT 1EB0dO am’ 0Tt ot pébodo
Newton — Raphson , n omoio. o0t®¢ N GAA®G givol 7o
yxpovoPopoc €&’ autiag TOV EMAVOANYEDV. ZVYKEKPUEVA
KOl OTIG OV0 TEPIMTAGELS 1) GVYKAION TOV OTOTELEGUATOV
emtevyOnke petd omd 3 emovoinyelg yio ™ péBodo
Newton — Raphson.

Y10 oevaplo Tov 14 {uydv 1o péco oPdApa Yo To HETPO
mg Taong eivan o Kavomomtikd emineda (<1%). Ouwg
mapatnpeital Eva PEYIOTO GQAApO TG TéEng tov 2,7%
OTOVG TO OMOUAKPLOUEVOVG KOpUPovg Tov dwktvov. To
COALLO OVTO OPeideTAL OTN TTPOGEyylon G nebddov, n
omoia opELEL TIG AMMAELEG EVEPYOV 1GYVOG TOV OPEIAOVTOL
OTNV  OMOMOKPULGUEVY, omd 1N 7nyn, e&vmnpétnon
QopTiOV.



e Xt0 ogvipo tov 33 Quydv Opmg 10 OoOOAUM OVTO
pewdvetol 10laitepa. Amotédecpo mov o@eileTol 6TO
vyniotepo emimedo thong. Oco peyoivtepo eivar 1o
eminedo TAONG TOGO MIKPOTEPES €IVl KOL Ol OTMAELEG

evepyod 10Y00C, He OMOTEAESUO TO OQAARO NG
npotewvopevng  pebddov, mov T  operel, va
e ayloTomotElTAL.

e To cpdlua ot OAoT TV TAcE®V gival YEVIKA g TOAD
yopnAd emineda. EEaptaral kot avtd and to enimedo g
Tdong GAra kot amd 1o péyebog twv goptiwv. Oco
peyoAdtepa  €lval  TO  OMOUOKPUOUEVO  (OPTIOL OV
e&umnpetodvior t6c0 mo octntd Ba yiveror kol TO
cQOAML0. OTIC Qdoelg, Omwg PéPata kol oto UETPO. TOV
TAGEWV.

V. XYNO¥H

Xmv epyacio ovt mopovctdletor  pio  eVOAAUKTIKN
péBodog emidvong tov TPoPANUATOC TNG PONG PopTiov, 1|
omoia dtopopomoteitol Kupimg oto 4Tl mpooeyyilel ) Avon
xopils eravoinyels. H pébodog evtomiler v dmapén Avong
0T0 TWPOPANUE TPW TNV EVapEn TOV LVIOAOYICUAV TNG Kot
aviyveDeL TO TUNMHO TOV SIKTVOL 7oL 0dNyel o aotdbeln o
ovotuo. Ot vmoAoyiopoi extelodvtol 1dlaitepa ypryopa,
EMEWON ypnoonoovvIol omiég mpagelg kot dgv  etvan
amopoitnTn 1 SECUEVON UVIAUNG KOTG TNV DAOTOINGT Yo TV
evolaeon amonKevoTn TOV OmOTELEGUAT®OV TG HeBddov. To
COUALLO. TOV VTOAOYWOU®OV TNG &ivol pev pKkpd oAAd Oyt
QUEANTED GE OPICUEVES TEPIMTAOOCELS KOl 1010{TEPU GE YOUUNAL
eninedo 1aong. Opmg 0 GLOYETIOUOC TOV TAEOVEKTNLAT®V TG
mpotewoevnG HeBOdoL Kol dlaitepa TG TOYLTNTAG NG,
EMUTPEMEL ONUOVTIKA TePODPLOL TEPATEP®  OVATTLENG Ko
Bektioong tg.

REFERENCES

[1] B. Stott, “Review of load-flow calculation methods,” Proc. IEEE, vol.
62, no. 7, pp. 916-929, 1974.

[2] M. R. G. Al-Shakarchi, “Nodal iterative load flow,” M. Sc. thesis,
University of Manchester Institute of Science and Technology, UK.,
1973.

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

H. Yang, F. Wen, and L. Wang, “Newton-Raphson on Power Flow
Algorithm and Broyden Method in the Distribution System,” in Proc.
IEEE 2nd Int. Power and Energy Conf., 2008, pp. 1613—1618.

G. Leoniopoulos, “Efficient starting point of load-flow equations ,” Int.
J. Electr. Power Energy Syst., vol. 16, no. 6, pp. 419—422, 1994.

J. Nanda, D. Kothari, and S. Srivastava, “Some important observations
on fast decoupled load flow algorithm,” Proc. IEEE, vol. 75, no.
8714151, pp. 732-733, 1987.

L. Wei, N. Wen-hui, and H. Dong-shan, “A modified power flow
calculation method for radial distribution system,” in Proc. China Int.
Conf. on Electricity Distribution, 2008, vol. 1, pp. 1-5.

L. Zhang, W. Tang, and H. Guan, “The back/forward sweep-based
power flow method for distribution networks with DGs,” in Proc. 2nd
Int. Conf. on Power Electronics and Intelligent Transportation System
(PEITS), 2009, pp. 145-149.

G. X. Luo and a. Semlyen, “Efficient load flow for large weakly meshed
networks,” IEEE Trans. Power Syst., vol. 5, no. 4, pp. 1309-1316, 1990.
M. Srinivas, “Distribution load flows: A brief review,” in Proc. IEEE
Power Eng. Soc. Winter Meeting, 2000, vol. 2, pp. 942-945.

A. G. Esposito and E. Ramos, “Reliable load flow technique for radial
distribution networks,” IEEE Trans. Power Syst., vol. 14, no. 3, pp.
1063-1069, 1999.

U. Eminoglu and M. H. Hocaoglu, “A new power flow method for radial
distribution systems including voltage dependent load models,” Electr.
Power Syst. Res., vol. 76, pp. 106114, 2005.

A. Losi and M. Russo, “Object-Oriented Load Flow for Radial and
Weakly Meshed Distribution Networks,” IEEE Trans. Power Syst., vol.
18, no. 4, pp. 1265-1274, 2003.

S. Ghosh and D. Das, “Method for load-flow solution of radial
distribution networks,” IEE Proc. - Gener. Transm. Distrib., vol. 146, p.
641, 1999.

T. Ochi, Y. Nonaka, D. Yamashita, K. Koyanagi, and R. Yokoyama,
“Reliable power flow calculation with improved convergence
characteristics for distribution systems,” IEEE PES Innov. Smart Grid
Technol., pp. 1-6, May 2012.

Z. Hu and X. Wang, “A probabilistic load flow method considering
branch outages,” IEEE Trans. Power Syst., vol. 21, no. 2, pp. 507-514,
2006.

P. Chen, Z. Chen, and B. Bak-Jensen, “Probabilistic load flow: A
review,” in Proc. 3rd Int. Conf. on Electric Utility Deregulation and
Restructuring and Power Technologies, 2008, pp. 1586 — 1591.

R. G. Cespedes, “New method for the analysis of distribution networks,”
IEEE Trans. Power Del., vol. 5, no. 1, pp. 391-396, 1990.

A. Aopmpidng, II. Nrtokémovriog, wor I'. Iamaydvvng, Zvomjuora
Hextpixic Evépyerog - Topog A'. Exdooes Znt, 2006.



Design and Real Time Control of a Stellarator in

Development
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Phone: +306978595155, email: codyssea@auth.gr
School of Electrical and Computer Engineering, Aristotle University of Thessaloniki

Abstract— The purpose of this study is to create an efficient
control system for a stellarator in development. The study takes
place in the Laboratory of Automation and Control, UPV/EHU,
Bilbao, Spain. Initially the analytical model of the stellarator is
calculated. Based on this analytical model, we can use System
Identification toolbox of Matlab, so that a grey box model of the
system, with adequate representativeness of the real plant, is
available. This model is used for the design of the controllers.
Two different controllers are designed and tested, PID and model
predictive controller. The controllers are tested in real time both
with the estimated grey box model and the real stellarator and
and their efficiency is compared.

Keywords— Model predictive control, PID control, Real time
control, Stellarator, Simulink Real Time, System Identification

I. INTRODUCTION

A stellarator is a toroidal apparatus which purpose is to
produce controlled fusion reactions in hot plasma. The current
is induced by external windings which act as the primary
circuit of a transformer, while the plasma is the secondary
circuit. The external windings are two pairs of circular planar
coils. The induced current in the coils creates the magnetic
field that confines the plasma. This field is created in toroidal
direction by the external coils. Another magnetic field is also
created by the plasma current and is perpendicular to the field
in the coils. As a result the magnetic lines of these two fields
are combined and compose the resultant magnetic field. With
the presence of this magnetic field the particles can pass both
by external and internal areas of the torus.

The size of the magnetic field strength, combined with the
size of the neutral pressure, is able to successfully create
magnetic surfaces and, as a result, macroscopically stable pure
electron plasmas. The magnetic surface topology allows these
pure electron plasmas to reside in an equilibrium that is a
minimum energy state rather than a maximum energy
equilibrium state. Pure electron plasmas are created in the
stellarator by thermionic emission from heated filaments
placed inside the magnetic surfaces.

The magnetic field that is used for the confinement of
plasma has to be externally controlled so that experiments and
tests can be held. In what follows, the design of two different
controllers, PID and model predictive controller, will be

presented. These controllers will be tested in real time, on a
real stellarator which is being developed in the Laboratory of
Automation and Control, in the University of the Basque
Country, in the city of Bilbao. Because of the fact that the
stellarator is under development, only the primary circuit of
the coils will be used as the controlled system and not the
plasma. The plasma is supposed to be replaced by the second
pair of coils. The same procedure for the design of the
controllers, which is described in the next sections, would be
followed in case of the presence of plasma in the stellarator.

Initially, the controlled system is identified. Because of the
topology of the stellarator the electrical characteristics of the
circuit cannot be measured. As a result, system identification
methods are used for this purpose. When the system is
identified one PID and one model predictive controller are
designed. These controllers are tested with the real stellarator.
Finally these controllers are compared with each other.

The stellarator is supplied by a DC, 15KW power supply.
The power supply communicates with one target computer,
where the controlling software runs, through a data acquisition
device. The data acquisition device is capable of carrying both
the controlling and the feedback signal. The target computer is
connected with the host computer, where the controlling
software is developed. A target computer is used so that the
full capacity of its CPU is exploited and therefore the
controlling system is able to operate in real time.

II. SYSTEM MODELING

A. Analytical model
The stellarator can be approximated with the following
simplified circuit.
R1 L

_/\N\I M Ls1 Ls2

LI2

VIN
VouT -

Figure 1. Approximated circuit of the stellarator
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Resistors and inductors with index 1 refer to the first coil
and those with index 2 refer to the second coil. The total
resistance of the circuit is R and the total inductance is K.

R=R1+R2
K=L11+L51+L12+L51iM

The two basic equations which govern the circuit are

dl
VINZI(R1+R2)+KE €Y)

dl
Vour =1 Ry + (Lgp + LIZ)E (2)

with I being the current of the circuit and Vv and Vour being
shown in the figure.

In order to create a state space model two state variables are
used.

x =1 3

dl

i %)

x2=951=

From equations “(1)” and “(3)” results the following equation

dl (R, +R,) 1
X¥p=—=——"""—I+-V 5
1= K KN (5)
And from equation “(5)” results the following

. &1 (Ri+R)dl (Ri+Ry)

=—=- 6
Y2 T e K dt K2 (®)

According to equations “(2)”, “(5)” and “(6)” the state space
model of the system can be built in the following form.

R, +R

[ RiAR) 0 |

AR N

Xy 0 _(R1+R2) X2 Ig w
K |

ol e PR 4
Vourl IRy Ly + Lipl [x;

The elements of the matrixes of this state space model have
to be estimated so that the system is completely identified. In
the first step, calculations are held with the use of the
differential equations “(5)” and “(6)”, and data from the real

system. The solutions of the differential equations “(5)” and
“(6)” are:

M@ =10="2(1-%) @
Vw1,

dl
x,(t) R ek €]

One set of real data is used to for the calculation of the
parameters of these solutions. A step voltage is used as input
to the circuit. In a random moment, during the transient
response, the values of voltage output and current are
measured. Moreover the steady state current in the circuit is
measured, so that the total resistance of the circuit is being
calculated with the Ohm’s law. The set of data and the results
are shown in table 1 and table 2 respectively.

TABLE 1
Set of Measured Data
t(s) Vin(WV) | I (A)  L—g05(A)  Vour,ges(V)
0.05 6 25.73 10.94 2.47
TABLE 2
Calculated Parameters
R(2) K(H) R,(2) Lg + L (H)
0.2332 0.021 0.1166 0.00728

In this case the state space model is the following with the
calculated values.

=17 2 G+ [,

") = [o1166 0.00r28] [
Vourd ~ l0.1166  0.00728] Lx;

B. Grey box model estimation

A grey box model may be constructed based on both insight
into the system and experimental data. In this section the
model of the system will be estimated with Matlab. The
information acquired from the theoretical model will
determine the form of the estimated system. However, the
estimation of the elements of the state space matrices is based
on real data and the system identification algorithms. This
identified model is validated with real data and the result of
this validation show how well does this model matches the
real system.

A Matlab script is used for the creation of a state space
model with the specific form that matches the form of the
theoretical model. The command idss is used to create an
identifiable state space model. The initial values of the
matrices of the model are being set in the following way.

a=[ 8 et} e= [t 9 oeo

It is already known that some elements of the matrixes have
to keep these initial values and not to change during the
estimation process. These are the elements which are initiated
with 0 and the element C [1, 1], which is initiated with 1. The
other elements are free to change during the estimation.
Moreover restrictions as far as the sign of the free elements
have to be taken into account during this initialization. These
restrictions are carried out with the following commands in
Matlab.




xoQuw

systest = idss(A,B,C,D,K);

systest.Structure.a.Free(l,2) = false;
systest.Structure.a.Free(2,1) = false;
systest.Structure.b.Free(2,1) = false;
systest.Structure.c.Free(l,1) = false;
systest.Structure.c.Free(1l,2) = false;
systest.Ts=0;

systest.Structure.a.Maximum(1l,1) = 0;
systest.Structure.a.Maximum(2,2) = 0;
systest.Structure.b.Minimum(1l,1) = 0;
systest.Structure.c.Minimum(2,1) = 0;
systest.Structure.c.Minimum(2,2) = 0;

In the following step, the set of real data, which is used for
the estimation of the free elements of the initial system, is
being created. Measurements of output current and output
voltage are saved for a specific value of voltage input. This
measurement procedure is repeated three times, so that three
sets of data are available.

The command ssest is used for the estimation of the free
parameters of the initial system, according to the set of real
data measurements. The outcome of the estimation process is
a state space model with the values of the estimated
parameters shown in the following system.

[Z] = [_105'5 —105_5] [Z] + [6%3] Vin

i
VZZTT] - [0.1111 0.0(?632] [2]

From this system the estimated values of the physical circuit
can be calculated.

=693 > K =0.0144 H

= —15.5-> R =0.2236 12

x|x XI=

R, =0.1110
L, + Ly, = 6.32mH

Comparing the calculated values of the theoretical model
and the estimated values which are based in real data, they
seem to be similar enough. The two other sets of data, which
were created, are now used to validate the estimation. For the
validation process the System Identification Toolbox of
MATLAB is used. The results of the validation process, with
each of the two validation data sets, are shown in the
following figures, both for current output and voltage output.
It seems that the response of the estimated system fits the
response of the real system at a percentage of 74.2% for
voltage output and 84.3% for current output.

Measured and simulated model cutput
35

Best Fits
est_sys: 74.17

0 W 4
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Figure 2. Fit percentage for voltage output in grey box model
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Figure 3. Fit percentage for current output in grey box model

III. CONTROLLER DESIGN

The estimated grey box model is used for the design and
tuning of a discrete PID controller and a model predictive
controller.

A. PID Design and Tuning

The first controller, which is being designed, is a discrete
PID. The “PID Tuner” tool in Matlab is used for this purpose.
The comparison of the tuned response of the system with the
initial response, according with PID Tuner tool of Matlab, is
shown in figure 4. The parameters of the tuned PID controller,
as well as the characteristics of the tuned system are shown in
figure 5.
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Figure 4. Initial block response and tuned response with PID

Controller Parameters

Tuned Block
P 2.9772 B
1 58.228 1
D 0.018578 0
N 238.0415 100
Performance and Robustness

Tuned Block
Rise time 0.0862 seconds 5.65 seconds
Settling time 0.122 seconds 10.4 seconds
Overshoot 1.87 % 0 %
Peak 1.02 0.998

42.8 dB @ 1.26e+04 ra... [60.3 dB @ 1.26e+04 ra...
89 deg @ 23.4 rad/s 118 deg @ 0.571 rad/s
Stable Stable

Gain margin
Phase margin
Closed-locp stability

Figure 5. Controller parameters and performance characteristics of
initial and controlled system

The results show that performance of the system is very
much improved. The tuned system has a very fast response
with settling time of only 0.122 s and rise time of 0.0862 s,
compared to the initial values of 104 s and 5.65 s
respectively. Moreover some overshoot appears in the tuned
system, but it can be acceptable, as it is only 1.87%.

The simulation of this controller with the estimated model is
shown in figure 6.

40+ g

4
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Figure 6. Reference tracking for voltage of the grey box model, when
running in target computer

B. Model predictive controller design and tuning

The model predictive controller is designed with the use of
the “Control and Estimation manager” tool. For this
experiment the prediction horizon is set to 10 and the control
horizon is set to 6. The weight of the manipulated variable is 0
and the weight rate is set to 0.0225. The weight of the output
variable is set to 4.

C. Real time testing and comparison of the results

“Simulink Real Time” toolbox of Matlab is used for testing
the designed controllers in real time with the stellarator. A
target computer is set up so that the software can use all the
capacity of its kernel during the real time testing. Moreover a
NI PCI-6122 data acquisition device is used for establishing
the communication between the software and the real plant.
For this experiment the sample time is set 0.25ms.

The results of the real time testing with PID and model
predictive controller are shown in figures 7 and 8. The
estimated grey box model is also simulated in real time, so
that its response can be compared with this of the real plant.

Comparison of the responses of the real system and the grey box model for voltage output
T T T T -

—— Reference signal

— Real system response
— Estimated system response
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Figure 7. Comparison of real plant and grey box model responses for
voltage output with PID controller

Comparison of the responses of the real system and the analytical model for voltage output
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Figure 8. Comparison of the responses of the real system and the
analytical model for voltage output with the model predictive controller



Finally the two designed controllers are being tested with
the same reference input signal so that they can be compared.
The comparison is shown in figure 9.

PID
MPC

-

1 | | | | |
0 1 2 3 4 5 6

Figure 9. Comparison of PID controller and MPC for voltage output

It seems from the results that the model predictive controller
is faster and more accurate than the PID. However, a small
overshoot appears with this controller. On the other hand the
PID controller is slower and with no overshoot.

IV. CONCLUSION

It seems that the estimated grey box model is a good
simplified approximation of the real stellarator in
development. The controllers that are designed based on this
estimated model seem to be quite efficient, with the model
predictive controller to be faster and with very small
overshoot. Because of the fact that this stellarator is still under
development and is not fully functional, this study can be
used, in a later stage, for the design and real time control of
the fully developed stellarator.
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*Toyypagéag enikovoviag: macharal@ee.duth.gr

ITepiinyn— Xmig pépeg pag, Eivar KOwvog T6mog 1 avayKaoTnTo
™G perétng QTIoRoY gvég ydpov. Ewdwka dg, oty mepintwon,
o6mov o1 cuvvOnkeg TOL YApov givon aitepeg (smPapopévy
atpéceapo, avénuévny vypacio yOpov, KAm.), n opbn perétn
QP OTIOCROD EVIGYVEL TOGO TNV ACPEALELN 0G0 KUl T1| AELTOVPYIKOTITA
TOV YAOPOV. XTIV TAPOVGU EPYUGIC, UVULDOVTOL Ol TEPITTAGELS
QOTIONOY EWIKAOV ovvOnkdv ko divovtar ov  apyés TNG
QOTOTEYVIKNG TOVG peréTnNe. AkolovOwg, mpoteivovrar Avoeig
OVTORATOMONGNG TNG EYKUTAGTACNS QOTIGHOL pE  ypion
KoToAMAov awectntnpiov ko evepyomomtdv, pe otéyo TNV
00O 0TIKOTEPT KU1 OTKOVOUIKOTEPT AEITOVPYIN TG EYKATACTAGTC.
Téhog, TapatifeTan pio epappoyn EPpyosTNPLOKNS KApaKog piag
POTOTEYVIKNG NEAETNG QOTIGHOV EOIKAOV ouVONKAV pe ypion
HIKPOEAEYKTI KO EEAYOVTUL TO COPUTEPACNATA KOL O LELAOVTIKEG
KoTevBivees g epyaciog.

Aé&ers kle10rd— DoTotey vk peréTn, a101kés cuvkeg, pomor,
OTEYAVOTNTA, TEYVIITOS G OTIGUOG, VYPUGic, aroOnTi)plo.

I. EizArQrx

To owg givar éva miektpopoyvntikd kopa. Epebiler tov
ontikd  PoAPo, mopdysr O PECOL  POTOYMUIKOV
UNYOVIGUOV TO veLpkd epEdicpa, Kol avtd e T oepd
TOV, KOTAAANAO EMEEEPYACUEVO, PETOPEPETOL Ol LEGOV TOV
OTTIKOD VEVPOV GTOV EYKEQOAO, OMUIOVPYDVTOG TNV OLTIKN
aicOnon. Emmiéov, 1o g eivor myn {ong, kabmg amoteiel
amopaitnTo cLGTATIKO 6TN dladtkacio TG POTOGVHVOESN S TV
QUTIKAOV ~ OPYOVICU®V.  XTIG  ONUEPWEG  TEXVOAOYIKA
OVEMTUYLEVEG  KOW®VIEG, TO O®G Kpivetal omoAdTOG
anopaitnto oe kabe avBpomvn dpactnpiotnta. Tavtdypova
OLLMG, YEVVATOL 1] VAYKT] TOL TTOLOTIKOV QOTIGHOV. O T010TIKAg
POTICUOG KpIveTal ovayKaiog MGTE VoL EMTVYYAVETAL:

*  av&nom g AEITOVPYIKOTNTOG

*  av&nom g TOPUYOYIKOT TS

*  Peltimon g AcPAAELNG TOL XDPOV

*  koiaicOnoia

*  WPOAMYN Kot LELMON TOV EPYOTIKMV OTUYNUATOV.

H perétm ooticpod 1 oototeyvikn pelétn, eivar o
o0 ULOG EVOC GUGTILOTOS POTIGHOD Y10 TNV EMTEVLEN TOL
BéLtiotov amoteléopatog oe €va cuykekpyévo ydpo. Ta
dedopéva aAlalovv 6tav oTov VIO HEAETN YDOPO ETKPOTOVV
€0WEG ovvOnKeg, OT®MG LYNAG TOGOOTO VYPOACIiNG, aKpaieg
Oepuokpacieg, LYNA CLYKEVIPMOT YNUIKOV TOpoyOvVImV,
POTOV 1 OKOVNG KTA. XNV TEPIMTOON OLTAHYV, 1 HEALTN

OMTIONOV givar avaykaio vo, SIETETAL OO OPIGUEVOLS KAVOVEG
kot vo. kaBopiletol amd cvykekpuéveg mpovmobécets. Ki avto,
d10t1, o1 €101KEG GLVONKEG EMPAAAOLY TN ¥PNON POTICTIKOV
cOUATOV  ovykekpyévov  Pabpod mpootaciog  (Ingress
Protection-IP) avdioyo pe Vv €Qoppoyn Kol TOVG
VROAOYIGHOVG [1]. Efuepo, pio pEAETN QOTIGHOD EOIKOV
cLVONKGOV KpiveTonl avoykaio 6e EPOPULOYES OE Plopmyavikong
YOPOLG KOl YPOUUES TOPOUY®YNS, YEPOLPYIKES aifovoeg,
omnAaia, pvnueio Kol €pya t€xvng Kot pvnueio extedeiéva
OTIC Kaplkég ovvOnkes, evudpela, Oeppoknmia, tomobeoieg
QLOIKOD KAALOVG, GE £pya LTTOdOUNG -OT®G 6 VIOBAAGCGIES
oNpayYES-, 6 KOAUPN TP Ko TGiveg KTA. AvolvtikdTepa,
OTIC TOPOTAVED EYKOTOGTAGELS, €101KY GUVONKN (OTIGUOD
pmopei va Becwpnbei  VmopEn vYNAOV POTOV Kol YNUKOV
TOPAYOVI®V, 1| VYNAN GLYKEVIPOOT VYPACIOG, Ol OKPAiEs
Oeppokpacieg mov avomTOGGOVTOL KOTO TN OAPKEW NG
TOPOYOYIKNG EPYOCIOC, 01 KAPIKEG GUVONKEG TOL EMKPATOVV,
KoOdg Kol TO PIKPOKAIpHO YOp® Omd TNV E€YKOTUOTOGCT).
Axorobbmg, mopatiBeviol TopadEiyIaTO TEPIMTOCEDV OTOV
OTTOLTELTOL POTOTEYVIKT] LEAETT EDIKOV GUVONKOV.

210 y®pPo NG vYeiag, kat EWIKA 6TIS aifovoes xelpovpyeimy,
N QOTOTEYVIKN] UEAETN EMITAGOEL TN YPNON POTICTIKOV
cOUATOV  VYNAG  YPOUOTIKAG  omddoonsg,  UEYIOTNG
QOTEWOTNTOG Kol Katd To duvatd Aydtepn vrépubpn
axtivoBolia [3]. 'Eva dAlo mapddetypa, amoteAobv ot €101KEG
cLVONKeg TOL £MKPATOLY GTa Epya LITodoun . ['a mapadetypa,
0 oYedWCUOG QMTICHOD GE ONPAYYES, OMOUTEL AQUTTPES
avOeKTIKOVG GE VYMAN GUYKEVTPWOOT pOT®V, GKOVI), aKpaieg
Oepuoxpacieg Kot vypacia, evd ota aepodpduia, omorteiton
EMTAEOV TOL POTICTIKA GOLOTO VO, LITOPOLV VAL VTTOUEIVOLV TIG
S0VNOEI MOV TPOKAAOUVTOL KOTA TNV OmOYelOoY Kol TNV
mpooyeiwon tov aepookapdv [3]. Emmiéov, wg ydpot
OOTIOPOL eWIKAOV cuvinkdv Bempovvtal Kol To CTHAALN,
Kuplog A0y® ™G VYNNG VYpOoiag oL eMKPATEL, ALY Kot
AOYO Tig Tavidag (voytepidec) mov prhoteveitar. Ailet, dm, va
avagepfel M HEAETN OVTIKOTACTOONG TOV AQUTTNPOV TOV
onnAaiov tov Apov, pe Aapurtipeg LED younAotepng oyvog
KATAAANAOL DGTE VO TPOGPEPOVY TOV EMBVUNTO OPYLTEKTOVIKO
OOTIONO AAAG KOL VO OTOTPEYOLV TNV OVATTUEY TG «TTPACIVIG
appdoTog Tov omniaiov (Malattia Verde) [4]. Mio akdun
EQOPULOYN VKAV cLVONK®V, eivarl o petaAloflopnyavieg Kot
€0IKOTEPAL.  TOL  YLTNPWL HETOAA®V, AOY® TOV  VYNAGDV



OepLokpacidv Tov avoumTHoCoOVTOL KT TN dadkacio Tng
PEVOTONOMONG TOV UETAAA®V Kot NG yvtevons. Télog, o
POTIoUOC piag moivag TPEMEL Vo 0KoAoVDEL TOGO TOVG KOVOVEG
G QOTOTEYVIOG Kl TNG OoONTIKNG 0G0 KOl TOLG VOULKOVG
KAVOVES Y10 TOLG VYPOVG XD POLG [3].

II. MEAETH ®QTIEMOY

Mo perém QoTiopov umopel va mpaypatonomdei pe 600
tpomovg. Eite pe vmoloywopovg, Aappdvoviog vmoyn 1
pnébodo ¢ patevig porg tov J.W. Favie, gite pe ) Porfewa
ewav Aoyiopikav (DIALux, RELUX «.0.). ZuyKekpipéva, e
TN PO AOYICUIK®V amAonoteitat 1 S10d1KaGia VITOAOYICUDY
KOl TPOGPEPETAL TAVTOXPOVO, OTO YPNoTH 1M dvvatdtnto
YPAPIKNG OTEIKOVIOTG TOV XDPOL TNG UEAETNG.

lNo ™ owéayoyn wog perétng kpivetal omopoaitntn m
UEAETN TV PaCIKOV apxdV eOTIGHOD. H @otote)vikn pHeAém
Aoppaver vIOYN TO OKOMO YPNONG TOV YMDPOV, TIG EIOKEG
OTOITNOELS PMTIGIOD GUVOAKG Kot €Tl LEPOVG GE ONUElR TOL
YDOPOV, TO QUOIKO EOTICNO 7TOL VEAPYEL KaOMG Kot
dEVTEPEVOVTES TOPAYOVTEG OTMG TIG OIKOVOUIKES OITOLTIGELS, TN
ovyvOTNTA. XPNONG TOL YOPOL KOl TO TPOPIA TV YPNCTOV
(pvAo, nhikia, KAT.).

Ta Pacwkd poTopeTpkd peyédn mov Aapfdavoviol vaoym
(ITivaxag 1) eivar M @otewn pon, M AOUTPOTNTA KOl 1|
Oappoon. Qg eotevi pon opifovpe T GLUVOMKN TOGOTNTA
POTOG TOL EKTEUTETAL OVA SEVTEPOAETTO amd pio TNYN PMTOG
kot petpiétar oe Lumen (Im). H potevig pony mov diépyetan
péoa and pio oteped yovia optopévng devbuveng ovopdletan
potewvn évtaon Kot petpiétat og Candela (cd). Qg Aapmpdnta
N eoTeEVdTNTA OpileTon TO TOGO POTEWVNG EVEPYELOG TTOV TEPTEL
TAV® G€ pio povadiaio empaveld, (mov £xel dniadn exinedet
®G Lovada pPéETpNomg), ava deuTepOAETTO Ko pHeTpiétal o Lux
(Ix). Téhog, m BauPwon omuovpyeitar O6tav ot cVVONKES
opatdtnTag €ivol TETOEG MGTE VO TPOKAAODV OYANOT Kot
peiwon g evkpivelng tov avtikewévav. Ogeiketar oy
OLVOLLOLOPLOP(T] KOTOVOLLT TNG AOUTPOTNTAS, AOY® VIEPPOAIKDV
avtifécemV Kot LETPLETAL GE EMTL TIG €KATO, cOUP@va pe TNV (1).

Lmax—‘meSIO% (1)
Lmin

Emumdéov, v ) pototeyvikn perétn, sivar amapaitnn n
perétn tov PBabudv TpooTacsiog mTOL APOPOVYV POTIGTIKA
copato Kot Tig cvokevés. Ov Babpol mpootaciog xatd EN
60529, divovtat vmd ™ popen «IPXY», onwg yio mopdadetypa
IP 21, IP 44, IP 54 [1]. H onuaocia tov mpmtov apbpod X
agopd vV €icodo EEvev COUIT®V 1 TNV EMAQN WHE TO
avBpdTvo copa Kot Tov devTEpov apBuod Y agopd v
€16000 vepoL otV 1310 T1) GLOKELT).

211G HéPES PLag OLL®G, 1 AvAYKN €EO0IKOVOUNONG EVEPYELNG KoL
N advvapio EKTANPOONG TOV GUYYPOVOV OTOITNOCE®V and
oLUPaTIKEG MAEKTPOAOYIKEG EYKOATAOTAGEL;, OONYNOAV GTO
oxedloopd kol v vAomoinon  eWwKE  eEeAypévov
OTOLOTOTOMUEV®V GUGTNUATOV SloEIPIoNG POTIGHOY UE
véeg avénpéveg dvvatotntes. H teyvoloyuc avdmtuén, kavet
duvot Vv evooudtoon TV Bocikdv Aertovpyidv Kdabe
CLOTHLOTOG JLYEIPIONG QOTICHOD GE€ UEYOAVTEPA KOL TTLO

€VEMKTO CLOTNUATA. AVTO EYEL OOV OMOTEAEGLLO, CNUOVTIIKG
dtevpupéveg gukarpieg yio eokovounon evépyetog, eveMéia,
0a&loTIOTIOL KOL EVOMUATOOT CUCKELMOV OO JPOPETIKOVG
KOTOOKELOOTEG, OTIS MOM Vrhpyovoes eykataotdoelg. O
OVTOUATIONOG OVTOG, EMITPEMEL TN HEioTn ™ TOAvOTHTOG
dvolertovpyldv  amd aféfoieg avOpOTIvEG eVEPYELEG KOl
ovupdiel ot peimoN TOL  AELTOLPYIKOD KOGTOVS, EVA
mapdAnio Topéyel avénuéveg avécelg kol ao@iiea. Ta
KUPLOTEPO TPOTOKOAAQ ETIKOWVAOVIOG 7OV YPTOLOTOLOVVTOL
OTOL CLCTNUOTO OVTOHOTOV EAEYXOL QOTICUOV Eival TO
KNX/EIB [5], to DALI [3], To C-bus [6], kot o x10 [7].

IMNINAKAXZ I
BAXIKA ®QTOMETPIKA METE®H
Tiufoio | ENAnvkoC Ayyhkac Oplopag Movaba I
bpog bpog
v OQurtewn por] | Luminous v=K, l' @, V(A)dA m
Flux 3
[ Dutsvn Luminous 4@ Cd=Lm*Sr!
Evtaon Intensity ! =E
QuroBoia
B Dutiopog llluminance B 4P Lx=Lm*m™
dA
L (Puwtswotnta | Luminance I 4 Cd*m™> =Lm*Sr"*m|
p=—
' dQdAcosé
M Dutevh Luminance dd Lm™*m™
OYETIKN exitance B= aA
KavoTnTa
Q Quwrewvn Luminous 0= l' @ (¢ )t Lm*sec
svEpyEL energy i
Mok Ohry Total b = [Ir.fQ Lm
dwrewvrpofy | luminous =l
Flux

O1 poTote)VIKEG HEAETES TNG TOPOVCAS EPYACING APOPOHY
pio fropnyavikny amobnkn kot o€ pio KoAvufntikn de&opevn
(moiva), ki ekmoviOnkov pe ™ Ponbea tov TPOYPAULATOG
vroAoyiopdv DIALux EVO. Apywd, €ywve o tpiodidototog
GYESGHLOG TV YDP®V KOl 0 KABOPIGLOG TOV OTUITIGEDY TOV
eoticpov o lux. X ovvéysw, emAfyOnkav Ko
TomofeTNONKAY To KOTOAANAQ QOTIGTIKG, KOl 0pOov £yvay ot
avtictoryol vroAoyiopoi, e&nxdnkav to amoteAéouata TV
LEAETDV.

III. MEAETH IIEPIIITQEHE BIOMHXANIKHE ATIOOHKHE

Ipotapykds otoY0g KaOe LEAETNG POTICHLOV Elvat 1 TANPNG
Kovomoinom tdco TV YEVIKOV 600 KOl TMV EWIKAOV OVIyKOV
o€ POTIoNd 6oV epyAloviol 6 £va YMOPO , LE TNV TALTOYXPOVN
€AOYIOTOTOINGN TNG EVEPYELNS TOVL  KOTOAVOAMVETOL TNV
TPOKEEVN TEPINTOOT TNG Propmyovikig amobfnkng o cwaoTtdg
KOl ETOPKNG E0MTEPIKOS POTIOUOC eEumnpeTel TEPA amd TOVG
TPOTEVOVTEG  AELTOLPYIKOVG AOYOLS, TNV  ACQAAE TV
gpyoalopévav 0To YMPO, TPOKELLEVOL Vo AToPeVyBovv Katd To
duvvatdév T gpyatikd oTvyniuoto. Axdpo, ocvvepyel omnv
avénon g mapaymywoTTag, Kobdg amopsvyovtal o Addn
Kot ovgdvetar 1 ToxOTNTO  EKTEAEONG TOV  EPYACLOV.
EmunpdcBeta, v 1 amobnkmn dabétet kot e£@Tepkd QOTIGUO
(Ew. 1), amoBappivoviar Bavdaiiopol, dtappnéelg kot GAiov
gldovg avemBounteg evépysteg amd tpitove. Ot mopadoyég
oyxedlaopov TG peAémng elvon ot e&ng: to embBuuntd eminedo
£€VTOOTG QOTICHLOV GTO E6MTEPIKO TNG amodkng eivor 100 lux,



evdd ot eWdkég ocvuvinkeg tov ymdpov Eyovv ®G eENg M
gykoatdotoon Ppioketal mopabordccio Omov VIAPYEL LeYGAO
TOGOGTO VYPUCTNG EVD AGY® TNG Plopmyovikng dpactmplodtnTog
OTO XDOPO VEAPYEL AVENUEVO TTOCOGTO YNUKOV POTOV KOl
okovng. [a v TApoo” TV TPoavaeepHEVIOV AmalTHoE®V

MeAgm 1

Tomotuasa 11 K
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Emimedo epyagiac 1/ Igobuvapss ypappic/KaBeTn £vTaon purigpou
(MpogapuogTikGg)
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ot peAéT pog, eméyOnkav 6 ootiotikd Highbay, oe
ypopuky ddtaén kou ion amdotaon peta&d tovg. Ta i
POTIOTIKG oTtolyeio ivar woydog 70 W, Bropnyavikod tHmov |
kapmavag pe IP65S, g etapeioc LG (Ew. 2). EmmAéov,
tonoBeNOnKav mpoPoleic eEmTEPKOD YDPOL TAV®D OTO TNV |
mOpTO. €100060V MG TPoPoleic acpareiog, povtéAov Martini 23 \
medium toyvog 153W, pe IP54 g etapeiog Lingman. H
Slataén Kol M EMAOYT] TOV TPOAVIPEPDHEVIOV QOTICTIKGV 1
OmOTPENEL TNV VAAPEN CKOTEWVMV ONUEIDV GTO ECOTEPIKO TG (N T
amofnKng, mapdia avTd VEEPYEL Kot TPOPAeyn Yo TOMKO —

POTIONO O©€  TEPIMTOON 7OV  KATMOW, EPYOcio.  omoutel Kipara: 1 £ 100
/. r 7 4 Fardem M pumapos [Empaveial . .
us’ya)ﬂ)‘[gpa 81‘[”‘[88& (P(DTlGHOU. Ta (X‘IIOTSM‘,GHU,‘COL mg Meéom (mpayul 140 Ix, Min: B4 1x. Meax: 183 b, Min/Mégo: 0.385, Min/Max: 0.257.

POTOTEYVIKNG HEAETNG paivovTal oTic Etk. 3 ko 4, dmov yivetan
avVTIANTTTO OTL M KATAVOUT TOL QOTOG £ivat opotoyevig ota 100
lux katd pEGO OpO OTO UEYOADTEPO HEPOS TOL YDPOUL,
KOADTTOVTOG TANPOG TIS OVAYKEG POTIGUOD, COUPOVA UE TIG
apywés mopadoyés (Ew. 3 kv Ew. 4). To mocootd g
Bappmong oto xdpo avépyetarl 610 4% Kol COUPOVO HE TG
Bepnticég apyég eival amodekTo.
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Ew. 1. E&mtepikoc xdpog amodnkng.

Ewc. 4. AdBog ypodpota/Kabet Eviacn eoticpov

IV. MEAETH ITEPIITOQEHE OIKIAKHE ESQTEPIKHS [TIZINAS

O1 NAeKTPIKEG EYKATAGTAGELS TTOV YPNGLULOTOOVVTOL Y10l TV
TAPOYN TEXVNTOL QPMTIGUOD L0G TIGIVIS ECMOTEPIKOD YDPOV
TPEMEL VoL TANPOLV TEPA OO TOVG PACIKOVG PMOTOTEYVIKODS
KOVOVEG, TOLG OVOTNPOVS  VOUIKOUG  KOVOVIGLOVS — TTOL
emMPAALOVTOL Y10 YDPOLG VYPOVS (BPEYLEVOLGS), EVD 1| ETAOYT
TOV VMKOV KoL TOV QOTICTIKOV COULATOV TPEMEL VAL YIVETAL LE
KPP0 TNV LYNAN avtoyn Toug o eBopég Kat SuPpicels.
IToAb onpavTikd ototyeio Yo TNV KaAr xpnon Kot kaAosOncio
m¢g moivag amotedel 1 OHOOHOPPIN TOL POTICHOV GTNV
EMUPAVELD TOV VEPOL.

M TApNg €YKATACTOOT TOV TEYVNTOL QOTICHOD HL10G
moivag anoteleital omd dHo pépN:

*  To yevikd TivoKa YEPIGLOD KOt TPOCTUGIOG

o T ypoppég Tpo@odosiog Tov GUVIEOVTOL [LE TOVG

AQUTTNPEG QOTIGHOD [2]
lNo 1 avdykec tov oevapiov pereminke pio moiva

Ew. 2. Ecoteptkdg 1 dpog omobnkng



Sidotoong 250m? owkiakhg yprong tonofetnuévn oe KAEIOTO
x0po yopig mapddupa (Ewk. 5). H pototeyvikn perétn Eywve pe
T xpnon tov Aoyispikod DIALUXEVO.To emBountod eninedo
£VTOOTG POTICHOV GTO XOPO TG Tioivag opictnke ota 2001ux.
Yvykekpyéva, ta 200 lux oaeopovv TOoLG  S10dPOIOVG
TEPUETPIKE TG mioivag kol TV empdvewn. avts. Emetrta,
EMAEXOMKOV TO POTICTIKA COUATO TOL TomobeThOnKaV 6TO
£00TEPIKO TNG 0e&OUEVIG, T OTTOL0L EIVAL KOUTAAANAQ Y10 LOVIUT|
B001om 6710 VEPD, OAAL KOl QOTIOTIKG OPOPNG LE KPLTHPLO TN
oTEYOVOTNTA KOl TO EMMEDO QOTEWOTNTAG TOV TPOGPEPOLV.
Télog, £ytvav OAOL Ol OTTOPOLTITOL VITOAOYIGHOL KO 1) 50yYT|
TOV SYPOUUAT®OV, To Omoio, OIvouv OAEC TIC OmMOPOITNTES
TANPOPOPIES GYETIKA LLE TNV KOTE TOTOVS KATAVOUT KoL EVTAOT
T0V QOTIGHOD 610 Y®po. ITapatnpodue 611 0 PoTICUOS £ivorn
EVTOVOTEPOG GE OTUELN KATM OO TO POTIOTIKG OPOPNG, TAPOAL
aVTO KpiveTal ETOPKNG KOl OLOLOLOPPOS Y10 TO GUVOAO TOV
yopov [Ewova 6,7]. Téhog, T0 mocootd g Oaufwong cto
X®OPo avépyeTol 6To 8% Kot givat Kt avTd modEKTO.

Ew. 5. Ecotepikdg ydpog micivag

vea pehem mowag 261272014

S DIALux

Emimedo epyaciag 3 / looduvapeg ypappég/Kadem éviaon pumopod

(MpocappoaTikeg)
- 70
. ™~ \
( \ (
| |
\ \
1200 A \ / A
“lznar N s 200
: N
d / 4 N
\/ (
\ \
/ \
20+ - e -
200 700 200
jpawa: 1 : 200
KaBem évraan pumopon (Emséves) i
Méoa (mpayu): 152 b, Min- 124 ke, Masc 230 b, MinMégo: 0.646, Min/Max: 0,538,

Ew. 6. Ioodbvapeg ypappés/kabetn évioon @oTIGHOD

vea pehem mowvag 26122014

DIALux

EmimeGo epyagiag 3 / AdBog ypwpara/KaBetn évraon pwnopod (MpocappooTikog)

TomoRui 11K 1.1 Dpegas 11 Edsnegant ispos 31 nasog
[re——y

Kiipaea: 1 200

s6em évraon gumopol (Emedvaa) i
Méoa (mpayu): 132 bk, Min: 124 b, Max: 230 b, MinMégo: 0.645, Min/Max: 0538,

Ew. 7. AdBog ypodpato/ kdbetn éviacn gOTIGLOD

V. AYTOMATOIIOIHEZH EI'KATAXTATHE PQTIEMOY

Kot otig 000 €yKoTOOTAGES T OLTOUOTOMOINGT TOV
eoticpov  géumnpetel TG  avlykeg TG ovENoNg NG
AELTOVPYIKOTNTOG TOL YDPOL Kot TNG EEO0KOVOUNGNG EVEPYELNG
otoyeboviog ot Omuovpyic. €vOg YDPOL EVYPNOTOV Kot
nepifarroviikd  @uukov. To kpumplo  Aertovpyiog Tov
QOTICUOV KOl OTIG 000 €YKATAOTACELS €ivor M avBpodmvn
mapovcio. XVyKekpylévo, O ovTopaTiopds evepyomolel To
QOTIGUO POVO oTNV TEPITT®ON Tov aviyvevbel avBpmmivn
napovcic. ['a wavomoinon tov kprrnpiov ypnoyonomOnkay
monTikd  oebnmple  vrepdBpwv  mov  GLVIEBMKOV  GE
pikpogreykrn. To PIR Sensor aviyyvevel v kivinon péxpt kot 6
péTpa pakpld, ypnowonoidvtag Eva gakd Fresnel kot éva
otoeio  evaichnto oty vmépvpn  aktwvoPforio.  To
oeOnmpro aviyvevet Tig petafarAOpeveS TIES TV TAONTIKOV
VIEPVOPOV TOV EKTEUTOVTOL OO TO. OVTIKEILEVO GE KOVTIV
amootoon (Ew. 8) [8]. Emmpocbeta, oto xdpo g amodnkng,
EAEYYETOL OVTOUOTO. KOL 1| €vEPYOmOinon Tov eEMTEPIKOD
eOTICHOY  pe ™ ypNon  awhnmpiov  Muépac-vikrtog
(pwtoavticTaom), 0 omoiog KOTOUETPA TN (OTEWVOTNTO TOV
yopov. Ot @oTOOVTIOTACELS €£lval OVIIGTOCELS Ol OMOiES
Kataokevalovtal amd NUYYoVS TOV ONolMV 1) ovTioToo™
glattdvetal, OTOV OTNV EMPAVEW, TOVG TPOCTEGEL (MG
KkatdAAniov pnkovg kopatog (Ew. 8) [9]

Ew. 8.(0). AwoOntmipro todntikdv vaépubpov. (B). Dwrtoavtictaom.



VI. EPrASTHPIAKH E®APMOTH

Mo v epyaomplokn €QOPHOYN, KOTOCKELACTNKE LOKETO
(Ewx. 9) g poviédo g Prounyoviknig amobnkng mov
pereTHOnKe Kol 1 LAOTOINGT TOL GVTOUATIGHOD EYVE WE TN
xpnon tov pikpoereykt Arduino (Ew. 12).  Apywd,
xpnoiomolove €va kitpvo led yio vo, TpOCOUOIDGOVLE TOV
eEOTEPIKO POTIONO TNG amodNKNS (edTA acPUAEing) Kol pio
potoavtiotacn (photoresistor) mov petpd T0  eminedo
POTEWOTNTAS OTO YDPO. ZOUEOVO LLE TOV AAYOPIOHO EAEYYXOL
tov poTcpov (Ew. 11), 6tav n tyun g AopumpdtnTog mov
KOTOUETPATOL amd Tn QoToavtiotacon elval LKpOTeEPN €VOG
KaT®EAL00, evepyomoteital to eEmtepkd led, vy TopdAinia
yivetar kataypapn tov Tinemv e eotevomtog (Ew. 10). INa
TNV €VEPYOTOINGN TOL ECAOTEPIKOD PAOTIGLLOV, YPTGULOTOLOV LE
évav ynoeloko mofntikd ovyvevty kivnong vrepvbpov PIR
(passive infrared radiator) (Ew. 11). Av n Tyur tov cusOntmpiov
etvar HIGH, onAadn av aviyvevbel kivnon amd tov arcbntipa,
TOTE EVEPYOMOLEITOL O ECMTEPIKOG POTIGUOG Kot ppavileton
éva pnvopa aviyvevong kivnong “Motion detected” (Ewc. 10),
eved av mn tipn etvor LOW, dgv aviyvevetar kivnon, 10t 0
POTIGHOG TG amobKkNg oPnvel kKot epneavileTal Gt GEPLOKN
006vn 1o pnvopa “No motion” (Ewc. 10).
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Ew. 12. Tormobémnon Arduino

ZYMIIEPAZMATA

Yv mopovca epyacio UEAETNOMKOV Ol TMEPTTAOGELS
POTIGLOY YDPOV EWIKOV GUVONKOV Kol Tpocopominke pio
TETOWL €YKOTAOCTOGT, OUTOLOTOTOMUEVT], GE EPYOUCTNPLOKN
KApoko. Eduwcotepa, peretinke n eototevikn HeEAETN of
Bopnyavikn amoBnKn pe VYNA  GUYKEVIPOOT| YNUIKOV
TopayOVI®OV Kot pOiTmv, avEnuévn vypooio Kot okovn kKot n
UEAETN GE e0OTEPIKN Toiva, 6mov Aeonkav vedyn 1060 ot
Kavoveg utoteyviag kot KoiooOnoilog 6o kot to 1oydov
vopoBetikd mAaiclo. Onwg mpokdmTel OmO TIG UEAETEG,
KkaBoploTiKd poOLO Y10 TO COOTO POTIGUO TOV EYKOTOCTAGE®V ,
glval 1 €m0y TOV KOTOAANA®V AQUTTAPOV GOTE VL THPOLV
TIG TPOSAY PaPEG ALY Ko 1) 0pO1| d14TaiE| TOVG GTO YDOPO DOTE
va Sl @oAileTaL 1) OLLOOUOPPID TOV POTIGUOD KOL 1] EAAYIGTN
Oappoon. Emmdéov, pe v viomoinorm g €pyosTnplokig
EQOPUOYNG  YIVETOL TPOKTIKG OVIIANTT] 1 OovAyKn g
OLTOULATOTTOMNONG TOV EYKATACTACE®MV QOTIGHOY TOCO ¢
HOYAOG avénong g TPOCOPHOGTIKOTNTAS TNG EYKATAGTAGNG
OTIS €KAOTOTE AEITOVPYIKEG OVAYKEG OGO Kol ¢ Pooikdg
TapayovTog HeI®ONG TOV AEITOLPYIKOD KOGTOVG, TTOV apOopd TO
ooticpd. H peloviikn épevva g mpog 10 poTIoUd EBIKOV
ocuVONKOV oToYEVEL ©TN WEAETN TOV EYKOTACTACE®V OF
TPOYLOTIKNY KAIpLoKaL.
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LCN : A prediction-based contention-aware scheduler for
multithreaded applications

Dimos - Dimitrios Raptis

Abstract

In this paper, we present a contention-
aware scheduler for multi-threaded applica-
tions that is based on predictions regard-
ing the scalability of applications. Our ap-
proach is comprised of 3 components :@ a
classification scheme, a prediction model and
a scheduling algorithm. The classification
scheme is used to detect which resources of
the system are primarily affected by con-
tention, thus limiting the scalability of the
application. A different prediction model for
each class is used to predict the optimum
allocation of resources, which results in the
best tradeoff between scaling and resource
management. The scheduling algorithm uses
the prediction results to schedule the ap-
plications in a way that the performance
degradation due to contention is minimized.
The proposed scheduler is compared with
other state-of-the-art schedulers in terms of
throughput and fairness, since it is simple
and easily integratable in modern operating
systems.
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1. Introduction

he technological progress in the field of

computer hardware has been rapidly in-
creasing during the last decades. However, the
exponential difference between the progress
of the computing power and the memory
speed imposes a bottleneck in the ways we
can leverage the bigger amount of available
processing power [5]. The dominance of chip
multi-processors (CMPs) has been followed
by initiatives to take advantage of the various
forms of parallelism, such as instruction-level
parallelism or thread-level parallelism. This
has been achieved through various frame-
works, like openMP, Cilk, openMPI etc.
Nonetheless, the shared memory hierarchy
enforces various limitations to those attempts.
Some problems arise due to memory band-
width limitations and are handled by methods,
such as improving data locality or improved
prefetching [6], but as long as the working-set
size of a job exceeds the size of the on-chip
cache, the effectiveness of such approaches is
quite limited. Another cause of performance
degradation is the cache contention between
different applications. Applications allocated
to different cores of the same chip interfere
with each other and the result of this inter-
ference on the overall performance depends
on the data sharing patterns between the ap-
plications. Hardware or software-based meth-
ods have tried to analyse and improve data-
sharing patterns, such as Utility Cache Parti-
tioning [4] or Page Colouring [3]. However,
the feasibility of those methods on modern



operating systems are somewhat limited due
to their requirement of additional hardware
support or non-trivial changes to the virtual
memory management system.

So, attempts are focused on implement-
ing contention-aware schedulers that can de-
tect and mitigate resource contention, since
the current schedulers of modern operating
systems are contention-unaware. Similar ap-
proaches handle applications either as single-
threaded applications or as multi-threaded ap-
plications, where the allocation of resources is
already predefined and the scheduler does not
contribute to this step. Our approach handles
applications as black boxes without having
any knowledge regarding required resources,
since the definition of the optimum amount of
resources that should be allocated for ideal
scaling is predicted by a component of the
scheduler. Most contention-aware schedulers
consist of 2 parts : a classification scheme
defining performance degradation for com-
binations of co-scheduled application and a
scheduling policy using those estimations to
schedule the corresponding workload. Our
approach follows this philosophy, but it also
contains a prediction model as intermediate
step, where the optimum number of resources
that should be allocated to each application to
avoid resource contention is estimated.

The classification scheme categorizes ap-
plications in categories based on whether they
are memory-intensive or CPU-instensive. If
the applications are memory-intensive, they
are further categorized according to the mem-
ory hierarchy domain where contention is
mainly observed. Afterwards, according to
the class of each application, the suitable
relationships of the prediction model are used
to estimate an optimum number of cores that
should be allocated in order to achieve the
best tradeoff between scaling and resource
management. The classification scheme has
been implemented based on observations
of previous research [1], showing that this

Table 1. Sandy Bridge Architecture

Cores 8

L1 Data. Cache: privaFe, 32KB
Instruction Cache: private, 32KB

L2 private, 256KB

L3 shared, 32MB

Memory | 64GB, DDR3, 1333MHz

(0N Debian Linux 6.0.6 with kernel 3.7.10

classification is theoretically grounded and
presents better results than other classification
schemes, like animal classes [16] or color
classes [17].

This scheduler has been tested with a
workload of 17 applications spread amongst
all categories. The various schedulers are im-
plemented in user space using a pluggable in-
frastructure that allows for switching between
different scheduling algorithms. The control
group infrastructure provided by the Linux
kernel is used to implement the schedul-
ing decisions. In particular, we implement
space scheduling via the cpuset [10] library
and time scheduling via the freezer control
group [11]. The results of the scheduler are
compared with those of other state-of-the-art
contention-aware schedulers, like LLC-MRB
[13], [15] and LBB schedulers [13], [14]
proposed by previous research, and with the
current scheduler of Linux (CFS), which is
contention-unaware. The schedulers are com-
pared using total throughput and fairness as
main criteria, with our approach presenting
the best overall throughput. Furthermore, the
prediction model has also been verified in a
Nehalem architecture CMP for further valida-
tion. The architectures of the 2 systems used
for experimentation can be seen in tables 1,2.

The rest of the paper is organized as fol-
lows : in Section 2 we define our classification
scheme and analyse the interference between
applications of different classes. Section 3
presents our prediction model and statistics
regarding its correctness. Our scheduling al-



Table 2. Nehalem Architecture

Cores 8

L1 Data. Cache: privat_e, 32KB
Instruction Cache: private, 32KB

L2 private, 256KB

L3 shared, 32MB

Memory | 64GB, DDR3, 1333MHz

oS Debian Linux 6.0.6 with kernel 3.7.10

gorithm and the statistical comparison be-
tween other schedulers are described in Sec-
tion 4. Finally, Section 5 concludes the paper
and proposes ideas for future research.

2. Classification Scheme

The purpose of our classification scheme
is primarily to locate contention on private
caches, shared last-level cache and memory
link and secondarily to depend only on infor-
mation that can be collected during the ap-
plication’s execution from the existing moni-
toring facilities of modern processors without
requiring additional hardware enhancements.
The applications are categorised in the fol-
lowing 4 main classes:

e C(Class L: applications with high usage
of memory link, consuming a high
percentage of memory bandwidth

e C(lass LC: applications that combine
significant activity in last-level cache
with considerable usage of memory
link

e C(Class C: applications with really high
usage of the last-level cache. Specifi-
cally, class C+ is a subcategory, where
applications distribute their data usage
between the shared and the private part
of the memory hierarchy.

e C(Class N: applications whose activity is
focused either in the private caches or
within the core.

Figure 1. Classification Scheme’s Deci-

sion Tree
Memory Link
Ullllzallon

L3 reuse < 1 2 12< L3 feuse < 8 L3 reuse > 8
é @ Cache Links
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or and
L2 Bandwidth > g L2 Bandwidth < g

/ Memory-Latency
bound
Reuse

Location / \
/ \ YES NO

1 1 (mem_uops / uops > d)  (mem_uops / uops < d)

(L3 reuse > L2 reuse) (L3 reuse < L2 reuse) é @

Degree of Reuse

/N

L3 reuse < 100 L3 reuse > 100

o o

The applications are categorised based
on specific hardware performance
counters monitored during their
execution. More specifically, the used
counters are UNHLT CORE_CYCLES,

INSTR_RETIRED, LLC_MISSES,
L1 _LINES.IN, L2 LINES.IN,
MEM_UOP_RETIRED.ALL and
UOPS_RETIRED.ALL. Furthermore,

we use OFFCORE_REQUESTS (0xB7,
0x01; 0xBB, 0x01) together with Intel’s
Performance Counter Monitor [9] utility to
acquire information regarding bandwidth
usage. The decision tree that is used for the
classification scheme can be seen in Fig. 1.

where the equations 1-7 have been used:



1)Memory bandwidth = (per_core_bw * 64)/(108)(GB/sec)

(1)
(2)LLC bandwidth = (12_lines_in * 64)/(108)(GB/sec)
(3)L2 bandwidth = (I1_lines_in * 64)/(10°)(G B/ sec)
(4)L3 reuse = LLC bandwidth/Memory bandwidth

(5)L2 reuse = L2 bandwidth/LLC bandwidth
(6)g = 0.35 x MazimumMemoryBandwidth
(7)d = 0.25

3. Prediction Model

The next step after classifying an appli-
cation is to use our prediction model in or-
der to make an estimation of the maximum
resources that can be allocated in an appli-
cation without provoking resource contention
and performance degradation. The design of
the prediction model was based on statistical
investigation described below combined with
theoretic validation of the results. For each
class of applications, a specific ratio of coun-
ters and a threshold value are defined. We
accept as optimum the number of cores that
when allocated to the application, this ratio
gets the maximum possible value without
surpassing the threshold value.

For applications belonging to class L, con-
tention is mainly observed in the memory
link, so the memory bandwidth is the crucial
factor. The maximum memory bandwidth of
the system has to be known and it can be
measured using stream benchmark [7], as we
did in our approach. If the memory band-
width of the application when executed with
1 core has value Mem,, then the used ratio
is defined by equation 8 and the threshold
value is 7' = 1.15. This is based on the fact
that when allocating more cores to an L-class
application, the memory bandwith consumed
can be approximated from simple multiplica-
tion with the number of cores. However, this
fact is quite valid, since class-L applications
have low L3 reuse, so different cores of the
application fetch data continuously from the
memory. The threshold value is chosen after

investigation, since performance degradation
is observed after the memory link is fully
occupied.

(8)Rp = (Memq * p)/(Mazimum Memory Bandwidth)
(9)poptimum = maz{p}, R, < 1.15

After experimentation with the linear re-
gression model, we discovered that the com-
pletion rate of applications belonging to
classes C, C+, LC are linearly correlated with
specific counters relative to the corresponding
part of the memory hierarchy that suffers
contention in each class. Completion rate is
the ratio between the execution time with p
cores and the execution time with 1 core .
So, we examined all the related counters and
for each class we found a combination that
had a high correlation coefficient, reaching
values around 0.95, which led us to create
the following prediction relations. For LC
applications, f1c, defined by equation 12, is
correlated to the scaling of the application,
while for C and C+ applications f, defined
by equation 13, is the corresponding cor-
related combination. A theoretic explanation
lies behind each combination for each class.
LC applications that scale well should have
a combination of low L2 RFO (Read-For-
Ownership) requests and high L3 reuse, so
that data are not invalidated between differ-
ent cores and those few that are invalidated
are fetched from LLC cache and not from
memory, where a bigger penalty would oc-
cur. C applications that scale well should
have low L2 shared lines proportionally to
the instructions retired, so that there is low
cache thrashing when allocating more cores.
After examining a bunch of random appli-
cations, we ended up with 7 linear relation-
ships for each class, one for each dfferent
number of cores. By executing an applica-
tion with 1 core and deriving the needed f;,
we can predict the scaling for p cores by
using the p'* relationship. The used ratio is
R = (Scalingigeq/Scaling) * 100 and the



threshold value is 7" = 70. It can be argued
that the threshold value is chosen somewhat
arbitrarily, but it is theoretically ground mean-
ing that the scaling must be between 30
percent divergence from the ideal. The ideal
scaling is calculated as Scalingjeaq = 1/p.
For instance, with 3 cores allocated the ideal
scaling would be 1/3 = 0.333. The thresh-
old value can be set higher if we want to
be stricter regarding the optimal scaling and
contrariwise.

(10)Completion(LC)p = [—0.252533 * log(p) + 0.6407058]
+]0.0139536 * log(p) + 0.0090562] * fr.c

(11)Completion(C), = [—0.25468 * log(p) + 0.6397947]
+]0.2151318 x log(p) + 0.2239032] * fc

12)frc = L2 RFO Requests/L3 reuse
13

(12)

(13)fo = L2 shared allocated lines/Instructions Retired
(14)Ideal_Completion, = 1/p

(15)
(16)

15)R, = (Ideal_Completion,/Completion,) = 100
16 Poptimum = mal’{p}, Rp > 70

The relations have also been validated in a
Nehalem architecture successfully. In Fig. 2
we can see the errors in prediction for vari-
ous benchmarks belonging to those 3 classes
(LC,C,C+). We can notice that absolute errors
do not exceed 15%, which is a quite opti-
mistic number.

As expected, N-class applications do not
present significant resource contention and
scale up to maximum resources allocated,
since these applications restrict their activity
either to the private part of the memory hi-
erarchy or within the core, so the additional
allocated cores do not interfere creating per-
formance degradation. So, for N-class appli-
cations the maximum number of cores has
been defined as optimum (8 in Sandy Bridge,
4 in Nehalem) and there was no deviation
from this conclusion in the measurements.

4. Scheduling Policy

The final step of the suggested scheduler
is the algorithm used to co-schedule the ap-

Figure 2. Relative errors in predicted
completion times for L,C,C+ applications

Prediction Absolute errors

12 1 a
10 -

=~ [« [ee]
T

percentage of absolute error

I 2 3 4 5 6 7 8

—m— gemver
—e— cholesky
—k— gemm
—+—  syrk

- - mvt

Number of cores allocated

- @ - correlation
- -® - covariance

---  3mm

plications. After having completed the first 2
steps for all the applications that need to be
scheduled, each application is classified and
the number of cores that should be allocated
to it is defined. So, applications are separated
in 4 lists, one for each class. Then, the fol-
lowing algorithm is used to co-schedule the
applications. We have made the realistic as-
sumption that no more than 2 applications can
be co-scheduled, so the algorithm attempts to
co-schedule the applications solely in pairs.
However, it can easily be extended to co-
schedule using bigger combinations.

Listing 1. Co-Scheduling algorithm

Input: L,LC,C,N lists of applications

for (i=0;i<N.length;i++){
N[i].cores = N[i].cores/2;
N.add(N[i]);

}
for(i=0;i < N.length;i++){
x = N[i];
y = popMatchFromTheEnd (C,L,LC,N);
if (y != null) coSchedule(x,y);
}

for(i=0;i < LC.length;i++){



x = LC[i];

y = popMatchFromTheEnd (C,LC,L);

if (y != null) coSchedule(x,y);
}
for(i=0;i < L.length;i++){

x = L[i];

y = popMatchFromTheEnd(L);

if (y != null) coSchedule(x,y);
}
for(i=0;i < C.length;i++){

x = C[i];

y = popMatchFromTheEnd (C);

if (y != null) coSchedule(x,y);
}

The lists of the algorithm contain all the
applications of each class and the optimal
number of cores that should be allocated to
each one. This algorithm iterates over each
list of applications and for each application at-
tempts to find a matching application (through
method popMatchFromTheEnd()), so that
the total number of allocated cores do not
exceed the available cores of the current pack-
age. The function coSchedule() increases,
if possible, the cores of applications x and
y equally, so that the sum is equal to the
number of available cores of the system. Note
that only for N-class applications, we select
to allocate the half cores and schedule the
applications 2 times, since their total per-
formance will not degrade due to their cpu-
bound profile. It is evident from the algo-
rithm that some matches are attempted to be
avoided, because the contention is aggravated.
We need to avoid as much as possible the
co-execution of L-C, L-L, L-LC pairs of
applications, since the interaction between the
different sources of contention creates serious
performance degradation. The interference of
co-execution between all possible combina-
tions of applications is explained in detail in
[1]. All the applications that will be left in the
end of the algorithm, will execute with all the
cores of the package allocated, so that there
are no cores left idle. To take full advantage
of the cores of the system, the lists of the
applications are sorted with the applications
requiring the least cores in the beginning

and the function popMatchFromTheEnd()
searches all the lists given as parameters,
starting from the end, to find one that can
be co-scheduled with x. In this way, it is
guaranteed that the cores that will be given
in the end to the remaining applications will
be the least possible.

A workload has been created with 17
applications from the Polyhedral Benchmark
Suite [8], so that we have enough applications
from all classes. The whole workload is
executed for 1 hour, with quantums of
1 second, as stated before and when an
application finishes, it gets respawned to
execute again. Our scheduler is compared to
LLC-MRB, LBB, the default Linux scheduler
and a naive Gang scheduler.

In the Gang scheduler: all available cores
(8) are allocated to each application and each
application is executed alone.

In the default Linux scheduler: the
optimum number of cores as defined from
the prediction model are allocated to each
application and then the applications are left
to be scheduled by CFS. This means that
threads of the same applications might not
be co-scheduled.

In LLC-MRB and LBB: the number
of allocated cores for each application
is defined by the prediction model, but
applications are co-scheduled wusing a
sorted list by LLC misses or memory
bandwidth correspondingly and combining
applications from the beginning of the list
with applications from the end.

In our scheduler, called LCN: the number
of allocated cores are defined by the
prediction model except from N applications,
which are allocated the half cores and
scheduled twice as described above. The



workload is divided into pairs and alone
applications using the previous algorithm.

In the following table, we can see the
number of times each applications has been
completed during the execution of the work-
load from the different schedulers. The sched-
ulers can be compared in terms of overall
throughput using 2 criterias : (i) the total
number of times all the applications have
been completed (i1) the total number of appli-
cations for which the scheduler has managed
to achieve the biggest number of completions.
The schedulers can also be compared in terms
of fairness using the covariance between the
completion-times number of each application
and the corresponding completion-times num-
ber of the Gang scheduler. Green colour is
used to point where a scheduler has managed
to achieve the most completions for an ap-
plication and yellow colour is used if there
are multiple schedulers that have reached the
maximum number. As it is evident, our sched-
uler outperforms CFS and the other state-of-
the-art contention-aware schedulers in terms
of overall throughput using both criteria. In
terms of fairness, it seems that the other
contention-aware schedulers are better with
LLC-MRB being the best. However, this is
not a clear conclusion, since it may not mean
that some applications are unfairly treated by
our scheduler, but instead that some applica-
tions are highly favoured.

Investigating the schedulers from a theo-
retic perspective, we can explain their dif-
ference in total throughput. CFS scheduler,
being contention-unaware, cannot locate re-
source contention and has also the disad-
vantage that it does not attempt to schedule
threads of the same applications together. So,
the benefits of the parallel programming are
somewhat lost, when threads containing shar-
ing data are scheduled in different quantums.
On the other side, both LLC-MRB and LBB
cannot differentiate between class N and C

Table 3. Comparison between

schedulers
Benchmarks Gang | CFS | LLC-MRB | LBB | LCN
2mm(1024) 54 101 92 92 101
cholesky(1024) 55 124 92 92 136
jacLR 13 15 13 16 17
stream_dO 31 34 32 30 34
stream_d|1 31 34 21 32 21
trmm(3000) 54 75 69 69 69
dynprog(700,350) | 54 22 36 53 36
mvt(600) 43 31 39 34 30
syr2k(900) 72 80 92 92 92
atax(8000) 27 20 25 19 22
gemver(9000) 54 38 69 69 39
gemm(1150) 72 85 55 55 92
cholesky(4096) 43 49 55 55 55
atax(18000) 43 25 46 21 39
correlation(1500) 43 62 55 55 55
covariance(1500) 43 62 55 55 55
2mm(1500) 72 79 92 92 92
Total exec. 804 936 938 931 985
Most Improved - 5 7 5 8
Covariance - 0.46 | 0.30 0.32 0.46

applications, since they both exhibit low LLC
misses and memory link usage [I]. As a
result, they co-schedule class L applications
with class C, thus creating more contention.
However, our scheduler can tell them apart
through the classification scheme and limits
the contention even more.

5. Conclusion - Future Work

We implemented a contention-aware
scheduler that can be easily incorporated
in a real-life scheduling environment. To
make this scenario feasible, 2 approaches
can be followed. According to the first
approach, each application that is inserted in
the scheduling queue is initially executed for
a really short period (around 2-3 quantums)
to acquire the necessary HPC counters for
the first 2 steps and then the application is
re-inserted in the final queue classified and
attached to its prediction. The other approach



is to start scheduling the applications with
minimal resources and dynamically monitor
the HPC counters during the first quantums
in order to dynamically adapt their resources
afterwards. The dunamic adaptation of the
scheduling is attainable, since the control
group infrastructure can handle programs
that create threads dynamically [10]. After
the classification and the definition of
resource allocation for each application,
the final scheduling algorithm is executed
in the current queue to create the optimal
combinations.

The granularity of the prediction model
can be significantly improved in the future
by using stepwise regression models to add
more hardware counters into the relationships.
Machine learning methods can also be used
to improve the accuracy of the prediction
model relationships on different architectures.
The suggested scheduler is implemented to
function in NUMA architectures with only
1 package. However, it can be extended to
multiple packages using thread migrations be-
tween different memory domains only when
beneficial, since similar research has been
conducted in the field of contention-aware
thread migrations[12]. Furthermore, in fu-
ture research, more focus could be given in
the overhead added by the contention-aware
component, because our framework was not
implemented in kernel-space so as to make
direct comparison with CFS.
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Anuovpyio Xaptn Babovc Xknvig
0€ YTOAOYIGTIKA XVGTNLOTO
IHopdAinine Eneéepyaciog

Moydsainvn [Mamaiodvvov
Tunpa Hiektpordywmv Mnyovikdv kot Texyvoroyiog YmoAroyiotdv, [avemomio atpdv
papaioannoumel@gmail.com

Hepilinyn—Xkomdg ™G TAPOVGOS £pyociog MNTov 1M perétn
Kol vhomoinon pedédwv onuiovpyiog tov yaptn Padovg pag
OKNVIIS amd 600 QMTOYPAQiES TNG, YPNOLUOTOIOVTUS TEYVIKES
moparining enelepyaciog.

Apypiké 1n  dwdikacic averlOOnke otovg Pocikoig TG
olyopiBpovg (TnV mpoemelepyacic TAOV  QAOTOYPUOLAOV, TNV
OVTIGTOIYI61] TEPLOYAV 7OV TEPLEYOVLY TNV 010 OKNVY] Kou
TOV VTOAOYIGNO TNG OMOGTUGG TOV OVTIKEWNEVOV amd TO
onueio ANync) ko €EETAGTNKE TO KATG TOGO KOl pe OOV
Tp6mo Oa pmopovoav avtoi vo wapaiinroronfov. AkorovOnoe
n vAiomoinon TV pedodwv ypnoponordvrog Tic Pirfplrodnkeg
Aoyiopukod OpenCL kor OpenCV, o omoieg kaOioToOv dvvarty
™V TePoAinromoincn €vog alyopiOpov vToAoYIOTIKIG Opaonc.
HpaypatoroOnke emiong afohdynen g amdédoong TV
olyopiBpov g mpog TNV TOYOTNTO KO TNV OoKpifewd TOL
napoyopevov xaptn Pddovc.

H #nepopotiky 01001Kaoio. EKTEAECTNKE 6 VTOAOYIGTIKG
oVomnpa pe eneepyostn intel i7 1.8GHz ko kapTa ypo@ikev
AMD Radeon HD 8850M.

Ta omoteréopata £0€i&av  O6TL pe  yp1on  1oYVPOTEPOV
VTOLOYLOTIKAV GUGTIULATOV HTOPovV Vo, VAOTOm 000V aryoprOpor
EKTIPNONG ATOGTAGG NE ATOKPIGT TPAYRATIKOD YPOVOVL, YEYOVOS
7oA EVOUPPLVTIKG Yoo peyaho TA00G sQupproy®v.

AéEeic-kAedd: doeOoikn 6pact), VITOAOYIGTIKY Opoom,
x&ptng Pabovg, OpenCL, OpenCV

1. Eizarorn

H avokotookevn tplodidotatov HoviEA®V amd TOAMUTALS,
SLPOPETIKNG OTTIKNG YOVIOG EIKOVEG TNG 10106 OKNVIG OTOKTE
OTIG LEPEC HOG OO KOL TEPLOGOTEPES EPOAPLOYES: TN YPNOT| OF
YPAPIKE TOVIDV, TNV OVTOUNTH TAONYNGCT OVTOKIWVATOV, TNV
LOTPIKT] YEPOVPYIKN, TIS TNAETIKOWMVIES, K.l

H oavakatackev] tov ydpov mov Poociletal otig ANyelg
ATADYV  QOTOYPAQIKAV UNYOVOV &ival 1 OUKOVOLUKOTEPN
1EBOBOG KOl GUVERMG TEIVEL VO EMIKPATIOEL.

Ymv mopodoa epyacio peletnOnke Kot mapovoldaletor m
vAomoinorn g mapandve pedddov, 160 og BewpnTikd, 660
KOl O€ TEPAUATIKO EMimedo.

II. OEQPHTIKH ANAAYSH

¥t0 mapdv TEUMUo TG epyaciog yivetar 1 BewpnTikn
avaioon g dnovpyiog Tov omtikov ydptn Pabovg Yo ta
avtikeipeva mov Ppiockoviol 610 omtikd medio 6vV0 amAdv
POTOYPOPLOV, M omoio amoitel TNV vVAOmMOINON TECCHP®V
SL000YIKAOV EMEEEPYAGIDOV: TNV AVTIGTOLYION TOV XPOUOTIKOV
SlopopadV avdpecsa otic 600 POTOYPOPIES, TNV aVTIoTOlY IoN
TV EIKOVOCTOLYEIDV TOL TEPLYPAPOLVV TO {310 AVTIKEIEVO, TNV

mapepPoin dedopévev (6oL QLT ATALTEITOL) KOL TOV TEALKO
VIOAOYIOUO TNG OTOCTUONG TOV AVTIKEWWEVOV ad TO onpeio
MYNG TOV QOTOYPAPLOV.

A’ Xrepookormikn opoon

O1 ewkdveg mov TposAopfdavouy kabe oTiypn to PATIo oG
dev eivor axppac idec. Tig dakpivel po pkpn dopopd
npoontikne. Oco mo kovtd Ppioketal évo avtikeipevo, 160
mEPLOGOTEPO PaiveTol va £xet petaxivndel. Avti 1 dwpopd o
yiveTon avTIAnmTn, Yoti 0 eYKEPAAOG LG TN UETATPENEL OTNV
aicbnon tov Babovg [1].

Avtictotyo, ypnolonoldviog 000  ANYEl TopAAANAQ
TOMOBETNUEVOV QOTOYPAPIKGV Unyavav kot ani) Evkieideia
yveopetpio, pmopovue vo VIOAOYIcOLUE TOGO HOKPLY Ao
™m pnyovn Ppioketor 10 kéOe avtikeipevo mov gueovileton
oTg S0 Qmtoypagicc, av yvmpilovpe T petafoAn g
0éong tov 6’ oTéG, TNV OYETIKN BEoN TOV KOUEPDV Kal TO
ovowd péyebog tov kdbe gucovootoryeiov. H pébodog ot
ovoudletar tpryovonoinon (triangulation) [2].

B’. Elomliouog

AVO TAVOUOIOTUTTEG KAUEPEG E YVOOTA YOPOUKTNPIOTIKE KO
GLYXPOVIGUEVT] AyM TomoBeTOVVTOL TOPAAANAL, GE YVOOTN
Kot otabepn omoctaon petaEd Tovg, cvvnbog ion pe v
amOCTACT TOV HoTIOV ToL ovBpodmov (6,35cm). T v
amioroinon g dtadikaciog Ayng VIEPYoLVY EIKES «OTEPED
KAUEPES) HE dVO EEY®PLOTOVG PaKOVG Ol 0Toiotl TPoPfdilovv
TIG dVO EIKOVEG GTOV 1010 POTO-NAEKTPIKO peTatpomtéa [3].
I'". Xpououkn avuoroiyion

Bdoel tov [4] [5] [6] n CIB (Constant Image Brightness)
Bedpnon, KoTd TNV OTole Ol OMEIKOVIGEIS TOV OVTIKEWEVOV
oTIg 000 ewdveg TG 1010¢ OKNVAG €YOVV TAVOLOIOTLTN
amoypwon, eivar AoavBacpévn. Avtd yoti ot GOyypoveg
KOUEPEG EYOVV UNYOAVIGHOVG GLTOUOTNG KAVOVIKOTOINGTG TNG
POTEWOTNTAG KOl TNG YPOUATIKNG ATEWKOVIONG TNG EKOVOG
(brightness normalization kot color constancy).

Avtd pmopel va PEIDCEL TNV OMOTEAEGUATIKOTNTO TOV
aAyopifpumy avTioTolylong TV ONUEIOV TOV EKOVOV, OV
glvar ovvnBmg oAV guaicOntol og Té€Toov €idovg dapopéc.
I' avtd ko kpivetor anapaitntn 1 texvnt) emPBorn g CIB.
H mpakrtikn ovopdleton color mapping 1 color transfer o £xet
oG otOY0 Vo eEopalivel TUXOV YPOUOATIKES dLOPOpPES PeTaEDd
500 EOTOYPUPIOV HECH UIOG OLOSIKAGING OVTIGTOIYIONG.
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O «hookdg oAydplOUOg VTOAOYIGUOD 1TNG OULVAPTNONG
XPOUOTIKAG avTioTtolylong ovopdletor histogram matching,
Kot €Yl G OTOXO VO EANYICTOTOGEL TNV Ol0QOPH TV
GLVOPTACEDV TLUKVOTNTOG THAVOTNTOG TOV YPDOUOTOG TOV
500 potoypapldv [7]. 'Evag omotelecHOTIKOTEPOG EKTIUNTNG
TG GUVAPTNONG YPOUATIKNG avTiotoiyong &lvoar o exact
histogram matching, o omoiog exteAel v 10w dredikacio
AopBavovtag TopdAnio VT’ GYLY T YOPIKT TANPOPOPIa TV
POTOYPUPLOV.

A’. Avuotoiyion twv oHUEIOY TWV EIKOVWY

Agdopévov evog onpeiov oty aplotepn ewdva dev elvat
aropaitnto va ya&ovpe oAdkAnpn 1 Oefd ewova yo
va Bpodue to avtictoryd tov. Ta avtiotoryo onueio O
Bpiokovtar Tave ot S vontn evbeia, n omoia ovopdleton
epipolar gvbeia [8].

Xty nepintmon mov ot okol ivat TapdAAnAotl Kot 6to idto
vyoc, n epipolar gvbeia sivar oplovtia ko cuveyilet amd ™
pio gicovo oty GAAN. v mepintoon mov kdtt and ovtd dev
woyOeL, Oa TPEMEL O1 EIKOVEG VO PETOCYNUATIOTOOV TPV Yivel
mpoondfelo aviiotoiyiong twv onueimv toug [9] [1]. Ot Loop
kot Zhang oto [10] mpoteivouv pia amotedespatikn péBodo
YL 0VTO TO GKOTO.

1) Avuoroiyion oiwv twv ekovoororyeiowv: H pébodog
avt) avtiotoyyilet OAA 1o ewovootoygeio G  pog
gwoVoG ot glkovootoryelo g GAAnc. EAéyyet 1o k6GTOG
OVTIOTOIYIONG TOV €VOG EIKOVOGTOLEION TNG TPAOTNG EKOVAG
pe to kabe évo omd T glKOvooTOLyEin TG SEHTEPNG EIKOVAG
mov Ppickoviol Tave oty idwo epipolar gvbeia, kot emiAéyet
®G avTIGTOL(O TO EIKOVOGTOLYEIO YlOL TO OMOI0 TPOKVMTEL TO
Bértioto kooTog [8].

O oAyoplbpog Bempel  éva  teTpdymvo  mapdbupo
GLYKEKPUEVOL peYEBOLG YOp® am’ To KAOe ekovooToyEio,
Kot vroAoyilel to kOGTOG avTioTOl loNG a&lOTOIDVTAS TNV
mpogopioc mov Ppicketor evidg ovtod ToL TAPAHHPOL
[9]. Ymapyovv Swpopetikol TpdémOL OPIGHOD TOL KOGTOVG
avtiotoiyong. Ou mo ovvnbopévor eivar To d@Bpowopa
TETPAYOVIKOV S0QOPOV POTEWVOTNTOG TOV EKOVOSTOLYEL®MV
(sum of squared differences-SSD) kot 1 ocvoyétion
(correlation) [1].

Av kol Tétolov €idovg aiyopldpol gival yevikd opyoi,
dNpovpyovv éva TUKVO TAEYUO OVTIGTOLYIGE®VY OO TO OMoio
umopel va egaybel queca o yaptng Padovg.

2) Avuaoroiyion yopoxtnpiotik@v onueiwv (feature match-
ing): XOpewvo pe ovtq ) péBodo, evromiletor oe kdabe
gwcovo memepacpévo mANBog yapakInploTikdv onueiov (fea-
ture extraction). Av ovtd ta onueio emileyodv TPOCEKTIKG,
UTOPEL 1) OVTIGTOLYLION TOVG VO SDGEL OKEPALN TNV OTOLTOVLEVT
TANpoeopio ylo TV dnpuovpyion Tov ¥aptn Pdbovg, pe mToAD
UIKPOTEPO VTOAOYIOTIKO KOGTOG [11].

Amopaitnto kprmplo yoo vo emeyel évo onueio o¢
XOPOKTNPLOTIKO, €lvar 1 EUEAVICT] TOL KOl ot Ovo
gwcoveg, Kobmg Kot n duvotdtnTa oTPAPNS AVIXVELOTS TOL
and Kamowv aAyopiOuo [13]. Eivor onpovtikd emiong to
YOPOKTNPLOTIKG VO 031 YOOV GE LLOVOGT|LLOVTEG OVTIGTOLXIOELG

[14]. To Paocikd €idn YOPAKINPIOTIKOV €ivar ot akKuéG, Ot
yovieg, ta ridges, kot To blobs [12].

Ot odyopiBupol aviyvevong YopaKTNPIoTIKGOV Ovopalovtol
detectors.  Xvvnbwg  yopoktnpiloov  Svadwd  kdabe
gwovootoyeio (g mpog TO0  av  Bewmpeitar M Oyt
XOPOUKTNPLOTIKG), EVD OE UEPIKES TOPOAAAYEG TOLG divouv
apBuntikég Tipég PePardtnTag ota glKovooTolyEin e okomd
™ peyoAvtepn avoyn oto B6pvpo [15].

o vo emtdyovpe kavomomTikng okpifelog avtiotoiyion
HeTa&h TOV YOPAKTNPICTIKOV OrotTeiTon YoPiKn TANpopopia.
H yopwr mnpogopic cviiéyetar omd Tovg descrip-
tors yopoxtnpiotik@v, o€ TEIpGymvo mapdbupa, pEC®
OAOKANPOTIKOV HETACYNUOTICU®V avBekTikdv oto B6puvfo
Kol 68 OmAEG Ywpkég Topapopedoels. Ot mo dtadedopévol
descriptors eivar o MOPS (Multiscale Oriented Patches) 1| o
SIFT descriptor (Scale Invariant Feature Transform descrip-
tor) [14]. H ypnon tov SIFT descriptor kpivetar g M wio
amoteAeopatikn LEBOSOG COLPOVA LLE TIG CUYKPITIKES £PEVVEG
[16].

T v avtioToiylon TV YOPOKTNPIOTIKMV, OLOIMG [E TNV
aVTIOTOlY1oM TV €lKOVooTolyelwv, opiletol o cvuvaptnon
amootaong peta&d Tov  descriptors @V 600  EKOVOV,
Kot EMAEYETOL G KOTOAANAOTEPT OVTIIGTOU(iOL EKEIV] TTOL
glaylotonotetl v amootacn. H mo dwdedopévn cvvaptnon
amootaong eivorl to kéctog SSD [14].

E’. Hopeufoln dedouévwv (Data interpolation)

Katd ™ péBodo  aviiotolyiong  XOPOKTNPLIOTIKMV
vroloyilovtar ot avtiotoryicelg evog  pKkpoly  TANBoLG
gwovootoryeiov. o ) dnpovpyla evdg Aemtopepodc xaptn
BaOovg amartovviol TEPIOCHTEPEG OVTIGTOLYICELS, Ol OTOlEg
TPOKVITOVV LE TNV €QAPUOYT TopeRPOANG dedopévav, LECH
g omoiag avakatackevalovral véo onpeio avapeso ota 10m
vrapyovta [17]. Ot facikég katnyopieg pebodwv mapepPfolng
dedopévov meprypdeovtar oto [18]. Tw 1 PeAtioon twv
OTOTEAEOUATOV TOV KAUCIKOV HEBOOWV Exovv avamtuydet
S1aQOopOL EMOVAANTTIKOL 1 OTOXOCTIKOL aAyOplOpol, OTmg ot
[19] xou [20].
2XT'. Avaxtnon tov fabovg - Aquiovpyia tov yepty Pabovg

"Exovtag avtiototyioel OAa ta onueio g piog ewdvog oto
onpeia g dedtepng, yvopilovpe mAéov to disparity yio kabe
Cevydpt onpueiov, dniadn ™ dapopd g BEong Tov id0v
onueiov Tov xdpov otV KAbe EWOVA: d = Tieft — Tright

z

f

apiatepn |
KApEPaA

Zynuo 1. Tpryovomoinon

Me Odedopévo 1o disparity pmopobvpe vo Ppodue v
amoOoTACT TOV onueiov and v Kauepa, péom ¢ pebddov



g Tprywvomoinong (triangulation) [2] av yvopilovpe emiong
v otk omodotacn (f) g kdbe kapepag, kabhg Kot Tnv
amootacn Tov Vo Kouepdv petatd touvg (b). Bdoel tav
opoimv Tprydvev, OTmMg Qaivoviol 6to oynue 1, mpoxvmrel
o Babog:

f-b _f-b

T — Ty d

O ybptng Pabovg eivar pia ewdvo dvo dactdoemv otV
omoio. ametkoviletar to Pdboc tov Kdbe ekovooTolEiov ©G
tpitn didotaon, péom ypopotikng xAipakag. I'vopilovtog
0 PdBoc tov KGBe onueiov TOL YOpOL, dnovpyodE TO
xapt PéBovg g ewovog ypopatiloviag avdioya to Khbe
gcovoaotoryeio.

III. OPENCL - OPENCV

H OpenCL (Open Computing Language) eivor éva frame-
work 1yl T Onuovpyic. TPOYPAUUAT®V TOL UTOPOLYV Vi
EKTEAEOTOVV GE ETEPOYEVEIG VTOAOYIOTIKEG TAUTQOPUES, Ol
omoieg amoTELOVVTOL Amd TOALOVG Kol SL0POPETIKOVG UETAED
tovg emegepyaotéc, onmg CPUs, GPUs, DSPs «.a. To cbvoro
TOV EMEEEPYACTIKMOV LOVAd®V, ot omoieg ovopdlovtat devices,
GUVOEOVTOL AUESH LE EVOV KEVIPIKO £MeEePYNoT TOV KOAEITOL
host.

To framework mepthappavet évo APIL, po yAddooa €1d1kod
okomoy kot évav OpenCL C compiler. To (API) diver
Suvatdtnto Stoelplong NG CLVOMKNG TANTPOPUOS HECH
tov host. 'Etot, evtoléc mov tpéyovv otov host pmopodv va
ektehobv mpoypdupato ot devices kot va dtayepilovtot
™ pvAun toug. Ta mpoypdppate avtd kohobvtor moprveg (
kernels) kot pmopovv vo exteAobVTOL TAPAAANAQ, EPOGOV TO
hardware to emtpénet. H yAddooa €161ko0 okomolh e&umnpetel
0T CLYYPAPN TV TVPNVEV, Kot Pociletar ot C99 [22].
O OpenCL C compiler petoyAmttifel tovg mupnveg KoTd
™ JdpKel TG eKTéAeong TOL Tpoypaupatog (compiled
at run-time), o0T®G MOTE Ol EPAPUOYEG VO €IVOL POPNTEG
peta&d Spopetik®dv TAateopudv. Ipdkettat yio éva avolktd
TPOTLTO, TO OMOI0 OVAMTVGOETOL KOl CUVINPETOL ond TO
un kepdookomkd teYVoroywd OmAo Khronos Group, o
omoiog 1OpHOnke kol Aertovpysl pe okomd ™V ovamTLEN
avoiktov standard APIs yw 1t Onovpyio M/kor v
AVOTOPOY®YY TOAUECOV HECH €VOG €VPEDG  QPAGLOTOG
ovokevdv [23]. Ymoompiletoar oamd TOVG TEPLGGOTEPOLG
peydlovg Kotookevootég eneEepyactav [21].

H OpenCV (Open Source Computer Vision Library) eivor
pio avolytov Aoywoptkod Piitodnkn 1 onoia Kukho@opel vid
BSD ddewa [26], kdtt Tov onpaivel wog givatr gAevBepn mpog
TPOCOTIKN kot gumopikn xprion [24]. Iepthappaver minbopa
vAiomomoemv oAyopiBumv VITOAOYIOTIKNG OpaoNG, Kol €xel
OYEOOTEL LE OTOYO TNV LYNAY VTOAOYIOTIKY] OTOJOTIKOTNTAL.
Ovtag ypoupévn og Peitiotomoinuevn C/C++, n Bilodnin
umopel vo  ekpetardevtel v molvmopnvn emefepyacia.
Emumdéov, evoopatdvoviag kinoeg tov API tng OpenCL
OTIS GLVOPTNOELS TNG, OmOL avTO givar duvatd, emiTayOVeL
116 dwdkaoieg péom hardware [25]. ‘Exet omovdvimt) dopn
[26]. Awbéter demapéic yu t1g YAdooeg C, C++, Python
ko Java, kot vrootnpilel To EMKPOTESTEPH, AELTOVPYIKA

GUGTNATO Y10 TPOCMOTIKOVG LTOAOYIOTEG Kol smartphones.
IMipw and v OpenCV éyxetl avomtuybel pio kowvdmta 47.000
EVEPYDV YPNOTAOV, VD VItoAoyiletal g mhve amd 9.000.000
TPOYPOUUOTIOTEG TNV €XOVV YPTCLUOTOWCEL KATOW GTIYUN
[25].

IV. YAOIIOIHZH KAI AITOTEAEZMATA
Metd ) perém g Bswpiog, avantoynke KOSKAG Yo TV
eEayoyn Tov yaptn PaBovg evog Cevyoplod pwTOypUPLdY, pE
xpon ¢ C++, tov OpenCL framework kot tg OpenCV.
O potoypapieg 106500, dlactaoemv 320x240, paivovtal 6to
oyxnua 2.

Zynua 2. Apycég Potoypapieg

A’ Color mapping

Apywd viomombnke o oiyopiBuoc histogram matching,
TUpaTe Tov omoiov Topoiiniorombnkav pécm g OpenCL.
To Cevydpt ewoOvov €106d0V, HETA TNV €QOAPUOYT] TOL
alyopibuov, eaivetar oto oynuo 3. H dapopd oamdypwong
€xel pembei onpovtikd. H ektéheon tov adyopibpov dwopkei
nepinov 0.9 dgvTeEPOAENTO S10TL TOL TUHLOTO TNG TOEVOUNONG
mg QOTEWOTNTAG Kol TG 1606TAOMIGN  1GTOYPAULLOTOS
dgv pmopovv vo mopariniomomBovv. Emiong, n mollomAn
TPOCTEALACT TNG UVAHNG EMPPadOVEL TOVG VIOAOYIGUOVG,.

Zympa 3. Ot apyikés otoypapieg petd to color mapping

B’. Avuoroiyion eikovootoiyeicwv

lNo v avtiotolyion tov onueiov viomowmOnkov 5
Swpopetikég  HéBodoL, pEe  JOPOPETIKODS  GLUVIVAGHOVG
ocuvoptioenv g OpenCV. Ztig tpeg npdteg pebodovg ot
EIKOVEG €16000V LETOTPATNKOAV GE OCTPOUOVPES, HETA TO
color mapping.

MéBodog 1@ Ta  yopaxnpotikd  ekovootoyeio
gvtomiotnkay  péom TtV Kidoewv  DynamicAdapted
FeatureDetector kot AdjusterAdapter, mov oviKovv o©TO
features2d tufqpo g OpenCV. H e€oyoyn t@v descriptors
éywe péom g KAdong DescriptorExtractor, emiong Tov
features2d Tpnpotog, kot n ovtiotoiyon tov onpeiov pécw
g ocl:: BruteForceMatcher OCL base kAdong tov ocl

TUALLOTOG,



H ypoviky dudpkeln TV VITOAOYIOUOV Yoo TO Tpio
otad ¢ Oddkaciog eivar 7,5 devtepdAenta, YPOVOG
KOVOTOMTIKOG Aappavovtag va’ oy 6t T00 dV0 Oomd To
tpion (1WOwitepa moAvTAOK) Prpoato EKTELOVVTIOL GEPLOKCL,
KOl HAAMOTO O &VIOMIOUOG TV onueiov emavolapPdvetot
KATOlEG POpEG péXpL va avadelydel tKavomomTikog aptipog
KOPOUKTNPIOTIKOV onueiov. To anotéleopa e pebddov, apov
VIOAOYIGTOOV Ol OTOGTAGELS amd TNV Kapepo, omekovifetan
610 oYNua 4 Ko KpIiveton apkeTd 1kavomomTiko.

(Enpeidvetar Tog TNV TOPOVGO HEAETN dE dnpovpynonke
0 TANPNG XAPTNG PABOVG TOV AVTIKEWWEVOV TNG OKNVAG S10TL
dev gpappootnke kamowo puéBodog data interpolation.)
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Synua 4. Evéewtikd amotélespa tov xaptn Pabovg v tig pebddovg 1,2,3.

MéBodog 2: O evtomiopog kot n e€oyoyn descriptors Tmv
onpelowv yivetar péoo tev dwv KAdoewv pe TV TPOTN
pnébodo, aAAd yio TNV avTicToiyion ypnoilponoteitol n KAdon
DescriptorMatcher tov features2d tunpatog, ot puébodot g
omoiog ektehovvTol ceplakd. O ypovog extédeons av&ivetot
oto 8.2 devutepOAEnTO TEPIMOL, GAAL ALTN 1 SloPopd lvat
pepdtepn amd v avopevopevn. H avtictoiyion tov onpeiov
Qatvetor vo €xel TV 1010, ATOTEAECUATIKOTNTO e TN match
uébodo g ocl:: BruteForceMatcher OCL _base kAdong.

MébBodog 3: IMapdpowo pe v Ogdtepn pébodo, pe ™
Swpopd g avti tng peboddov match ywo v avtictoiyion
TV onueiov, khvel ypron g pebodov knnMatch g kAdong
DescriptorMatcher, n omoia yw «éOe descriptor g piog
potoypoeiag PBpiokel tovg k mo kovivodg descriptors Tng
GAANG, Yoo vao emleYEl OTN GLVEXELD O KATOAANAOTEPOG LE
xopotoikd kprmpla. O xpdvog EKTEAEOTG OVOLEVETOL VO
avénBet, KoBdc avth ™ Popa N Kabe véa andotact Ba mpémnet
VO GUYKPIVETOL, OYL LOVO LLE TNV MG TOP. LIKPOTEPT, OAAL [LE
TG k —n og topa pukpodtepes. [pdypatt o ypévog extéreong
avénonke, wg to 12.5 devtepdienta. Ilapd v avénon g
TOAVTTAOKOTNTAG 0 XGPS PaBovg de paivetal va PerTidveTarl.

MéBodog 4: Opota pe v pébodo 1, pe ) Sapopd
TG o1 eoToypapies eivar €yypopes. Onmg avopevotav o
xPOVOG VITOAoYIoUOVY petdveTaL ota 6.9 devutepdrenta, OGOV
TopaAeimeTaL TO PRl LETATPOTNG TOV EIKOVEOV €GOS0V Amd
EYYPOUES GE AGTPOUOLPES, KAl 1 aKPiPELn TV avTIoTOYicEDV
avéaverat.

o 5. Xapmg Babovg, g amotéreopa g pebodov 4.

MéBodog 5: Xpnoomotovvtol OmoKAEIOTIKG mapdAiniot
alyoplBpol o Eyxpopes QoTOYpapiec. ZVyKeKplUéva, N
kAdon SURF _OCL tov nonfree tufqpatog ypnotpomnoteitot
Yo TOV EVTOTIGHO Kol TNV e€orywyn descriptors Twv onpeiov,
eved 1 ocl:: BruteForceMatcher OCL base kldor ekteAet
mv avtiotoiyion. H ektéheon OSwpkei Aydtepo amd 0.1
devtepodrento.

Avotoy®g OpmG OtV TPOKELTAL Yo KAmOwW TEPACTLO
enttvyio TOV TOPAAANAGHOD dedopévav. Mécw g KAAoNG
SURF OCL 8¢ pmopodpe v  ypNCLLOTOUICOVLE TOV
emovaAnmTikd oiyopiduo Dynamic Adapted Feature Detector.

‘Etor yMtdvovpe tov ypdvo tov emavainyemv tov feature

detector, aAAG TV {010 OTIYHN OMOTLYXAVOVUE GTO VO
EVTOMIGOV|LE TOV avayKaio aplOpd YopoKTNPIOTIKGOV onpeimv
00T®g Mote vo emrdyovpe évav aSlompenn ydptn Pabovug,
Katt mov PéPota €xel ®C OMOTEAESUN KOt TOAD HIKPOTEPO
XPOVO OVTIOTOIYIoNG TOV oNUElDV. ZUVERDS 0 YPOVOG Umopel
VO HEIOVETOL OpaoTIKG, OAG ovoAOY®G HELDVETOL Kol
n motdtnTa Tov amotehéopatoc. Avt M péBodog Aowmdv
AmOPPINTETOL O UM OTOTELEGULOTIKY.

Tynpo 6. Mn emroynuévog xaptg Pabove, g amotérespa g pebddov 5.

V. LYMIIEPASMATA

DOUQOVO, HE TO TOPOTAV®, OTNV  TApovoo  epyacio
enetedydn n dnuovpyia evog otoyeld®dovg ybptn Pabovg



piog oknvig amd Vo pwtoypapieg ™S, HECH TUPAAANANG
enekepyooiog. Ta amotedéoparta NTov Woitepo vOUppLVTIKA
MG TPOG TNV OKPiPela AL KOl MG TPOG TO YPOVO EKTELEONG.
Me 1t ypfon 1oXVPOTEPOV VTOAOYIGTIKOV GLOTNUATOV
KOl TNV TOPOAANAOTOINGN UEYUADTEPOL TOGOGTOD  TOL
aiyopiBupov, kpivetar dvvaty 1 ypNoN NG CLYKEKPLUEVNS
nefdd0V G CLGTNUATA LE ATALTHGELS EMOOCEDV TPAYLOTIKOD
xPOVOUL.

H mopodoa perétm ekmovibnke ota  mAaicld g
SmAopaTiKnG pov epyaciog, oto Tunpa  HAektpoAdywv
Mnyovikav kot Texyvoloyiag YTOAOYIGTOV TOL TOVETIGTILIOL
[atpov, pe emPrénovia tov k. Evdyyelo Agppatd.

O k®ddwag g epyaoiog givar dtwbéoyog oto github.
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Fractal Animations pe MapReduce

Evayyeria [Torovtodyrlov, Apiototéing @apudkng, Avyepvog Apapmatlng
Tunqpa Hiextpordyov Mnyovikedv Kot Mnyovikav Y toloytotodv
ITolvteyvikn Zxohn, Anpokpitero [Hovemompo Gpdxng
EdavOn 67 100, EALada
evanpapol (@ee.duth.er, arisfarm@ee.duth.gr, avi@ee.duth.gr

Abstract: Xtnv mapovca spyocio pehetdtor To 0Ofpa TG
Kotaokevlg  evég  fractal animation pg  ypion g
TPOYPOULRATIGTIKNG TE(VIKIIG MapReduce Tov Hadoop. Avti| pog
EMTPEMEL VO, KATUVEPOVLE, GE TEPLGGOTEPH. GVOTIHATA, TOGO TO
VTOAOYIOTIKO QOPTI0 060 KOl TO KOGTOG €YYpa@NS 6710 OicKo.
Aivetan, Aowmov, épeacn oto O0épo TG amédoong, Wing omd
mhevpag ypovov. EEetalovpe av n emieypnévn teyvoroyia empéper
TIC OVOUEVONEVES EMOOCELS, KOL KOTUM]YOVUE GTO GUUTEPAGUA
0Ty N pio amd T dV0 peBdodovg mov mpoteivovps odnysi og
dpapaTiki] Perrioon g Swdwkacios. [keywords: mapreduce,
fractals, fractal animation, hadoop, distributed filesystem]

L EIZArQru

Mo ewcdva fractal (€AL. poppoKAAGHLO 1] LOPPOKAACLLOTIKO
oOVOAO)  Elvol  TOPAy®YO  pOOMUOTIKOV  TpaSemv, Kot
mapovolalel  avtO-meplEXOUEvES OOUEG OE oL TOWKIALQ
Kupdkov. Me Aydtepo avotmpn opoloyio, fractal Oa
ovoudlape £€vo YEOUETPIKO OYNUA, TOV O7oioL 1 doun

2 ST enavolapfdveton  og
0A0EVOL KOl HIKPOTEPES
1 HeYoAOTEPES
KApokeg, onAadn o
YEOUETPIKY OOUN TOL
epoovitet oTo-
opol0TNT. VIO GAAAYN
KMpokoc. Apketég ivan
LAAOTO Ol TEPITTMOELG
nmov éva fractal pmopei
va  dmuovpyndel  amd
éva TPOTLTO, €GV AVTO
eMOvOAOUBAvETOL €T’ AMEWPO HECH KATOWG ETOVOANTTIKNG
dwdwooiog [1,2]. Mepwkd ompoeidn odicdidortata fractals
amewoviovtol 6to Zynpa 1.

21 oOyypovn emoyn o fractals £xovv mOAAEG e@aplOYEC o€
EMGTNUOVIKOVG TOELG, OTMG 0 TOUENG avVAIALGNG OEGOUEVAY,
kabwg wor oty téyxvn. [lop’ OAa ovtd, Ol TOPUOOGIUKES
pébodor  eivar  ocuyvd vmepPfoAucd  ypovoPopeg Yo TOV
VTOAOYICHO €VOG IKAVOTOMTIKOD OYKOL OUTMV TWV EKOVOV.
Yuvendg, og auTVv TNV gpyacia emthéyovpe to MapReduce [3],
€vo, LOVTEAO KOTOVEUMUEVNG emeEepyaciog UEYOAOL OYKOL
dedopévov. ‘Etot, entyelpodple vo S1otpdoovpe TO pOPTO TOL
TPOKVTTEL, VO EMTAYOVOVLE TN S10SIKAGIO TAPOYWDYNG TOAADV
ewovov fractal, kon ev T€AeL va eMITOYOVUE TI CLVEVOGT TOVG
o¢ éva video.

To Bépa g xatackevng fractal éyel mpooeyyiotel katd
KopoOG He SPOPETIKOVG TPOTOVE, KOONDS TPOKAAOUV EVIOVO
EVOPEPOY MG  EAKVOTIKEG  OTTIKOTOGELS  LOOMLOTIKODV

Iypa 1: Awsddotora fractals

ocopmeplpopmv. H mapovca epyacio enkevipdveTol 6to Bépa
™mg anddoons. O VLRWOAOYIOUOG TMV EKOVOCTOLEI®V TOL
GLYKPOTOUV Lo, gikovo fractal gumhékel 610 chvord Tov éval
peyéro apbpod mpdEemv, moTdc0 oTES ival otV TAsoyneia
TOVG OMAEG, KOl O YPOVOG MOV TOVG OQIEPOVETAL Omd TNV
VIOAOYIOTIKNY HOVASa HIALOV gival KaTA TOAD EAATTOUEVOS GE
oxéomn He aUTOV OV OMOLTEITOL YO TNV EYYPUPN TOV VEDV
TANPOPOPLOYV GTO LEGO OTODKEVOT|G.

310 ©evaplo TOL UEAETATOL, Omov givaw emifount 1
mapaymyn evog animation pe fractal, sivar mpoeavég 6t 1
eMPAPLVON GTOVG VTOAOYIGTIKOVS TOPOVG TOALOTANGIALETOL.
®a depevvioovpe ebv eivar dvvarti 1 emitevén kdémowg
gnutdyvvong ot dwadikacio ovt. To MapReduce evdeikvotot
YW EQAPUOYEC M OmOd0CN TV omoimv meplopiletar and Tig
TOYOTNTEG  EYYPOONG KOl OvAyveong NG  OeuTEPEVOVCOG
amofnkevtikng pvaung (my okAnpodg diokog) OTav  OLTEG
ektelobviol o éva povo ovotnuo. Emididkovpe  to
Slpopocud Tov POPTOV Yo TNV EYYPOPT O TEPICCOTEPES
HOVAOES, KOt £TGL TN peiwomn Tov KaBoALKoD ypOvov Tapaymyng
tov fractal animation.

¥ ovvéxewe Bo mapovcwaotei 1 pebodoroyion WOV
akoiovBeitar yuo to oxond poc. Ipoteivovtor dvo pébodor pe
TIG OTOiEG EMSIDKOVUE VO TEPLOPICOVLLE TN YPOVIKT OLAPKELD
mapaymyng evog Pivteo-fractal animation. Ilepthapfdavovtat o
oAyopiBpog  mapaywyng fractal, ot mpoypappoTIoTIKEG
WontepdmTeg Kot emumAéov pvBuicelg omopoaitnteg yioo v
TPOGapLOYN TV aAyopiBuwy oto TAaicto Tng MapReduce, kot
TEAOG TOL OMOTEAEGLLATO, TOV EYXEPNUOTOC LOG KOl TO GYETIKA
GUUTEPAGLLOLTOL.

II.  XXETIKEZ AYZEIZ/ME®GOAOI

Avolntovtag apyikd to mhaiclo ¢ epyaciog ovtg, dev
Kataeépape vo Bpodue PifAoypapio amdOAVTO GYETIKY UE TO
0épo. Eqv opmg xorrd&ovpe v mpoomdbeld pog amd tnv
TAELPA TOVL UNYavVIKOD Kol omdoovpe 10 Oéua pog oe
HIKpOTEPO  TUAMHOTO,  OOMICTOVOLUE TG  TOPOUOLG
PA0c0010g epOTAHOTA £XOVV EpeLVNOEL.

Evdeiktikd, oG O0VHE TO OVTIKEIUEVO TNG TOPUYWYNG
gwovog fractal pe mapaiiniio. H dnpocievon [4], mapdro mov
ooyoAeitol pe TOPAAANAN katookev €wovov fractal, oev
antetol Tov 10100 akPPADC aVTIKEWEVOL HEAETNG, KON
aoyoleitar yevikdtepa pe to {Atnuo g avénong g
Toy0TNTOG  TOL  VWOAOYIOHOD  OEPOK®V  Oedopévev
epapuolovtog mapdiiniovg aryopibuove. Ilpoomabei dniadn
va gpapudcel 6,11 yperaletor yio va mopoydel TeEMKd kdmolog
Omod0TIKOC, TopdAANiog adyopiBpog, o omoiog Ba Katavépet
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ioa T0 Qoptio otovg emelepyaotés Kot Bo mapdyel 6to TEAOG
éva oelplakd amotéheopa. et peAétn avtn, ©G TopAdELyLLa,
xpnoonoteitan N mapaymyn swovag fractal. Eppoaon owctdéco
dtvetar kvpimg ot péBodo oyedocpod tov olyopiBuov Kot
omv mpoonddeo emitevéng mapadlAniiog, ovtibeto pe Vv
TAPOVCA EPYAGIR TOV AVAADEL TO OVTIKEILEVO TNG TAPAYOYNG
evoc animation pe fractal, epapudlovrag tic pebddovg mOL
mpoteivovtar oe €va Hadoop cluster vmoloywstdv, xor Oyt
Tomikd. AkoAovBel 1 GOYKPLoN Kot TEMKE 0 GYOAAGUOG KAl TO.
cuumEPAcLLOT TV VEMV LeBOdWV.

EmunpocOeta, avalntdvrog Tovg topels Omov  €xet
onuewbel ypnon peBoOdwv mopoarAnAlog kot padMota TG
mAoTeoppag tov Hadoop, eaivetat 6Tt 0 xdpog TG cuumieong
swovov fractals éyst PBpet amiymon, Omo¢ @aivetor ot
dnpocievon [5]. MéMota n MeAéty Apniog Amddoong Eikovag
Fractal xor Ermitevoln Xoumicons @aivetolr vo ouvoovtot
otevh. Qotdéco de oyetileton dueca pe v épevva TG
napovoog epyociag. Ta  mopadeiypoto TG  ocvumieong
Aoy OAOVVTOL OXEGOV OMOKAEIGTIKG LE T (MTOPENALGTIKN
AmEIKOVION EIKOVOV VYNANG EVKPIVEWNG GE TEPLOPICUEVO
XPOVO, eV GTOYOG LOG EIVOL 1] TTLO OTOSOTIKY TAPAYMDYN EVOG
animation pe fractal.

III. TIPOTEINOMENEZ ME®OAOI

Yta mhaiclo g mopodoag epyaciag acyoAnOfKaue povo
e fractals and to o€t Tov Mandelbrot. Xe avtd, to KGBe pixel
vroloyileton aveEdpnto and dAAa, BACEL TOL AVOSPOUIKOD

Tnov z,, = zj +c. O puyodikog ¢ givar otobepdg yuo kabe

pixel, Kol TPOKVTTEL OO TIG CLUVIETOYUEVEG TOV GTNV EIKOVOL.
E&etalovpe €tol av to pETPO TOL pyadikov z Eemepva 0 2,
petd and N emavaAyels. Me 10 Kptripto avtd anopacilovpe
av VIapyeL N Oyl cVYKAo™ Yo To TpEYoV pixel.

To povtého tg MapReduce Pooiletor ot didomaon
HeyOA@v OYKoV dedopévav, Kot TopAAANA eneéepyacio TV
TUNUATOV TOLG o€ évo Katovepnuévo ocvotnuo. Xopiletot
OTIS PAcELg TNG Map, 6oV yivetal (o apyikn encéepyacia Tng
€16000V, kol gkmount mAnpogopiag katd (evyn key-value.
AxolovBei 1 @don ¢ Reduce, 6mov to {gvyn pe duow
KAEWL  CLYKEVIPOVOVTOL GTOV 1610 KOUPOo yia va Tapd&ouvv
mv €£0d0. Ipoatpetikd, évag Combiner pmopel vo eKteAeoTel
petd and v Map kot otov 1610 koupo, Yo va cuvinéet ta
dedopéva KOl VO, UELDCEL TOV OYKO TPOG HETOPOPE o1
Reduce.

[Ipoteivoope Vo  evaAloxtikés  peBddovg  otnv
mapadoctakn ceplokn: H mpodtn nepthapfdvet i @aoels g
Map xon g Reduce, evo 1 devtepn npocBétel évav Combiner
kot Topoleinel ™ edon g Reduce.

Q¢ Mo QLOIKOG TPOTOG Yo TNV APYIKN KATAVOUY (pOPTOL,
OGOV APOPA TNV TAPAYMYN TOL VAWKOV, BewpnOnie 1 dlaipeon
pe to frames wg Pacikn povdda: oe kdbe Mapper ovatiOeton 1)
KOTOOKELN €VOG Guvorov and ovtd. Ilico and v emhoyn
avt| kpOPetar 1 mpocdokio mwg éva fractal animation Oo
amoteleiton amd Evov vynio aplBud frames, omdte N ypNon
VTOJIOPECEDY TOVG GCE EMMEDO €IKOVOoTOEimV dev Ba
UTOPOVGE VO GUVEIGPEPEL TEPAUTEP®. 1€ EVOL TETOL0 GEVAP10 Oal
£MPENE VAL GUVVTIOAOYIOTEL O POPTOG AVAGVYKPOTNONG TNG KAOE

€IKOVOG, aPov ot oyetikég Map oAokAnpwBovv, adAd kot 1
emPapovvon o1o diktvo KaBADS Ta VIOSLVOAL g eKOVag Oa
oopmieloviay  Mydtepo  omodoTikd amd Ot éva  frame
oAdKANpO.

Me 610%0 TNV AmoPLYN TOV TPOYUMV EYYPOPAV GE apyela,
ta mapayopeva frames petafifalovrar and ) edon g Map
ot @don g Reduce pévo wg pa akolovBia yopaxtmpmv.
lNo v evkoldtepn OWCPAAION NG OKEPAUOTNTAS THG
mpogopiog o€ emimedo byte, T dakivnon mANpo@opiog
vrootpilel n kodwonoinon Base64, n omola pmopet emiong
VO TPOGPEPEL TEPULTEP® HEIMON TOL OYKOV OECOUEVOV TTOV
Swktveitat 610 diktvo. Extog avtov, kabiotatatl evkoddtepn M
TPocON KT Kol GAL®V OTOYEIOV 6TO OAPUPOUNTIKO string TOv
exméUmETOL omd o Mapper, Kol 0T GUVEXELD 1| OTOUOVMGT)
oV KABe PEPOLE, 0POD UTOPOVUE VO, TO. dlaympicovpe Pacet
YOPOKTPOV TOL OV OVAKOLV OTO GUVOAO TIU®OV TNG
Koducomoinong Base64.

‘Eva tétolo otoyeio eivar 1o ID tov kéfe frame, mov
mpocdiopilel povadikd t ypovikn Bécn Tov og oyéon e To
oMo frames oto TEMKO animation. Ilpdkertor yoo évov
avéovta apBud N yneiov, 6mov 1o N npocdopiletol ond to
apyeio €10660v oL B TapEYETAL OG €16000G OTN SLASIKAGIAL.
Kot ot dvo viomoroelg d€xovtarl Eva apyeio keyévov, kdbe
YPOUU TOV omoiov mapéyel OAn TNV TAnpogopia yio. TV
KOTaoKewn tov kdfe frame. Me n cepd gledviong tovg, ot
TOPALETPOL EfvoiL:

- 10 ID tov frame pe ) popen frameXXXXX

- ot dotdoelg g ewovag (width, height)

- mopdyovtog peyébouvong

- péylotog aplBpdg EMOVOAYEDY VIO TOV OVOOPOUIKO

Tono

- oplldvTio Ko KEAOETN HETATOMION TNG EIKOVAG
INo mopdderypa, o éykopn oglpd Ba fTav:

frame00001:800,600,200,570,400,300

'Etol, petatomiCovrag kou peyeBivoviog pe pukpd Prpota
pmopovpe va «mepiynfovpey kotd PovAnon oe éva fractal,
mapdyovtag £va animation.

Tnv kotackevn tov frames akolovBei, petd T Map, 1
dwodwacioc Reduce. E@ocov ta apyeic €£600v Ba  eivon
wodpBpa pe toug Reducers mov Ba extelestovv Kot emiong dev
embopodue va AdPovpe ®g £€odo TO TEAIKO animation
TUNUOTIKG S0 ®PLOUEVO GE JOPOPETIKA apyeia, opilovpe Tmg
0o tpé€et povo évag Reducer. Opilovpe axopo movtod 1o 010
KAedl, dote Ola ta frames vo vTooTov enelepyacio Katd TV
O dodwkacic. Ba pmopovoe va mapanebei emopéveg o
pNToc mpocdopopdg Tov apBpov twv Reducers, apov oe
kGBe mepintwon, ta key-value pairs pe kowd  KAewdi
KkatevfOvovtar poévo wpog évav. H exhoyn tov kAed100 pe v
Tapamdved  euocopia &ivol Tov KAOOTE EMTOKTIKY TNV
aVAYKN EVOOUAT®ONG TANpoYopiag OTmg ovt) Tov frame ID
TNV TAELPA Tov value.

Zm ¢don g Reduce, topa, yivetor n ta&ivopnon tov
frames pe ™ Pondewr tov ID TOVG, O SLWPIOUOG KoL T
OTOK®IKOTOINoN TV dedopévav  ewovag. Axorovdel n
évtaén tovg oe éva Pivteo. Me kopla évvolo T SwoTipnon
0MG t™¢ mapoyOeioag TANpopopiag, To animation VTOPAAAETOL
oe ovumieon yoplg amdielec. Emdéybnke m ovumieon og
popony H.264 vyio Adyovg ocvpPatdtnrog, vypnotiog, Kot
€0KoMG TapapeTponoinong g kwdwkomoinong. TeAkd, to



Bivteo peTOQEPETAL GTO KOTAVEUTHEVO GUGTNUM, OTOL Eivol
gbkola mpooPhoio amd 6AoVG Tovg kOpBovs Tov cluster.

H dgbtepn exdoyn g dwdikaciog, n onoio meptAapPavet
kot 70 61ddo0 Tov Combiner, amoteAiel mpoomdbelo peimong,
1660 G emPdpuvong HETAPOPAS OeOOUEVOV HECHD TOL
SkToov, OGO KOL TOL WIN KOTOVEUNUEVOL VLTOAOYIOTIKOD
eoptov. O  @oOptog  avtdg  OlopopeTiKG  meplopileTon
AmoKAELOTIKG ot povdda mov avolappdver Tov éva Reducer
omv avtictoyn odon. Ta mpoidvta tov kGbe Mapper
amoppopdvtal and &vav Combiner, TOL GUYKEVIPMOVEL Ta
frames o éva cOvtopo Bivteo, ov Bo anoTeAécEl Eva KOUUATL,
pévo, tov tehkov. H khdon mov avoropfdver ooty
depyaocio Aettovpyel opota pe to Reducer g mpdTng ekdoyng.
Avtd ovvierel ko ot Peltioon and dmoyng ypodvov, apod
dev glvan amapaitnt) N ANEn 6Awv Tov dadikacidv Mapper
TPOTOV apyicel omoladmote dadikacio cupmicong og Pivreo.

Ol mopamdved TPOGEYYIGELS EMLYEPOVY, OUOOTEPES, VO
Bektidoovv v amddoon TV SlEPYACIDY, HEIOVOVING TOVG
KPOVOLG EYYPAPNG KOl OVAYVEOONG OTO Oi0KO0. EEKWVICOLE
eE@MAov pe v vmdbeon OTL 0 YPOVOC TOPAY®YNG KOl
enekepyociog TV  TANpoeopidv mov  embvpovpe  givon
ONUOVTIKG AydTEPOG amd T0 YPpOVO TPOGRacns oTo dioKo.

Yvvoyilovtag, otig nebBddovg oG KEPSIoUE VITOAOYIOTIKO
YPOVO LELOVOVTOG TNV OvToAlayn] dedopévav e Ta o apyd
amobnkevtikd péca. XtV mWPMTN TMEPItTOOoN, ot Mapper
katackevalovv ta  frames, mwoOv ©6T0  GUVOAO  TOVG
katevfHvovTon Kot cuvevavovtal 6to Reducer. Xt devtepn to
poro tov Reducer avaropfdavovv ot combiners, kabévag and
Tovg omoiovg Kataokevdalel évo pikpd Pivieo (UEPOC TOL
TEMKOV).

IV. OEQPHTIKH XYT'KPIXH MEG®OAQN

ZvufoMcpoi:

Ocwpodue ot Eyovue ayetikn opoloyévelo, ato kabe uéyebog,
KO 01 THHES OEV dLapépovy opouotikd. O vmoloyiouds tov
KOOGTOVG PIVETOL TTOVIOU OE LOVEOIES YPOVOU.

X o0 apBudc tov frames mpog Tapaywyn

Y 1o péoo péyebog evog frame

P o yp6vog vmoroyicpod tov evog frame

C 10 péoo k6oT0G evowpdtmong evog frame oto video
W 1 toypdmra eyypaeng 610 TOTKO GOGTNLLA

Bw 1 yopntdtmra tov diktdov tov cluster

N o apBuds tov koppov oto cluster

cf o pécog mapdyovtog cvumieong (compression factor):
€00 AappaveTar g o oxeTIKd 6Tabepdg AOYOS TOL
peyébovg Tov cuvorov twv frames, mpog To péyebog Tov
TEMKOV (cLpumiecpévoL) Pivteo, ybptv amAdTnToG.

2uykpion uebddwv

A.M£00d0g 0: yopig kopio mapoaiiniio, Tomkd

Oempeitar Tog Eyovpe po dadikacio Tapaymyng evog fractal
animation og évov vmoAoyiot desktop. ‘Evag kopufog mapdyst
oo ta frames kot To evodvel o éva Bivieo.

Hopayoyn 6Aov tov frames: P-X
0mov X 0 GUVOAIKOG optBpOg TV frames Tov TapdyovToL, Kot
P 10 péco vmoAoyotikd k60TOG Yoo To KAOe frame. Edm,

eMelyer  omowodnmote mapaAiniiag, to  frames OAo
vroloyilovtor oeplaxd, to évo petd to GAlo, oty dw
eneEepynoTIKi LOVADO.

YHvBeon 6Awv tov frames o éva Pivteo: X -C,

omov ta frames apiBpod X evovovrar oe éva Pivteo pe
VIOAOYIOTIKO KOoTOG C Yo TV ene&epyacia-evooudtoon 6To
Bivteo avé frame. To amotéhecua eivor £éva  Pivieo
peyébovg X - Y / cf .

Amobnkevon tov Pivieo oto tomikd cvotnua: (X - Y)/ (cf- W),
omov dedopéva dykov X -Y / cf mepvovv 610 anobnkeutid
HEGO e TayvTNTA EYYPAONS W.

Anhadn:

Kéctog0=p. X +X-C+

Y
=X~(P+C+ )
cf-W cf-W

B.Mé£00d0g 1

H mapandve MapReduce tpéyet topo o éva cluster tov N
kopuPov: To kdBe node mopdyetl Evav apiBud frames, kabéva
amd To omoia petapépetan g £va key-value pair oto reducer.
Exel evovovtor 610 teMkd Bivieo. Avtd amewoviletor oto
Adypoppa 1.

Hapaywyn frames o€ évanode: X - P/ N

a@o? yo X frames kot N nodes, 1o pepidio tov kébe node Oa
etvar X/N.

AxolovBel 1 eyypapn tov mapaydéviov {evydv key-value
(OnAadn tov dedopévav tov frames) 6to TOMKO GUGTNLOL
(X-Y)/(N-W),

Kol 1 HETOQOPG ToV dedouévev twov frames oto reducer:
X-Y/Bw, oo Olo ta dedopéva tov frame mpémel vo
petapepfovyv PEG® TOL SIKTVOL OO TOVG Mmapper GTov
reducer. Ta dedopéva Ba eivar dykov X -Y , yio X frames, Y
péco oyKo dedopévav avd frame, kot Bw e0pog kovaAiov.

YHvBeon 6Awv tev frames og éva Pivteo: X -C .

Amobnkevon tov Bivieo oto tomikd cvotua: (X -Y)/ (cf- W)
omov dedopéva Oykov X -Y /cf mepvodv 610 amobnKevTikod
péco pe tayvtnra eyypaeng W. To cf mpokertar yu tov
ToPAYovVTo GLUTIEGNC.

mapper

Y

Slave node 1 rame productio —

Slave node 2 >

it

rame productio »{ Masler node

e
reducer

Awaypappa 1: Stoypoppatiky Teptypaen g pedoddov 1

Slave node n

1




Aniadn Kootog 1 =

P-X XY XY XY P Y Y Y
+ + +X-C+
N N-W  Bw cf-W

C.Mé£00d0¢ 2

Topa eetaleton n mepintoon pog MapReduce pe combiners:
To kabe node mapdyet éva cvvoro frame Gtov mapper, Kot 0
combiner ta evovel o éva Pivieo mov Bo amoteléoetl péEPOg
tov tedkod. Ola to vmofivteo mepvodv oto reducer, omov
ovyywvebovtar o€ €va olokAnpmpévo Pivieo. Avtd gaivetot
oto Avdypoppa 2.

[Mapaywyn frames o€ évanode: X -P/ N .

YvvBeon twv frames kéOe node oe £va vmo-Pivteo: X -C/ N .
Ta vro-Pivreo Ba £xovv cuvorikd oyko (X -Y)/ (N -cf).

To  «aBéva  eyypdopetor  otO oLOTN O
(X-Y)/(N-cf-W).

Slave node 1 l—) <—_Frame productio
Slave node 2 ll

Slave node n l—)

Awaypappa 2: Sloypopplotiky Teprypapn g pebodov 2

TOTIKO

2oykpion k6stovg avd frame:

Kéo10g 0 ava frame = P+ C +
cf-W

) ) P Y Y Y
Kéotog 1 ava frame = — + +—+C+

N N-W Bw

cf-W

1
Kéotog 2 ava frame = —- (P +C+ )
cf-W

N

IMvetat avTiKoTdoTaon 6TOVG TOPATAVE® TOTOVG LE TO.
TOPAKATO (CVVTNPNTIKA) peyéon:
X =1000 frames, Y =100KB, P =0.5ms,
W =100 MB/s, Bw = 1Gb/s, N =100,
Kéotog 0 ava frame = 1.02ms
Kéotog 1 avéa frame = 1.365ms
Kéotog 2 ava frame = 0.0102ms

C=0.02ms,
cf=2.

Ta k6ot 0 xor 1 €rovv Kowovg Tovg dHo TEAELTAIOVG
Toug  Opovg, Gpa  tovg mapaAeimovpe. Emopéveg  Oa
mapatnpovoaps fertioon otav:

P Y Y
P>—+ +—.
N N-W Bw

Oeopdviog Tovug 6povg mov meptAopfdvouy o N otov
TOPOVOLOGTH OUEANTEOVG, QOIVETAL OTL eV EYOVUE EMLTUYEL
akopo PBertioon. H taydmto petagopdg evog frame oto

diktvo Oa etvar Tavto KoTd TAEES O apyn amd TO YPOVO TOV
ypewaleton o enelepyaotng yio va Tapdyet £va frame.

AxpBog og avtifeto amoTéAec Lo KATOANYOVLE OLLOGC
ovykpivovtag ta koot 0 kot 2. Eivar EgxdBapo ot

Kootoc 0
Koéotog2 = ——,
N

mpAypo mov onuaivel 6Tt olyovpa £xovpe emTvyel Peitioon,
Kot paAoTe ypouuxy wpog tov aplud tov koppev oto
cluster.

H pébodog 2 elayiotomolel 10 pOpto GTo CHOTNUA, KOL
KOTOVELEL TO VTOAOYIOTIKO QopTio. Oewpeitol Tmg TPOKeLTUL
Yoo pio KoTd oAV Pedtiopévn €kdoon g TpaTS nebodov,
kaBdg Swtnpel TO TAEOVEKTNUO TOV JSAUOPOCHOD TV
VIOAOYICUAOV OV OTOLTOVVTOL Yo TNV Tapaymyn tov frames,
KOl TO €TOVEAVEL KATAVELOVTOG EMIONG T1 CLUTIEST] TOVG OF
Bivteo.

V. ZYMIIEPAZIMA

Kotoémv épevvag Kot TEPALOTIGUOD, QAIVETOL TG Eivol
EPIKTI WO OVOUQIOPNTNTO  amodOTIKY  EMTAYVVON  TNG
dwdikooiog mapaymyng evog animation pe fractals, pe
xpon  unebddwv g  elrocoeiag tg MapReduce. H
GLYKPLTIKT] avAAVOT) TV dV0 HeBOd®V KOl 0 GYOMAGUOG TV
CLUUTEPACUATOV 7OV amoppéovv, Ponbovv oty evicyvon
avtoy Tov cvumepdopatos. Etvar gavepd mmg M moapaymyn
fractals (pe efopéoeic) elvar mpdypatt p amodALTO KoL
g0KoAO TapoAAnAoTomGin Slodtkacio.

H mepopotiky epoppoyn tov tedkov pebddov mov
avantoéape mpaypatonoleiton o éva  Hadoop cluster
VTOAOYIOTMV, EMTLYYOVOVTOG £TGL TPAYLOTIKY TOPUAANAioL.
Avtetonilel tavtdypova Eva TpdPANLO TOV —av KOl 0Py KA
ooivetar opketd eEeldkevpévo— amottel TIG TEAEVLTOIEG
e€ellelg oe  epoppoyés mov  ovalntovv  ohoéva Kol
amodotikdtepeg vAomomoels. Eivar e£dAlov éva mpoypatikd
OTd KOl OTMTIKG CUVOPTACTIKO TOPASEIYHO YXPNONG LG
avepYOLEVNG AOYIKNG Yo Tn PEATIOTOMOINGT TPOYEVESTEP®OV
VAOTOMCEDV.

Etvar BéParo pavepd mog kot to da ta fractals €yovv
TOALTIOIKIAEG  €Qappoyés Apo o péBodoc—umoroyiopon
gwovoototyeiov fractals kot teAkd Tapaymyng Toug pe Tpdmo
0od0TIKOTEPO amd GAAES, Giyovpa pmopel vo Ppet epapuoyég
G€ TOUELG OTMG, EVOEIKTIKA, QVTOG TG LOTPIKNG OTTEIKOVIONG.
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MVDR Beamformer: Speech Quality
Assessment 1n Presence of Background Noise

Maria Platypodi, post-graduate student, Computer Engineering & Informatics Department

Abstract—This paper aims to reveal the potentials and the
limitations in the performance of broadband beamforming
techniques in real-world scenarios. Different real-world acoustic
scenarios are simulated according to ETSI EG 202 396-3 standard.
In the simulations, the reverberant model is assumed and real
audio signals are captured by a linear microphone array. The
coefficients of the spatial filter are estimated via the minimum
variance distortionless response (MVDR) criterion. Moreover,
acoustic impulse responses measurements are presented and
applied for the construction of the steering vector. The speech
quality in presence of background noise is measured by the 3-
QUEST (3-fold Quality Evaluation of Speech in
Telecommunications) model. This model is based on ETSI EG 202
396-3 and provides high correlation to the quality perceived
subjectively.

Index Terms— Diffuse noise, impulse response measurements,
minimum variance distortionless response (MVDR), multi-
microphone speech enhancement, speech quality measurements.

I. INTRODUCTION

N many practical environments desired speech is degraded

by non-stationary (e.g. competing speakers) and stationary
interfering signals. In order to improve the listening comfort
and keep the high quality audio speech enhancements are
required. Multi-channel microphone arrays [1] are superior to
single—channel systems since they incorporate both spatial and
temporal information of the sound field.

Multi-channel microphone arrays are formulated in a way that
the spatial information is well captured. This spatial diversity is
represented by the acoustic impulse responses from a radiating
source to the sensors. These acoustic channels, are modeled as
finite impulse response (FIR) filters. Thus, defining properly
the coefficients of this spatial filter we can amplify and
attenuate signals from specific directions. The algorithms that
define the filter coefficients are well-known as beamforming
techniques. In terms of speech signals, efficient broadband
beamforming techniques [2] must be used.

In this paper, the broadband beamforming structure is
presented and the filter coefficients are computed using the
minimum variance distortionless response (MVDR) criterion.

09/02/15. This work was supported by Signal Processing & Communications
Lab of the Computer Engineering & Informatics Department, University of
Patras. The room acoustics and the equipment were provided by the company
Dialog Semiconductor Hellas A.E.
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Fig. 1. Frequency domain broadband beamforming structure.

Moreover, the reverberant model is assumed and different real-
world acoustic scenarios are simulated according to ETSI EG
202 396-3 standard. Finally, the 3-QUEST (3-fold Quality
Evaluation of Speech in Telecommunications) model is used to
provide high correlation to the quality perceived subjectively.

This paper is organized as follows: Section II describes the
broadband beamforming structure. In section III the minimum
variance distortionless response (MVDR) criterion is used for
the computation of the filter’s coefficients. In section IV the
reverberant model is presented. In section V the N acoustic
impulse responses are measured. The experimental setup and
results are shown in section VI and conclusions are drown in
section VI

II. PROBLEM FORMULATION

We consider the N-microphone system as shown in Fig.1.
The microphones receive the desired speech contaminated by
noise and interfering signals. The implementation of the
broadband beamforming techniques in the frequency domain is
adopted due to reduced computational complexity. A short-time
fast Fourier transform (STFT) is used for that purpose.

The received signals in the microphone array are expressed as
n=gn*s+v, n=1.,N

where s is the desired speech signal, g,, is the acoustic impulse
response of the nth microphone and v, is the interference-plus-
noise signal. The above equation can be rewritten in the
frequency domain as

X, (k1) = G (K)S(k, 1) + V, (k, 1)

Maria Platypodi is with the Computer Engineering & Informatics
Department, University of Patras, Greece, (e-mail: platypodi@ceid.upatras.gr).
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where k is the frequency bin index and I is the frame index of a
short-time segment of input data, G, (k) denotes the acoustic
impulse response of the nth microphone, S(k,1) and V,(k, 1)
denotes the transformed desired speech signal and the
interference-plus-noise signal, respectively.

The beamformer output, in matrix notation, is given as

Y(k, 1) = wH (k, D)x(k, 1)

where
w(k, ) = [Wy(k, D), W,(k, 1), ..., Wy(k, D]
x(k, D) = [X,(k, 1), X, (k, D), ..., Xy (k, D]

are the spatial filter coefficients and the array output
respectively, and () denotes the Hermitian transpose. The
computation of the coefficients using the_minimum variance
distortionless response (MVDR) criterion is presented in the
next section.

III. MINIMUM VARIANCE DISTORTIONLESS RESPONSE FILTER

To find the optimum coefficients, the minimum variance
distortionless response (MVDR) filter [1] is formulated such
that to minimize the total output signal power at each frequency
bin, while assuming unity signal response with zero phase shift
for the desired signal. Mathematical this constrained
optimization problem can be expressed as

minw! R, w subject towfg =1,
w

where R, is the correlation matrix of the array output signal.
The indexes k and | are omitted for the sake of conciseness. The
closed-form solution is given as

R."'g
9"R."'g

IV. ROOM ACOUSTIC ENVIRONMENT

Depending on the construction of the room acoustic
environment, different mathematical model must be used. In
our experiment the reverberant model was used [1]. The
reverberant model assumes that each sensor receives a large
number of echoes due to reflections of the wavefront from
objects and room boundaries. In this model, the received signal
are expressed as

Xn =9gn*S+ gn*Uy

where s is the desired signal, g, is the acoustic impulse
response of the nth microphone and u, is the noise signal to
the nth microphone. The diffuse noise is produced from the
convolution of the noise signal with the acoustic impulse
response of the diffused point (position of the desired source).
For the time alignment of the received signals in the
microphone array, accurate estimation of the N acoustic
impulse responses is needed.

Amplitude

!
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R e : ¢ ¢ e
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Fig. 2. Time representation of (a) the excitation signal and (b) the inverse
filter.

eV VL

Fig. 3. Experimental setup for extraction of the acoustic impulse responses.
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Fig. 4. The acoustic impulse response of the nth microphone using the ESS
method.

V. AcCOUSTIC IMPULSE RESPONSE MEASUREMENTS

Assuming fixed locations for the source and the microphone
array, the acoustic channels can be modeled as a LTI system,
which is totally characterized by an impulse response. The
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impulse response can be recovered by knowing the test signal
and the measured system output.

Different types of test signals have been developed [3],
providing good immunity to background noise and easy
deconvolution of the impulse response. However, according to
[4] in very quiet rooms (SNR>80dB), an Exponential Sine
Sweep (ESS) is proved to be the more appropriate test signal.
In the next subsections the ESS method and the measurement
process are presented.

A. ESS Method

The ESS method [5] uses an ESS signal for the excitation of
the acoustic channel and non-circular deconvolution for the
desired impulse response extraction from the response that was
recorded.

The ESS signal is generated as

x(t) = sin [K (e'% — 1)]

where
Tw, d L T
= an =
ln& lnﬂ
(&) (&)

w; and w, are the initial and final radian frequency of the sweep
duration T.

In order to perform acoustical measurements on all the
audible range, the ESS signal should be span from 20 Hz up to
20 kHz. Since the transients must be excluded of this range, the
initial and the final frequency of the excitation signal are
defined at 10Hz and 22 kHz respectively. Fig. 2a shows the time
representation of the initial ESS.

The inverse filter is obtained from the time-reversal of the
initial ESS signal divided by the square of the magnitude
spectrum of the initial ESS. The time representation of the
inverse filter corresponding to the ESS signal (Fig.2a) is given
on Fig.2b.

The desired impulse response is produced by the convolution
of the record ESS signal with the inverse filter. The result of the
convolution is a signal characterized by a perfectly linear phase
(pure delay).

B. Experimental Setup & Results

The experimental setup for the extraction of the N acoustic
impulse responses is presented in Fig.3. The initial ESS signal
is reproduced by the artificial mouth and is record by the
microphone array. Then, in MATLAB, is performed the
convolution of the record ESS with the inverse filter. The result
of the convolution is presented in Fig.4. It is apparent that the
deconvolution of the ESS signal separates the ‘linear impulse
response’ from the harmonic distortion. In the construction of
the steering vector only the ‘linear impulse response’ is used.

VI. EXPERIMENTAL RESULTS

The simulations took place in a low-reverberant room
(RT6o=90ms). The construction of the acoustic room is
represented in Fig.3. It consists of four loudspeakers placed at
the corners of the audio room. The loudspeakers are driven from
individual equalizers followed by amplifiers. The room

TABLE 1
MEASUREMENT SETTINGS

Reverberation time (RT0) 90 ms

Microphone spacing [1.53.53.51.5]cm

Array length 10 cm

Speech signal fr 3quest p501

Naturel Forrest Noise binaural,
Shopping_Center binaural,
Mensa 63dB,
Train_Station_binaural,
Kindergarten Noisel binaural

Noise signal

Source position Endfire

Angles Desired source at 0°
TABLE II
EXPERIMENTAL RESULTS
S1 S2 S3 S4 S5
Forrest Shopping Mensa Train Kinder-
Center garten
SMOS 4.7 3.6 3.7 29 23
NMOS 5 2.6 1.7 1.3 1.2
GMOS 3.8 2.8 2.6 1.8 14
SNRu, 11.95dB 13.48dB 5.9dB -4.19dB 0.22dB
SNR, 17.8dB 15.47dB 8.05dB 0.71dB 5.02dB
DSNR 55.86dB 1.99dB 2.15dB 4.9dB 4.8dB

equalization is made to create a diffuse noise field at the center
of the room, which is the position of the desired source.

The desired speech is driven from the loudspeaker placed at
the mouth of the artificial head. A 5-channel linear acoustic
array is used to capture the audio signal. Its characteristic is
summarized to Table I. The acoustic impulse responses were
accurately measured with the ESS method [5].

The performance of the MVDR beamformer was examined
under different real-world acoustic scenarios. An audio
database comprising speech and noise recordings were used
according to ETSI EG 202 396-3 [6].

In our experiment, the speech quality in presence of
background noise is measured by the 3-QUEST (3-fold Quality
Evaluation of Speech in Telecommunications) model [14]. This
model is based on ETSI EG 202 396-3 [6] and provide high
correlation to the quality perceived subjectively. The 3-QUEST
model determines three MOS scores for the speech, the noise
and the overall quality: SMOS, NMOS and GMOS
respectively. The MOS scores range from 1 (poor quality) to 5
(good quality).

Table I summarizes the 3-QUEST values for the different
background noise simulations. It is apparent how the nature of
the acoustical environment affects the performance of the
broadband beamforming techniques. In low non-stationary
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environments, S1, the MVDR beamformer increase the SNR up
to 6dB, while it ensures high speech quality(SMOS=4.7). On
the other hand, in highly non-stationary environments the SNR
improvement is more limited, depending on the high/low SNR,
and is occurs in expense of speech quality.

VII. CONCLUSION

In this paper the MVDR beamformer was presented and its
performance in presence of background noise was examined.
For that purpose, real audio signals were used and microphone
array impulse responses were measured. The simulations took
place in a semi-anechoic room, where different real-world
acoustic scenarios were simulated according to ETSI EG 202
396-3 [6]. The real audio signals were captured by a 5-channel
linear acoustic array and then were processed in the MATLAB
environment.

Simulations prove that the performance of the MVDR
beamformer is limited due to the diffuse noise field. In a
relatively quiet environment (S1), the SNR improvement goes
up to 6dB while high audio quality is achieved (SMOS=4.7). In
high non-stationary environments (S2-S5), the SNR
improvement is 2dB and 5dB for high and low SNR
respectively. In these scenarios the audio quality is degraded, as
it is indicated from the SMOS scores. Less speech distortion
and higher noise reduction can be achieved with advanced post-
filers [8-10].
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2V0TNUA EMLTPNONG Kol EAEYYOL

NAEKTPOKIVIITOL OYTLLOTOC LLE YPTIOM
NAEKTPOVIKOD O10LPOPLKOV

Nwodiaog ®. Mihag

Abstract— Adéyo g vrofabuiong tov mepfdiroviog, mov
naportnpeitor To terevtaio ypévia, Sd@opes QUMKEG TTPOS TO
nepipdilov  TEYvoloyies Ppickovion  6TO  ETIKEVTPO  TOV
EMGTHOVIKOD EVOLOQPEPOVTOG. 26 EK TOVTOV TPUYNOTOTOLOVVTUL,
EKTETOPEVEG TTPOOTADEIES Y0 VEN OMOTEAEONOTO $PEVVOS GTO
Tedi0 TOV NAEKTPIKOV oxNpatov. Opwg, mapd To yeyovog 6Tl T
niekTPKd oyfpata doev mpokaiov apeca ProPepéc cvvémeieg
oto mePPariov, YPNOUOTOOVY KOTG KOpov  cvpPatikd
CUGTHNATO NETAO00NG nE Younio Badpod arddoons ko wadnTiky
ovumeplpopd. XtV gpyocio ovty mpoteivetar éva olvoTNpRA
EMUTNPNONG KOL ELEYYOV TNG CVUTEPLPOPAS EVOS NAEKTPOKIVIITOV
OYNNOTOS  YPNOCLUOTOLAVTOS MNAEKTPOVIKO Sro@opikd. "Exsr
oyedactel pio pkpovTOrOYIGTIKY] OWATUEN TPOKEPEVOL VA
GUALEYOVTOL KoL VO NETADIOOVTAL TO HEOONEVE TTOV OTOLTOVVTOL
T a&ometo éheyyo Tov oynparos. H otifapiy perddoon
0£00UEVOV PEGE 6TO GUGTNNA EMITVYYGVETAL PE TN YP1oN VoG
owaviov CAN mov yapaxtnpiler Tnv mapovoa apyrrekroviki). [Na
TNV VAOTOiN 61 TOV NAEKTPOVIKOD SLAPOPIKOD E£xeL dnprovpyn0Oei
évag alyépiOpog mov ppeiton T Agrtovpyio Tov €hevOegpov
ENYOVIKOD O10QOpPIKOV, TTAPEXOVTUS TNV 1010 TOGOTNTO POmNG
6TOVG 0V0 KivnTiprovg Tpoyovs. Mg Paon tov aryépiOpo avto,
OIveETOL N HVVATOTNTO CLYYPUPNS TOAVTAOKOTEPMOV OAyopiOpwy
HE GKOTTO TNV EVEPYNTIKI] CUUTEPLPOPE TOV OYNNOTOS OE UKPOAIES
ovvOnkes. To mpotadév cvotnue £xel TorodetnOei o éva dynpa
Tomov Buggy mpokeypuévov va o&oroynOei n alomotio ToL,
GUYKPIVOVTOG TIG EMO06ELS TOV pg To OcopnTikd amoteliopata
OV TPOKVATOLVV a7t TN yemperpia Ackermann.

Index Terms—  HlexkTtpoviké  O10.Q00plKo,
Ackermann, CAN bus, nAektpiké éympa.

vempeTpia

1. EIZATQrH

H vrofaduion tov mepPdAlovtog mov mapaTnpEiTOL T
tehevtaio Ypovia €xel  TPOKOAEGEL TNV OVAYKN Yol 1N
ovppaticodg Tpémovg petokivinong [1]. Ta nAektpokivnto
oYNUOTE, TOV EUQOVIOTNKOV GTO TPookKnvio to 1828 [2],
AmoTELOVV éva LITOGYOUEVO Tedio Epevvag Yo eEotkovounon
evépyelag oTlg  Kabnuepwég  petakivioelg. Opwg, oto
owbéoyo  epmopikd  MAEKTPIKA oynuoTo  ocuvveyilovv  va
XPNOOTO0VVTAL  GUUPATIKE GUOTHUATO  UETAO0ONS  UE
pnyovikd  kifotio  tayuthteov kot dweopwkd  [3]. Ta

O N. ©. Mhag, sivar dumhopoatovyog HAiektpordyog Mnyovikdg tov
Tuqpatog HAektpoldyov Mmnyavikdv kot texvoroyiog YTOAOYIOTAOV TOL
IMavemomuiov Iatpav, Idtpa 26504. Emtéiece tn Sumhoportikh tov
epyacio 610 epyactnpo Hiektpounyavikig Metatponng Evépyelag. (e-mail:
nickmilas12@hotmail.com)

ovoTiHaTa oVTd, Topovstdfovy younAd Babud amddoong Kot
&yovv vymAo Papog, yeyovog mov emPaphvel TO KOGTOG Kot
TV TOALTAOKOTNTO TOL  OyNuotos. EmmpdcBeto, ta
oupPatiKd GLOTANOTO UETASOONG AElTOLPYOVV TAONTIKA Kot
dev gival 0KOAN EQIKTO VO TPOGAPLOOTEL 1 Agttovpyion TOVG
o€ EMKiIVOVVEG GUVOTKEC.

Ald@opa  cLOTNUATO  EMTNPNONG Kol  EAEYXOL  EYOLV
avapepOet ot Piproypaeio [4][5]. ‘Eva cvotnua exttipnong
ypnoonowdvtog diowvio Controller Area Network (CAN)
viomombnke otmv [6]. EmmAéov, dhheg dwatherg
niextpokiviitov oynudtov mtov ypnotponotovy CAN egivor ot
[71[8]. Zyetkd wawobplo medio £pevvag OmOTEAOVV Ta
niextpovikd dwpopikd. ‘Eva ocvomqpo pe miektpovikd
SlPOPIKO, YPNOYLOTOLOVTAS AUECO €AEYYO POTNG KOl TNV
TEYVIKN EAEYYOVL olicBnomng mpotdbnke amd [9]. Mo ékdoon
mov Pociletar ot Aerrovpyla TOL €hevbepov  pNYOVIKOD
dwpopucol mpaypotorombnke omd [10]. Otv mo mwoAAEG
gpyacieg o€  mAektpovikd dopopikd Poociloviar ot
veopetpioo Ackermann [11][12]. H ypion dwaviov CAN yia
petadoon onpdtov amd TO MAEKTPOVIKO Ol0pOpKd  Exel
epoappootel oty [13].

Topoatnpeitotl 0L 01 TEPIOGOTEPES EPYAGIES EMGVD 6TO BENQ
TOV  MAEKTPOVIK®OV  Sl0poplkdv  dgv  mpoteivouv  éval
OAOKANPOUEVO GUGTNLLO. TOV VO GLVILALEL TV EMLTHPNON TG
GUVOAIKNG KOTAGTOGTG TOV OYNIATOG KOL TNV KOTOYpOoeT TOV
OYETIKAV LLE TNV Kivion dedopévmv.

Ymv epyoocio ovt oyedldletar Kol KATACKELALETOL Lo
OAOKANPOUEVT UIKPODTTOAOYIOTIKY] O1ATaEN HE MAEKTPOVIKO
Slpopkd yo tov EAeyyo €vOG MAEKTPOKIVIITOL OYNLLOTOG
oG (Ewodva 1), oto omoio ypnotponotovval yio Tnv Kivion
TOV 610 NAEKTPIKOT KIVITHPES LOVILLOL LayVIT, €VOG Y10 KAOE
ontic010 tpoyd. To mpotaBév NAexTpoviKd doPopikd pipeital
™ Aewtovpyic TOL €AgdBepov  pUMEOVIKOD  SLOPOPIKOV.
EmimAéov, n petddoon tov ded0pévmv ecmTEPIKA TNG d1dTaéng
emtuyydveron pe  xpnon dtowviov CAN.

Ewova 1. To niextpokiviito dynua 6to omoio eykatactadnke n didraén.
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II. ANAAYZH AEITOYPTIAY HAEKTPONIKOY ATA®OPIKOY

Yta cupPoatikd ovtokivnta givol omapaitntn 1 vrapén Tov
pnyovikod  dpopikod To OmMoi0  aVAKEL OTO GUGTINHO
petddoong kot emitelel dvo onpavtikég Asttovpyies. H mpmdt
glvor M petddoon g woxbOg OmO TOV KIVITHPO GTOVG
Kwntipovg tpoxovs. H  devtepr, kot onpavtikdtepm,
Agrtovpyio Tov givat OTL EMTPENEL GTOVG KIVITHPLOVG TPOYOVG
VO KIVOUVTOL HE SLOPOPETIKY TOXVTNTO, TPAYUO OTapaiTnTO
otav to Oynpa Tpénet va oALGleL KotevBvvon (oTpoPEg).

A. Tewpetpio Ackermann

Katd ™ otpoen &vdg avtokvintov, akoAovbeitor m
yveopetpio. Ackermann [14]. H yeopetpia Ackermann, mov
avaeépetol Kot ¢ “True Ackermann” 7 “Pure Ackermann”,
épyetar va dmcel ADoN OTo TPOPANUO TOV SLOPOPETIKOV
TAYVLTHTOV OV YPEBLovTaL va £(0VV Ot TPOYOl EVOG OYNLLOTOG
Katd Tn OldpKeln TG oTPoenG, He okomd vo amopevydel M
oAicOnon tov Tpoydv. H Adon tov mpofAnpatog £ykeitor 6to
YEYOVOG OTL 0L AEOVES OA®V TMV TPOYMV TPENEL Vo PpicKovTot
VONTA OTIG 0KTiVES KUKA®YV, Ol 0010l £Y0VV KOWO KEVIPO OF
npokabopicpévo onueio tov emmédov (Ewova 2). T ™
oMOTN KiVNoN TOL OYNUOTOG, CTALTEITOL OLOPOPETIKY YMVIO
OTPOPNG TOV EUMPOcHiOV TpoydV 7Yoo SedOpévr yovia
GTPOPNG TOV OYNUOTOG, TOL TOVTICETOL HE TN YOVIO GTPOPNG
evOg vontol Kevipkol katevBovtipiov tpoxov. H pekém
yivetal g mpog to onueio S mov Bewpeitan 6T1 PpiokeTor otoO
péso tov omicBov GEova. To onuelo avtd extedel opoAn
KuKAKN kivion axtivag R yopw and to onpeio O.

‘Eoto Ly, 10 pfrog ka1 Wy, 10 mAdtog Tov oxfipotog, 0 m
YOVIOL GTPOPNG KOL Vorez, Vomes Ol YPOHUIKEG TOYXVTNTES TOV
omicOov e£@TEPIKOD KOl ECMTEPIKOV TPOYOL OVTIGTOLYO.
Eniong, 06t0vion G ®ores, Wores Ol YOVIOKEG TOXVTNTEG TOV
ontic010V EEMTEPIKOV KoL EGMTEPIKOD TPOYOV AVTIGTOUYOL.

v, w
Woreo = ‘;ﬂ"’w = Wref (1 — —tan@) (a)

W 2Ly
v &8 w
wOT[,Ef = (;T[E = wref 11 + oL tan@ (b)
w oy

Omov r,, elvar 1 aktiva T00 KAOE TPOYOL.

Nontog Kevipikos Katwdvmplog 1poyos

Ewova 2. Ileprypapn g yemperpiog Ackermann.

IMo vo TepIoTpEPeTOL TO OYNUO LE U0 OPIGHEVT] YMVIOKN
TOYOTNTO YOP® OO TO KEVIPO TNG GTPOPNG, TPEMEL T oMueio
mov Pplokovior mpog TOo €&TEPIKO UEPOG VA €xovV
HEYOADTEPT YPOUUIKY ToYVTNTO amd ovTd 7Tov Ppickovrol
TPOG TO ECMTEPIKO, CLUVERNDG Ol EMTEPIKOL TPOYOl TPEMEL VL

KwvoOvTon To ypryopa omd 0Tt o1 ecwtepikol. H yewperpio
Ackermann wavomoteitor og cuvOnKes yauning toydmTog,
omov amovoldlel 1 avATTLEN TAEVPIK®OV OSLVALE®Y GTOVG
Tpoyovc. Ot tpoyol ce OVTEC TG CVVONKEG TEPIOTPEPOVTOL
yopig oAioOnon «or Ta  ehooTikd Bewpeitor 6Tl dev
TOPALOPODVOVTOL. Xg VYNAEG TODTNTEG, 1M €MIOPOCN TOV
TAEVPIKOV Odvvapew@V gival £€vtovn, HE OmOTELEGUO TNV
EPAPUOYN GAADV YEOUETPLOV YlO. TNV OCEOAN Kivnorn Ttov
oyfuotog [15].

B. H uebodoloyia tov niektpovikod diopopikod

H pebodoroyic TOov mMAEKTpOVIKOD  SLOQOPIKOL  TOL
epapudletar oty mapodoa epyacio pupeitar ) Agitovpyio
TOL €AEVOEPOL UNYOVIKOD OlopPOPLKOD, TTOL givol 1 TAEOV
dwadedopévn dataén. H pomn mov mopéyetat, gival opowa yuo
KGOe ¥POVIKN GTIYUN KOl Ylo. TOVG dVO KWVNTHPLOVG TPOXOVG
[14]. H pkpodmoroyotiky OSwdtaln ovarappdver  va
LETAOMOEL TIG KOTAAANAESG AVAPOPES POTNG TPOG TOV EAEYKTEG
(Controller) Tov kivntipov Kot va cuALEEEL dedopéva GYETIKA
pe v kivnon, péco katdAAniov acbntpov mov eivar
tonofenpévol oto Oynua. ‘Evag kodikomomrig Béong etvon
tonofepévog oto ToVL Kot aicOntipeg tomov Hall eivon
EVOOUOTOUEVOL GTOVG Kivntipes. Me tov 1pdmo  avtd,
a&loAoyeiTaL 1| GUUTEPLPOPA TOL KIVITHPLOV GUOTNIOATOC KO
ot vmoloyilovtor ol OmOKAICES TOV TOYLTATOV Ond TO
veouetpikd povtédo Ackermann. Kotd tyv ekmbébvmon g
gpyaciog avtng OlepeuvnOnkayv Kol oL JUVOTOTNTEG TOV
Controller oyetikd e ToV EAEYYO TOXHTNTOC, TOV TAPEXOVLY MG
gpyootaclokn Asttovpyia, kot kpifnkav avemapkeis. T To
AOY0 avtd TO ocVOTNUO TEPOPIOTNKE OTN AETOLPYID ©G
erevfepo Sapopkd. EmmAéov aicOnipeg 0mmg pedpatog Kot
Beppokpaciog mapéyovv Tpdcebeteg TANpoPOpies.

III. KATAZKEYH IIPQTOTYTIOY

A. Aoun ovotiuarog

H 6udt0En mov viomomBnke otnv mapodoo epyacio £xet
gykataotafelt oe  éva  Oymuo  tomov  Buggy  movu
kataokevdotnke  oto  Epyaotipio  Hiektpounyoviknig
Mertatponnc Evépyelag tov [avemotnuiov Hatpov [2].

Yvykekpiuéva, M pkpobmoloyotiky didtaln amoteAgiton
ond  TéooEpPlc  TWAOKETEG TUTMOUEVOL  KUKAMUOTOG KOl
avohoppavel va cLAAEEEL, pE TN YPNAON MAEKTPOVIKGOV
aeOnTpOV, HETPNOEIG OYETIKEG LLE TNV KIVNOT TOL OYNIATOG.
H 6udtoén amoteAeitar omd v TAOKETO TOL TMAEKTPOVIKOD
dtapoptkoy, TV TAAKETO AAANAETIdpacNG pe Tov odnyd Kot
TG TAOKETEG ANYNG KOl OTOGTOANG EVIOADV TPOG TOVG
ereyktég (Controller) Tov KvnT)po TOL OPLGTEPOL KOL TOV
0e&100 tpoyov avtiotoya (Ewdva 3). Xtoyog eivon n e€aymyn
TOV OTOPUITTOV OVOQOPAV POTNG OO TO MAEKTPOVIKO
dpopkd, Tov TPENEL Vo Adfouvv ot KivnTipes Yo va KivnOel
10 Oynuo pe ac@dAelo. oe cvvOnkeg evbelog Kot GTPOONG.
Idwitepa, m vAomoinon TOL MAEKTPOVIKOD  SLOPOPIKOD
emoAnOevetar pe 1N yewperpio Ackermann otv  omoia
BaciCovtar xor ta cvpPatikd oynuoato. Emmiéov g
e€aymyng TV avapopdY PomNS Yo Tovg 000 KIVNTNPES, M
dwtaén petpd ™ yovio oTpoPnNg Kot TIC TOXVTNTEG TOV
Kvnmpov  tpoxdv. EmumAéov, mapéyetor n  dvvarodotnTo
GLAAOYNG TV JeSOUEVMV amd NAEKTPOVIKO VITOAOYIOTY, HEC®
celprokng emkovoviog UART.
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Ewova 3. H apyrrektovikn g Stétaéng.

Ta yopaKTPIETIKAE TOV NAEKTPIKOD KIVNTHPLOV GLGTHLLOTOG
napovctalovral otov Iivaka 1.

TIINAKAS T
TA XAPAKTHPIZTIKA TOY HAEKTPOKINHTOY OXHMATOX
Ioyde kivntipov 2x5kW
Méyiot pomnj Kivntipmv 38Nm (0,13Nm/1A)
Taomn Aettovpyiag KvnTHpoOV 24V-48V
Méy16T0 pev e KIVNTHPOV 300A
X®pNTIKOTNTU GUGCWPEVTOV 6,912kWh
Téomn cvocwpevTdOV 76.8V
Pedpo cusocmpevtdv 45A
Méy1ot0 ped e GLGCMPEVTAOV <270A
Yyéon petddoong 1/3,5
Bdpog ~370kg
B. Ieprypagpi tov diadvlov CAN bus
H petddoon t@v  dedopévev — €0MTEPIKA  TNG

UIKPODTOAOYIGTIKNG S1ATaENG TpayLaTomolEiTaL e TN YpNon
tov tpotimov CAN [16]. To CAN egivar éva tpdtumo dtodAov
GEPLOKNG EMIKOWV®VIOG Tov mpotddnke to 1986 amd v
etaipio. Robert Bosch GmbH ka1 vrmoompilelr amodotikd
ENEYY0 TPOYLOTIKOD ¥pOVOL LE VYNAO eminedo o&lomiotiog
[17]. Adyo g omAdmTog kot otifopdtnTtdg  TOL
xpnowonoteitor oe TANOdpa  EpoppOoYDY, HE KOPL  TO
nAektpovikd ovothpote ovtokvntev. Emmdéov, to CAN
mapéyel mopéxel PeYaAn eveMéla Katd Tn ovvdeon VEmV
kOpPov Kot tayvtnteg petddoong €wo¢ 1Mbps. T tovg
TAPATAVEO AOYOLGS, 1] XPNON TOL £xel vIoBeTNOel 6TV TapOVGQ
epyacio. Kabe évac omd tovg piKpogleykTtég g dudToéng
amoteAel éva kopPfo oto diawro (Ewova 4). Qg K1 ko K2
ovppoirilovtor ot kopPor demapng tov dvo Controller. Evéd
og ED kot DASH cvppoiilovrot ot kOpPot Tov nAeKTpoviKoD
S10POPIKOD KoL TNG TAUKETOS OETAPNG LLE TOV 0ONYO.

$ CAN High $
CAN Low

Ewoéva 4. H apyrrektoviky tov dtovrov CAN.

120Q
120Q

Ta moxéta dedopévov mov petadidovior oto SiowAo, ot
yopoktnpotikol tovg apBpol kot ot koépPor amoctolelg
napovctalovior  otov  [livaxa 2 Ta maxéta  mov
axoAovBovvtal and tov yopoktnpiopnd “ERROR” anotelodv
nakéta  eAéyyov/ oedipotog. To mokéto “SPEEDREF”
TEPILAUPAVEL TIC OVAPOPES POTTIG TPOG TOVS dVO KIVITNPES, T,
Voo TOKETO TEPIAAUPAvoVV Ta petpovueva peyédn mov
emekepyaletor o pikpoeAeykTg kGOe wopPov. H taydnta
petadoong tov £xel 1ebel ata S00kbps. Ipoxeévon va punv
vreppoptiteror o diavAog, o kKOpPog ED amootédiet dedopéva
Kké0e popd mov déyetan véo makéto pérpnong and tov Kl 1
tov K2. H mepiodog amootorrg unvopatrog tov ED éyet
petpnfet 23ms evd 1 mePiod0g OmMOGTOANG UNVOLLATOS 0T TO
DASH éyet npoxaBopiotet ot 100ms.

TIINAKAE 1T
TA ITAKETA TTOY METAAIAONTAI £TO AIAYAO

IDENTIFIERS AIIOXTOAEAX
HAKETO HEXADECIMAL &MET'EOOX

EDERROR 0 0 4 1 ED (2Bytes)
KIERROR 0 0 4 4 K1 (2Bytes)
K2ERROR 0 0 4 5 K2 (2Bytes)

DASHERROR 0 0 4 6 DASH (2Bytes)
SPEEDREF 0 0 4 9 ED (8Bytes)
EDMEAS! 0 0 4 8 ED (8Bytes)

MEASI 0 0 4 F K1 (8Bytes)
MEAS2 0 0 4 E K2 (8Bytes)

IV. TIEIPAMATIKA AIIOTEAEEIMATA

Yy mopdypopo avt Tapovoldlovial To OTOTEAEGLOTO
TOV UETPNOED®Y TOL TPAYHOTOTOMONKAV TPOKEWEVOL VO
a&loloynBolv ot emBOGEIS TOV OYNIOTOG GE OLAPOPES TPOYIEG
KOl 1] YEQUETPIKY avaivon kotd Ackermann. Xvykekpipuéva,
TapovGLalovIoLl Ol LETPNOELS TOV TUYLTHTOV TOV OTicOiV
TPOY®OV Kol 1 yovio oTpoeng TV gunpdodiv TpoydVv.
Hopovoidlovtag Tig ToXOTNTEG TOV TPOYDOV KOl TN yovia
OTPOONG, LEAETATOL 1] CUUTEPLPOPA TOV OYNLOTOG OTAV OVTO
emtelel dlapopetikd €idn kivioewv. Exumhéov, aloloyeitol n
epapuoyn g yeopetpiog Ackermann omnv  Kivinon pe
YOUNAES TOOTNTEC.

A. Tleprypapn TEPOUATIKOV UETPHOEWDY

Koatd ) de€ayoyn tov mepapdtov, tpaypotoromonkay
KIVGELS TOL OYNMOTOG GE OOPOPETIKES TPOYLEG e Evay 1 dVO
emPareg. Evdewtikd mapovoidletor v Stdypoppo  yo
Kkivnon ‘cAdhop’ pe évav emPam (Ewova 5).

B. Ileprypopn uedodov alroldynons ko omwoteléouaro.

Ta dedopéva Tov CLAAEYBNKOV HECH GEIPLOKNG HETABOOT|G
KOTO TNV Kivnom Tov oYfUatog, €1onynoov oe mpdypapLLo
MATLAB yw vo ovykplodv He VTOAOYIGHOVG TOL
Bacilovtar ot yewpetpio Ackermann war va  e&aybovv
YPOPIKEG TOPACTACELS. Me dES0OUEVN TV TPOYLOTIKT YOVIOKN
TOOTNTA TOL OPICTEPOV KIVNTHPIOL TPOYXOV, VIOAOYIGTNKE N
Beopntik ToVTNTO TOL 01OV TPOYOL GCLUPMOVO HE TN
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veopetpio. Ackermann. Telkd, mpaypatomombnke cvykpion
mg BePNTIKNAG Kol TPOYUATIKNG YOVIOKNG ToOTNTOS TOL
5e€100 TpoyYoV ka1 vroroyiotnke M amdkion tovg (ITivaxag
3).

120
— Taxomra ApioTepou
110 TayuTnTa Aeglol
100l— lwvia aTpoerg
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Ewova 5. T'pagikn mapdotaon Toyut)Tov Kot Yovicg GTpoenc.
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ATIOTEAEEMATA TIEIPAMATON

Eidog tpoyrag Méyietn Anéxhon %
1 EmBarng 2 Empareg
Evbeia 3,8 1,8
Ae&looTpoen 10,1 42
ApiotepdoTpOPN 2,6 3

V. XYMIIEPAZIMATA KAI MEAAONTIKES ITPOEKTAXEIZ

Xmv  gpyocio  avtr, TOPOLCLACTNKE €ve  GUGTNUO
EMTNPNONG KOl EAEYXOV MAEKTPOKIVITOV OYNLOTOG LE XPNoN
niektpovikoy dwapoptkod. To cdommue avtd pipeitor
Aertovpyio. Tov €AeDBepovL uNovVIKoD Slapopikov. Amd TIg
petpnoelg katd T ddpkewo, g kivnong, afoloyndnke
BewpnTikn avdivorn TOL TPAYHOTOTOMONKE COUE®VO LE TN
yveopetpio. Ackermann.

E&opowdvovtag tn Agttovpyio tov edevBepov dlopopikov,
epapuolovtag v B pomn Kot ©TOVG VO  TPOYOVG,
pumopovue vo aglodoynoovpe Beticd ) Bempntikny avdaivon
oLYKpIvOVTaG TIG TPOYUATIKEG TOYVTNTESG WE OQUTEG OV
mpokvnTovy Bsmpnrtikd. Ot amokAicels KT TIS AploTEPES
oTPOPEG OV VIoAoyioTnKav péEYPL Kot 3% Kot ot amokAIGELS
katd T1g 0e€lég oTPoPEG oL vIoloyiotkay uéypt Kot 4,2%
(v 2 emPdreg) vmodewkviovy cvykKAlon g BewpnTikng
avéivong pe To  mEPpouaTikd amoteAéoparto. Emiong
maponpnOnke 611 M xoTavoun Pdpovg o€ €vo pKpd Kot
EMOQPL OyNUa €YEL OpATH EMIOPOOT OTN GLUTEPLPOPE KOTA
TNV od1ynon.

Q¢ mpoéKtaomn TG epyouciog aVTNG, TPOTEIVETAL 1| EPAPLOYN
eléyyov pe ypnom eEOTEPIKOV KAEGTOV PpoOYov TOYVTNTOG
péco amd T pikpobmoroylotikny Sidtaén. Me v epappoyn
TETOOV EAEYYOVL, OOl EMLTLYYAVETOL 1) TNPNOT TNG YEOUETPIOG
Ackermann og Oleg TG ovuvOnkec. EmumAéov, n vAomoinon
olyopibpuwv mov Oo  avtilapPdavovion Ty  mbavotnto
ATMOAELNG EAEYYOL TOV OYNHATOG Kot Ba kévouv To choTNHO VO
Aertovpyel evepynTikd, eivol 6TOVG GUEGOVS GTOYOVS, DOTE VO
TPoPAEPBOVV EMKIVOLVEG KATAGTACELS Y10 TOVG EMPATES KO

Yy va yivel 1 odynon mo dvetn petafétoviog eAEYYous Kot
£yvoteg omd Tov 00My0 GTO GUGTILLO EAEYYOV.

EYXAPIZTIEE

H epyoocia ovt) mpaypotomombnke oto wAoiclo TV
dumhopatikdv  gpyacidv  tov  Tunuatog HAlektpordywv
Mnyovikov xor Teyvohoylog Ymoroywtov Ildtpag oto
Epyoaotipro HAektpounyovikng Metatponng Evépyesiog.
Oepuéc evyapiotieg omodidovtar otov emPrénovia Kabnynm
Ap.-Mny. Eppoavound Tatdxn to cvvemPrémovta Emiovpo
Kofnynm Ap.-Mny. Ernapeivovoa Mntpovika, kabdg kot
otov Y.A. k. ['eddpyro Xpnotidn yia T1¢ moAvTieg cupfoviég
TOVC.
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[Ipocotopiopndc e B€ong mAoiov evtog

OECOUEVG UE TN ¥PNOT COPWTN TEXVOLOYING
LiDAR .

Mrdyoing Xpiotodovriog, Odvocéac Dotobpog
Tunqpa Hiektpoddyov Mnyoavikeov kot Texvoloyiog Yroroyiotav, [avemotio Hoatpdodv

Abstract - v popmotiki, 11 axpifs yvéon g 0iong Tov
POUTTOT EivoL TO GNUAVTIKOTEPO TPDOTO Pripa wov TPémer vo. yiver
@ote 0 peténerta Eheyyog vo. sivan emtoyng. To popumdt pog sivor
éva. povtého @optnyov mhoiov pnikovg 1135mm kov TAGTOVG
140mm. X16y0¢ pag givar o £reyyog Tov mhoiov evrog defapevig
ownotdoev 6m x 2m. Emiéape va Avoovpe avtd to Tpéfinpa
ipnowponordvrog éve capoty LIDAR kov topraloviag Tig
OL0O0YIKES GUPAGELS TOV JAOPOV DGTE VO VITOAOYioOVUE TNV VEQ
001 KoL TO VEO TPOGOVATOMGNO TOV TAOIOV.

Index Terms - Position and Orientation Estimation, Scan
Matching, Correlation

I. EIZArQrH

YOPOG TOL Kiwveital To mhoio eivar pia deapevn
dwotdoewv 6m x 2m. H de&apevn avt) PBpioketon oto
ktipo tov [Holrtikov Mnyavikedv oto [Mavemomuio atpodv
6€ £va YOPO e TOAAEG HETOAMKES KATAOKEVEG Ol OTTOleg oG
OTOTPETOVY A0 TO VA YPTCULOTOW|GOVLE LLOYVITOUETPO Yiol
Tov okpif]  Tpocdopiopd G BEomg Kot TOL TPOCOVO-
ToMopoV. Mo Tponyovuevn mpocmdfeto Yo TnV €OPECT NG
0éong tov mhoiov &ywve pe T ypNom TEXVIKOV emegepyaciog
EIKOVOC, OUMGC TO OMOTEAECULOTO OV MTOV  IKAVOTOUTIKG
€yovtog Mikpn axpifelo Kot peydAn VmOAOYIGTIKY TTOAL-
mhokotnta. EmAéEope Aowmdv va ypnoylomomoovps  Eva
0Onvo capot) LiDAR yia va Avcovpe avtd o Tpdfinpa. Ot
S1080YIKEC COPDOOELS TOV YDPOV YIVOVTOL LE HEYAAN TayVTNTO
KoL ETOUEVMG 0 XPOVOG Y10, TOV VITOAOYIGHO NG BéoMg Kat Tov
TPOCAVOTOMGHOD €E0PTATOL OMOKAEIOTIKG omd TNV HEB0SO
oV Ool EPAPUOGOLLLE.

II. XAPQTHZ LIDAR

‘Evag ocapotig LiDAR petpder tov ypdévo mthiong g
axtivag laser mov ekméumetl Kou vworoyilel v andotacn ond
70, S1dpopo. EUTOdI 0TO XDPo. O GLYKEKPIEVOL BTN PES
OLMG ivol apkeTd akplBoi AOY® TOV HETPNTIKAOV OPYEVOV TOV
xpovov mong ¢ axtivag laser. H etoupia Neato xotdoepe
va vVAoTomoel Evay ooOntipa texvoroyiag LiDAR tov ondio
TomoB£TNoE OTNV POUTOTIKY) oKOOTOL oV Kataokevdlel. To
KOGTOG TNG POUTOTIKNG OKOVTOG givatl aoONTd pikpdTepo and

Ew. 1 O awsbnmpag LiDAR 7mov Bpioketon
£vTOG NG popmoTikng okovmog Neato XV-11

éva eEedikevpévo ovotnuo LiDAR. Zvykekpiéva gpéig
¥pPNoonomcape tov asntipa and to poviého Neato XV-
11 1tov omoio amoxtioope pe polg 100 €. H etoupéuo
Katdeepe vo ELOTMOCEL TO KOGTOG KATAGKEVTG TOV otodntipa
YPNOCLOTOLDVTAG TPLy®VOoToinon avti yio v UETPNoN TOL
xpOVOL TTHoNG TG oKTivag laser. Tuykekpiuévo PETPAEL TNV
yovio TG avokAdpevng aktivag pe ) Pondeia tov opotmv
TPYOVOV TOL SNULOVPYOVVTAL OO TNV EKTEUTOLEV KOL TNV
avakAdpevn axtivo. [1]

A. Xaporxrypiotikd tov arcOytijpa LIDAR

M ©pn meptoTpoeny Tov auctntipa emoTpépel 360
LETPNOELG Kot Umopel vo peTpfioctl omootdoels and 0.2m wg
6m. H toydmto 7eplotpopng Kot KAT'EMEKTUOT O PLOUOG
odpwong pvOuiletor pécm tov PWM onjpotog mov otédvoopue
otov Kivntipa. O pvBudc clhpmong Aomdv pmopel va mhpet
Tiwég and 2Hz éog 10Hz. v mepintoon pog emAébope vo
&yovpe évav puBud cdpwong SHz, étor érovue dwbéoieg
1800 peTproeig to kdbe devtepOAETTO.

O aweOnmpag etvor pikpdg oe péyebog Kot emopévmg eivan
€0Kolo vo TomoBetnBel o€ LKpd poUmTOT Kot KOT'ETEKTOCT OTO
HOVTEAO TAOIOL 7OV  YPNOUYOTOOVUE. ZVYKEKPIUEVO  E£)EL
TAGToC 96mm, pnkog 115mm kon Vyog 52mm.

H duwitoén tov awsbntmpa oe mAfpn Aettovpyio omottei
200mA ot Agttovpyei pe tpo@odocio SV.



B. IIeprppapij tng melpopuatikig o1dTacng

Xy  mopovca  (ACT TOL  TWEWPAUOTOS Ol UETPNOELS
otélvovtar pe Bluetooth otov vmoAloyiot) 6mov Kot yivetotl 1
enekepyaoia toug. O xwvnmipog eAéyyetor pe €vav motor
controller pe moipovg PWM kot M toxdmto TTEPLOTPOPNG
Swnpeitor otobepn pe €heyxo Kiewwtod Ppoyyxov. O
aenTipag emoTpéPel TV TPEYOVSA TOXHTNTO TEPLGTPOPTS
TOV KWVNTAPO TNV 070l KOt YPTGUYLOTOOVLE Yol TOV EAEYYO.
OAn 1 ddtaén tpopodoteital amd pio Li-Po pmatapio 7.4V
pe yopntwkdra 1000mAh.

Ew. 2 To mhoio gvtdg g de€apevig pe tov
oeOnmpa tomobeTnuévo 6t PEST ToV TAOIOL

III. ME®OAOI EYPEXZHX THX OEZHX ME 2-D APQTEX

H ektipnon g 6éomng tov mAoiov yiveton pe to taiplacuo
V0 TAMPOV GAPDCEMY TOL YDPOL TOV EMIOCTPEPEL O 1GO-
mpag. H npodt cdpmon Ba givor n cdpmwon avagopds. T'a
T d0evtepn odpwon Bo mpémel va Ppovpe ™V dloeopd TNV
HETATOMION KOl GTOV TPOCHVOTIOAOUO (oTe va Toptdlet
Tpwg pe VvV odpoon avaeopds. To amotéleoupo oe
GLVOVAGUO pE TNV TpéYovoa Béon Tov poumdt Gto YMPo Ba
pog dwoet v véa Béon tov. Yrdpyouvv Tpelg Pactkol tpodmol
va toupla&ovpe dvo dVGIACTATEG GOPMOELS TOV 1310V YDPOL
Kot 1 €TA0YN ToVG e&apTdtal amd TV HOPPOAOYio TOL YDPOL
mov Ba Kwveitot To TAoTO.

A. Taipiacua onucio ue onucio

Avt 1 néBodog epapudletat oe yOPOVG TOL deV YpelaleTal
Vo €YOUV KOTOW GUYKEKPILEVO YEMUETPIKE YOPOKTNPLOTIKA
Om®G Yo Tapddelypo Tolvywvikd mepiPdilovia. H pébodog
ovopdaletan IDC [2] kon i vo gvBuypappicel tig dvo co-
poOoES Tpaypatonmolel aviiotoiyon tov onueimv g woag pe
To. onueion g GAANG Pdon peBddwv dmwg n péEBodog ToL
mAnotéotepov onueiov. H molvmhokdtnra tov IDC ewvar O(n?)
Kot etvar 1 peyolotepn peto&d tov 3 pebddmv.

B. Taipracua onusiov ue eo0dypopua tuquato

Avti 1 pé€Bodog Tpotddnke apykd omo tov Cox [3] ko
topralet to onpeia g kabe ohpwong pe Eva LoviéLo Tov
XDPOL TOV KIveiTaL TO POUTOT, ATOTEAOVLEVO ATTd

evBVypappa tupato. o va Aettovpynoet n pébodog Ba
TPEMEL 0 YMPOS va gfval Kuplmg Tolvywvikde, dmwg etvar otV
nepintmon pog 1 degapevn. H pébodog éxet pkpn
TOATAOKOTNTO, KOl 5APTATOL KVPIG amtd To TAN00G TmV
€VOELOV OV ATOTELOVV TOV YAPTN. ALV XPNOYLOTOMGCOLE
avT TV 1éB0d0 aALd B pTopohoE Vo EQOPLOCTEL e
€VKOAiQ GTNV TIEPinT®O TNG 0e&aeEVNG, OTTMG KOL 1] EXLOUEVT
pébodog.

C. Toaipracua ue ypijcn tng GoVAPTHGNS GVCYETICHS

H pébodog avtr Baciletar oy ypron g cuvapnong
ovoyétiong [4]. O capdoelg ovamaploT@vToL and
oToypappoto Kot evfuypoppifovrar peta&d tovg fpickovtog
T0 HEYIOTO TNG GLVAPTNONG cvayétione. H nébodog avt
AeITOVPYEL LOVO € TOADYMVIKOVG YDPOVG Kot divel Ta,
KOADTEPO AMOTEAEGLLATA OTOV VILAPYOLY KABETA TULOTO GTOV
XOPTN, OLOC PTopel eDKOAN Vo TapapeTponotnBel doTe va
Aertovpyel pe kdbe gidovg morvywvikd tepdarovta. Eivor
ypyopn HéBod0C Kat éva TAEOVEKTILLOL TG Eivail TO YEYOVOG
OTL YAPTNG OVaPOPES iVl OVCLACTIKA [0 GAPMST] TOL XDPOL
otV omoia avTIoToI{oVUE TIC VIOAOTES CAPDTELS.

IV. H AIKH MAX IIPOZEITIZH

Amopooicape va ypnoyomomoovpe v péBodo pe v
¥PNOM NG SLVAPTNONG SLoYETIoNG KoBMG 1 dedapevn etvan
évag opboydviog ydpog dactdoswv 6m x 2m. Epappocape
mv  uébodo pe KOTOEG TMOPOUETPOTOCES MOTE VO
EMTOYOVUE HEYOAVTEPT akpifetlo Kat pikpoTeEPN To T, B0
mapovoldoovpe v péBodo epapudloviag v o€ mTPaypa-
TIKEG LETPNOEG EVTOC TNG deEaEVC.

Lidar Polar Plot
90 10000

Ew. 3 Me npdovo givatl 1 capwon ovopopdc
KOl [E UTAE YPOUE Lo ETOUEVY) GAPMOOT e
SLOPOPETIKY TEPLOTPOPT KO HIKPY UETOTO-
mon.

IMopatnpodpe oty Ew.3 611 0 ydpog €xet 2 peydia Keva
oe O6vo omévavtt mievpéc. To peydho kevd eivar dkato-
Aoynuévo kabmg M deEapevn TNV TPAYLOTIKOTNTO £XEL UKOG
12m won emopéveg m mAevpd ovt Ppiloketor €KTOg TNG
eupéietng tov awobntipa. To pikpdTEPO KEVO i0MG va
dpovpyeitar Ady® NG TOAD KPS YOViNG TPOGTTOCNG TG
axtivog laser ota onpeio exeiva oAAG axdpo dev Exovpe dMOEL



enopkn e&nynon. Ilapoéi'avta ot avetépo capdOCELS oG
enutpémovy  va. PBpovpe pe €ukoAio TV dweopd oV
UETOTOMION KoLl TOV TPOGAVOTOMGUO LETAED TOV TOVG.

A. Ymoloyiouog mepiotpopiic

I"o va vroloyicovpe TV d10Qopd 6NV TEPIGTPOPN HETAED
V0 CopOCEWV, TPEMEL VO PTIAEOVILE Lo AVOTOPAGTAGT) TOVG
mov eivol aveEApTNTn TG OTO0G HETOTOTIONG. AV Aowmdv
vroBécovpe OtL dvVO JdOYIKA onueio. o€ o GAP®ON
OVOTTOPIOTOVV LI YPOLLUY], TOTE UTOPOVLE VO VTOAOYIGOLLE
v yovie outhg TG YPORUNG He M mpokabopiopévn
Sevbbuvon. Av 1o Kavovpe anTo Yo A TO d1adoyIKd onpeia
t6te B0 OMpovPYNCOLUE O KATOVOUN TOV YOVIOV TOL
eppavilovtar og pio capmon. Ipopavdg ce CUYKEKPLUEVES
yovieg Bo eppaviovtol TomiKd péyLoTo Kot ot yovieg avtég o
AVTITPOCOTEVOLY TIG KVPleg dtevddvoelg otov yapm. H
Katavou mov  dnuwovpyeitar  ovopdletor  "GTOYpPOAULO
yovidv", kot givol aveEaptnn g petatomiong peta&d 6vo
GOPOCEMV.

Anpovpyovpe Aowmdv 1O IGTOYPOLLO YOVIOV Yo, TNV
GOP®OT aVaPOPAES Kol TNV TPEYOVCE GAP®GST TNG Oe&ApEVG.
H dwapopd @dong peta&d tov dvo otoypoppdtov Oa Bpedel
HES® TNG CLVAPTNONG CLCYETIONG:

c@i) = Z hist, ())hist, (i + J)
=1

H ocvvdptnon avt mapovstdlet Tomikd péyloto oto onpeio
oV 10 €va 1oToypappae "taptdlel” pe to dAho. Xvvibmg to
peyolvtepo tomikd péyloto givar kat 1 {nroduevn dtapopd
Qaong aAAG yevikd extyodue T0 omotd amotéhecua Paon
g mpomyobuevng Béong.

Ew. 4 Toa wotoyplpupato yovidv Tov LeTpioemy
m¢ Ew3. Evkolo dlokpivovpe Tig  kdpreg
KaTeELOOVOELS TV TOWYOUATOV TG deEopevig Kat
™ dpopd edong HeTagd TOVG TOL OVTIGTOLXED
GTNV TEPIGTPOPT.

EndéEape va  OMpiovpyobHe TO  1GTOYPOLLL  YOVIOV
Bepmvtag 6Tl éva onueio oynuotilel o gvbeio akopo Kot
pe 1o Té€tOpTto onueio omv oepd tov petpnocwv. Etol
Helwoape oodntd tov xpoévo dnuovpyiog Tov 16ToYPAUIOTOG,
xopig va ydoovpe og akpifeia apod 1 dekapevn amoteieiton
amd Vo KOpPleG HEYAAES dwBOVOELS He To. OoMUEin EMAPKDOG
KOTOVEUNUEVO GE OVTEG.

w f.
e
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Ew. 5 To anotéleopa g GuVAPTNONG GLGYETL-
ong peta&d tov otoypappdtov g Ewd. To
péyloto gppavifetor otig 66° mov gival kol To
0MOOTO AMOTENEGLLOL

90 10000

Ew. 6 T mepiotpogn 66° g Tpéxovsas 6apmong
BAémovpe OTL TOPLALEL GTOV TPOGAUVOTOMOUO e TNV
GapmOON avapopas.

B. Yroloyicuos usratomions

Io va Bpodpe v petatdmion oty X kot 'y devbovon Ba
GYNUOTICOVLE TO X KOl Y IGTOYPAULUATO o) TIC LETPNGELS KO
gmelta. e TNV ouvAPTNON GLoYEToels Ba Bpovue OTMG Kot
TPONYOVLLEVOG TIG LETATOTIGELG.

To mpdTo Prjno glvar va mepoTpéyovpe TV TPEXOLGA
olpwon pe TV yovio Tov PpIKOLE TPONYOLUEVOS DOTE VO
€xel TOV 1010 TPOGUVATOAIGUO LE TNV GOPMCT OVAPOPAS.
‘Emerto. Bo. dnpiovpyoovpe ta 16TOYPAUUaTe TOTo0eTOVTOg
TI peTpnoelg o€ avtd. To edpog TV dootnudtoy ot omoia
0o tomobetnoovpe kébe pétpnomn eivar kvplo onueio Tov
aAyopiBpov, kobdc mpémer va  eival TETO0  OOTE  TO
(OTOYPOYLLLO TTOV B0 TPOKVTTTEL VO, AVOTOPLOTE GMOTA TNV KAOE
mhevpd. o mapddetypo gov emaéEovpe e0pog 20mm toHTE OL
LETPNOELG TTOL £XOVV X GUVIOTAOGH UE Slopopd HETOED TOLG
<20mm 6o tomoBetovvTol 0bpoloTiKd oTo idto onueio TOL
16TOYpPAUpIOTOC.

To mpdPANLLa TOV TPOKVTTEL LLE TO. IGTOYPALLLLOTO OVTA
aPOPA TEPITTADGELS TTOL Ol GAPDOGELG OEV EYOVV TO TOLYDHOTOL
TOVG TAPGAANAL e TOVG X-y AEOVEG KOl ETOUEVMG deV
LIopovv vo. onpovpyndovv ta {nrovpeva PEyloTa oTa
otoypdpupata. o TV oVIYLETOTIGN TOL LTOPOVLE VO
EMAEEOVLE TNV GAPOOT AVAPOPESG VOl EYEL TAL TOLYD AT
TapAANLa [LE TOVG GEOVES KOt £TOL LETA TOV VTOAOYIGLO KO
TNV TEPLGTPOPT] TNG TPEXOVGAG GAPMOOTG, Ol LETPNOELS Bt
&xovv v {NTovpEVN HopPn. AVTOG glvar Kal 0 KOPLog Adyog
7oV 1 1€B0JOG avT dev pumopet va, ypnotporombei pe v 610



OTOTEAEGLLATIKOTNTO GE YMPOVS TOL dEV £X0VV KABETEG
TAELPEC.

Ew. 7 Xt0 oynuo pAémove Tig 600 GOUPOGELG TTOV
£€XOVV TEPLOTPUPEL DOTE Vo gival TOPIAANAES e
TOVG GEOVEG.

corellation gualtty: 0.32828
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Ew. 8 Zto oyfua PAEmOLUE TO X 1GTOYPOLLLOL.
Ewor @avepd 6Ot émpeme va gpoaviCovtar dVo
KOpLeg KaTELOVVOELG TO OTTOT0 Ko YiveTat.

0 I 100 @ m =0 0 E- 1]

Ew. 9 Zto oyfua PAémovpe TO y 10TOYPOLLLLOL.
EppoviCetow  poévo  po  katedboven  Omog
AVOUEVOTAV.

Ta 0moTELEGLOTO TG CLOYETIONG TV IGTOYPUUUATOV divouy
0. €ENG OmOTEAEGLOTOL

dx
dy

—280mm
—140mm

Metpnoajle Yo To GLYKEKPILEVO TElpapLo TNV akpiPr] Béom
oV ueOnTpa evtdg ™G deEapevig Kot PprKopLE:

dx(actual) = —282mm
dy(actual) = —140mm

O cvvoAkog xpdvog ekTéAednG ToL aAyopiBuov eivar SO0msec
otov Intel Core 15 @ 3.20GHz oALd pe apketd nepddpio yo
Beitiwon.

Emopévag yvopilovtag tnv Letatdmion Kot TV TEPIGTPOOT
HeTAED TV SVO GOPDGEDY UTOPOVLLE VO, KOAOVONGOLLLE TNV
kivnomn tov mhoiov evtdg g deEapevig.

800
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Ew. 10 Zto oynuo PAEmovpe 0 OmOTEAEGHO
oV  olyopibpov oto Toiplacpo TV dvo
CUPDOGEWDV.

V. ENOMENA BHMATA

Ta emdueva Prpata ota omoio Ba emkevipwboipe Ba eivon
T €ENG:

1. ®élovue M enefepyacio TV PHETPOEOV VA YiveTol
oe eVoOUUTOUEVO emegepyaotn TAve oT1o mAolo,
EMOUEVAC €ival onuovTikn 1 Peltiotonomon tov
aAyopifuov.

2. TIoAd onpovtikh emiong Ba eivor 1 cvpmeptpopd
ToV oAyopiBuov dtav to TAoio BpickKeTal €V KIVAGEL
€vtOg TG deCOEVIC KOl ETOUEVMG Ol LETPNGELS OEV
B etvon mévo oto 1910 eminedo kKabe Popd Ady® NG
TOAGVTOONG TOV vePoD. Avti 1 avicopporio Oa
npémel vo. avapebel doTE Vo EYOVUE CMOOTA AO-
TeEléopaTaL.
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AvVOKOTOOKEVY] OEpIK@OV EIKOVOV VYNNG avdAvong om0 EIKOVES
YOUNANS avadivong pe teyvikég compressed sensing

Emapsvavdag Povroytévvng?

Hepilnyn— Xy mopovca epyacio eé&etaleton M adénon
mg avdlvong (super resolution) og Ogppuikés ekdveg
APNOLUOTOLADVTAS  TEYVIKES ~ OGULUMIECUEVIS  KATAYPAPNS
(compressed sensing). Ov gkoves ek@palovron pe apord
P60 ®OG TPog 6vo vmepmMipn Aefikd (éva yopniig kou éva
VYNMIS OVAADONG) KOl EMYEPOVUE KOTOUGKELN] TNG EIKOVOG
vynMg avaivons. Te omoteréopata Tng pedodov avtig
GUYKPIVOVTUL PUE TA OTOTELEGULATO. TEXVIKAV TOV YP1GLLOTOLOVV
image registration pe oxpipela subpixel ywo v emitrevén Tov
super resolution.

Aéerg Kigio1d— super resolution, compressed sensing, ther-
mal imaging, sparse representations

I. EIXATQI'H

Iruepo, TANOOPO  EQOPUOYDOV  OWOULTOUV  EIKOVEG
vynAng avéivong (high resolution (HR)). H vymiq
avéAvon ocuvendyeTon TEPIOCOTEPT TANPOPOPIC. KOl OTIG
Oeppikég ewoveg Bo pmopoboe, Yol TOPASELYHO, VO HOG
Bonbnoet va aviyveboovpe KoADTEPA Kol OKPBECTEPO Lo
Swppon BepponTog o €va KTHPLO N TNV TEPLOYN] TOL
KkpuPetar éva dtopo oe GuVONKES ATOALTOL GKOTUOLV. QG
Oeprukég, opilovrar ekeiveg ot ewdveg mov Aoufdavovrol
He KOTOAANAO Tpomo, (hote Vo aneikovifovv v vrépupn
MEPLOYN TOL QUCHOTOG TMAEKTPOUOYVNTIKNG OKTVOBOAIG
9 — 14pm) yw o yopwky oknvh. Evdewtikéc kot
Wwitepa Swodedopéveg YpNoeEl; TV Oeplukdv  EIKOVOV
glvol 0 OTPATIOTIKEG EMLYEPNOELS Y10 OVTOUOTO EVIOTIGUO
oTOYWV, OE EMYEIPNOELS OACMOONG Yo EVIOMIGUO OTOU®V
o€ oLVONKEG TEPLOPICUEVIC OpaTOTNTAG KOOMG Kol Of
EMYEPNOELG AVIYVEVOTG ATOAELDOV OepUOTNTOG OO KTHPLO.

Tav OTdEelg Kotaypapng ot Oeppukés Kapepeg Oe
SlpéPOVY OO TIG OMTIKEG  KAUEPEG, MOTOCO  EYOLV
ONUOVTIKEG  Ol0POPEG MG TPOG TNV KOTUOKELT]  TMV
aoONTAPOV Kol TOV OWTIKOV GULCTNUATOV TOVG, HE TO
tedevtaion vo amoteAodV QUOIKA TOAMTIKG @idTpa OV
EMTPEMOVY TNV KATOYPOPY] TOL VEEPLOPOVL  PAGHOTOC.
Ot Bgpuicol ancOntipeg Kataypaeng Kotookevdlovrol pe
TETOL0 TPOTO TOL dgv &ival duvath 1 OAOKANPMGYN TOLG
o€ TWOAD PEYOAN KAipoxe Sivovtag TauTOXPOVO HEYAAN
avaivon, OmG YIVETOL GTOVG OGONTIPES ONTIKMY EIKOVMV.
Evdewtikd, pio koA ovdivorn yu i Oeppukés Kapepeg
onuepa eivar ™¢ TaENg tv 320x240 pixels, evd Yo
nopamdve avilvon éxovpe  dvcaviioyn adEnom  Tov
KOOTOVG. Mo TéTOl OVAALGT YO EPAPUOYEG OMTIKMV
eWOVOV HOVo KoAN O Bempeitar mAéov (evoeikTiKd, Kivntd
mMAEPOVa OV KukAopopovsav to 2004 pag Edwvav dSimAdoia

10  Emopewédvdoc Povioyidvvng  sivar  gormtig  oto
HXexktpordywv — Mnypavikedv — kor  Teyvoloyiog
ToAvteyvikng Zxoing tov Iavemompiov Hatpodv. e-mail:
at upnet.gr

Tprpa
Ymohoywotdv g
ece6842

avaloon and avth) evd onpepa TOAAEG EQUPHOYEG UmOopel
vo amontovv avaivon ultra high definition (4K).

H avénon g avdivong pe texvikés super resolution
(SR) dev elvan éva Kowvovplo mpoPAnUa. e TApo TOAAES
TEPMTOOELS, OTAV €K TOV TPAYUAT®V dgv glvar duvatdv
VO TOPOLLE VYNAOTEPT OVAALOT OTO TOVG OLoONTIPEG
KATOYPOPNS OV YPNOUYLOTOLOVLE, KATAPEVYOVUE GE TETOLES
TEYVIKES KOL YPTOLUOTOLOVE TIG EIKOVEG YOUNANG OVAALOTG
(low resolution (LR)) mov éyovpe otn déBeon pog. Hom
amd ™ oekaetio Tov *90 epEAVIGTNKOV 01 TPATES TEXVIKEG,
ol Omoieg HE TNV TAPOSO TV YPOVOV TOALUTAAGIAGTIKAY.
Mia yeviki] Tapovcioon Tov pebddmv avtdv vdpyel 6o [1]
KOl LEPIKES OO TIG TPOCGEYYIOELS TMV TEYVIKAV givarsingle
frame SR, multiple frame SR, teyvikég mov Agttovpyodv oto
Xop1Ko medio (spatial domain) Kon TEYVIKES TOL AEITOLPYOVV
610 1edio g cvyvotrag (freguency domain).

310 Y®PO TOL TESIOV GLYVOTNTAG, 1 TPMTN GNUAVTIKA
TeyviKn dnpooievdnke to 1984 and tovg Tsai kot Huang [12]
kot Pooiletal oTIg WOTNTEG LETATOMIONG KOl AVASITAMONG
TOV oLVEXOVS Kol dtakpLtoy petacynpoticpov Fourier. Xt
ovvéyela e€eliybnke [13] ypnolponoidvtag TV TPocEyyion
recursive least squares (RLS) ®ote va ocvumepiddfovv
0opvfo kot B6Ampa (blurring).

3t0 ywpwkd medio, ov mpmteg péBodor Pacilovrar oto
Iterative Back-Projection (IBP) ([2], [3], [4]). [Tépav avtdv,
vapyovv kol dAleg péBodor mov Paciloviol oe GTOYAOTIKA
povtéra ([5], [6], [7]), kubdg ko puébodotr mov Pacilovtot
ot Bewpia Tov Projection Onto Convex Sets (POCS), 6mag
n epyooia [8].

‘Ocov apopd 10 SR yuo Beppikég eikdveg, vwdpyovv ToAd
AMyeg epyooieg 610 y®dpo avtd Kot akorovbodv v multiple
frame mpocéyyion. Evdewtikég epyaoieg sivor o [9], [10]
won [117 .

H dwn pog mpocéyyion vy SR otig Oepuicég ewdveg
axolovBel v mpocéyylon single image ypNOLULOTOLDOVTOG
TEYVIKES CLUMIEGUEVNG KOTAYPOQNG (compressed sensing)
kot Poaciletar o peydro Pabud oe avtictoyyn SovAield mov
€xel yiver [14] omv meploy TV onTIKOV £kOVov. To
peydlo mAeOVEKTNLO TNG HEBOSOV LTS GLYKPITIKA WE TIG
mpoavapepbeioeg, eivar O6tL ypnoiponotel povo pia ewdva
(avti yuo moArég - mpooéyyion multiple frame SR). Ot
TEYVIKEG CLUUTIEGUEVIG KOTAYPAPTS YPNOULOTOI0VVTOL Y10, VO
AVOKOTOGKEVAGOVY GNUATA 0td TOAD AtyoTepa. deiypata om’
aVTA oL amottovvTol an’ to Oedpnua Shannon-Nyquist. T
VoL VoL SUVOTH 1] OVOKOTACKEDT], B0 TPETEL VO KATAPEPOVLLE
Vo EKPPACOVLLE £VOL OTLLOL LE TTOAD AlyOoug OPOVG MG TPOG [Ltal
Béon.

Xmv emdupevn evomnto B avoAvbel 1o pobnpotikd



vroPobpo tov compressed sensing KaBOG KoL TNG TEXVIKNG
shift-add fusion (multiple frame SR). Zmnv evomrta I
0o mapovcwotel M pébodog compressed sensing mwov
ypnowonotovpe yio SR otig Oepukéc ewodveg kol Oa
axohovOnoel mepopatiky ofloddoynon oty evomrta IV
KoOMG Kol cupmepdopaTe oty evotnTa V.

10 vorowmo g epyaciag, Ba cupPoriovpe mg X o
ewovo HR koar x woppdtio g ewodvag ovthg, Y o
gwcova LR kot y koppdtio g ewdvag ovtig, Y; 10 GOVoro
ewovov LR, D 1o Aegwd yio Ti¢ apoiég KaToypopss, Le
évtovo, ukpd ypdppoto 6o cvpporilovpe to Stovdouata,
eved pe amdn ypaoen Oa cvpforilovpe Pabumtd peyédn won
pe évrova kepolaio Ba cvppolrilovue Tovg Tivakes, OTMG Yo
mapadetypa 1o S cvpfoirilel Tov mivako VITOdEYLOTOANYIOG.

II. EMNIZKOITHEH TPOBAHMATOX

v evotnta aut) apyikd mapovotdletor n péBodog
shift-add fusion n omoio emTLyYdvel TNV CVOKATOGKELT
™G EKOVAG LVYNAIG OVAALOTG YPTCILOTOIMVTAG £VO. GET
amd ewkoveg yoaunAng avaivone. Emerto mapovoialetor to
pobnuotikd vrofabpo tov compressed sensing Yy vo
UTOPEGOVLLE VO TOPOVGLAGOVILE GTIV EMOLEVT] EVOTNTA TNV
KOpLOL TEXVIKY LLE TNV Omoio acyoAeiTol 1 epyacio avTi.

A’ MéBodog shifi-add fusion/Multiple Image SR

O1 péBodot avtoi TpoomtaBolv Vo TPOsEYYIGOLV LLd EIKOVA
VYNANG avAALGNG YPNCLLOTOIOVTOS £Vl GOVOAO OO EIKOVES
YOUNANG avdAvonc.

Otav AopPdvovpe ewodves amd L0 QUOIKH OKNVN
XPNOUOTOLDVTOG ol KApepa, Bempolpe 6Tl O €1KOVEG TOV
TOipVOLUE €yovv vmooTel Kamown uetaxivion (gite AOY®
HeTaKIVONG TOL TapATNPNTH, €iTe AOY® WETOKIVIIONG TOL
QVTIKELLEVOD TNG PVGIKNG OKNVNG) KaOMG Kot KAmolo O0Ampa
(blurring) AOYy® TOL OMTIKOV GUGTNUATOS TNG KALEPAS.
Emumiéov, o aioOnmpag xataypapng iodyel kdmolo Gopovfo
OTIC UETPNOELS KOl 1M OElYHOTOANYio, YyiveTol og YOUNAN
¥opkn ovyvotnto. [o g ewove vyming avaivong X
(v omoio 6o mMPooTHHGOVUE VA AVOKATAGKELAGOLLLE),
UTOPOVLE VO OVATTOEOVLE TO TOUPUTAVED LOVTELD MG ENG:

Y, =STH;X +n,; (1

omov opilovpe Yoo TV i-00TH €KOVAL YOUNANG AVAAVGNG
Y, 1ovc tehectéc mov evepyodv omyv X S; 1o
vrodetypatoAnyia, T; yw petotomon, H; ywa blurring ko
n; yw mpocsbetikd Bopvfo. O vmobécelg mov kdvoupe
glvar 6t 1o blurring elvar 1610 oe O6A0 TO YOPO Ko
glvar yvootd otov adydpiBpo super resolution, o 86pvPoc
glvar Aevkog Gaussian pe tnv idwo dwwomopd oe  OAEG
TIG €WKOVEG YOUNANG OVAALONG KOl OTL O YEMUETPIKOG
HETAGYNUOTIOHOS aPopd povo TNV KaBOAKY| HLETOTOMION.
Ot petatomicelg oty €KOVA VYNNG avdAvong odnyovv
oe petatormioelg emmédov subpixel oTIG €KOVES YOUNANG
avaluong AOY® NG LTOSEIYLOTOANYING TOV QuppoOleTaL.
Av xou m Aoywn Tov super resolution eivor gukoldtep
avtnmty oto medio ovyvotntev [12], vrdpyovv TOAAEG
péBodot mov Aettovpyov oto Ywpd medio pe younAdtepn
VTOAOYIOTIKY TOAVTAOKOTNTOL.

H doywn g peboddov shift-add fusion eivar m €&ng:
H extiunon tov petatonice@v yuo évo 0T amd €KOVE
YOUNANG avdAvong pog eovepmvel T Béon and v omoio
npoépyetol Kabe pixel younAing avéivong amd Ty KOVa
VYNNG aviivong. Ot petatonicelg Pnopel va, eivol ek Tov
TPOTEP®V YVOOTEG (0v AGPOLUE TIC EIKOVES UE KOTAAANAN
duatoén), gite pmopodv va ektiunBovv pe Kamolo aiyopfio
vy motion estimation (m.y. RANSAC[28]). Zvykekpiuéva,
N ovioTpeyudmTa tov TEAeot S; g oxéong (1) Kot
n ektiunon tov teleot T; cvvemdyovrar OTL 0 TEAESTAG
S;T; avtiotoryel kdBe pixel yopuning avéivong ce pio Kot
pévo Béom g ewcovog vyming avaivong. H dwadicacio avt)
eaivetar otov AlyopiBpo 1, omov Oswpovue ta: dx, dy
MG T EKTNOELS petatomicewv Yo ke swdva, W, H
¢ Tig dolaotdoelg g high resolution ewovag, Y; og to
oet pe tig low resolution ewdveg, N g to 7AR00C TOV
low resolution ewodvov kot S og tov mapdyovta scaling. H
GLYKEKPILEVT €KO0YN TOL aAyopiBuov de Aappdaver veoyn
g ™V mapovoia Bopvpov 1 ko blurring.

Data: dz, dy, Y;, N, W, H, S
Output: High resolution reconstructed X
X 0

for n<1to N do

Y « Y

1+ 1:W/S;

j«1:H/S,

pr =1%xS+dx,;

pYy =J xS+ dyn;

Xpzpy = Yy

end

AlyopOpog 1: Avaxatackevn shift-add fusion

B’. MéOodog compressed sensing/Single Image SR

H yevikn 1060 tov compressed sensing emiOIOKEL
aKpPn OVOKOTOOKELY ONUATOV VYNAIG avaivong omd
TIG EKQPACEIS TOVG GE YOUNAN avVOALGT HEC® YPOLLUK®OV
oxéoewv [15], [16]. Av «xor to mpofAnpa TOL Su-
per resolution og avtiv Vv mepintwon eivar Wdwitepa
acbevag opiouévo  (ill-posed), xobiotdviag v oakpipn
avokatookev axkatdépbwotn, Bo dovpe gvtovTolg Kdtw ond
moteg Tpobmobicelg pmopovie va AOGOLLE TO TPOPANLO AVTO
AOd0TIKA TOPVOVTOG LKOVOTOUTIKG OTOTEAEGLLOTAL.

Bcwpovpe éva vrepmAnpeg Ae€ikd K otoyeiov, D €
R™K (K > n) xa vrobétovpe mog évo onua x €
R™*N  umopel va ekQpacTel ¢ EVOC apaidg YPOLHIIKOS
ouvovacpog Opov ®g mpog to D. ‘Etci, pmopodpe va
ypéyovpe, * = Dayg, 6mov 10 g € RE amotehel éva
olvoopo pe ToAD Atyoug un-pndevikovg opovg (K n). Av
éyovpe ot Owbeon pog meplopiopéves TEG tov x ( mwy.
AOY® VTOSELYUATOANYING) TOTE LTOPOVLLE VO EKPPAGOVLLE TIG
TIWEG AVTES MG

y=Lx = LD«

émov 10 L € R¥*™ k < n, amotekei évav mivaka mpoBoric,
0 omoiog Otav gpapuootel oe évav GAAO Tivako pog divet



(mpofdier) ovykekpiuéva LOVo oTotyeia TOv. TV TepinT®mON
TOV EIKOVOV, UTOPoVLE Vo OE®PGOVLE TO T MG £Vl KOLULATL
(patch) g ewdvag HR evod to y eivar to avrtiotoryo LR
patch mov AapBdvovpe. H vrepminpotnta tov D xabiotd
m oyéon € = Da ac0evidg opiopévn yio Tovg GyvmoTtovg
oLVTEAEOTEG TOL ¢ Kot T oxéon y = LDa akoun
mePlocoTepo acbevarg opiopévn. Ilopdia avtd, kdto ond
GLYKEKPEVEG ouVONKeS M Mo apo] Avon oy Oa sivon
povadwkn. ‘Etol, av 1o D eivor oyeddv opbokavovikd otov
epapuoletar og apotd SVOGHOTO, TOTE Yo OLAPOPOVG
nivakeg L omoladnmote opoy ovomapacToct omd  Eva
koppdtt pog HR ewodvag € og mpog to D pmopel va
avaktnOetl oyeddv téleta amd éva koppdrt pog LR ewdvog
[17].

>ty epyacia avth 6g Bo vrohoyiotel o’ evBeiag 1 apo
avarapdotacn tov HR xoppatiod g wovoc. Avrifétog,
0o dovAéyovupe pe 2 oolevyuéve (coupled) he&wd Dy, yuo to
roppdtio HR gwdvov ko D; yuo to koppdtioa LR gwdvov.
[poaktikd, 10 “taiplacpo” Tov AeIKOV CUVETAYETOL Mo
aVTIOTOlYIoN HETAED TOV OpOV TOLG, He TNV €vvola OTL O
mpmtog 6poc tov HR Ae&ikol avtiotoyel otov lo 6po tov
LR Ae&kod kon 0Ot xobeéng. 'Etol apamy avamopdotaon
tov LR xoppatiov ypnoiponoteiton an’ evbelag yo tov
vroloyopd Tov HR koppotio péow tov Aeicov Dy, kabmg
70 “Ttaiplacpo” Tov TEPLYPAPNKE IO TAVD Hag eEacparilet
OGS ot dpol TOL GULUUETEYOLY Yo TNV ékgpacn T LR
ewovag wg mpog t0 LR Ae&ucd, B ’var ot idot mov Oa
ouppeTéyovy Kot yo TNV ékepaoct g HR ekovag wg mpog
70 HR Ae&wd.

To Ae&ikd mov ypnowomolovvral, yrtilovior pe éva
ototiotikd Tpémo [20]. Tw va e&ocparicovpe v Kown
ékppaon tov LR ko HR woppotiov og mpog ta
Agcd, katd T Sdwkacio ekpdOnong yivetor KatdAANAN
KOVOVIKOTIO{NGN TV OpOV TOVG.

Téhog, o&ilet vo  ovoQEPOLHE TOG Ol OPOLEG
OVOTOPOOTAGELS O YPNOLUOTOLOVVTAL POV OTNV EMiAvon
oV TPOPANLOTOG TOL super resolution, adAd kot cg ddpopa
Ao mpoPAnuato oto YOpo NG emefepyociog €KOVOG,
onwg denoising [18] xau restoration [19].

III. TPOTEINOMENH AYXH

Ot Oepukéc Kot ot omTkéG ekdveg avtiuetonilovran
Ol0OpETIKA amd Tn OldIKAGIo  OVOKOTOOKEVNG HECH
apOLOY OVOTOPOoTAcE®Y AOY® Tov OTL 1| uébodog evepyel
ENAV® OTN OCLVICTAOGO NG QOTEWITNTOG intensity TV
gwcovov. Ot raw Beppuikés eiKoveg (Yopig wevdoxpoUATIoUo),
0VLOLOOTIKG 0mOTELOVV grayscale gucoveg Kot €161 UTOPOVLLE
va dovAéyovpe am’ gubeiag emdved 6T CLVICTMOGO TOL
intensity. Q6T0G0, 01 OTTIKEG EIKOVES £XOVV TPEIS GCUVIGTMCEG
(R,G,B) x1 av Béhovpe va doviéyovpe oe awtég o mpémet
VO KOVOUHE KATOL0 KOTAAANAO LETOCYNUATIONO KoL VO TIG
LETAPEPOVLLE OE KATOLO GAAO TPOTLTO TO OToio va. pag divet
GLVICTMOGO TTopopole e to intensity (m.y. Y,Cb,Cr).

TlNo v avakataokeon pog Beppiknig HR ewodvag oamd
po LR ewdva péom apoidv avamapactdoswv Oa tpénst va
AdBovpe vTOYN dVO ATALTHCELS:

1) 2vvéreia avaxaraokevns: H HR ewdva mov O Adfovpe

Ba mpénel va givar cuvenmng o¢ mpog v LR ewdva. ' avtd,
xpnowonoteital o poviého mov pag diver o LR ewdva
Y og¢ o Borwpévn (blurred) xou pe Aydtepa dsiypoto
(downsampled) éxopaom g HR ewovag:

Y =SHX 2

2) Apouotnra avamopaotacns: O mApATAveO TEPLOPIGUOS deV
glval apketdg yioo voo Avbel to TPOPANUO OVOKOTAGKELNG
kabdg yo kdBe LR ewcdvo Y vmdpyovv GmEpeg €IKOVEC
HR X mov woavomolovv v mopandve oyéor. Adym avtov,
€10GyovpE GOV OEVTEPO TMEPLOPIGHO YO TNV EMIAVGN TOL
mpoPfAnuartog, Ta kKoppdtio g HR ewdvag X vo pmopovv
VO EKPPOCTOVV LEGH OPULDV AVOTAPAGTAGEDY MG TPOS EVAL
Ae&wd HR ewovov Dy, g

x ~ Dpa, omov a € RE ko ||afjp < K 3)

To a yw to koppdrt g HR ewdvag Bo Ppedel péom g
avtioToyMG apag OvamapAcTacnS Tov Koppatod g LR
€IKOVAG G TPOG To Ae&kd D).

H emilvon tov mpoPAqpatog Eekivael pe tv Ekepoom
oAV ToVv Koppatidv g LR ewovog g mpog to Ae€ikd
D; xor ot ovvéyeln yivetal mepatépm emegepyacio TV
amoTeEAEoUATOV, BOTE Vo, Kavomoovy kot 1o (2). ‘Eto,
YO Vo QTACOVUE OTO TEAIKO OTOTEAEGHO, €PYOLOUAOTE
TPATO TOTIKG GE KOUUATIOL TNG EKOVOG KOU OTY] GUVEXELDL
dovdevovpe kaboiixa oe OAN TNV gKOVa. AvTo fonbd oto va
Kavoupe S1apopeg eEOHOAOVOELS KUl VO OQULPECOVE TOYOV
ATEAELEG TTOVL TTPOKVTTOLV OO TN SLAOKAGIO AVOKATACKEVLNC,
Behtidvovtog €tol T GLVOYN KOl TN QUOIKOTNTO TNG
OVOKOTOOKEVAGUEVIG EIKOVOG,.

A’ Egopuoyn tomikod poviéloo

310 010010 VT, EEKIVAOVTOC O’ TNV EMAVO APIoTEPC
yovio yopioope t LR ewoéva Y oe woppdtio 3x3
(vmomepLoYEC) Y, Ta Oomoild £YOLV CAANAOEMIKAALYN KOTA
1 pixel og kdBe kotevBuvon. Xe Kabe KOUUATL 0QOopovuE
an’ 0Aa to pixels T péon T m Tov KOUUATIOD, MOTE M
TANPOPOpPi TOV TEPLEYETAL TEMKA VO EKPPALEL TNV VEN TG
EIKOVOG.

INo kabe koppdtt vroloyiletor 1 opor) AvoTOPAGTACT
T0V ©¢ Tpog T0 Dy, m omola pag Oeiyvel Kot TOvg OPOVG
oV cvppetéyovy omd to Dy, v 10 avtictoyo HR woppdrt,
ar’ T oTrypn mov o Ag§ikd eival ovlevyuéva. H ebpeomn g
apodtepng avamapdotacng v £va LR koppdtt y, ypdeeton
g

min ||af|o s.t. [|[FDja — Fylj3 < ¢ e

omov 10 F omotelel éva ypapuikd tedeotn e&ayoyng
KOPOUKTNPIOTIKOV (). aKUEG) kot Ba SOVUE GTN GLVEXELWN
mEPLOGOTEPA YU OVTO.

To mpéPAnua mov Satvrndvetor oty e€icwon (4) sivar
NP-hard. Av 6pumg 10 didvocua ¢ gival €mTopKOg apatd,
TOTE UTOPOVIE VO TPOCEYYIGOVLLE TN AVGT TOL TPOPANATOG
avtob [22],[23] kot va. Bpovpe T0 & EAUYIOTOTOLOVTAG TNV
{1 vopua, og

min ||a||; s.t. [|[FDja — Fylj3 < e Q)



Ot moAlamiaciaotés Lagrange pog divouv Lo Stopopetikn
£KQPOOT TNG TOPUTAV® CYECNG, MG

min || F Dyt — Fy[3 + A, ®)

OOV 1 TOPAUETPOG A €AEYYEL TNV 0POLOTNTO TNG AVONG
KaBdg Katl TV TeTHTNTA TS TPOGEYYIoNG OTO Y.

H enilvon g (6) yio kéBe Koppdtt g ekdvog oe pmopel
va pog gyyonbei 6t 2 yerrovikd koppdtio Oa givor cvpfotd
peta&d tovg. Ta woppdtie ™ LR ewdvag “capdvovion”
amd aplotepd mPog T Oe&d Kol and TAVO TPOG To KAT®
[24] xoi, yw va eEacparicovpe “ocvoppatdtnra’ petagd
YELTOVIKOV KOUUATIOV, TpoTonolovpe v (4), dote 1 Kabe
avaKoTooKeV] Dy TOV KOUUOTIOV Y VO, GOUQPOVEL LE To
YEITOVIKA TNG KOMUATION

min |||, st. ||[FDia — Fyl|3 < &
|PDpo — w3 < e 7

omov o mivakog P omopovavel TV TEPOYN EMKAALYNG
TOV TPEYOVTOG KOUMOTIOL WE TO TPONYOVUEVO KOMUATL
Kol TO w TEPLEYEL TIC TIEG TNG OUECHOS TPOTYOVUEVNG
avakataokevaopuévng HR ewdvag otny meployrn emkdivyng.
H oyéon (7) pmopet va ypagpei o¢

min || Do — g3 + Ala]s ®)

omov D = [ ﬂl;ll))lh} Kol Yy = [g};
amokion mov Ba €yel To vrd avaxatackev] HR koppdrt pe
T YELTOVIKG, TOV. BgmpdvTtoag otV gpyacio avti to S =1,
N Pértiotn Aon tov a* divetal g x = Dya™.

omov 10 [ eAéyyel TNV

B’. Egapuoyn xabolikod poviéloo

Ot (5) xan (7) dev amortovv motdTTa PeTAld TOv Y Kot
Dy ko Aoy vmapéng Bopvfov, pmopei n extipnon g HR
gwovog Xo vo un cCOUE®VEL [LE TO HOVTEAD OVOKOTOUOKELNG
(2). Tw va Acovpe avTd TO TPOPANLLOL, EAOYLIGTOTOLOVUE TIG
Swpopég tov X amd 1o X mpoPAArovtdsg To 6TO YDOPO NG

Q):

X" =argmin [SHX = Y| +¢| X - Xol;  (9)

To mpoPinpa (9) pmopel va Avbel pe pwo teyvikn gra-
dient descent, 6mMOV PETACYMNUOTICETOL OTNV EMOVOANTTIKN
dwdkacio:

X1 = X +v[HTST(Y —SHX,)+c¢(X:— Xy)] (10)

omov to X etvon n extipmon g HR ewovag petd m t-oot
eMOVAAN YN Kot v givor To Prpa tng peboddov gradient de-
scent. To amotélecpa ¢ mapamdve dadikaciog givar 1 HR
gwcovo X * 1 omoio givar 660 O TOTH YIVETOL GTNV OPYLKE
extiunuévn HR ewdva X wavomoidvrag tavtdypove v
(2), 6mowg paiveton otov AlyopiOpo 2.

Data: Dh, Dl, Y
Output: High resolution reconstructed X *
for each 3 x 3 patch y €'Y do
Compute mean pixel value of y;
Solve min, | D — g3 + A ex||1;
Compute * = Dpa*;
Compute & + m and store it in Xo;
end
Solve gradient descent problem:
Xt+1 = Xt + I/[HTST(Y — SHXt) + C(Xt — Xo)]

AlyopBpog 2: SR via sparse representations

I, Eloywyn yoparxtnpiotikov yio to. LR xouudtio

Xm oyxéon (4) ypnowonooVue tov teElecty F dote TO
nepleyopevo ¢ HR ewcdvog vo cuppovel 660 to duvatov
neplocotepo pe avtd g LR ewdvoag. To F ouvnbog
emAéyeTonl oav évo vyumepatd QIATPo, KoOMG ot LVYNAES
GLYVOTNTEG GLVEIGOEPOVY GE AETTOUEPELEG KOl GUVIGTOVV TIG
mo “gvaicOntec” mAnpoeopieg pog wovog.

Xm Piproypagio. vadpyovv S16popeg TPOCEYYIGES ©C
TPOG TNV €MA0YH Tov F, 6mw¢ oty [25] 6mov emidéyetan
vyepatd QidTpo yuo e€aymYN TANPOPOPLOV GYETIKA [E
TIG akpéc, oty [26] omov emiéyovtar Gaussian derivative
oidtpa Yo e€oyoyn TV TpOoYUOV Of ol ewova, KoBDG
kot oty [27] o6mov epoappoloviol mPAOTNG Kol OEVTEPNG
T6&nc Bobudoeig yio egaymyn akpmv. Tnv mpocéyyion avty
axolovOnoape Kl €30, YPNCILOTOIOVTOG TO GIkTpa

flz[_170a1]7 .f2:fir
.f3:[1707_2a071]7 f4:fg

Ta mapamdvo eiktpa epappolovial o kdOe koppdrt proag LR
€1KOVAG Ko pag dtvouv 4 S10vOc AT TO 0010 GUVEVHMVOVTOL
o€ €va oav TV TeEMKN avarapdotacn tov LR koppotioo.

Toéco 10 yticwo TtV Ae&ikdV 000 Kol 1) EKOPOCT) TMV
KOUUOTI®OV pe apotd TPOTO G TPog T AeSikd yivovtal o¢
TPOG T OMOTEAEGLOTO OV TOIPVOLUE OO TNV EPAPLOYN
TV Pabpdoenv TpdTG Kol de0TEPNS TAENG.

IV. TIEIPAMATIKH AZIOAOT'HEH

To Adyovg mAnpOTNTOC, TPEMEL VO OVOPEPOVUE TMG
Oewpovue dedopévo ta Aegwd Dy, D; oto vmolomo g
epyacioc. [lepiocotepeg TANPOPOPIES Yo T dNUovpyic TOVG
mopEyovrar oto [21].

A’ MéBodog compressed sensing

lNo ™ pébodo super resolution péow apoidv
AVOTOPAcTAcE®Y Ypnoilonoovpe 4 drupopetikd Ae&kd
mov €yovv mopoyBel eite amd Bepuicég eite amd omTikég
ewoveg ka1 mepiéyovv eite 512 eite 1024 o6povg ko
vrodetypatoAnyio katd évav mapdyovto 2. T ) pébodo
super resolution péow image registration, e&etdlovpe To
amoteAéopatd g Pdost Tov confidence twv onpeiov
tapdoparog (feature points) e peBddov RANSAC mov
xpnoyonoteital yio vroloyopd Tov motion estimation. Ta
OTOTEAECUOTO OV TOIPVOVLE CLYKPIVOVTOL OC TPOS TIG



petpicéc PSNR ko MSE, ot omoieg anotehodv KoTaEIpUEVEG
TEYVIKES UETPNONG TOOTNTAS, LE TNV TPDTN VO GUVOVTATOL
OPKETA OE MEPUTTMCELS OVOKOTOATKEVLNG OTLATMV.

Ew. 1: Ewodva dokov (320 x 240). Kujpio
Hovemotnuiodmodn g Idtpag.
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Ewc. 2: PSNR yi0. avokxotackevn pue Aeliko omtikmy e1kOvav.

IMNINAKAY I. PSNR/MSE vyw Agiké ontik®dv
Apiotepd: 512 opot, Aggua: 1024 6pot.

EIKOVOV.

A PSNR dB | MSE || PSNR dB | MSE
0.01 44.34 2.40 43.97 2.61
0.05 44.24 2.45 43.83 2.69

0.1 44.18 2.48 43.78 2.72
0.15 44.11 2.52 43.73 2.75
0.2 44.02 2.57 43.70 2.77
0.25 43.92 2.64 43.65 2.80
0.3 43.80 2.71 43.59 2.84
0.35 43.69 2.78 43.55 2.87
0.4 43.59 2.85 43.49 2.90
0.45 43.48 2.92 43.43 2.95
0.5 43.37 2.99 43.36 3.00

Ov tipéc oe PSNR «ar MSE g Bicubic Interpolation
gival: PSNR: 42.99 dB, MSE: 3.27 .

Hopatnpodpe 6t ot Tipég mov maipvovpe and ™ pébodo
POV OVOTOPUCTAcE®V glval PelTiopéveg o OAES TIG
nepmtdoel; kot eWwkd oto PSNR to omoio omotehel
AoyapBuid péyeboc.

Xpnowonotdviag AeElkd mov €yovv  exmordevtel  OmO
OTTIKEG EIKOVEG £YOVUE KOAVTEPO OTTOTEAECUOTO, TTPOYLLOL

PSNR for different values of lambda and different dicti
T T T T

y size (thermal dicti ies)
T T T T

512 atoms
4305 1024 atoms 7
Bicubic Interpolation
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Ew. 3: PSNR yia avaxotaokevn pe 1e€ico Oeppurkay eikovav.

[NINAKAX II: PSNR/MSE yuw Ae&ikd Oeprukdv eikovov.
Apiotepd: 512 opot, Ag&ua: 1024 6pot.

A PSNR dB | MSE || PSNR dB | MSE
0.01 42.90 3.34 43.01 3.19
0.05 42.89 3.34 43.09 3.20

0.1 42.84 3.38 43.08 3.22
0.15 42.80 3.42 43.06 3.23
0.2 42.74 3.46 43.04 3.25
0.25 42.70 3.49 43.01 3.25
0.3 42.65 3.53 42.97 3.28
0.35 42.61 3.56 42.91 3.32
0.4 42.58 3.59 42.86 3.36
0.45 42.54 3.62 42.80 3.41
0.5 42.50 3.55 42.74 3.46

avapevopevo kabhg ta Aegwkd yrtilovron pe Paon TG oxués
Tov eovev, 6mog eldape oto II-I7. O ontikég ekdveg
TEPEYOVY TOAD TEPLOCOTEPES OKUEG OULYKPITIKO UE TIG
Oepkéc Kot amoTeAOVY KOADTEPT TNYN Yo training data.

B’ MéOodog shift-add fusion

H omotelecpotikdotnto g pebddov  shifi-add fusion
eboptdtar amokielotikd amd v oaxpifelon pe v omoia
o aviyvevBodv ta subpixel shifts amd 1t pébodo mov
éyovpe emlélel Yoo motion estimation. Av oviyvevfovv
o®OTO Ol petotonioslg tov LR ewdvav, tote Oa Exovpe
amoAVT®G akpP avamapdotact, oAAd ovtd gival apkeTd
dvokoho kaBdC TOAAES popég umopel vo vrapyet B6pvPog
OV GVGKOAEVEL TIG EKTUUNGELS, 1), EKTOG TNG HETATOMIONG VO
€yovpe kot rotation, scaling, kAm, ta omoio kafioToOV TV
aKkpIpn EKTIUNGON TOV HETATOTICEMV OPKETE SVGKOAN.

Otav 1 ektipnon dev eivar axpiPfg, tote MAPATPOVUE
keva, omv HR ewodva, kobbdg Adyw g AavBacpévng
extipnong n pébodog dev eivan og Béon va yvwpilel og oo
0éom ¢ HR gwcdvag avtiotoyel to kdbe pixel g kébe LR
gwovog. ‘Eva 11010 Tapadetypo PAémovpe oy Ew. 4, émov
KOTG TNV OVIYVELON TOV UETATOTIGEMV YPNCUYLOTOONKE
HKpOG oplBpog amd feature points otig LR ewdveg. T
myv ewovo avt Egovpe PSNR: 11.18 dB, evéd m Bicubic
Interpolation katd t peyéBovon piog amd tg LR ewdveg
diver PSNR: 38.52 dB. Zvuninpdvovtog to kevé pe Paon



TG TWES TOV YETOVIKOV TOVG pixels, maipvovpe ywr v
avokatackevaopévn ewkove PSNR: 27.83 dB.

Ew. 4: Shift-add fusion reconstruction

V. ZYMIIEPAZMATA

Suykpivoviag Tic dV0o pebddoVg MG TPOG TIG HETPIKES TOV
HR ewoévov mov mapdyovv, mapatnpovpe mog 1 peébodog
APOLDV OVATOPUCTAGEMV VITEPTEPEL O KAOE TEpinToT TNV
avokataokevn dtvovtag cav kaivtepn tiuny PSNR: 44.34
dB, ™ otiyun mov n Bicubic diver 42.99 dB xot n shift-
add fusion divel otV KoAOTEPT TEPiITTOOT (L€ CLUUTANPOOT
kevav) 27.83 dB. Aé&ilel emiong va onueindel Eova mog 1
pnébodog compressed sensing omortel polg po. LR ewova
Yo vo. Aertovpynoet, evéd 1 puébodog shift-add fusion amortel
éva oet and LR ewovec.

>XETIKA ME THN EPTAXIA

H epyacio avti ekmovinke 6t TAOIGLO, SUTAMUOTIKNG
epyaciog oto Epyaotipio Emefepyociog Znudtov kot
TnAemwkowvoviov  tov  Tunquatog Mnyovikov H/Y ko
MAnpogopucng (TMHYTII). Tnv mapodoa epyoacio enéPfremav
ot Kadnyntég Kovoravtivog Mrepumepiong (TMHYII) ko
ABavaciog Zrovpaite (THMTY) kabdg kot 0 Addxktmp tov
TMHYII Evédyyshog BAdyoc.
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Serial Communication over BLE
RS-232 cable replacement over Bluetooth Low Energy
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Abstract— Bluetooth is the most used wireless protocol to
transfer data between low power devices. In the Bluetooth 4.0
specification a new concept of the protocol is introduced
targeting this area: Bluetooth Low Energy (BLE) also known as
Bluetooth Smart. The new specification lacks a method to
transfer a constant stream of serial data, known as RFCOM in
previous versions. Our approach is trying to fill the gap and
additionally introduce a complete implementation of a drop-in
replacement of a physical RS-232 cable. In order to accomplish
that a mix of widely known technics like cyclic buffers,
interrupts, state machines etc. are used. Also, the application is
implemented on the provided Bluetooth stack by Dialog
Semiconductors Software Development Kit. The proposed
implementation is evaluated based on the maximum throughput
and energy consumption. These measurements are taken with the
use of additional tools such as a logic analyzer for the throughput
and a current sensing circuit for the power consumption.
Measurements show that implementation is achieving a
maximum throughput of 10.9 KB/s which is almost saturating the
RS-232 channel. On the other hand, power consumption is
considered adequately low for a mobile application.

Keywords—BLE; GATT; UART

I. INTRODUCTION

Bluetooth is a wireless technology standard that uses UHF
radio waves (2.4 MHz to 2.485 MHz) for exchanging data
over short distances. It is used from fixed and mobile devices
to build personal area networks (PANSs). Originally used as an
alternative to RS-232 data cable link, can establish several
connections over different devices managing synchronization
issues.

Radio frequency band is divided in 1 MHz channels (a
total of 79 channels) and since Bluetooth 4.0 it uses 2 MHz
which allows 40 channels. Uses adaptive frequency hopping
technology performing 1600 hops per second. Gaussian
frequency-shift keying (GFSK) modulation, n/4-DQPSK and
8DPSK modulation schemes are used allowing data rates of 1,
2 and 3 Mbit/s respectively. Bluetooth is a packet based
protocol with a master-slave structure.

Protocol describes the use of various profiles, which are
definitions of possible applications and behaviors that devices
use to communicate with other connected devices. There is a
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wide variety of Bluetooth profiles that describe many different
types of applications or use cases for devices.

In Bluetooth classic there is a serial port profile (SPP) that
emulates a serial port over air. For Bluetooth Low Energy
there is no such profile and thereby no standardized way of
transferring generic data over the air. A custom service over
GATT is described in our approach, which emulates a serial
cable communication. It provides a simple substitute for RS-
232 connections, including the familiar software flow control
logic.

II. BLE STACK

A software solution that describes the Bluetooth
implementation is consisted of the protocol stack with services
and profiles. The stack is a single mode Bluetooth Low
Energy (BLE) protocol stack which contains all the protocol
layers (HCI, L2CAP, ATT and SMP) including profiles
(GATT, GAP). The protocol stack is provided with a reference
Host Controller Interface (HCI) driver and with a small and
efficient Real Time Operating System (RTOS), offering task
management, inter-task communications, message (queues and
events) management and timing management [1]. On the other
side the application layer describes the possible applications
supported and specifies the use cases and the behavior of the
device as they appear to other Bluetooth low power devices.

Application Apps
Generic Access Profile
Generic Attribute Profile
Host

Attribute Protocol

Security Manager

Logical Link Control and Adaptaion Protocol

Host Controller Interface

Link Layer Direct Test Mode

Controller
Physical Layer

Fig. 1: BLE Stack



In a bottom up approach, the Bluetooth stack is consisted
of the following layers [2, 3]:

e Physical layer is  responsible  for  the
transmission/reception of bits.

e Link layer is responsible for packet transfer and radio
control.

e HClI is the interface between host and controller.

e [L[2CAP (Logical Link Control and Adaption
Protocol) is the multiplexing layer for the BLE
controlling two basic concepts L2ZCAP channels and
L2CAP signaling commands.

e ATT (Attribute protocol) is the data access protocol.

e  GATT (Generic Attribute protocol) is responsible of
the data organization.

e  GAP (Generic Access Profile) is responsible for tasks
such as device discovery and connections

e Profiles define application specific data and access
rules.

III. SERVICE DESCRIPTION

The custom service creates and uses a custom profile that
is used to send and receive data and flow control signals
through a BLE connection. Also an application layer is created
in order to scan for a device, establish and control connection
and also handle exceptions (e.g. disconnect due to signal loss
etc.)

Software is tested and evaluated on DA14580 Expert
Development Kit (DK) by Dialog Semiconductors.

A. Hardware setup

The application is developed and tested on two DA14580
Expert DK. Each of them provide a daughterboard with the
DA14580 IC and a motherboard with the necessary circuitry
for the functionality of the chip. It also has an FTDI 2232 chip
which provides two RS-232 physical links to USB. The RS-
232 besides the Rx/Tx signals has the RTS/CTS control
signals which are required for the hardware control [4].

Data is transferred from the PC through the FTDI chip to
the DA14580 chip in physical layer. In software layer, data
originated from the PC’s console is transferred to the FTDI
driver, is converted in RS-232 signals and fed to the
DA14580. The chip sends data through the BLE protocol and
our service profile to the connected device, which can be
either another DA14580 chip or a generic BLE device, such as
an Android or iOS mobile device, also using our service
profile.

B. Application features

BLE stack declares two basic roles for the devices that use
it. A device can be either a Master (or Central) device or a
Slave (or Peripheral) device. The peripheral device creates and
keeps the database and it enables the attributes. It notifies the
connected central of the value changes and flow control
messages. And finally, receives write commands of the data
attribute or the flow control attribute.

Slave advertises its Bluetooth Address and the Unique
Numeric ID (UUID) of the custom profile. It waits for

connection requests by a listening Master and when a request
arrives it initializes connection. Master scans for advertising
devices and connects to the first with the profile’s UUID in the
advertising string by sending a connection request.

C. Profile Description

Our profile is a custom profile and therefore a 128 bit
UUID is used. Standard profiles use prefixed 16 bit UUIDs
and a random 128 bit UUID is generated and used as a base to
the attributes of the database.

The BLE database is consisted of one service which
contains three characteristics. Server TX and Server RX
characteristics, which are used for transmitting and receiving
data respectively from the server’s perspective and also the
Flow CTRL attribute which is used to exchange flow control
messages in both directions while having the size is a single
byte. The size of the Server TX and Server RX
characteristics is 160 bytes which the maximum of the data
that the application can transmit in a single GATT command.
As outlined in “TABLE I” service has a read property,
Server TX a notify property, Server RX a write property and
Flow_CTRL has both write and notify.

TABLE I. DEVICE SERVICE/CHARACTERISTICS

SERVICE/CHARACTERISTIC Properties Size (B)

Service READ -

Server TX NOTIFY 160

Server RX WRITE NO RESPONSE 160
WRITE NO RESPONSE

Flow CTRL NOTIFY 1

D. UART Driver

The UART driver controls the UART peripheral module of
the DA14580 and manages the serial connection between the
DA14580 and the external host processor. It uses an interrupt
based transmission and reception scheme requiring minimal
CPU resources. It provides both software (XON/XOFF) and
hardware (RTS/CTS) flow control methods to indicate to the
connected device if data can be received in the internal
buffers.

The driver also supports some of the most commonly used
baud rates which can be selected at compile time: 9600,
19200, 38400, 57600 and 115200 bit/s enabling a maximum
throughput of 11.25 KB/s.

Also, for the software flow control method, bytes with
value 0x11 and 0x13 are used to indicate flow on and flow off
respectively. The use of software flow control prohibits the
transfer of binary data and printable characters can be
transferred. On the other hand, hardware flow control enables
the transfer of binary data because of the use of two additional
lines to indicate the flow on and flow off signals.

E. BLE

The communication link is completed with the BLE radio,
including the embedded hardware and also the given drivers
from the DA14580 Expert DK that enable the ease of use of
the hardware. All lower layers of the Bluetooth stack are
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written and provided with a thorough interface of using them
following the BLE protocol standards. Our profile is using
GATT messages to and from the stack to pass information and
data to control the BLE’s state, get information of the
connected device, explore the supported attributes, update
their values etc.

Between the application and the profile a message queue
mechanism is used to provide a flexibility of communication
between layers. Such a mechanism requires a lot of
information to be parsed in every message about the sender,
the receiver and the type of the message and additionally
inserts a delay in performance. That is the reason why our
application chooses to initiate a data transfer in the application
layer by sending a message to the profile but after that the
profile auto triggers itself in sending the following data until
the buffer is lower that a threshold.

F. Data scheduling and flow control

In an embedded device with limited processing and power
resources, the chosen scheme of functionality becomes more
important than on other devices. In order to utilize minimum
resources an event driven scheme is chosen. This is
accomplished by not polling peripherals for data but by using
interrupts to trigger events to the MPU. Then the interrupt
handlers, depending on the interrupt triggered, initiate the
appropriate task by calling the respective Interrupt Service
Routine (ISR) function. ISR functions have to be as short as
possible because normal execution is paused in order to
service the interrupt and it must be resumed to continue the
normal execution flow.

Another aspect of the data scheduling is the cyclic FIFO
buffers that are used. In order to achieve a high throughput
and have a constant flow of data in both directions, two cyclic
FIFOs are implemented. The UART driver pushes the data
received from the UART interface into the “UART to BLE”
buffer, while the profile state machine pushes the data
received via the BLE interface into the “BLE to UART”
buffer. The scheduling of data transmission is performed using
the following methods:

e For the data received over the UART interface, an
asynchronous process checks the presence of pending
data in the UART to BLE buffer and if there is no
data transfer ongoing it initiates it. It schedules
transmission of the data at the head of the FIFO to the
BLE interface, via a data streaming mechanism and
the corresponding profile characteristic. Then a
completion event message in profile service task is
used to schedule the subsequent data transmission.

e  The scheduling of data transmission to the UART is
initiated in the process of pushing the data into the
“BLE to UART” buffer, performed by the service.
When the UART interface path is already busy, the
check of pending data in the FIFO is performed again
upon completion of the active UART transmit
process.

A High Watermark (HWM) and a Low Watermark
(LWM) margins are defined in order to control the data
transfer. The application turns off the incoming flow by

sending a flow off when HWM is reached in the cyclic buffer.
If BLE to UART cyclic buffer’s HWM is reached then a flow
off signal is sent to the connected device via the BLE
connection and the Flow CTRL characteristic. If the LWM is
reached then a flow on is sent to re-enable the incoming data
flow. The same will happen when the “UART to BLE”
buffer’s HWM and LWM are reached with the difference that
the flow off and flow on signals will be sent through the
UART driver, and converted accordingly to the selected
configuration to XON/XOFF signals or RTS/CTS signals.

BLE Flow Control UART Flow Control

BLE to UART
Cyclic Buffer

UART Tx

Data Scheduling / Flow Control

y
|
—[UART Flow Control

UART to BLE
Cyclic Buffe
SRR

BLE Flow Control

Fig. 2: Data and Flow Control

IV. MEASUREMENTS

To measure the throughput of the set-up with the two
DA14580 expert devices a series of tests were conducted.
Measurements were conducted on half duplex on both data
flow directions as well as on full duplex. Measurements
depend on the Maximum Transmission Unit (MTU) and
connection interval, which is negotiated at the connection
phase. In our implementation selected MTU, connection
interval and maximum write command size is presented in
“TABLE II”. The maximum write command size refers to the
maximum data written in a single GATT command.

TABLE IL THROUGHPUT MEASUREMENTS

Measurements Units Value
MTU octets >130
Connection interval msec 11.25
Max write command size bytes 128
Central TX (half duplex) Kbytes/sec 10.9
Peripheral TX (half duplex) Kbytes/sec 10.9
Full duplex Kbytes/sec 10.9

Another important aspect of an embedded application is
power consumption. Our application uses the “Extended
Sleep” state provided by the DA14580 Expert DK drivers to
achieve lower average currents. To measure current a circuit
on the DA14580 Expert DK motherboard was used. Average
current varies with the state of the device (transferring or
idling). As presented in “TABLE III”, when DA14580 IC is
connected and idle, it consumes an average current of
0.1926mA in one connection interval of 11.25 milliseconds.



When transferring data, it consumes an average current of
1.0256mA. When transferring data, device is always active in
order to keep the UART interface enabled.

TABLE III. CURRENT MEASUREMENTS
DA 14580 state Upnits Value
Idle mA 0.1926
Transferring mA 1.0256

V. CONCLUSION

To conclude, the proposed implementation was
successfully evaluated in the areas of maximum throughput
and power consumption. Measurements showed that it can be
a used as an RS-232 cable replacement as it provides full
capabilities of the serial interface including software and

hardware flow control. Measurements showed that
implementation can achieve a maximum throughput of 10.9
KB/s which is almost saturating the RS-232 channel.
Additionally, power consumption is considered adequately
low for a mobile application with low power demands.
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Abstract—In this paper we present a novel design of a
optoelectronic circuit capable of sensing small photodiode
currents suitable for harsh environments. Photodiode
performance in such harsh environments continuously
deteriorates, exhibiting large leakage current and a low
responsitivity (A/W). In this paper, we propose a combined
DC cancellation circuit together with a voltage controlled
amplifier stage to trade off these performance degradation.
The proposed opto-electronic circuit can sense currents from
100nA to 10uA, has a wide range of variable gain and,
relatively, high bandwidth, thus making it suitable for a
variety of applications.

Index Terms—variable gain amplifier, transimpedance
amplifier, photodiode, DC cancellation

LINTRODUCTION

Photodiodes are being used in a number of
different applications and environments. Lately,
there has been an increased interest in
optoelectronic circuits that can function reliably
in extreme conditions (e.g. outer space). These
systems must be carefully designed to be
immune in large changes of temperature and/or
radiation. It is necessary to balance performance
degradation ie appearance of leakage currents
and/or a slow deterioration of photodiode
responsitivity. In this paper, we propose a novel
opto-electronic circuit for sensing photodiodes
currents that combines a DC cancellation circuit
and a voltage controlled, variable gain amplifier.
We introduce a transimpedance amplifier that
can convert the current coming out of a
photodiode to voltage and, at the same time,
suppress the DC signal associated with it. Then,
the AC signal is being amplified through an
amplifier, whose gain can be controlled. In this
way, a form of automatic gain control can be
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achieved, but its exact implementation will not
be discussed in this paper. In what follows, the
operation of the circuit is thoroughly analyzed
and its advantages, disadvantages and potential
improvements are examined.

I1.DESIGN AND OPERATION

DC cancellation circuit utilizing a
Transimpedance Amplifier

Every optoelectronic receiver contains a sub-
circuit that converts the photodiode's output
current to an appropriate voltage. Since we feed
this circuit with a small current and take out a
voltage orders of magnitude larger, we call it
“transimpedance amplifier” (TIA). Similarly,
the circuits that receive a voltage and produce a
current are called “transcoductance amplifiers”.
The TIA used in this paper can be seen in Figure
1. It is a slightly altered version of the circuit
used in [1], [2] and its theory of operation will
be presented shortly. Assume that the non-
inverting input of Ul is in AC ground and that
the photodiode's equivalent circuit is an ideal
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[FIG1] A Transimpedance Amplifier circuit
with DC Cancellation capability.


mailto:kaslis@ceid.upatras.gr

current source with intensity Ip. Capacitor C1
and resistor R1 form an impedance Z1 which is
equal to

- R1 (1)
(1+R1sC1)

where s=jw is the complex frequency. If the
frequency of operation is low enough that the
denominator is close to 1, then Z1 is
approximately equal to R1. Since the inverting
input acts like a virtual ground the output
voltage is equal to

Vout=1pZ1~I pRI 2)

It is evident that the resistance R1 sets how
much voltage we get in exchange for a
particular amount of current. It is tempting to
increase the R1 as much as possible, but that
extra gain is not for free. The circuit's
bandwidth will drop and its noise will increase
(Johnson noise). The reason why the capacitor
C1 has been added in parallel with R1, even
though we will neglect it in our calculations, is
to ensure the amplifier's stability. In reality, the
photodiode has a parallel parasitic capacitance
and, also, there is a frequency where the
amplifier adds a 90 degree phase shift between
the input and the output. In addition, there is
already a 180 degree phase difference between
the input and the output because of the negative
feedback. So, the total phase shift can reach a
full circle and oscillations might occur. C1
makes sure that the feedback gain will not be
sufficient for the circuit to sustain oscillations,
thus retaining its normal operation.

The TIA uses a widely known DC
cancellation mechanism that has appeared in
literature before, for example in [3]. If there is
any DC offset at the output of U1 it will appear
at the other side of R2 because the capacitor and
the inverting input of U2 are DC open circuits.
However, that will force U2 to either increase or
drop its output voltage, thus slowly charging
capacitor C2. The voltage change will stabilize
when the U2's non-inverting and inverting
inputs become equal in voltage, which leads to
the cancellation of Ul's output offset.

If our only concern was the offset voltage,

then, at least in theory, U2 would be the only
component needed in this  schematic.
Nevertheless, the other parts are truly necessary
for a proper operation to be achieved. Firstly,
without R2 the feedback op amp would null the
AC signals as well. Instead, by adding R2 and
assigning it a value in the Mohm range we block
the AC signal from interfering with the DC
cancellation, hence validating the assumption
made about Ul's non-inverting input being in
AC ground. Secondly, capacitor C2 and the
voltage divider consisted by resistors R3 and R4
ensure a smooth transition when an offset is
present. If R3 and R4 were absent, oscillations
would likely occur because U2's maximum
output voltages would instantly appear at Ul's
input.

The U2 operational amplifier must be a
precision, low offset op amp. In this paper, the
performance of LT1012 has been assessed and
found to be adequate for the needs of our
circuit. More precisely, according to its
datasheet [4], the manufacturer guarantees a
maximum offset voltage of 25 uV.

A. The Variable Gain Amplifier

As mentioned above, the photodiode's
responsivity decreases when used in harsh
enviroments. In order to balance this decrease in
Watt-to-Ampere conversion, we used a voltage
gain controlled amplifier has been designed to
control/increase photodiode output at will. The
design circuit uses solely discrete components
available from major semiconductor
manufacturers and its schematic can be seen in
Figure 2. It consists of three amplifier stages,
namely two emitter couples differential pairs
and an emitter follower. The  principle  of
operation is relatively simple. According to [5],
the differential mode gain of the differential pair
is

Agp=—8nRc= cRc ()

where /¢ is the collector current, Rc is the
collector resistance and Vr is the thermal
voltage. That means we can alter the gain of the
amplifier by modifying the collector current.
This is exactly what has been done with the
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[FIG2] Voltage Controlled Amplifier

U3 op amp and the Q1-Q7 transistors. U3 and
Q1 form a high fidelity current source and the
collector current of Q1 is forced by U3 to be

V1
Io=2t @)

There is, however, one limitation. The U3's
output is one base-emitter voltage drop (Vbe)
above VI and Ql's collector voltage is two Vbe
below the positive power supply. Consequently,
V1 cannot exceed about 10 Volts. Again, the
LT1012 was used because of its high precision.

Q2-Q7 form two Wilson current mirrors. The
main advantage of that current mirror versus a
conventional one is its output resistance, which
is increased due to the negative feedback that it
implements and the higher mirror ratio it
provides. By choosing that particular topology
we have achieved to mirror Ql's collector
current to the emitters of the input differential
pair. In other words, the collector current of Q8
and Q9 is

1
Ieg=1co= % ®)
The tricky part in designing an amplifier of
this kind is to find the proper DC operating
point. Obviously, we want the control voltage
V1 to vary as much as possible in order to
achieve a wide range of gain. On the other hand,
that will affect the DC voltage of QS8-Q9
collectors. To make things worse, according to
[6] and [7] in order to achieve a high frequency
of operation we must establish high intensity

currents. In other words, the collector resistors
(and the gain) have to be small, otherwise the
collector voltages would exceed the allowed
range of values they can take.

Q10 and QI11 form a current source that
establishes the bias current of the Q12-Q13
differential pair. The resistor R8 has been
chosen such that the base of Q14 to be
approximately one Vbe above ground and that
leads the amplifier's output offset voltage to be,
roughly, zero. The most important feature of the
second differential pair is not so much its
contribution to the total gain as its function as
buffer between the input amplifier, which has a
variable operating point, and the output
amplifier, which must have a stable operating
point. The gain equation of the whole amplifier,
as a function of the control voltage V1, can now
be derived.

We mentioned earlier, that the differential
gain of the differential pair depends on the
collector current and the collector resistor. The
former is known, since it is set by an outside
source through V1, and the latter has to be
calculated. The total resistance seen from the
collector of Q8 or Q9 is R6 or R7 in parallel
with the input resistance of the next amplifier
stage, namely the rr, whose value is been given
by the next formula

pol gl (6)

where £ and Ic is the small-signal current gain
and the collector current, respectively, of the
BFT92 transistor. As usual, Vr is the thermal



voltage. All things considered, the small signal
differential voltage at Q8's and Q9's collector as
a function of the small signal voltage at the base
of Q8 is

Viey= (7)

Vieo=Ves=8,Re

and using (4), (5) and (6) we get

V1
V.=——(R7||r.)V,, (8
cd (2R5VT)( ”’”n) b8

The exact same procedure can be followed for
the analysis of the PNP differential pair.
However, we can neglect the input resistance of
the final stage due to its size compared to R10
and that gives the following relationship
between the collector voltage of Q13 and the
differential collector voltage of Q8-Q9

( Vbe_ VP)

9
(4R8V ) @)

Vi:=—g,R10= R10V .,

For the last stage of the amplifier, even
though it is a common collector topology, its
gain is not unity but has been experimentally
shown to be about 0.8 because the resistance
seen by the base of Q14 is not much smaller
than the same transistor's rz. Taking that fact
into account, combining (8) and (9) and
substituting the values shown in Figure 2 we get
the overall Gain Function

G,.~—25V1 (10)

Nevertheless, there are additional effects that
render (10) inaccurate. For example, the PNP
transistor has a low beta and that prohibits its
collector current to be close to its emitter
current. Furthermore, even the Wilson current
source exhibits a significant error when used
with high currents, like in Figure 2. For the
aforementioned reasons, an experimental Gain
Function has been calculated and is equal to

G,.~—20V1 (11)

III.EXPERIMENTAL ANALYSIS

For the purposes of the circuit emulation, we
used LTSpice IV running on a MacBook Pro
Intel 15 2.4 GHz, OS X 10.9.4.

A. First Stage Performance Evaluation

The first stage of the circuit, which is depicted
in Figure 1, consists of a TIA and a DC
cancellation sub-circuit. Its function is the
conversion of the photodiode current to an
appropriate voltage and the removal of the DC
offset caused, mostly, by the photodiode's dark
current. To demonstrate its function, the
photodiode will be modeled as two current
sources and a capacitor in parallel. The one
current source carries the useful signal, the other
current source represents the dark current and
the capacitor is added to model the inherent
parasitic capacitance. Figure 3 shows the input-
output relationship between the total current that
enters the photodiode and the voltage at the
output. As you can see, despite the fact that the
input current is a pulse with 1 uA peak-to-peak
amplitude on top of a DC current of, also, 1 uA
of amplitude, the output voltage contains only

I(R12)

[FIG3] Current-Voltage Conversion
and DC Current Cancellation
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Input/Output Graph for V1=2V

the pulse and rejects the DC current. Also,
notice that the current-voltage gain was found
correctly by (2).

B.Second Stage Performance Evaluation

The second stage of the circuit, which is
depicted in Figure 2, consists of a Voltage
Controlled Amplifier. For the sake of our
analysis, three graphs will be presented.

Figure 4 shows a pulse with 1 mV of peak-to-
peak amplitude and the output that it produces
for a particular value of the control voltage V1.
Firstly, we notice that (11) accurately predicts
the input-output relationship in terms of
amplitude and phase. Secondly, no phase shift
or ringing effects are taking place and that
proves the amplifier's ability to operate at high
frequencies (more than 10 MHz).

Next, we are going to compare the gain
predicted by the Gain Function (11) with the
actual gain of the circuit for numerous different
values of V1. We have measured the actual gain
through the emulator for various values of V1
and have plotted it in the same graph with the
theoretical gain, as predicted by (11). The result
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[FIG5] Gain vs Control Voltage

is shown in Figure 5. As you can see, the real
gain's deviation from (11) is proportional to the
control voltage V1 and the amplifier is capable
of gains between -40 and -145.

Finally, for some applications (for example,
when the amplifier is driving an ADC) it is
important to know the output's offset voltage.
Intuitively, we are expecting to observe an
increase in the output voltage when we increase
the control voltage V1. That is because the
collector voltages of Q8-Q9, Vcs and Vo, are
inversely proportional to V1 and the collector
currents of Q12-Q13, Ic12 and Ic3, are inversely
proportional to these voltages. Furthermore, the
offset voltage is proportional to Ici2 and Icis.
Figure 6 proves our point.

IV. ConcLusioN

In this paper, we presented a circuit that
converts small currents, produced by a
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[FIG6] Output Offset Voltage vs Control Voltage



photodiode, to larger voltages while rejecting
any DC currents, which do not possess any
useful information, and then further amplifies

the signal using a voltage controlled amplifier.
A possible improvement that will be examined
in future papers is the addition of an automatic
gain control mechanism. Instead of setting the
gain by hand, as we did in the analysis, it can be
set automatically by an external circuit that
maximizes the gain-to-distortion ratio.
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Melétn ™S KaTaypapng LOVOP®VIKNG LOVGIKTC
o€ meviaypaupo ue WYSIWY G Scorewriter
YPNOLLOTOLOVTOGC TANKTPOAOY10 Y®wpic Numpad

Kwoveotavtivog A. Kokkwvomovdog, [portuytakdc Dortntig, [avemiotipio atpodv

ITepilnyn—Xxonds TG TOPovoOS Epyaciog eivar N perétn g
oemapns ypiotn tov What You See Is What You Get
(WYSIWYG) TPOYPURPRATOV KoTaypooig ROVOIKI G
(scorewriters), Ta TPOPARLATO TOV TPOKVTTTOVY GO TNV EAAEWN
aprunTiked winktporoyiov kot N avripetdmon Tovs. H epyacia
goTIGlEl  oTNV  KOTAYPAYY] HOVOQOVIKIG HOVGIKNG, NE
GUUTEPAOPATO TOV PTOPOVV va YevikevBolv émg éva Padpd ko
G6TO. VTOLOUTA €101 LOVGIKNGC.

Aééeig-kig101a—AMMAeTIOpaoc avOpOToLV—pNyavIiS, AlEmaen
xpfiotn (User Interface), Kataypagn poveikiic (Music notation),
poypappata katoypapis povoikig (Scorewriters)

I. EIZATQIrH

H povoikf] ortoyyelofecio amotédece € opyng évav
Wwitepo topéa g Tumoypapiog. Ot WotepdTNTEG TOVL
Tapovoldlel N KoTaypaen VoG LOVGIKOD KEWEVOD, 1| OAMMGC
oG TopTitodpog, odnynoav otn Onuovpyio. €vog apkeTd
UEYGAOL GUVOAOL KOVOVOV oTOrKEl00EGiOG LE GULVETELD TNV
avtiotoyn avénorn g TOALTAOKOTNTOG TNG oToryelobeaiog.
Me v élevon tov cvomudtov Emtpanéliog Tumoypagiog
(Desktop Publishing, DTP) avtol ot kavoveg pHeta@paoTnkoy
og OAyOplOUOLS KOTOVONTOVG OO MAEKTPOVIKO VITOAOYIGTN
Kot ovamtoybnkav  To TPOTO  TPOYPAUUOTO  LOVGIKNG
ototyelobesiag, YvmoTd pe Tov Opo scorewriters.

Me 1t dudd00on TOV  TPOCOTIKOV  VIOAOYIGTAV,
eupaviotnke 1 avaykn ovabedpnong g OSETAENG TGOV
TPOYPUULATOV CUYYPOUPNS LOVGIKNG €XOVTaG OC TPOTLTO TNV
guypnotion. TV enefepyactdV  Kewévov. Avtod elxe g
OmOTEAECHLO. TNV avAmTUEN  €QUPHLOYDV  KOVAV Vo
dnpovpycovy EMAYYEALOTIKG — mowdtnTog  Kelpeva
YPNOYOTOLDVTOG OKEIOVS TPOTOVG AAANAETIOPOUONG LLE TOVG
xpnotec. H avdntuén tov epoppoydv avtdv élafe yopo
Koplog Katd ) dekoetio Tov 1990, 6tav ot mepiocdTEPOL
niektpovikoil vroAoyotéc Ntav desktop computers pe TANpN
mnKtpoAdyla 101-105 mAnktpov, ondte BewpnOnke ac@arég
va ypnoyomomBel to TANPEG €0POG TOL TANKTPOAOYIOL Yl

H moapovoa epyocio  ekmovinOnke ota  miaicie  TOov  podfiuotog
«Emowvavia AvOpodmov—Mnyovig kot Xyedioon AtadpacTikdv ZuoTtnudtov
(HCI)» kou vropArionke oto ZOHMMY 8 o11c 8 Pefpovapiov 2015.

O Kovotavtivog Kokkivémovdog egivar mpomtuytokds @outnTig o1to
Havemomuo IMoatpodv. Opdda Alinkemidopacng AvOpdmov-Ymoroylot,
Tuqpua HAektpoldyov Mnyavikov kor Teyvoloyioag Ymoroywotav, OJ.
EpatocBévovg, TK 26500, Pio ITdatpag, EALGSa. Tnrépwvo: (+30) 2610-
996898 1 (+30) 2610-996435. (e-mail: kkokkino@gmail.com).

mv dueon mpdoPacn o€ 660 TO OLVOTOV TEPIOGOTEPEG
Aettovpyiec.

Me tv £ékevon TOV QOPNTAOV VAOAOYICTOV KOl TIG
GUYYPOVES LVILOACTIKEG TAGELS GYEOIAGILOD, TAPATNPEITAL 1|
EYKOTAAEWYN TOVL aPOUNTIKOD TANKTPOLOYIOL GTO VEDTEPQ.
compact TANKIPOAOYlL T GTOVG OUYYPOVOLS  (POPNTOVG
VTOAOYIOTEG IKPNG KOl LEGAT0G KaoTryopiag peyéboug.

O oxomdc G epyaciog &ivor vo TAPOLCGTOLV TO
mpofAnparta Tov avtipeTonilel évag Pécog ypNoTng amd avt
N oYed00TIKY OAANYT Kol Vo TpoTafovv ol aviloyeg AGELS,
LPNOWOTOIOVTOG HovTéEAD Kot peBddovg mov epoppolovton
oV aviivon tov Aletapdv Xpriiom. ITopdiinio avoaldetol
N mopeio mov Bo akoAOLVONGEL KATOWOG UNYOVIKOS AOYIGHIKOD
pe okomd  Peitimon tov Interface piog MON vrdpyovcog
EPAPUOYNG EYOVIOG ®G €POATAPO TV  afloAdynon g
mpoimapyovcsas Atemagng Xpnot.

II. XTOIXEIA MOYZIKHE ®EQPIAL

Movowr onueoypapio ovopdletar 1o cdotnue pe To
onoio Kataypaeetal KAmow &€idog Hovotkng. Aebvag éyet
EMKPATNOEL M AEYOUEVY gvpwmaiky M JvTIK: CMUEWYPOQI
KOTG TNV OToi0. 1) LOVOIKT YpagpeTal e tn Pondewa téve icwv
TAPIAANA®V 0pLOVTIOV YPOLUUDV, TOV TEVTIOYPOULOD.

A. DOoyyoonua

O1 Mol 01 0moioL AVTIGTOLY 0DV GE SLUPOPETIKEG OKOVGTIKES
GLYVOTNTEG TOL YPNOULOTOLOVVTOL Yo TNV TOPAYDYN TNG
HovGikng ovopdloviot vozeg 1| pfoyyor Kol KataypaoovTot [Le
pBoyyoonuo mov TonoBETOVVTIOL TAVO OTIS MEVTE YPALUES TOV
TEVTAYPALLLLOV KL GTO TEGGEPO OLOGTHHATA TTOL oynuatiovv
peta&d toug. Xaptv cuvtopiog, to eoyyoon e omoKaAovvToL
gniong voteg. NV mePInT®ON TOL KAmolo voto eivar ToAv
ynAn 1N oAy YOUNAT XPNOWOmOLo0VTOL SonOntinés ypouués
mhvo 1M kdt® ond 1o mevtdypoppo. Mmopovpe va
OOVTOoTOOUE TIC PonONTIKES YPOUUEG ™G TUROTO ETITAEOV
TAPIAANA®V YPAUUOV TOV TevTaypapov [1].

H duipxela pog votag otn povéda tov xpoévov ovopdaieton
acia. Ov ovvnBog ypnoyomowovpeves a&ieg ovopdlovron
OAOKAN PO, H16d, Tétapto, OY000, OEKOTO £€KTO, TPLOKOGTO
devtepo kol e&nkootd tétopto [2]. Kdabe pio €xer ) pion
YPOVIKN OBPKEW NG OPECWOS TPONYOVUEVNS. Y Tdpyouv
eMiong oNUASIL OV 1GOSVVOLOVY LE OPICUEVO OLICTNLLO
clonng kot ovopdlovion maveeis [3] ko ov a&ieg TOLG
avtotolyifoviot pe Tig aieg TV VoTdV.
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y. 2. Havoeig odokinpov mg e£NKooTtol TETAPTOL.

Meté omd kabe @Boyyoonuo pmopel va tomobetndei pio
tedelon mov ovopdleton otyu  Oopkeiog Kol TPOGHETEL
emmAéov on a&io Kot 1 voto, ovopdleTol TopeoTIypévn [4].
Mmnopolpe va mpocHEGOVLE OMOIECONTOTE KOl O0CEGONTOTE
a&leg g d1og voTOg, oV TIG YPAWOLLE Kal TIG EVOCOVUE avd
dvo pe o kopmOAn  ypapun mov ovoudleton  ovlevln
owapreiog [1]. Télog, vmdpyovv onuddia mov ovopdalovrot
onueia.  aAloiwoews Kol onuelo.  gpunveiag, TO  OTOiN
TomofeTovvTal aploTePd, TAV® 1 KAT® Ao TIG VOTEC.

SESE

1/4+1/8=3/8 1/8+1/16=3/16  1/4 +1/16
y. 3. Ztypn kon o0Cevén dwapkeiag. Eivor duvatd va ypnoiomotndei kot

devtepn ottypun dwapkeiog mov Tpochitel emmAfov To Va g a&iag g votac.
=
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Ateon Ydeorn Staccato Marcato

Xy. 4. Mepwd onpeio aAAOLOGENMS KOl EpUNVEiag.
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B. Mépo, pobuog xar ypovog

To mevtaypoppo ywpiletor pe «dbeteg ypoppués mov
ovopdlovtal diaorolés, eved M andotacn PETOED OlUGTOADY
ovopdletal uétpo. Ymapyovv didpopa €idn dactormv. H
TOPTITOVPA TEAEIOVEL e dimdy dracroln. To dBpowopa tov
a&udv mov Ppickovtal o€ Kabe PETPO TPETEL VOl 1IGOVTAL UE TO
KAdopa mov Ppicketar otV opyn Tov mpdTov péTpov. To
KAdopa avtd ovopdletar ppuog kot kabopiler To TAnbog TV
@BoyYyOeNU®V TPOG TN YPOVIKT| TOVG a&iaL.

H toydmta extéleong ovopdletar tempo (TAnd. tempi) ko
nidvetar €ite pE VTOKEWEVIKODG OpPOLG GTNV opyf ™G
maptitovpag (puuikés evoeitelg), ol omoiot cuvibmg givar ota
Itoducd, gite pe ) xpon Wog HETpovorKnG évoelgng (tempo
marking) 6mov emAéyetan @g Paon pio agio mov ovopdletan
TOALOG Kol HLETPETAL TO TAN00C TV ToAp®Y avd Aemtd [5]. H
povada pétpnong etvar bpm — beats per minute.

C. Toviko dyog

o ™v ovopacia tov vot®v eivar ev ypnoet 600
ocvotiuata. Znv EAAGda ypnoytonoteitat katd kopto Adyo 1o
ToAKO cVOTN A, KOTA TO ooio ot voteg ovopdlovtat Do, Re,
Mi, Fa, Sol, La, Si. Katd to ayylMkd cOotnpe, ot vOTeg
ovopdlovtar pe ta ypappata C, D, E, F, G, A, B avtictouyo.

v apyn g moptitovpag tomobeteitor éva xAerdi, To
omoio opilet T Béom piog votag avapopdc, eved ot VTOLOUTEG
voteg ovopatifovtor KoTd oepd o oxéom pe TN VOt
avaQopac. XNV epyocio ypnowylomoleital, ywpils ommAew
yevikevong, To kKAewdi Tov Sol, to omoio opiletl 611  véTa Sol
Bpiloketor otn devtepn ypopun. H pétpnon tov ypoppdv Kot
TOV SOTNHATOV YIVETOL 0O KATW TPOG TO TAVE®.

Ot ovuyvoTeg TV PBOYYOV TPOKOTTOVY OO OO LATIKEG
oyxéoelg pe onueio avoeopdg T ovyvomto tov La oto

devtepo ddotnuo pe KAEWL tov Sol, 1 omoia oyeddV TAVTA
glvar 440Hz [6]. Ta ovopata TtV  @BOYY®V
enovolappdvovior avd entd votec. H eldyiomn omdotoom
peta&d 600 votdv L To 1010 vopa Aéyetat okTAPal.

) )
Sol La=440Hz
Xy. 5. To xhewdi tov Sol ko n voto La=440Hz.

D. Movaika €idn koi pwvég

H povowm oto mevtdypappo dofaletar omd apiotepd mpog
ta defld, evd O,TL vmapyel otov kdBeto d&ova axovystot
TAVTOYPOVO. LIN UOVOPWVIKY Hovolky KOOE oTIyU VdpyeL
pévo o voto otov kdbeto GEova, emopévag kabe oTiyun
aKovyetal povo pio vota, EKTOG av VILAPYEL TAVOT).

Otav otov KGOeT0 GEOVA YPaEOVY TEPIGGOTEPA. ATO EVOL
oBoyydonpa, omdte Bo aKOLGTOVV TEPLGGOTEPOL OO EVAG
NYoL ToawTodYpova, 1 KAOE vOTO TOL AKOLYETOL TOVTOYPOV
OVAKEL GE W0 OOPOPETIKY QwvT]. Ataxkpivovpe ovo &idn
LOVGIKNG, TNV OuopVIK) povoikh, omdte Kafe @ovn &yt
voteg e ioeg a&leg pe Tig GAAES PMVEG, KOl TNV moAvpwviky
Hovaikn, Katd ™V omoio kabe povn €£xel T dkn ™G pHemdia
pe ave&aptnreg agieg amod Tig dAles pwvég [1, 7].

Enedn ta dvo tedevtaio £i6n cvvnbog avtipetomilovial og
TOMOTAT E10AYMOYT] LOVOPOVIKOV UEAMIIDV, GTNV TApOoVC0,
EPYOCiO  EMKEVIPOVOUACTE OTNV  EGAYOYY] HLOVOPMOVIKNG
LLOLGIKNG, Kol Ta cvpmepdopato mov eEdyovtal Pmopodv va
TPOGAPLOGTOVV OVAAOYO Y1 To (AL dVO €10M.

III. To MONTEAO KLM

To Keystroke Level Model (KLM) amotehel éva epneipikd
povtéAo TPOPAEYNG TOL ¥POVOL OKOAOLOING EVEPYEIDV TOVL
¥pNoTN mov emuTpémel TNV mWPOPAEYN TG amddoomng evog
ocvotnuatog [8]. O evépyeleg Tov YPHOTN OVAADOVTIOL OE
afpowopa OepeM@ddv evepyeldv, ol omoieg ekppalovol amd
avTIGTOLOVG GLUVTEAEGTEG TTOV O KaOEVAG ExeL Eva LEGO YPOVO.
O 6VVOMKAG YPOVOG TNG EVEPYELNG TOL XPNOTN EKQPALETOL G
0 GOpowopa TtV Ypoévev TV cuvieleot@v. Ot Pooikég
EVEPYEIEG LLE TOVG AVTIOTOWOVG TEAECTEG KOl TOVG YPOVOLG
nmapovoidloviot otov [livaxa I [9].

ITINAKASX T
ENEPI'EIES, TEAESTEX TOY MONTEAOY KLM
Evépyewa Teheotg Mécog xpdvog
Keystroking K 0,08 s: "Epmetpn
SKTLAOYPAPOVG
0,28 s: AaKTLAOYPGPOG péoNg
KOVOTNTOG
1,2 s: Ameipn SaKTLAOYPAPOG
Mouse button press B 0,1 s: down/up
0,2 s: click
Pointing P 1,I's
Hand movement between H 04s

keyboard and mouse
Mental preparation M
System response time R

1,35s
~0,05 s, Srapépet amd
GUOTNLO G GVGTNULA

Xmv epyacio yivetor n mapadoyn ot K=0,28 s, yio daktvoloypdpo péong
KOVOTNTAG.



IV. ME®OAOAOTI'IA XXEAIAZHE THX AIE[TAOHXE

INo ™ oyedioon g demapng tpoTyndnke n pébodog g
avBpomokevipikng oyediaong (Human-centered design),
ypnowonotdvtag tn péBodo Task-Centered System Design
omw¢ meprypagpetat omd tov S. Greenberg [10]. Awxpivovton
TEGOEPEIG PUGELS OYESLOGLOV, TOV UVOADOVTOL OTT) GUVEYELOL.
A. Daon I: [Ipoodiopiouog Ttomikay ypnotmv.

‘Eva. maxéto Aoylopikod yprioylonoleital amd Sipopeg
onadeg ypnotdv. Kotd tn oyedioon g demapng eivor
amopaitnto va €ovpe ®g onueio avagopds TOvg TLTKOVS
YPNOTES TOV TPOYPULLATOS KOl VO ovOTTOEOVUE TN dlemapn
HE yVOpova TIg TOOVEG avTIdpAoel Tovg ot Vo e&étaon
dtemapéc. v mapovoa gpyacia n tagvounorn yivetor pe
Tpio, S1LPOPETIKG KPLTNPLOL.

1) Tevikn taévounon twv ToTIKMOY XPRoTHY

Koatd mv avammoén pog oemagnig S10KpivovpEe TUTIKG
Tpelg kammyopieg ypnotav [11]: Tovg mpwredovieg, Tov givor
Ol TOAD TOKTIKOL GHEGOL YPNOTES, TOVG OEVTEPEVOVIES, TIOV
elvar meplotacilokol 1 EUUEGOL YPNOTES, KO TOVG TPITEVOVTES,
TOL €tval oL EMNPEALOUEVOL OO YPNOT| TOV TPOYPALLLLOTOS.

Ocov apopd to. TPoypappaTe. CLYYPAPNS HOVGIKNG, Ol
TPMTEVOVTEG YPNOTEG €IVl Ol EMAYYEAUATIEG Ol OMOiol oF
kabnuepwn PBdon emnefepydloviotl mOPTITOVPEG LOVGIKNG GE
NAEKTPOVIKO VTTOLOYIOTY], EVD SEVLTEPEVOVTEG YPNOTES Elval Ot
HOVGIKOL TTOL TEPIOTOCIAKA ¥peldlovior va emelepyacTovV
pio Ttaptizovpa. Ot prredovteg (pMoTeS, TOL £ival Ol LOVGTKOL
mov mapoAapfavouy to otolyeodetuévo keipevo, o Ba pog
OTOCYOAMCOVY GTA TAAIGLOL TG EPYOGING QVTNG.

2) Tolrvounon ue HovoiKe kKpitiplo.

Eivar dvvatq n dudkpion tev ypnotov ce emmiéov 600
katnyopieg: Tovg avuypapeic ko empeintés (copyists and
editors) kot TV ovvhétes kot evopynotpwtes (composers and
arrangers)

H zmpdt xommyopio €ivar 10 povoikd oviioyo €vog
SOKTVAOYPAQPOV, €vd 1 Ogvtepn KaTnyopio. omotelel TO
HOVGIKO aVAAOYO €VOG GLYYPOQEER. Xvyvd, TO 1010 GTopo
OVIKEL Kot 0TIG 600 Kotnyopieg, avaioya Le TV Tepictact).

3) Talwounon ovaloya ue tov TOTO TANKTPOLOYIOD

¥t mlaicl ™G epyociog pog amocyorel GAAN  pia
KOTIYOPLOTOiNGT T®V YPNOTOV, aviloya pe Tnv vmapén 1 oyt
apOUNTIKOL TANKTPOAOYIOV GTO GUGTNLO TTOV YPTGLOTOLOVYV.

0. ELoaywyn

LOUOLKOU KELUEVOU

1. Entloyn
SLapkelag votag

2. Eriloyn) Tovikou
UPougvotag

4. TonoBétnon
SLaoToAn g OTav
oupTANpwOeL To
pétpo

3. ToroBtnon
EPUNVEUTIKWY ONUELWY

f/kat oUTevéng
Slapkeiag mpog v
EMOpEVN VOt (av

1.2 TonoBétnon 2.1 Boaywyh

OTLYAG Slapkeiog
(av udiotatar)

onueiou
oMowoews (av

2.2 Enloyn
oVOUATOG VOTAG

1.1 Emloyn agiag
votog

viotatat)

uodiotavral)

4.2 ToroBétnon
SUTAnG SLaoToANg
oto televtaio
Hétpo

4.1 ToroBétnon
amAg SlacToAng
o€ KABE péTpo

2.3 TonoBetnon
votag otnv
emBupntr oktaBa

Yy. 6. H dwdwkacio mov avapévetol vo akorovbfioet o ypiiomgs, copupova pe ™ pébodo g lepopyiknig Avéivong Aepyacwdv (HTA — Hierarchical Task

Analysis) [8].

B. ®aon 1I: Avéivon 1oV areitioewy Twv ypRotwy

O tomkds ypNoTNG ™G €QOPUOYNS  €lvarl  HOVGIKOC,
EMOUEVMG €YEL TNV amaitnon M €Qappoyn va akolovdei ta
pMpota mov Ba akoiovBovoe o 1dog oto YapTi. 1o oYU 6
TEPLYPAPETAL 1) TOMKY OWOKOGI TOL  CVOUEVETOL VO
akorovdncer o ypnome. H odemapn Oa mpémer va Sivel
Wwitepo Pépog oty guypnotic, 1 omoic HETPETAL HE TIG
TapapéTpovg mov Eyel opioet o J. Nielsen [8], ol omoieg giva:

e  EvkoAio kot toyvTtnte eKpadnong g xpnons tov
ovoTHOTog amd vEous ypnotes (learnability)

e Yyn\] amdd001 EKTEAEGNG TMV AELTOLPYLDV TOL
and memelpapévoug xpnoteg (efficiency)

e Avvatotnta dThpnong g wavodTnTag XPNons
TOL GUOTHUOTOG OO EVKAPLOKOVG XPNOTEG UETA
and wépodo ypdvov (memorability)

o Mipog aplBudc eGOUALEVOV XEPIOUOV KATA TN
YPNON TOV OCLOTAUOTOS KOl EOKOAOG TPOTOG
avavnymg amd avtd (low error)

o  YTOKEYEVIKY IKAVOTOINGT T®V YPNOTOV ad TNV
ETOQT TOVG pLe TO cvoTtnpa (user satisfaction)

C. Ddon II: Aquiovpyio oevapiov oyediaoiod
1) opovaioon vropyoviwy diemapav

Ot Mo cuyVva YPNOYLOTOLOVUEVES EPUPLLOYES EYOVV YPOPUKE
neplaiiovia  Oemapris mov  Pacifovtar 610 povtéro
WYSIWYG (What You See Is What You Get).

Scorewiter [l ==
File |  Edit |  MNole | Measure | Help |
B /Ul == | EROO |

wnoe | var |

Quater | en | aem | asm

[ smap [ mm ][ news |

Slur.

Staccato

Legata

Warcato

Xy. 7. 'Eva amhovotevpévo povtéro g demapnc. Ilapatnpodue ot vdpyet
po pmwdpo pevov, pie pmépo Bockig LOPOOTOINGNG Kot KOVUTLE To. omoia
opilouv 115 agieg Twv EBoyydonuwv, TuxdvTa onueio aAloiwong Kot moava
onueia epunveiag.



H Oonuovpyio &voc HOLOIKOD KEWEVOL YiveTor gite
enAéyoviag v emdoyn File—New egite emidéyovtag to
avTIOTOYO KOLUTL TNG YPOUUNG E€PYOAEI®V. XT1 GLVEXEW
eppavifetar évo Topabvpo 6To 000 TOPEYETOL 1) dVVOTOTNTA
010 YpNotn vo emAgéel To0 KAEWi TOVL TEVTAYPAUOL, TO
PLOLIKS KAGGLO, T PLOUIKY N HeTpovopiky EvOelEn av B€Aet,
Kot Ol1apopeg GAAEG EMAOYEG TOL QPOPOVV £va LOVLGIKO
koppdtt (oy. 8). Telkd oto KOHPLO UEPOG TOV TPOYPALLLOTOG
eppavifetar £va kevo meEVTAypapUo e Tig puBpicelg Tov Eyovv
gloayBel (oy. 9), 6mov o ypnotng o ewcaydyet To. EOoyydon O
ovpewva pe to ddypappa HTA g edong 11, site pe ypnon
NG GLOKELVNG KOTAdEENG (ToVTiK), N LLE TO TANKTPOADY1O.

(=[o ey

L]
Create New Score

Clef Glef =
Time signature

M Tempo marking »

| Ok | [ Cancel \

Yy. 8. Movtého mapdbvpov yia tn dnptovpyio VEOL HOVGIKOD EYYPEQEOV.

Presto .) = 200

| I T | I
1 1 Il | 1

D)

Xy. 9. Kevo mevtaypoupo ovpemve pe TG emloyés oto mopdbupo
dnpovpyiog.

a) Me ypnon omokAEioTiKG THG GVOKEVHS KOTAOEIENS

Me avti ™ péBodo, o ¥pNoTNG EMAEYEL PE TO TTOVTIKL TNV
a&io TG vOTOG, av LIAPYEL OTIYUN StpKelog Kot av VTApYEL
onueio aAloimong, YPNCUOTOUOVTOS TO GYETIKG KOLUTLA.
"Yotepa, pe To deikTn Tov TOVTIKIOH KAVEL KAMK 6T0 EmBupntod
onueio Tov mevtaypappov, MGTE Vo TOToHETNGEL TN VOTO GTO
KOTAAANAO TOVIKO VYOG KOl 6TV KOTAAANAN oktdfa. Metd,
emAéyel onueio epunveiog, av vadpyovv, tomobetel cvlevén
dwpkeing otV €nOpEVN VOTA, OV VIAPYEL, KAVOVIOG VTN TN
dwdwcacio yioo kabe vota. To mpdypappo vroroyiler ™
ovvolikn a&io TV voTdv Kol Tomobetel anTOHOTO S10GTOAEG
ota péTpa Omov ypetdletar yio vo supmAnpmOel To KAAoOL.

b) Me ypnon Thipovg minktpoloyiov

Enedn n mponyodpevn demapn ivat apketd apymn, ot alieg
TOV VOTMV Kot To Bactkd onpeio aAloiwong Kot epunveiog,
tomofeTOnKay datetaypéva kol avtietoynOnkay (mapped)
070 TANKTPQ TOL aplfunticod TAnKTporoyiov.

NEaNED

ElIE
olnl_# Blg] b
MIL Jld]o |
NRNAREINDA
27 I I TAN A

¥yx. 10. Avo mbovég datdéelg 00 Numpad.
Me avt) t péBodo, o ypNotng emAéyel TG emBUUNTES

wotteg ¢ votog and to Numpad Kot TV €104yeL 61O
TEVIAYPAULO E0AYOVTAG TO OyyAKO Ovoud g omd 1o
QWERTY mAnktpoloyro. Ilapatnpodpe 4Tt yo v loaymyn

Tavong ypnoonoteitar To TAKIpo «0» TOv apPBUNTIKOD
TANKTPOAOYioV. Bempolie OTL 1 VOTO 7OV EIGAYETOL OVI|KEL
otV O oktdfa pe ™ vota mov giye swooybel apécwg mpuv.
Av 1 oktdfa wov TomoBeTOnKe M voTa dev givor ) emiBounty,
0 YPNOTNG £XEL TN SLVOTOTNTO VO LETAPEPEL TAV®D 1) KAT® TN
voto pe ta Pehdkio tov mAnkTpoAoyiov. Tavtdypova,
mapéyetor okovoTikn avadpacn (audio feedback) omd ta
nyeio, to omoio, avamapdyovy TN vOTO TOL TomoBETEITOL TN
SedOUEVT YPOVIKY GTIYUN.
2) Ipoteivoueveg SIEmOWES OTHY TEPITTWOH ATOVTLAG
ap18untixod TAnkpoloyion

O mponyoduevog TpoOmog Oev  glval VAOTOMOWOS GE
TANKTPOoAGYI0 yopic Numpad, Om®G Yo, TOPASELYHO. GTOVG
TEPIOGOTEPOVE POPNTODS VITOAOYIGTES, EVD 1] YPT|CT) TOVTIKIOD
1N trackpad ywo emtloyn tov oSOV Kavel TV OAN dradikacio
apketd apyn kou emimovn. Emopévog mpémel vo oyedioctodv
VEEG OLEMAPES Y10, TIG AVAYKES TMV €V AGY® XPNOTAOV.

a) Avuaoroiyion twv opiQuntikdy TANKTpOY oTo. 0VeA0Ya
mAnxpa oo QWERTY minktpolioyiov

Towg mn  amhodotepn  pébodoc  TPOYPOUUATIGTIKA.
[Mopatnpodpe o611 OA0 TO TWAAKIPO TOL  aPlOUNTIKOD
mAnkTporoyiov vrdpyovv kol 6to QWERTY minktpordyto.
Me ghdyiotes oAayég oTov Kmdika, avtiotoryilovpe Eva mpog
éva ta mAktpo Tov Numpad oto ovtictoyyo Tov Kupiog
mAnktporoyiov. Ta vmolowma PApoto €1G0YOYNG LOVGIKNAG
TOPOUEVOLY 1010 LLE TN XPNOT TAPOLS TANKTPOAOYIOV.

b) Bélniotn avadidraln twv Aertovpyidrv oo
TAnKTpoloyiov

Ye évo tomikd QWERTY mAnktpoAddylo dha ta TANKTPO IOV
aPOPOVY TO TOVIKO VYOG NG vOTag Ppickovtal otnv oplotepn
TAEVPA TOL TANKTPOAOYiov. ETo TAKTPA TNG OeE18C TAEVPAG
oV TANKTpoAoYiov cLVNB®G avTioTorifOVIOL GUVTOUEVGELS
Yoo SEVTEPEVOVOES AELTOVPYIEG TOL TPOYPAUUATOS, OTMG
glo0yoyn otiyov cg  Tpayovdln 1 onueiov  éviaong
duvord-oryd. Kabodg n Aettovpyio emhoyng a&iog g votog
givol oapdg vYNAdTEPNG oMHOGIaG 0o TIG AEITOVPYieg aTES,
avtictoryifovpe o TANKTPA TOL APBUNTIKOD TANKTIPOAOYioL
€VOo-mpog-éva. 6 WAAKTPO. NG O0efldg  pepldg  Tov
TANKIpoAOYyiov mov €xovv mepimov v 6w ddtaln. ‘Evoag
mOavog TivoKog avtioToiylong eivat o e€ng:

9 5/ | 0—* .
I-7 | O—-8|P—>9 .
K—=4|L->5]|;—>6
Spacebar — 0 /=, Return — Enter

D. ©Ddon IV: A&10Adynon tov oxediaouod e Eleyyo twv
oevapiwv

lNa vo omopacicovope ov Bo  yiver omodext| «ébe
TPOTEWVOUEVT OIETAPT] TOL TPONYOVLEVOL KEQUANIOV, TPEMEL
va v vroPdiiovpe oe afordynon. Kartd mepimtmon, o
ypnowonmomBel 1 SpopPoTIK a&loAdynor, M TOGOTIKN
a&lodoynon kot ot avolutikés péBodot a&tordynong. Qg pétpo
mg a&ordynonsg Bo Bswpnbel m exdortote gvypnotio Tov
GLOTILOTOG KOTA TOVG Kovoveg Tov J. Nielsen.



1) Ymopyovoeg diemopéc
a) Me yprion omokAelotine TS OVOKEVHS KOTOOELLNS

Xpnoylomotdvtag Lovo To ToVTiKL, Yo TV TomofETnon pHiog
votag yopig onpeio aAloiwong 1 oTdNmoTE GAXO, 0 YPOTNG
npénel vo emAééel v oflo pe TO TOVTIKL Kol Vo TNV
TOTODETNGEL OTO TEVTAYPALLLO.

Av vrmoBécovpe 0Tl 0 XpNoTNG €xEL MO TO ¥EPL TOL GTO
TOVTIKL, 0 GUVOAKOAG ¥POVOG TTOL OoLTEITONL VITOAOYILETOL (OC:

1. M, o xpbvog Tov 0 YPNHOTNG OKEPTETOL TTOL0L VOTO BEAEL VO
gloaydyet,

2. P (pointing), Yo va tdet o dgiktn oty emBount aéia,

3. B (button), yio va emhéEer Ty a&ia,

4. P, yio va mber ) vota omv embounty 0éon oto
TEVTAYPOLLLLO, KoL

5. B, yia va tonofethcet ) vota.

Ocopeital 6tL 1 vOTa HETA TO Pripno 2 €xel «KOAANGELY
QVTOUATO, OTO TTOVTIKL KOl 0 XpNoTng 08 YpelaleTol Vo KAvel
drag’n’drop. O ypo6vog ywo tnv Tomobfétnon piog votag givar
t=3,95s.

Y1y mepintmon mov Kamowa vota £yl onpeio aAloioong M
epunveiog, otiypun 1 ovlevén dwpkeiog, mpocHétovpe To
avtictoyya (evyn P-B kot o ypévog ewoaymyng kabe votog
yivetar avtiotoryo moAAAmAGG10G. Agv TomoBeTovpe emmAEOV
teleot| M, ywri 0o pOVCIKOG OKEQTETAL TN VOTO UE TO
emmiéov onuadir ®¢g evioio ovvoro, my. «Fa dieon
TOPESTIYUEVO UE GVLEVEN Y.

O1 petpnoeig mov Aappdvoviar 6 owTd ToV TPOTO UTOPOHV
VoL VTOAOYLGTOOV 7o KaAd pe To vopo tov Fitts [9], o omoiog
hopfaver v’ oyn ™V amdoTACT TOV €VOG GTOYOV OmO TOV
Lo, kaBmg kol to péyebog twv otoY®V Tov deiktn. Emiong,
o€ £PYAOTNPLOKN Goknom ota miaicta tov padnpotog HCI to
axadnuaixd étog 2013-2014 anodeiybnke otL N KoTAdEEN e
™ xpnon trackpad eivor mo apyn amd ot av ypnoyomomel
novtikt. Emopévamg ot yprioteg laptop xopig eEmtepicd movtikt
umopel va. eLPavicovy ToAD mo apyovg ¥pOvovg amd ovToNS
7oL Tapovctdlel to povtého KLM.

H oyetuc épguva, dnAadn, €yt dgiket 6Tl evd M ekpdnon
OVTNG NG OLETAPNG OO VEOLG XPNGTESG Eivat TOAD VKON, dev
éyovpe LVYNAN omddoon amd TMEMEWPAUEVOVG YPNOTEG. XTOl
TAEOVEKTNLOTO TNG OLETOPNG CLUTEPIAAUPAVETAL 1] TKOVOTNTAL
CLYKPATNONG TNS IKAVOTNTOG YPONG TNG, OTMG Kot 0 E0KOAOG
TpOmoc avavnyms and oedipota, my. o€ AdBog swcoywyn
vOTOG, TNV EMAEYOLUE LE TO TOVTIKL KO TN drypAQOvLE amd
TO OYETIKO KOLUTL TNG YPOLUNG EPYOAEIDV.

O1 ypfjoteg TANKTporoYimV Ywpic aptBuntiKd TANKTPOAGYLO
TG meploooTEPES  QOpEG elvar  avaykacopévolr  vo
YPNOWONOM|GOLVY ~ aVTd  TOV  TPOTO  EI0QY®OYNG  OTa
TPOYPAUILOTO TOV KUKAOQOPOVV, WE TIG OVAAOYES GUVETEIEG
otV ToyVTNTO OlEKMEPAimONG NG €PYACiOg TOVG Kot TNV
TEMKT IKOVOTTOINGT TV YPNOTOV OO TN SIETOQT.

b) Me ypion Thipovg mlnktpoloyiov

E&etdlovtag ™ pébodo avtn pe to povtého KLM, 6nmg ko
ot HéBodo gloaymyng pe T oLoKELN KATAOEENG, TPV OO
KkéBe vota Pdalovpe Tov ocvvtedeoty My vo deybel m
vontikn Agwrovpyion tov  ypnot. Yotepa Pdlovpe to
ovvteheoti K yuw kdBe minktpo oty oakolovBio 1Tng

mnktpoAdynongc. Emopévac éyovpe éva cvvteleot K yio v
enhoyn ¢ a&iog kot éva ovvtedeom K yuo tnv emtloyn tov
TOoVIKOV DWYOougs pe ta ypappota A—G.

Ewdomoltdg dwapopd eivar 611 G vt TV TEPITTOON TO
mpoypappo o yvopilel ek TOV TPOTEPWV, TOPG HOVO
vroBétel, Ty emBount) oktdfo otV omoia Bo TomobeTnOel 1
voto. To mocootd emtuyiog g okTaPag dtapépel avdipeoa
oTo Oldpopa €101 HOLGIKNG. ZTNV TEPITT®ON TOL 1| OKTAPo
dev givar  emBounty, t0TE 0 YPNOTNG avVaYKALETOL VO TEGEL
plo M meplocdtepeg Qopég ta PEAAKIOL TOL TANKTPOAOYiOV,
moTe 1 vota, vo soayBetl otnv emiBounti oktdafo.

Eivar pio icavomomtikn mpocéyyion vo vwobécovpe 4t ota
%5 TOV MEPMTAOCEMV 1) EMAOYT OKTAPOG €lval EMTVYNG, EVAD
670 VOO Y5 0 ypNoTNG Kaheitol va emAEEEL xelpoKiviTa
v oktdfo tng votag. EE dAlov, 1 eumeipio ypriong deiyvet
OTL o€ OVTN TNV TEPIMTOON M ONACTAGT TOL OLTOULOTO
EMAEYILEVOD TOVIKOD DYOLG TNG vOTaG 0mtd To emtBountd sivat
oyxeddv mavta povo pio oktdfo, Gpo 0 ¥PNOTNG KAAEiTOL VO
méoel  povo pion  @opd  to  avrtictoyo PeAdkt  TOL
mAnkporoyiov. Ewodyovtog avt tn otatiotikn aviivon o6to
povtédo KLM, pmopodue, mapekkiivovtag amd to emionuo
KkaBopiopévo poviéro, va mposhicovpe 1o Y5 ToL GLVTEAESTY|
K cg k@0 eloaywyn votag. Me avtd Tov TpOTo KOTAAYOVUE
0Tl 0 XpOVOC EI0aY®YNG Miog «amANgy vOTag, YopiG onueio
aAloiong 1 epunveiag wodTo Ue:

1. M, 10 ypdvo TOV O YPNOTNG CKEPTETAL TTOLOL VOTO
0éket va elodyet, Kot

2. K,y mv gmroyn g emBountrig a&log, Ko

3. K, yw v enthoyn Tov ToViKoy VYovg Tng vOTas M
v €100y®YN TadoNg, Kot

4. A*K, y10 10 0TOTIOTIKO GOAALLL ETAOYNG OKTAPOC.

Emopéveg anartodvrar ~2 s yio v €looymyn piog oming
votag. ['a kdbe onpeio oAloimong, onueio epunveiog, otiyun
dwpkeiog | ovlevén pe v emduevn vota mpooTibeTon
avtiotoyo +1K.

Hapatnpovpe 6t 0 ¥povog €GAYOYAS piog amAng votag
YLPNOWOTOIDOVTOG TANPEG TANKTPOAGYLO Eival GYedOV 0 GG
a6 Tov avTicTOo o ¥POVO e GUOKELT KOTASEENG.

"Exovtag o¢ ontikd Pondnuote otnv 086vn ta toolbars cg
oL aplOuNTIKoD TANKTPOAOYiov, 1 EVKOALN Kot 1) TayvTTO
gKpadnong mg dtemoeng and Kamoto vEo ypoTr ivorl apkeTd
vynAés. Me v avdivon tov poviéhov KLM BAémovpe 6ti
avTdS 0 TPOMOG EIGUYWYNG EYEL VYNAN OTOO0CT) EKTEAECNG TG
emBountig Aettovpyiag Omd TOVG TEMEPAUEVOLS, Kot Oxl
poévo, ypnotes. Emmiéov, eivar €dkoln m ovykpdinon g
KOVOTNTAG ¥PNONG TOL GUGTHLLOTOS OO TOLG EVKAIPLOKOVG
ypnotec. Ymdpyer Kot €0 €0KOAOG TPOTOG avavnwmg amd
AGBog  emhoyn. Zvuykekpyéva av el tomoBetnBel
AavBaopévn vota, o ¥pNoTNG WITOPEL VA TATHGEL TO TANKTPO
backspace yio vo T Jypdwel Kot OTN CLVEXEW VO
enovaldfet ) dwdikacio E1Gay@YNIS.

2) A1oldynon mpotevouevmY SIETOPWDY
a) Avuaoroiyion twv opiQuntikdv TAKTpOY oTo. 0veA0Ya
mlnxtpa oo QWERTY mlnktpoloyiov

To povtého KLM divel oxeddv ta idwo amoteAéopata yio
ovt] T péBodo Koty T péBodo pe  aplBuNTIKO
TAKTpoAdylo. Ot dpopés sivarl apentéeg Kot opeilovtat



Kupiong 61t 610 QWERTY mAnktpordylo ta ovpfora + kot *
amottovv  axoiovdio 6vo mktpwv (Shift-= kot Shift-8
avtioToya). Xty mpdén Ouwg M ovykekpyévn pébodog dev
elvar 1 10avikdtepn yuoti oyeddv OAeg o1 Aettovpyieg
Bpiokovtal otnv apiotepn| mepoyn, OnAadn 6Aa To ovopaTo
TOV VOTOV KOl Ol ool appol g mhveo oepds. Xy
TEPIMTOOT ¥PNONG TVPAOD GUOTHILATOG TOPUTNPEITAL EVIOVO
TO QOIVOUEVO TG KOTMGTG TOV OPIGTEPOV YEPLOD, EVD OV O
YPNOTNG XPNOWoToovoe Ta 000 Yépla, Ommg ot pébodo
EI00Y®YNG HE oplBunTikd TANKTPOAdYl0, TO 0e&l ¥épt Ba
Bplokotav mAve amd TO APlOTEPO  SVGKOAEVOVIOG TNV
€100Y®OYT] TOV LOLGIKOV KEWEVO.
b) Bélniotn avadidroln twv Asitovpyiov tov
TAnKTpoloyiov

Eivar n pébodoc oty omoia. to KLM divel akpipag to ot
amoteAéopOTo HE TN xpnon apduntikod mAnktporoyiov. Ot
TapapeTpol gvypnotiog g HeBodoL aVTNG Eival TOPOTANGIEG
UE TIG TOPAPETPOVG TNG XPNONS aplBuNTIKoy TANKTPOAOYioL,
VO omoreitor éva mMOAD KPO OlAoTnHo eKpadnong ek
UEPOLG TOL YPNOTN HEXPL Vo cuvnbicel T véa didtaén Tov
mAnktporoyiov. A&iler va onuewmBei OtL 1 ovyKeKpluévn
1éEB0S0G JlavEpEL 100dVVOpO TOV KOTO EIG0YOYNG OVOUESH
oto. 000 Yéplo Kol Umopel vo TOpOaAANAOTEL TPOg TNV
wponyoduevn pébodo, Omwc mapaAAnAiletor To GVGTNUA
Dvorak pe 10 QWERTY. And 0Aec Tig Tpotevopeveg AOGEIG,
Bewpeitar 1 TAEOV KOTAAANAN Yo va vAoromBel otV TPAEN
®C EVOALAKTIKN SLETAPY Y10 POPTTONG VITOAOYIGTEG.

V. XYMIIEPAZMATA

Vv mapovoa £pELVa EPAPUOGTNKOY GTO TPOYPALLLOTO
GUYYPOUPNG LOVGIKNG TOL LOVIEAX TOL YPNOLLOTOLOVVTOL GTY|
perétn ™ AAAniemidpoong AvOpomov—Mnyovig. ‘Eywe
TPOQAVEG OTL GYEOINCTIKEG EMAOYEG TOL mapeABdvTog dev
etvol amapaitnto ot Bo givar Aeltovpykég Kot 6To HEAAOV,
dpa  to ovotquoto Oo mpémer va  oyeddlovtor pe
poakponpdbecpeg mpoomtikég. Télog, Tébnke pio Paon
OVAADONG TOV OVOYKOV TOV YPNOTOV OOTE Vo, LeetBovv kat
Ol VTOAOLTEG AELTOVPYIEG OVTMOV TOV TPOYPOUUAT®OV KoLl TOL
OMOTEAEGHOTO TOV EPELVVAOV Vo, yivouv dwbéoipo oty
KOWVOTNTO. TOV [LOVGIKOD AOYIGLIKOV.

EYXAPIZTIEE

H moapovca gpyacio mpaypoatomomdnke oto mhaicwt TOL
project tov Kwvotavtivov A. Kokkwvomoviov cto padnpo

«Enuwcowvovia AvOpdmov—Mnyoviig Ko Yyediaon
Awdpaoctikddv  Xvomqpdtovy.  Exepdlovior  Oeppéc
guyapotieg otov K. Nwoiao Afovpn, kabnynt) oto
Hovemompio Tloatpdv kol €WKEQOANG NG  ORASOG

AlMnAienidpaong AvBpdmov—YTOAOYIGTY, Y10 TNV TOAVTIUN
VROGTNPIEN TOV KaLl TNV eMiPAeyM TG epyaciog.
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Unsupervised Analysis of EEG signals for the
discovery of ictal patterns
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Abstract— In this paper, patient-specific unsupervised analysis of
electroencephalographic (EEG) signals for the discovery of
unknown ictal patterns was performed. For the analysis we relied
on k-means clustering algorithm. The proposed methodology
when applied on EEG recordings from an epileptic patient
revealed patterns that appear with a significantly greater
frequency during the epileptic seizures. The discovered patterns
can be exploited as indicators of the ictal periods in an automated
approach for the detection of seizures.
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L. INTRODUCTION

Electroencephalography (EEG) is a technology developed
to investigate the brain by measuring the electric fields
generated by neurons in the cortex [13]. Electrodes, which act
as the sensors to detect the electrical activity, are attached to
the surface of the cerebral cortex and are connected by wires to
a computer to capture the brain activities. EEG is non invasive
and provides information which is retrievable, easily recorded
and is obtainable using inexpensive technology compared with
other brain activity diagnosis methods [12]. EEG has two main
advantages; direct measure of neuronal activity and best
temporal resolution by milliseconds [10]. In addition to the
profound impact on our understanding of the brain [2,17],
EEG signals are important to capture brain disorders. They are
useful for analyzing the cognitive activity of the brain and
diagnosing types of seizure and potential mental and
neurological health problems, such as epilepsy [12].

Epilepsy is a chronic disorder of central nervous system
that predisposes individuals to experiencing recurrent seizures
[14]. Approximately 1% of the world population suffers from
seizures, while more than 20% of the epileptic patients suffer
from seizures that are refractory to medication [3,15]. Epileptic
seizures are brief episodes of abnormal excessive or
synchronous neuronal activity in the brain of patients suffering
from epilepsy [4]. During an epileptic seizure there are several
specific changes recorded in the electroencephalogram (EEG)
which is a sensitive and important test used to evaluate patients
with suspected epilepsy. There are certain characteristic ictal
neurophysiological patterns, already known by the clinical
experts, that support the identification and detection of

epileptic events and postictal and/or interictal abnormalities
that can provide supplementary information.

The detection of such already well-known patterns related
to epilepsy (e.g. spikes or spikes and waves) is a common
problem that is frequently encountered in the literature [1,7,19].
Several powerful machine learning algorithms have been
proposed for the detection of ictal EEG periods, as well. The
most popular use supervised machine learning techniques
including artificial neural networks [9, 11] and support vector
machines [5,15,18]. However, the main goal of our work is not
to use existing medical knowledge (clinical guidelines, etc.) to
identify patterns but rather to contribute to medicine by
discovering new knowledge, this way assisting in better
understanding of epilepsy and related disorders as well as their
manifestations.

Therefore, in this paper, we propose an unsupervised
method for the discovery of potentially unknown
electroencephalographic ictal patterns from epileptic patients.
The proposed methodology reveals patterns which appear
significantly more frequently during the epileptic seizures. The
discovered patterns are strong indicators of the ictal class and
thus, can be exploited as tools for the automatic detection of
epileptic seizures.

The rest of this paper is organized as follows. In Section II
the proposed methodology is presented. Section III provides
details about the evaluation data and the experimental protocol
followed and Section IV presents the achieved results. Finally
in Section V we conclude this work.

II.  METHODOLOGY

The proposed methodology for the discovery of potentially
unknown patterns from the EEG data of a single channel
consists of the following steps:

e Frame blocking

e Feature Extraction
e Clustering

e Post-processing

The block diagram of the overall architecture is illustrated
in Fig. 1. The input to the illustrated architecture consists of
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Figure 1. Proposed architecture for unsupervised pattern discovery from EEG

EEG signal samples from a single channel. As shown in Fig. 1,
in a first step the EEG signal is preprocessed. Preprocessing
consists of frame blocking of the incoming samples to epochs
of constant length w with constant time-shift s . After
preprocessing the extracted epochs are in parallel processed by
a frequency-domain feature extraction algorithm. Here, the
feature extraction algorithm computes the power spectral
density of each epoch separately. Power spectral density (PSD)
of a signal is a positive real function of a frequency variable
associated with a stationary stochastic process. The PSD is
defined as the discrete time Fourier transform (DTFT) of the
autocovariance sequence (ACS) [16].

p(@) = T o r(k)e™ ()
where the auto covariance sequence is defined as
r(k) = E{y(®)y"(t — k)} @

and y(t) is the discrete time signal {y(t);t =
0,11,%2, ...} assumed to be a sequence of random variables
with zero mean.

After feature extraction, each epoch is represented by a
single feature vector containing its power spectral density. The
feature vectors derived from the whole set of epochs of the
segmented signal are clustered using k-means clustering
algorithm [8]. Given a set of observations, where each
observation is a d-dimensional feature vector containing the
power spectral density of each epoch, k-means clustering
partitions the observations into k sets so as to minimize the
within-cluster sum of squares using an iterative refinement
technique which alternates between two steps:

e Assignment step: Assign each observation to the cluster
with the "nearest" mean.

e Update step: Calculate the new means to be the
centroids of the observations in the new clusters.

The algorithm converges to a (local) optimum when the
assignments no longer change. There is no guarantee that the
global optimum is found.

In a final post-processing step, the percentage of
appearance of each cluster in the ictal and non-ictal epochs is
calculated. Clusters with similar percentages of appearance in
the two classes (ictal and non-ictal) are ignored since they do
not carry any useful information for the discrimination of the
two classes. On the other hand, clusters with significantly

different percentages are captured since they indicate patterns
related to the class in which they present the high percentage.
Such patterns can be used as indicators of the class they appear
in an automated method for the detection of epileptic seizures.

III. EXPERIMENTAL SETUP

The previously described methodology for pattern
discovery was evaluated on EEG recordings contained within
the CHB-MIT database [14], which can be downloaded from
the PhysioNet website:
http://physionet.org/physiobank/database/chbmit/. This
database, collected at the Children's Hospital Boston, consists
of EEG recordings from pediatric subjects with intractable
seizures. Subjects were monitored for up to several days
following withdrawal of anti-seizure medication in order to
characterize their seizures and assess their candidacy for
surgical intervention. For each clinical seizure, an expert
indicated the earliest EEG change associated with the seizure.
The data was segmented into one hour long records. The data
set consists of 916 hours of continuous scalp EEG sampled at
256 Hz. Records that do not contain a seizure are called non-
seizure records and those that contain one or more seizures are
called seizure records. All data were stored in EDF formatted
files [6]. For the current analysis, one subject from the CHB-
MIT database was chosen randomly and the selected EEG
channel was CZ-PZ. Annotations for seven seizures were
included in the recording.

During pre-processing the signal from the CZ-PZ channel
was frame blocked to epochs of 1 second length, without time-
overlap between successive epochs. The spectral power in 2Hz
frequency bins from 1 to 30Hz was computed for each epoch.
The computed feature vectors were used to cluster the whole
set of epochs of the segmented signal using k=8, 16, 32
clusters. Finally, the percentage of the appearance of each
cluster in the ictal and non-ictal epochs was calculated for each
one of the clustering cases to reveal relevant patterns.

IV. RESULTS

The unsupervised method presented in Section II was
applied on the 10th subject of the CHB-MIT database
following the experimental setup described in Section III. Fig.
2 shows distribution of the clusters among the two classes (ictal
and non-ictal) for the first clustering case (k=8). As can be
seen, when eight clusters are used, the ictal period of the signal
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Figure 2. Appearence of each cluster in ictal and non-ictal epochs (k=8).

consists of cluster 7 by 22.69% while the non-ictal period
contains only 3.19% the 7th cluster. As a result, for the specific
patient, cluster 7 can be considered as a strong indicator of the
presence of ictal. Table I shows the percentage of appearance
of each cluster in the set of ictal and non-ictal epochs when k=8
clusters were used with k-means.

Fig. 3 shows the distribution of the clusters among the two
classes when k=16 clusters are used with k-means. Here, the
ictal period of the signal consists of cluster 10 by 21.58% while
the non-ictal period contains 10.54% the 10th cluster, a quite
lower percentage. Furthermore, the non-ictal class is highly
represented by cluster 1 (50.68%) when only the half of this
percentage (24.23%) corresponds to ictal epochs represented
by the first cluster. The distribution of the clusters among the
two classes for this clustering case (k=16) are shown on Tables
1T and I11.

Finally, Fig. 4 shows the distribution of the clusters among
the two classes (ictal and non-ictal) for the last clustering case
(k=32). Once again, patterns with discriminative power among
the two classes such as cluster 4, cluster 19 and cluster 20 were
revealed. The ictal period of the signal consists of cluster 4,
cluster 19 and cluster 20 by 7.45%, 13.88% and 6.39%
respectively while only 0.3%, 1.42% and 0.06% of non-ictal
epochs correspond to the 4th, 19th and 20th clusters,
respectively.

The discovered patterns indicate the existence of underlying
information, related to seizure characteristics, within the
electroencephalographic epochs clustered to groups with
significantly different frequency of appearance within the ictal
class. As a result the clusters with such a discriminative power
among the two classes require further examination by clinical
experts for the clinical interpretation of the results and the
potential discovery of knowledge that remains unknown so far.

V. CONCLUSION

In this paper, we investigated the problem of the discovery
of potentially unknown ictal patterns from single-channel EEG
using clustering of spectral features. The experimental results
of the proposed methodology on single channel data from one
subject revealed patterns related to both ictal and non-ictal
class. We deem the application of our methodology across

TABLE L PERCETNAGE OF APPEARENCE OF EACH CLUSTER IN ICTAL
AND NON-ICTAL EPOCHS (K=8)
Clusters
k=8
1 2 3 4 5 6 7 8
Non-
Ictal 21.5 8.1 66.1 0.1 0.01 0.2 32 0.8
(%)
Ictal
(%) 24.5 8.4 41.1 0.2 0.00 00 | 227 | 29
TABLE IL PERCETNAGE OF APPEARENCE OF EACH CLUSTER IN ICTAL
AND NON-ICTAL EPOCHS (K=16).
Clusters
k=16
1 2 3 4 5 6 7 8
Non-
Ictal 50.7 0.02 6.1 0.9 0.1 0.5 2.3 3.0
(%)
Ictal
(%) 24.2 0.22 33 7.5 0.0 0.6 0.8 4.8

TABLE III. PERCETNAGE OF APPEARENCE OF EACH CLUSTER IN ICTAL
AND NON-ICTAL EPOCHS (K=16)
Clusters
k=16
9 10 11 12 13 14 15 16

Non-
Ictal 1.4 10.5 0.01 14.9 0.1 0.04 0.2 9.2
(%)
Ictal
(%) 12.6 21.6 0.00 9.0 6.6 0.22 0.0 8.4

subjects will reveal more generalized EEG patterns related
to the epileptic seizures. Finally, we aim to use these patterns
as tools to discriminate between ictal and non-ictal epochs as
part of a wider framework for the automatic detection of
epileptic seizures in the future.
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Hepiknyn—Xv  7mapodcsa  perétn  wapovordletar o
TPOSTaOE avayvapeng ocuvvalsOpatog pe TN ypron Tov
NAEKTPOEYKEPUAOYPUPNILATOS KOl CTATIGTIKNG OVATEPNS TAENGS.
lNo v te&vopnon tov onpdrmv,  YPNGIHOTOLOVNE TOVG
alyopiOpovg tagivounong Support Vector Machine (SVM),
Quadratic Discriminant Analysis (QDA) ko k-Nearest
Neighbors (k-NN). Béhtiotog olyoprOpog amodciytnke o SVM pe
mocootod emrvyios 87,78 %. H ypijon Ttov miektpodimv Tov
WIOKAV Kol Ppeypatikdv AoPav ¢dvinke va divel to Bértioto
omotéhecpno.

AE&e1g-KAg1010— ) eKTPOEYKEPAL.OYPAPNUA, OTATICTIKY]
avorepys  talng, talwvounon, avayvapion ovvalcOnudTwv,
HUTAVTES CUYVOTHTWV

I. EIZATQI'H

H avayvapion oLVaGHNPLoTog ue Bdon 10
eYKeQoAOYpAPNLOL Elval €va oYeTIKG VEO TTEdio €pguvag
OOV YPNOYLOTOUDVTAG ONUOTO  TPOogPXOLEVA  amd  TO
EYKEPUAOYPAPNLLLL,  ETLYEPOVUE VO OVOYVOPICOLUE TN
CLUVACHNULATIKY KOTAGTOOT] £VOG CULLIETEYOVTA, O OTOL0G EYEL
extebel oe kdmowo epébicua, to omoio eivar cvviBwg ewdva
[1T M Mxog [2] 1 o Ta dVo [3]. Metd v ektéleon tov
TEWPAROTOG, emALyETOL €vag TPOMOS Yo e€ay®yn KAmTolwv
YOPOKTNPIOTIKOV TOV CNUATOV ovTdv Ome¢ ypnon Multi-
Directed Information (MDI) analysis pe teyvikég eEaymyng
yopaktnpotik®dv Higher Order Crossings (HOC) kot Cross
Correlation (CC) [4], avdivon Fourier yw yopiopd Tov
ONUOTOG G OUYKEKPWEVEG ocuyvotnteg kot eEaymyn g
paopatikng mokvotntag wyvog [3], [5], Fractal dimension
analysis [2], wavelets [6]. Xtn cuvéyeln, Yo v TaStvounon
aUTOV  TOV  ONUAT®V  PACEl  TOV  CLYKEKPUEVOV
YOPOUKTNPIOTIKOY  XPNCLOMOIEITOL  KATO0G  ahyopiBog
tagwvounong onwg Support Vector Machine (SVM) [4]-[8],
Quadratic Discriminant Analysis (QDA) [6],[8],[9], k-Nearest
Neighbors (k-NN) [6],[8], Mahalanobis distance (MD)
[6],[8], Higuchi fractal dimension algorithm [2], Fisher’s
Discriminant Analysis (FDA) [3], neural networks [10]. Ztnv

TOPoDCO LEAETY], TTPOTEIVETAL 1| XPNOT) GTATIGTIKNAG OVAOTEPNG
ta&ng (Higher Order Statistics-HOS) ywa v e&aymyn tov
YOPOKTNPIOTIKAOV, VA Yoo TNV TAEWOUNCN TOV ONUATOV
ypnowomnoteitan discriminant analysis, k-NN kot SVM pe
ypnon tov Gaussian Kernel.

II. XTATIZTIKH ANQTEPHX TAZHE (HIGHER ORDER
STATISTICS-HOS)

Mo v avéAvoT TV XPOVOCEP®Y TOV TPOEKLYAY OO TO
NAEKTPOEYKEQOAOYPAPTLLE,  XPNOWOTOWONKE  GTATIOTIKN
avotepng Tééng. Avto kpifnke anapaitnto dedopévov OTL dev
givor e@iktd vo Kdvovpe T Oedpnomn OTL M OTOYACTIKN
dwdwkacio etvor ypopkn kor Gaussian.  Zvykekpyéva,
ypnowomomnke  to  bispectrum  mov  givar  €vag
petooynuoticpos fourier 2ng tééng tov cwpeitn 3ng Taéne. O
cwpeiteg ivar peyén mov ypnoyonolodvIal yio TV aviivon
6TOYOOTIKOV onudtov. Emmiéov, ypnowomomnke n 3ng
tGéng  ouvvagew  (bicoherency) mov  givar  éva
Kavovikomompévo  eacpo  copeur®dv. To  bicoherency
YPTOYOTOEITAL GTNV OVIXVELOT KOl TO YOPOUKTNPIOUO umn
YPORKOTTOS OTIS Ypovooelpés [11].

Ta yapaktpotikd ta omoio ypnoionomdnkay yo v
tagwounon tov onpdtov etvat ta 600 HeEYaADTEPO TOTIKA
WEYIGTO TG OmOALTNG TIUNG TOL bispectrum, ot GUYVOTNTEG
TOVG, Ol TVTIKES amokAioelg (stds) Tmv cuyvot TV, T060 YOp®
amd TV KopueN Tov 1ov 600 Kot YOP® Ao TNV KOPLET TOL
20V TOmKOV peYioTOL TOL bispectrum, OV CVTIGTOL(OVV OTIG
TIEG YOp® omd To ekdoToTE HEYIGTO oL EEmepvovv to 10%
™mg TWng tov peyiotov. Emumiéov, ypnoipomombnke o Adyog
g beta band (12-30 Hz) tov bispectrum mpog tnv alpha band
(8-12 Hz) tov bispectrum, kafmg kot to bicoherency otig
ovuyvoOTNTEG TV 000 UEYOAVTEPOV TOMIKAOV UEYICT®V TNgG
amoALTNG TG Tov bispectrum. O Adyog tng beta band mpog
alpha band eivor pa evdpépovca EvoelEn g KatdoTtaong
g évtaong otV onoia Ppioketal o cuppetéyovrag [3]. Extog
ondé  T0  TOPOTMAVE®  YOPOKTNPIOTIKG  LEUOVOUEVOL,
xPNoWoTOmONKAV Kot GUVILAGUOL CVTMV.
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III. TIEPITPA®HTOY IIEIPAMATOX

To odeilypo pog givar 10 coppetéyovieg, oe Kabévav amod
TOoVg omoiovg mpoPAndnkav ewodveg amnd T Pdon eKOVOV
IAPS (International Affective Picture System). H IAPS
apéyel afloloynoelg ocvvolcHnpatog yw €va oeT  and
Eyypoues ewdvec. To oer awtd TV EYYPOUOV EKOVOV
TapEYEL cLVALGOMUOTIKA EPEBICLLOTA Y10 TEWPALOTIKEG EPEVVEG
cvvacOuatog kot Tposoyng [12].

H ovyvomrto derypotoAnyiog mov ypnoioromdnke ivor
128 Hz ko ypnoonomnkav 14 niektpoduo.

[popibnkav 50 ewkdveg oe KB cLUUETEYOVTA TTOL ElYOV
®C OKOmO TNV  eKpoievon  MEVIE  GLUVOICOMULOTIKOV
Kataotdoe®v: tov OQupod, g AOANG TG YOPAS, TOL
€VOOLGLOGLOD KOl LOG OVOETEPNG KOTAGTOONG, COLPOVO LE
TO HOVTEAO TToAKOTNTOG-EvTooTg (valence-arousal). IIpwv v
poPorn ke ecdvog TPoPArAieTarl o Lovpr 006vn pe Evav
oTOWPO OTO KEVIPO NG Yo S5 OEVTEPOLETTA, GTN GLVEXELD
TpoPdAleTor 1 €KOVA Y0 5 SEVTEPOAETTO KOl OTI GUVEYELD
axoAovBovv 5 devtepOienta ota omoia yivetor 1 a&loAdynon
TOL GUVUICHNLATOC TOV TPOKOAEGE OTOV GUUUETEXOVTO 1|
ewova. EneEepyacia yiverar 6to onpa mov TpoKOTIEL 0o Ta
5 devteporenta TPOPOAng TG EKOVOG.

IV. EIIEEEPTAXIA TON AEAOMENQN

To onua Tov MAEKTPOEYKEPOAOYPOPNLOTOS KOTA TN
ddpkel Tov TEWPAPOTOS €ivar duvatdv Vo TOPOVCLACEL
Kamoleg avembounteg mopeuPorés pe  omotédecuo  va
eppavifovtar £vtoveg Kopueég 6to onua. o to Adyo avtod,
EMAEYETAL P10 S10OIKAGTI0 AVTILETATIONG TOVG. XTI GUVEXELL,
epapuoletal oto exdotote onua éva eiktpo butterworth, £tot
MOTE VO KPATNOOLUE TO GLYVOTIKO Ttepleyopevo omd 0.5 €mg
49.5 Hertz. Avtd yiveton 810tL 1] mAnpogopic Tov vIdpyet omd
T 50 éwg ta 64 Hertz Oewpeiton mheovalovoa, evd ot
ovyvomnteg and 0 £og 0.5 Hertz Bempovvton mo emppeneis o
06pvPo.

V. TAZEINOMHXH TQN AEAOMENQN

A. Zevapia Talvounong

Mo va etvar gpctn n to&vopunon, omateitor To KOs onpo
mov mpokettar va. ta&vopnBel va €xel po ek TOV TPOTEPWV
ETIKETA, 1] OTOl0L AVTITPOCMOTEVEL £va cuvaicOnua. Agdopévov
OTL €M YPNOLLOTOLEITOL TO HOVTEAD TOAMKOTNTAG-EVTOONG,
KOs eucova yapaktnpiletor amd 2 apBpodc and to 1 émg to0
9, OV AVTUTPOCMOTEHOVV TO EMIMESO £VTOOTG KO TOMKOTNTAG
7oL TPokbAece 010 cuppeTéyovta 1 ewova ([livaxog 1).

IMMINAKAX 1
OPIZMOZ TOQN KAAZEQN XYMOQNA ME TO EIIIIIEAO
ITOAIKOTHTAZX KAI ENTAXHE

YvvaicOnpa IoAwcotnTa ‘Evtoon

LVLA (AOmn) Apynrikn Xopunin

LVHA (Bopdg) Apvnrtiki Yynq

HVLA (xopd) Oeticn Xopunin

HVHA Oetkn| Yynin
(evBovoroopdg)

N (ovdétepo) Ovdétepn Ovdétepn

Kdabe ewdva yopoktnpiletor and 2 afoloynoewg: n pia
glvat 1 a&loAdyNoN TOL GUUUETEXOVTO GTO TTEIPOLLE KOL 1] GAAN
glvar 1 &Kk TV Tpotéprv afloAdynon g Pdaong IAPS
(norms). H oa&woidynon tov ekévov Pdacer  norms
napovoilaletar oy Ewovo 1 oe éva 2-didotato eminedo
TOMKOTNTOG-EVTOONG. AGY® TOV 0piV TOL YPTCULOTOWCOLLE
yw va katotdEoope  kdBe €KOVOL OE  GUYKEKPLUEVM
GUVOCONLOTIKY KOTAGTOOT, Yo TNV 0510A0YNOT TOV EIKOVOV
Bdoel norms Ogv TPOKOHMTOVV EIKOVEG 7OV OVIAKOLV GTNV
0VETEPT KATAGTAON.

Images Classification
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Ewc. 1. A&woldynon tov eikdvev Bacet norms

o v ta&wounecn tov dedopévev ypnoyoromdniay 3
S1LPOPETIKA cevapla  toSvounone. Apykd, (o)
npaypototomOnke  tafwounon ot S kAdoelg
avaeépnkay mapandve. LT cuvEXELW, Ypnolonotonkay 2
aKOUO. GEVAPLO. GTN AoYKN TG TaSvounong onudtev itog
TOMKOTNTOG Kol €vtaong. M mapouol  AOYIK|  UE
ta&wounon ava évioon 1 ToMKOTNTo £xeL xpnoyoromel K
and toug Yi-Hung Liu et al. [1]. X pia mepintoon (B)
Swywpiotnroy To GNRATH 68 2 KAAGELS, VYNANG KOl YOUNANG
moMkoOTTaG, Kol o€ kobepio and avtéc Tig KAAoES Kavape
tagwounon oe 3 KAGGELS: VYNANG Kot YOUNANG £vioomg Kot
pog  ovdétepng  kotdotaons  Avtictoymn  Stadikacio
ypnowonomdnke 6to cevéplo tavounong (y) yw onpoTo
mg g évtaong. To va emdeybel to Pértioto oevdplo
tawounong, ypnoporombnke o aiyépibpog k-NN (k-
Nearest-Neighbors) pe k=5. Onwg mapoatnpeitor kot otov
IMivaxa 2, ovtd mov emiéybnke eivor to oeviplo Omov T
onpata apywd Swywpiloviar oe 2 KAAoES, LVYNANG Kot
yopnAng mohkdmtog ( Ewdva 2).

Tov

B. AlyopiBuor Tolwvounong

Ot aly6piBpol Tov ypnoyomomdnkoy yio v TaSvopunon
tov onudtov eivor ot k-NN, SVM «ot  akyopiOpot
discriminant analysis (quadratic kou linear).
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High Valence

Arousal<5

HVLA

Arousa

Valence onpdar

Neutral Valence

IVHA N

Ew. 2. To Bértioto oevipio ta&vouneng

5 3. 9<=Arousal-

(o

6.1 Arousal<5

LVLA

Low

Valence

Arousal

g

LVHA

IMINAKAX 2
ATTIOAOZH TON 3 MONTEAQN TAEINOMHXEHX
Zevapio talivounong A&ordynon Norms
OUUUETEYOVTAL
(o) 59.62 % 49.51%
®) 69.07 % 6949 %
) 6543 % 7044 %

[Na kdBe ewdva, €xovpe mAnpopopia amd 14 niextpddia,
To omoia £yovv TomobetnBel cupPmva pe To dleBvEG oot
niextpodiov 10-20. Ta miektpddio. mov ypnoylonombnkay
paivovton oty Ewcéva 3.

Nasion

Inion
Ew. 3. Ta niextpddio mov ypnoiponomdnkay oto meipopo

Ytov Ilivaxo 3, mopotiBevior to amoteAéopata TV
MEWPOPATOV 7OV  eKTEAEGOUE HE TOVG 3 TOPOTAV®
alyopiBpovg. Ocov apopd otov akyopiBpo SVM, dedopévov
ot mepopiletar og tagvounon 2 kAdoswv, 1 TaSvopUnom
éywve oe KkéBe tetapmnuopo g Ewovag 1 (petagd tov
TuNpoTog mov  ovtiotoyel oty katdotaon N kot Tov
TUALOTOG TOV  OVTIOTOLYOL  EMMESOL  MOMKOTNTAG KOl
évtaong).

MINAKAZ 3
AIIOAOTEIZ TON AATOPIOMON
AlyopBpog A&oAdynon Norms
GUUUETEXOVTO

k-NN (k=5) 69.07 % 69.49
%

k-NN (k=6) 69 % 69.58
%

k-NN (k=7) 69.06 % 69.45
%

QDA 65.11 % 66.61
%

LDA 67.69 % 68.74
%

SVM 82.62 % 74.63
(kernel:Gaussian,method: %
Sequential Minimal
Optimization

SVM 83.81 % 73.59 %
(kernel:Gaussian,method:

Least Squares

I'. Emniéov Aigpevvnon

Kévovtag pwe perétn ot Piphoypagio, vmépyovv
TOMEG  HEAETEG YW OvVOYVOPION  cLVASOUOTOS Ot
EYKEQPOLOYPOPNLLOTO LE TN YPNOLOTOINGN 060 TO SuvVaTOV
Myotepov niextpodiov, ommg ot pekét tov Mina Mikhail
et al. [5]. Zmv Ewodva 4, answoviovtar 13 ‘eyxépoior’.
Kébe évag amd tovg 13 ‘esykepdrovg’ omewovifer ki €va
SLPOPETIKO YOPOKTNPIOTIKO TOEIVOUNONG, UE TN GEPA 7OV
avaeépnkay mopandve. ZuyKeKpyéva, TopovctdleTal yio
KGOe YOpoKTNPIOCTIKO 1 TUTKN  OTOKAIG TOV TWOV 7OV
TPOEKLYAY OT0 TO GUVOAO TMV EIKOVOV KOl TO GOVOAO T®V
ocoppeteydvtov  yur ke éva  mAektpodo  EexoploTd.
MeAeT®VTOG QTN TNV EIKOVE, TPOKVTTEL OTL Ol TEPLOYES TOV
EYKEPOAOL e TN peyoAdTEPN TLWIKY omOKAion Eivolr o
petmmioiog AoPog kat o Bpeypotikos kot wiokog Aopog. Omndte
ekteAéoape 2 mepdpate pe to Pértioto aryopiBuo amd
OVTOVG OV AVOPEPOLE TToPamdve, mov givar o SVM pe
pébodo eroyiotov tetpaymvev. To lo melpapa apopovoe ta
NAektpoddla Tov petmmaiov AoPod (AF3, AF4, F3, F4, F7, FS,
FC5, FC6) (0) evd 10 20 T0 NAEKTPOIIO TOV PPEYLATIKOV Ko
wiakav AoPav (P7, P8, O1, 02) (B) (ITivaxag 4).

Xmv  Woviky mepintoon, O6Tov 0 GUUUETEXOVTOG
mapaTnpodoe o gwova, Bo €mpeme va Pidver v 0w
cuvacOnpatiky diéyepon kad’ OAN T drbpkelo TPOPOANG TNG.
Qotdc0, O6mwg @aiverar oty Ewodva 5, kdtt tétoo dev
cuppaivet. H Ewodva 5 amekovilet 10
NAEKTPOEYKEPALOYPAPNLLOL EVOS TUYXOIOV GUUUETEYOVTA, TO
omoio £€yel katatundei oe 12 pn-emcoAVTTOUEVA YPOVIKA
mapdBopa. o 10 KGBe ypovikd mapdbvpo, VIOAOYIGTNKE O
Adyog g beta band (12-30 Hz) tov bispectrum mpog v
alpha band (8-12 Hz) tov bispectrum. Exel 6émov avtdg o
Adyoc mopovotdlel péyioTo, givor n ypovikn mepiodog mov o
CUUHETEYOVTOG PldveEl TNV MO  €VIovr cLuVALGONUATIKY
diéyepon. Xpnoilpomouwvrag, Aomdv, GOV YUPOUKTNPLOTIKA
tawounong tovg 12 avtovg Adyovg, ekteAéoope Kdmoo
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KOO TEPAUATO, YPNOOTOIOVTIOG TO PEATIOTO Ot
TOPOUETPOV Yo KGOe pio amd T 3 Kotnyopieg adyopibpmv
OV avaEEPONKaY Tapamdve, To omoio. Op®MG OtV €dmoav
KOVOTTOMTIKO ATOTEAEGLO, GUYKEKPILEVA 100 e 76.66 % e
Tov aAyopiBpo SVM ot PérTiot epintmon

TTIINAKAX 4
EKTEAEZH ITEIPAMATQON ME TH XPHXH ENOX MEPOYX TQN 14
HAEKTPOAIQN
HXextpodua A&lordynon Norms
GUULETEYOVTAL
(o) 82.39 % 72.64 %
B) 87.78 % 75.07 %

Ewc. 4. Tomoloyia yopoKInpoTiK®V To&vOUnong GTov
EYKEQOAO

07

085+

05}

0451

04F

035 . ; L L .
0

Ew. 5. To niextpogyke@aloypdonpo evog Tuy0iov GULUETEXOVTO LE
NV ameOVIoT Tov Adyov b/a Kotd piKog Tov povikdv mopadipmv

VI. AIIOTEAEIMATA

Onwg eaivetoar amd tov mivaka 3, o aiyopiduog pe v
KaAOtepn amddoon eivor o SVM pe  ypnon tov Gaussian
kernel ot ovykekpyéva pe 1 péBodo  eAdyoTOV
tetpaydvev. Amo tov Ilivaka 4, mapatnpovpe O6tL 1 xpnon
HOVO TV NAEKTPOSIOV TOV PBPEYHOTIKOV KOl WIAKOV AOBOV
Bektidvel To anotédecpa pe mTocooTd mov ayyilouv to 90%,
EVO 1 YPON TV NAEKTPOSIOV TOV petomioiov AoBod, Tapdro
mov vmoPabpilel eAdyloto TO OMOTEAEGUM, HEIDVEL OF
onpavtiko Padpd v vToAOYIoTIKN 15YD.

VII. XYMIIEPAEIMATA KAI TTPOTAXEIX I'TA ITEPAITEPQ

MEAETH
Xe outn TN UHEAETN TOPOVLCIACTNKE o, TPOCTAbE
oVayvVOPIoTg coLVOLoHNLOTOg He m xpnon

EYKEPAAOYPOPNUATOS KOL OTOTIOTIKNG avotepng taéng. H
YPNON OTOTIOTIKNG avATEPNS TAENG 0modeiynke éva apkeTd
OTOTEAEGLOTIKG EPYOAELD Yol TNV €MiTELEN AWTOV TOV GKOMOD.
Béktiotog olyopiBuoc ta&vounong oamodeiytnke o SVM.
Apxetd amodotikn omodeiydnke n eupdbvvon otov TpoHMO
TagvouUNoNG TOV EYKEQOAMK®V onudtov. H ypion twov
NAEKTPOSIOV TOV WIOK®V Kot Bpeyratikdv Aopdv gavnke va
divel 10 PéAtioto omotélecpa.  Me efaipeon tov SVM
oAyopifuo, to omoteréopoto taSvounong pe Pdaon v
aEl0AOYNON TOV GULUUETEXOVTIOV NTOV TOPOUOol. UE OVTH
Bociopévo oty ek TV mpotépav aflordynon g IAPS
(norms). Xoav peAlovTikn pHEAET) WOV GE  AVTO  TO
eMOTNUOVIKO 7edio Ba umopovce va yivel efaymyn Ttov
YOPOKTNPIOTIKOV ToEVOUNONG TTOL XpNoLoTomOnKoy ord 1o
YPOVIKO Topabvpo O6mov peYIGTOTOLEITOL 0 AOYOog b/a, Ommg
avaeépbnke mponyovpévos. A&iler emiong vo emyepnOei
TEPALTEP® TPOCTADEIDL GTNV OVTIUETMOTION TOV TPOPANUATOS
Baciopévol ota mopicUATO OV UTOPOVV VO TPOKLYOLV Ol
TNV TOmOAOYi0L TV YOPOKTNPIGTIKOV TAEWVOUNGTS GTOV
eyképoro (Ewova 4). Télog, evdiapépov Ba mapovciole Kot
LEAETN GAAOV CUVOIGONUOTIKOV KATAGTAGEDV OO OVTEG TTOV
avaeEPONKAY TOPOTAVD, OTMG Y10 TAPEdEY LA 0 POPOG.
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Design of Augmented Reality 3D Rehabilitation
Application using an Inertial Measurement Unit

G. Kontadakis, D. Chasiouras, D. Proimaki, K. Mania'

Abstract—This work introduces an innovative gamified 3D
rehabilitation application intended for patients that underwent
Total Knee Replacement surgery, in collaboration with the
Chania General Hospital in Crete, Greece. The application uses a
custom-made, portable sensor node consisting of an Inertial
Measurement Unit (IMU) attached on a lower limb in order to
capture its orientation in space. The aim is to increase patient
engagement during physiotherapy by motivating them to
participate in a 3D game using as input the proposed sensor node
attached on the lower limb and provide feedback via a gamified
experience offering rewards. The game projects a graphical
image of the patient’s limb as part of a 3D computer graphics
scene. It then classifies the exercise performed during
physiotherapy as accurately performed or not and increases
patient compliance via a reward system. Our goal is to reduce the
need for the physical presence of a physiotherapist by aiding the
efficient performance of exercise sessions at home. In order to
instruct the classifier and maximize success rate, machine
learning methods are applied. The custom-made, low-cost sensor
node put together consists of a Raspberry Pi model A+ and the
MPU-9150 nine axis module. The latter is similar to the ones used
in many commercial wearable devices. The application runs on
both PC and a smartphone in order to increase functionality. The
system side presented here was implemented entirely using the
Java programming language with the help of the
JMonkeyEngine game engine.

Index Terms—Binary classifier, IMU, Machine Learning,
Virtual Rehabilitation, Serious Game, TKR

I. INTRODUCTION

HE aim of this project is to design and implement a

custom-made portable, mobile and low cost 3D
rehabilitation application intended for patients that underwent
Total Knee Replacement (TKR) [5]. The first weeks following
knee surgery are crucial so that the range of movement (ROM)
of the operated knee is deemed fully operational. If the patient
does not perform adequately the exercises appointed by the
physiotherapist during this recovery period, an otherwise
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technically accurate operation might result in poor functional
outcome leading to reduced quality of life. The aim of our
gamified application is to motivate the patient to exercise
efficiently by providing feedback while the physiotherapy
exercises are performed. Initially, a randomly selected control
group performs the exercises wunder physiotherapist
supervision who marks them as accurately performed or not.
In order for the application to obtain such input and provide
adequate feedback, an Inertial Measurement Unit (IMU) node
is utilized worn by the patient recognizing limb rotation and
acceleration. The challenging research issue addressed in this
work is whether the proposed application classifies the
exercises reliably utilizing just a single sensor node. Previous
work has put forward a proposed classifier using Machine
Learning techniques, achieving 83% accuracy [1]. The goal of
this work is to train a classifier achieving higher accuracy than
in previous work. Providing gamified feedback to the patient
at home using widely available smart phones or tablets
minimizes the need for expensive physiotherapy under
supervision, resulting in more engaging and accessible
rehabilitation. This paper focuses on the implementation of
the software framework which will support the sensor attached
to patients’ limb while undergoing physiotherapy treatment.

II. EXISTING TECHNOLOGIES

Several approaches listed below have been employed to track
limb motion of different precision, cost and complexity

[21.[7]:

Optical systems. They use visual data captured by one or more
cameras to triangulate the 3D position of a set of points
detected. Some of them can reach a high precision, i.e, of a
few millimeters, but also have very high cost. A cheaper
solution of lower precision, i.e, of a few centimeters is
represented by Microsoft Kinect, which uses only one RGB
camera and an infrared depth sensor. However, it suffers from
lack of portability due to its cumbersome setup.

Exo-skeletons are rigid structures of jointed, straight metal or
plastic rods linked together with potentiometers or encoders
that articulate at the joints of the body. These systems offer
real-time, high precision acquisition and have the advantage of
not being influenced by external factors, such as visual
occlusion, quality and the number of cameras. Their main
disadvantage is the movement limitation imposed by the
mechanical constraints of the exoskeleton structures.
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Electrogoniometer systems. Electrogoniometers are widely
used to measure human joint movements. Their advantage
over conventional potentiometric goniometers is that they
adapt better to body parts and are not sensitive to
misalignments. Their major weakness is their high cost.

Magnetic systems. They calculate the position and orientation
of a magnetic sensor probe. Their main disadvantage is that
they are susceptible to electromagnetic interference from
metal objects in the environment or electromagnetic sources.

Inertial systems. IMUs are based on miniature inertial sensors
(accelerometer and gyroscopes), biomechanical models and
sensor fusion algorithms. They can also include a magnetic
sensor, although these are susceptible to electromagnetic
noise. Benefits of using inertial systems include low cost,
small dimensions, portability and large capture areas.
Disadvantages include lower positional accuracy and
positional drift.

1. IMU FUNCTIONALITY

Top View
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Figure 3. MPU-9150 schematic from manual, indicating pins, accelerometer,
gyroscope and magnetometer axes.

IMUs provide the leading technology used in smartphones and
wearable devices in order to measure rotational and
translational movements. For this purpose, it combines a
number of sensors:

3-axis Accelerometer. The accelerometer measures inertial
force caused by gravity and acceleration. It can accurately
measure rotation, however, it is susceptible to noise caused by
rapid changes of acceleration. Moreover, an accelerometer
measures orientation on 2 axes. The gravitational force
measured will not be affected by z-axis rotation, only by X,y
axes rotation. In order to be able to capture orientation along
the z-axis, a magnetometer (compass) is used complementary
to the accelerometer.

3-axis Gyroscope. The gyroscope does not measure any angle
directly. It measures the rate of change of any angle at a
specified frequency, e.g. 100 Hz. This makes it suitable for
short- term observations and fast rotational signal changes. In
relation to long-term observations, it is susceptible to drift
errors. Drifting occurs when the gyroscope output is
integrated. Measurement errors are then also integrated
resulting to large amount of cumulative errors. When
measurements are not sampled in exact intervals according to
a specified frequency this phenomenon is more apparent.

3-axis Magnetometer. The magnetometer measures the earth’s
magnetic field. It is used in conjunction to the gyroscope
sensor in order to capture rotation around z-axis. Because it
measures electromagnetic forces, it is susceptible to
electrostatic interference present in a home environment which
may affect the readings received.

Temperature  sensor. Temperature sensors measure
environmental temperature changes. The temperature also
affects the measurements collected by the accelerometer, the
gyroscope and the magnetometer.

In order to get improved rotational estimation measurements,
it is a common practice [2] to apply a filtering method
combining an accelerometer and a gyroscope and if necessary
magnetometer readings. In this project, the IMU MPU-9150 is
used (Figure 3). The utilized sensor node contains the sensors
mentioned above.

A. Filtering Method

In order to obtain accurate orientation measurements and
minimize cumulative errors we need to combine the
accelerometer long term measurements (low pass filtering)
with the gyroscope accurate short term measurements in order
to capture fast changes in rotation (high pass filter). As a
result, the accelerometer measurements of orientation are used
at low angular velocities and the integrated gyroscope
measurements at high angular velocities. Such a simple
approach may only be effective under limited operating
conditions. Certain algorithms in research literature employ a
complementary filter process, using adaptive parameters
[3],[4]. This algorithm structure has been shown to provide a
good trade-off between effective performance and
computational expense, when compared to Kalman filtering
techniques that achieve optimal results in the expense of high
computational load.

IV. APPLICATION FUNCTIONALITY
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Figure 1. Application Procedure.



A. Application Procedure Example

The end functionality of the proposed application is shown in
Figure 1 and described in detail below.

Initially, a training session including patients has taken place
which drove the classifier design. The IMU is fitted on the
patient at a specified limb location depending on the exercise
performed. The session starts with the patient in a neutral pose
ready to perform one of the predetermined exercises. The raw
data collected from the IMU is sent via Bluetooth to a mobile
device or personal computer. The application computes an
orientation with the use of a filtering method. Real-time
visualization on a mobile platform or personal computer offers
feedback in the form of a 3D game presented to the patient. At
the same time, the raw and/or filtered data are transmitted via
Wi-Fi at a remote server. The server applies the designed
classifier to the current data and decides whether the exercise
was accurately performed. This delayed classifier feedback is
then sent to the end user displayed on a mobile device or PC in
a readable form translated to a 3D visualization, after the end
of the motion. The procedure is then concluded and the subject
can perform another or the same exercise again. At this point
the overall performance of the system can be evaluated by the
end users.

B. Gamification Feedback

The main goal of the application is to improve compliance to
the physiotherapy protocol, increase patient engagement,
monitor physiological conditions and provide feedback using a
reward process via a gamified experience. This is achieved
using the following methods:

«§} jMonkey Engine 3.0

Exercises

knee shin

Start Rec

Figure 2. Training Application Real-time feedback example on the knee
flexion exercise.

Real-time IMU feedback. Raw data from the IMU are filtered
and limb orientation is determined. By collecting this data, the
proposed framework visualizes in real-time and in 3D an
approximation of the user’s motion. For example, during a
knee flexion exercise, the patient can actually see a virtual
character extending and flexing his knee (Figure 2). In this
context, a user engages in a serious game of a specific
objective, for instance, the patient is instructed to try and kick
a ball. The serious game will be designed so as to motivate the
user. For example, the visual character could be visualized as
a bird and based on the orientation motion of the limb, the bird
may try to fly. Ideally, a mini-game is to be designed, suitable
for every exercise specified by the physiotherapist.

Delayed Classifier feedback. The raw data of the IMU are
inserted in the classifier. The classifier decides whether the
exercise has been performed accurately. The appropriate
feedback provided by the classifier is sent to the user. If the
exercise was classified as accurately performed, the player is
awarded, e.g. by increasing a score attribute or by playing an
appropriate animation. If the exercise was classified as
inaccurately performed, then the application informs the user
of the correct movement, e.g. by providing a limb movement
animation and encourages the patient to try again. The
classifier can run either locally on the PC or smartphone, or on
a remote server. In either case, the feedback will appear after a
certain delay of a few seconds depending on classifier
complexity, processing speed and bandwidth in the case of a
remote server classifier. The local classifier benefits of a
smaller delay depending on processing speed of the
CPU/GPU. The remote classifier can have the benefit of
additional online feedback by the physiotherapist as an
extension of the current application.

V. CLASSIFIER DESIGN

Previous work achieved promising results indicating that the
number of IMUs employed does not differentiate classification
results (3, 2 and 1 IMUs were tested [1]). Moreover, it has
been shown that the classification of variant exercises reached
success rates of 83%. These results drive the further
investigation of the classification problem using a single IMU
ensuring maximum portability in conjunction with potential
higher success rates. It is a challenging research problem to
manage to train a classifier that achieves higher percentage of
success under certain conditions. These conditions include
constant room temperature and correct positioning of the
sensor. In order to address this research challenge, machine
learning methods are employed such as Relevance Vector
Machines (RVMs) which are probabilistic basis models. The
trained RVM utilizes fewer basis functions than the
corresponding Support Vector Machine (SVM) model and
typically has superior test performance [6].

A. Training the Classifier

Having briefly discussed the layout of the application, it is
worth summarizing the training procedure. The exercises in
question are selected by the physiotherapists based on the
American Academy of Orthopaedic Surgeons TKR exercise
guide [5]. The physiotherapists also supervise each exercise in



order to determine whether it was performed in a compliant
manner during the training session. The sensor is worn by the
subject on the appropriate limb location. The first exercise is
performed a number of times. The physiotherapist evaluates
the exercise result. A binary evaluation would indicate if an
exercise is successful or unsuccessful under the specified
criteria. The raw data of the IMU for each exercise are saved
on a database. The data collected will eventually end up at the
remote server or local machine (PC or smartphone) that will
be used to train the classifier. The subject proceeds to the next
exercise in the same manner. When sufficient data are
collected, the same procedure is repeated for the next subject.
When all users (n=10) have completed the procedure, the data
gathered can be used to train and test the classifier e.g. via
cross-validation. In order to instruct the classifier, we use a
random group of healthy adults of diverse ages and sexes. The
training procedure takes place at the Chania General Hospital
under the supervision of a physiotherapist.

B. Testing the Classifier

The initial formal testing of the application and therefore the
classifier, on patients after TKR surgery will be conducted in a
similar manner at the Chania General Hospital under the
supervision of a physiotherapist. Note that factors such as
room temperature should remain constant in order to obtain
optimal results since temperature variations affects IMU
measurements. The data gathered from the testing procedure
can be later used as training data to further improve our
classifier results by adding diversity to the population sample.
It is important to design a generalized classifier that can avoid
overfitting.

VI. IMPLEMENTATION

Figure 4. Prototype node.

A. Node Hardware Setup

An initial prototype node can be seen in Figure 4. The
research contribution of this work is not the actual design of
the node’s hardware configuration but the complete software
framework and application that employs the node
communicating feedback to the patient. Therefore, an
important factor for the node setup described below is its
simplicity. The readings received by the IMU are independent
of the hardware setup. This means that this setup can be used
by any wearable device that employs an IMU. Having

observed that, the components of the node and their
functionality are briefly discussed.

A Raspberry Pi model A+ is a credit card sized computer that
runs Raspbian (Linux Based kernel). It includes a pin header
of 26 pins used for connections with all sorts of hardware
peripherals, in our case an IMU. The IMU model used in the
current work is MPU-9150. It contains an accelerometer, a
gyroscope, a magnetometer and a temperature sensor. It is
connected to Raspberry Pi and sends the raw data captured
signifying rotational motion. The connection to Raspberry Pi
is achieved via the 12C protocol. This protocol employs the
use of 4 pin connections: VCC, GND, SDA and SCL. The
IMU pins are simply connected to the appropriate Raspberry
Pi pins that implement the 12C protocol. A Bluetooth Dongle
is used to send the raw data received from the node to our
application that runs on a PC or smartphone. The dongle is
connected to the single usb port of the Raspberry Pi model
A+. A 4 AAA Battery Pack is also employed. The node will be
attached on the patient’s limb during the training/testing
phases. Therefore, a considerable amount of battery autonomy
for our node is necessary. By employing 4 AAA fully
recharged 1100 mAh batteries, the node can send data for 7
hours and 40 minutes on full capacity.

B. Node software setup

The Raspberry Pi node utilizes a variety of programming
languages. Java is selected for the proposed application mostly
due to its platform independent characteristics and the
compatibility with the JMonkeyEngine 3 (JME3) game
engine. The external libraries used were the Pi4j library,
which provides a friendly object-oriented I/O API and
implementation libraries for Java Programmers to access the
full I/O capabilities via the Java programming language. This
way the raw data from the IMU are transferred to Raspberry
Pi. Moreover, the Bluecove library has been employed which
is a Java library for Bluetooth A compiled version of bluecove
for ARM architecture is employed. ARM is the architecture
used for Raspberry Pi and the leading architecture for
smartphones.

This program simply receives the raw data from the IMU and
sends them via Bluetooth to a PC, laptop, or smartphone.
Specifically, the node acts as a server to incoming Bluetooth
connections. When a connection is received, it sets up the
IMU, e.g. the gyroscope is sampled at 100 Hz. A received
connection means the application is running on the end user.
Then the accelerometer, gyroscope and temperature data are
collected and sent via the bluetooth connection to the
application at a rate of 100 Hz. This procedure continues until
the user exits the application, or the battery depletes.

C. Application Software setup

In order to visualize the IMU readings received we used the
JME3 game engine. JME3 is an open source cross-platform
Java OpenGL Game Engine. It has very low minimum
requirements that allow it to run fast on outdated PCs or
smartphones. Even though it runs based on minimum OpenGL
2.0, it can operate on reduced functionality based on OpenGL
1.1. The IMU readings are received on the client side and via



the application GUI the user chooses an exercise to perform.
Then the feedback is received as described above.

VII. CONCLUSIONS

Wearable technologies over the past years have been emerging
for wide use in everyday activities. The need is arising, mostly
for applications that exploit wearable sensors in order to
improve quality of life. The current framework explores this
need by introducing a virtual rehabilitation application on
patients that have undergone TKR surgery. This application
engages the patient to perform the recovery exercises
accurately through a gamified 3D experience minimizing
physiotherapist supervision. A 3D mini-game for each
exercise appointed by the physiotherapist is being
implemented. This framework can run on android
smartphones with the use of single sensor node maximizing
portability and ease of use. Machine Learning methods are
employed to perform binary classification thus improving
feedback results. Through this feedback accurate patient
exercise and compliance is achieved by succeeding each mini-
game objective. Further investigation is needed to extend
binary into multiclass classification in order for the application
to identify the exact error in patient limb motion. Also, further
testing is needed in order for the application to support online
physiotherapist feedback and online training of the classifier.
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Abstract—The gradual shift in modern medical practice, from
working alone clinical doctors to MDTs (Multi-Disciplinary
Teams), raises the need of online real-time collaboration among
geographically distributed medical personnel. In this context, this
paper presents a web-based platform, featuring intelligent medical
data management and exchange, for hosting advanced medical
collaborative services. The presented work leverages state-of-the-
art features of the web (technologies and APIs) to support client-
side medical data processing. Moreover, to address the typical
bandwidth bottleneck and known scalability issues of centralized
data sharing, an indirect RPC (Remote Process Call) scheme is
introduced through object synchronization over the WebRTC
paradigm.

Keywords—single-page application; telemedicine; collaborative
diagnosis; WebRTC; medical imaging; DICOM format

[. INTRODUCTION

Complex medical cases, requiring complicated decisions,
have become the springboard of team-based treatment in modern
healthcare practice. This trend shifts healthcare practice from a
single clinician to a group of healthcare experts in different
disciplines, providing specific services to the patient, with the
aim of ensuring that the latter receives optimum care and
support. For example, when planning a brain surgery strategy,
determining the disease stage in a cancer patient, or even
asserting the risk of a cosmetic operation, several disciplines are
involved in a MDT and synchronous interaction among them is
necessary. This resulted in the development of MDTMs (Multi-
Disciplinary Team Meeting).

Although it is well known that the MDT management of
patients generally improves medical outcome, there are a
number of barriers that prevent the full realization of these
benefits, such as insufficient facilities and time constraints. A
MDTM in small hospitals may also be particularly challenging,
as all the required specialists necessary for an MDT may not be
available in such institutions. Moreover, certain cases require
consequent MDTMs to ensure that decisions taken previously
are implemented appropriately.

As healthcare continues to become more centralized and
specialized, communication and computer [1] technology is
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being deployed to support MDTs. One of the most vital
procedures requested by clinicians during an MDTM, is medical
image and report sharing.

This paper presents a web based collaboration platform,
leveraging state-of-the-art web technologies (HTMLS, CSS3,
JavaScript) and APIs (WebRTC) to provide user friendly and
interoperable on-line MDTMs. The developed platform
enhances communication among different specialists and
tackles MDTM barriers: the meetings are easily integrated into
the work schedule of specialists, while small or district hospitals
need no special facilities for teleconferencing to support remote
MDTMs. The proposed platform may also be utilized as a
valuable avenue for teaching medical students and junior doctors

[2].
II. RELATED WORK

The development of similar distributed collaborative
medical systems has received the attention of several research
groups during the last years. INTERMED [3] is designed to
enhance the communication among patients and multi-
disciplinary health providers. TeleMed [4] is a visualized,
action-oriented decision-support tool, providing collaborative
sessions and access to basic patient data to physicians. HTML5
Zero Footprint DICOM viewer is the latest medical imaging
product by LEADTOOLS, offering image processing on the
browser. In previous work we introduced an intelligent
collaboration system fusing the principles of heterogeneous
Workflow Management Systems, Al, existing electronic
medical infrastructure (PACS, EMR) and standards (HL7,
WADO) [5].

Furthermore, recent developments in cloud computing
technologies and the widespread use of mobile smart devices
raise the need of device interoperability and transparency,
introducing the principle of BYOD (Bring Your Own Device).
A SPA (Single-Page Application) is a web application or web
site that fits on a single web page with the goal of providing a
more fluid user experience akin to a desktop application
complying with the aforementioned principle. Clinicians may
access the same service from their own workplace desktop as
well as any other device, getting the portability and cross-
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platform functionality of a web application in addition to client-
state management and responsiveness of a native application.

Medical data exchange among servers and clients is
bandwidth intensive, thus server based architectures may
introduce bottlenecks [6]. Moreover, most of the reported in
literature systems, are device dependent, while they do not
support the collaborative creation of workflows. This work
focuses on the design and implementation of a transparent and
robust SPA (Single-Page Application) that handles network
utilization efficiently, in order to provide rich real-time MDTM
services. The main innovative features of the proposed platform
are the exploitation of client-side computing using the WebRTC
protocol and the adoption of web technologies [7]. The proposed
platform introduces also an indirect RPC scheme that enables
clinicians to collaborate in real time following intelligent
pathways using a medical image processing toolbox.

III. THE PROPOSED PLATFORM

The incorporated in the proposed platform SPA provides a
complete DICOM (Digital Imaging and Communications in
Medicine) file viewer. It supports reading and displaying a wide-
range of mono-frame and multi-frame DICOM files, encoded
according to most common transfer syntaxes and photometric
interpretations. Interaction with any PACS or imaging modality
via WADO (Web Access DICOM Objects) is also included.

The developed SPA includes the following key features:

e opening DICOM studies from CD/DVD/Blu-ray disks
and local or network folders, smart series integration
(synthesis from distinct DICOM files) and browsing

e image operations: zooming and panning, rotation and
flips, brightness and contrast adjustment, preset window
setting for Computed Tomography and Magnetic
Resonance modalities

e ROIs (Regions Of Interest): segment length, area, angle
measurements and pen tool for free hand drawing

e support for DICOM overlays (annotations or graphic
overlays included in the file)

e displaying DICOM file structure with DICOM header
tags, their descriptions and values

The innovation of the presented SPA is the real-time
collaboration feature based on multi-channel video
conferencing, workspace screen and file sharing, chat rooms and
annotations. While typical implementations of similar
collaboration environments involve centralized architectures,
we introduce a pure peer-to-peer interconnection scheme to
eliminate any intermediate party overheads and scalability
issues (Figure 1). The communication mechanism relies on the
WebRTC protocol, which is a free, open source project that
provides browsers with secure (encryption embedded) RTC
(Real-Time Communication) capability.

A server based network
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Figure 1. Network topologies

The introduced software encapsulates seven autonomous
modules: WADOC, DP, DIV, IPT, FSE, CE and PeerConnector
(Figure 2). WADOC (WADO Connector) is responsible for
requesting and receiving DICOM persistent objects, i.e. images
and medical imaging reports, from remote repositories, via a
simple REST API. DP (DICOM Parser) parses DICOM files to
extract medical images and corresponding medical metadata. It
is designed to utilize modern multi-core architectures efficiently
and reduce memory footprint. DIV (DICOM Image Viewer) is
the component tasked with displaying medical images, while
IPT (Image Processing Toolbox) provides key functionality for
image manipulation and processing. Conferencing and file
sharing services are provided by CE (Conferencing Engine) and
FSE (File Sharing Engine), respectively. Finally, PeerConnector
leverages WebRTC APIs to manage the communicational
requirements of the SPA, via asynchronous JSON message
exchange.

[ SPA environment \
DIV IPT
FSE CE
WADOC
DP
C PeerConnector )
https ‘ WebRTC Data Channels ‘
LS
TCP/UDP ‘ TCP/UDP |
Web browser

Figure 2. Client module structure

IV. THE SYSTEM IN PRACTICE

The online real-time medical collaboration environment has
to deal with user interactions, network I/O, as well as
synchronization and consistency of data among clients. The
heart of our implementation is the SH (Symmetric Heap), which
is responsible for preserving the state of each client.

A. The internal organization of Symmetric Heap

Before we delve into the internal organization of SH, it is
worth having a quick look at how DICOM structures its
information. Certainly, DICOM Data Dictionary attributes play
very important roles in mapping real-world data into the
DICOM standard. However, the large variety of these attributes
demands some sort of ordering, which is achieved with the
Patient-Study-Series-Image hierarchy (Figure 3):



e  One patient may have multiple studies.
e Each study may include one or more image series.
e  Each series has one or more images.

To implement this hierarchy, DICOM assigns a key-level ID
to each hierarchy level. For the patient level, this is Patient ID
(all patients should have IDs that identify them uniquely). The
“Patient ID” element is stored with the (0010,0020) tag, making
this tag required for any type of imaging. Sequentially, the same
principle applies to the other three levels of the Patient-Study-
Series-Image hierarchy: at the Study level, each study has its
unique Study Instance UID, (0020,000D); at the Series level,
each Series has its unique “Series Instance UID” (0020,000E);
and at the Image level, each Image has its own “SOP Instance
UID” (0008,0018).

In this context, SH is a set of dynamic data structures
conforming to DICOM hierarchy that represent client state.
DICOM celements, as resulted from DP, WADOC or
PeerConnector, map to models. Models pertaining to the same
DICOM hierarchy level, are organized to collections (Figure 3),
while any user actions (from IPT) are updating a supplementary
scheme aligned to the basic framework. The overall architecture
of client module complies with event driven programming, as
the flow of the program is determined by SH updates, affording
special meanings and triggering events bound to the
corresponding modules (Figure 2). For example, consider the
case that a user makes an area measurement. Any action
movement of his mouse pointer updates a specific model of the
SH. This eventually triggers an event forcing DIV to render the
changes and PeerConnector to propagate the update to the
network as figured in the next session IV.B.

B. Clients interconnection and Locks

In conjunction with PeerConnector, SH realizes distributed
system state representation and management. As all clients
preserve their own SH module, SH is sufficient to become the
core of the synchronization mechanism. PeerConnector keeps
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Series Series
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Image Image
Image S0P Instance UID Image S0P Instance UID

(D0OB 0018) (00OB 0018)

aware of and propagates any SH update to the WebRTC data
channels and vice versa (Figure 2). The received messages are
parsed into models and placed into the SH hierarchy according
to their semantics. In this way, events are symmetrically
triggered among peers, implementing the aforementioned
indirect RPC scheme.

The distributed nature of the presented architecture raises the
need for a mechanism to maintain integrity of shared data.
WebRTC data channels utilize SCTP which is message-oriented
like UDP while ensuring reliable, in-sequence transport of
messages with congestion control like TCP. Furthermore, race
conditions emerging from contradicting user actions are coped
with a coordinator-based protocol. The coordinator may be a
dedicated site (e.g. Firebase) or a site elected from one of the N
collaborating participants. Under the coordinator-based
protocol, when multiple concurrent and overlapping locking
operations are generated, the operation first arriving the
coordinator will win. In other words, the final locking effect for
a group of arbitrarily overlapping and concurrent locking
operations is defined by the order in which they arrive at the
coordinator [8]. To illustrate how the coordinator-based conflict
resolution protocol works, consider the simple case in which
physician A makes a length measurement while at the same time
physician B moves the displayed medical image. According to
our implementation, the operation that reaches the coordinator
second should be aborted.

V. USE CASE SCENARIOS AND EVALUATION

A single 512 matrix CT image contains 0.5 MB (512 x 512
x 16 bits) of data. An average CT study, which is composed of
300 x 2.5 mm images, contains 150 MB (300 x 0.5 MB) of data.
The maximum lossless compression applicable to data is 3:1,
giving a total of 50 MB [9]. Considering a simple scenario,
physicians A and B are connected through a symmetric peer-to-
peer data channel. In the proposed implementation the CT study
will be transmitted (downloaded in case of WADO) once during
the initialization of the session.

PatientCollection

Patient
Patient ID (0010,0020)

Patient
Patient ID (0010,0020)

T

StudyCollection
Study Study

Study Instance Study Instance
UID (0020,000D) UID(0020,000D)

SeriesCollection

Series Series
Series Instance Series Instance
UID (0020,000E) UID (0020, 000E)

ImageCollection

Image Image
Image S0P Instance Image SOP Instance
UID (0008,0018) UID(0008,0018)

Figure 3. DICOM information hierarchy - SH hierarchy



Further operations applied to the CT study are propagated
through the introduced indirect RPC mechanism. Instead of
congesting the network with image data, JSON objects typically
fitting in IP packets are exchanged, reducing the communication
time and consequently improving scalability. A workflow
consisting of three operations, leads to three JSON objects
broadcast with average size of 64 Bytes. In classic screen sharing
environments, the aforementioned interaction should invoke 1.5
MB (3 x 0.5 MB) of data. This justifies the fact that the
introduced implementation demands drastically less bandwidth.
Furthermore, as participants end up applying the same workflow
on initial medical data almost concurrently, the real-time nature
of the SPA is reinforced.

VI. CONCLUSION

The proposed collaborative work environment promotes
physician collaboration and secure as well as easy medical data
exchange using almost any smart device, leveraging intelligent
workflow functionalities. The consumer demand and BYOD
trend, lead us to implement the client framework on the web
browser, instead as a standalone application. Our
implementation does not require any plug-ins or external
software. It resembles a typical web application, while the main
image processing takes place in the client side. This, in
conjunction with the peer-to-peer mesh network configuration
that interconnects the participants, provides a scalable and
efficient tool to support remote MDTMS. The meaning and
practical use of facts or evidence is subjective upon different
situations and participants [10]. Our proposed collaboration
paradigm unleashes medical scientific evidence as the most
essential process for better diagnosis, elevating it from grounded
moral and situational considerations.
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Abstract

This report describes a method to recognize alphabet characters from a detected
fingertip motion trajectory, of hand gestures, using HMM (Hidden Markov Models).
For this purpose a dataset of recorded gestures was created. Orientation features from
the gestures are quantized to generate code-words. HMM using Left-Right-Banded
(LRB) topology is used with different number of states ranging from 3 to 10 and
different number of observation symbols ranging from 8, 12, 18 . The best performance
is achieved with 5 states and 8 observation symbols.

Introduction

Hand gestures are of much importance in Human-Computer Interaction and the
Computer Vision field. They are an active area of research with the objective being to
bring the performance of human-machine interaction close to human-human
interaction. There are many applications of the hand gesture recognition. Sign-
language recognition [1], communication in video conference [2], using a finger as a
pointer for selecting options from a menu [3]. Over the last few years there have been
many publications for hand gesture and motion recognition for both alphabet
characters and numerical ones [4] [5] [6] [7] [8].

Hidden Markov Models have become very popular in handwriting recognition and
are being used in spatio-temporal pattern recognition. The reason for that is their
distinctive ability to learn model parameters from observation sequence through
Forward-Backward, Baum-Welch for training and Viterbi algorithm for pattern
classification. This report describes a Hidden Markov Model based method to
recognize alphabet characters from an already detected fingertip motion trajectory.

There are many free datasets available to download online. The gestures in them
are recorded with the subject sitting in front of the camera, which is recording either
the motion trajectory of the hand centroid or the motion trajectory of a fingertip. A
new dataset was necessary because the dataset on this report was recorded with the
subject wearing the camera, so that it would record the fingertip motion from the
subject’s point of view. The recorded dataset contains fingertip motion trajectories
which represent writing gestures. These, are spatio-temporal patterns. Therefore, it is
reasonable for differences to occur amongst people. So, a time-independent method is



used to define the trajectories, as a sequence of directional angles which are then
translated into the observation symbols and characterize a gesture. Each letter is then
mapped to a different Hidden Markov Model.

Recognition System Implementation

The system is designed to classify the gesture path generated from a single fingertip
motion trajectory by using HMM. Using the same system gesture paths generated from
hand motion trajectory can also be recognized. The implementation consists of 3 main
stages.

(1) Preprocessing: track the fingertip to generate its motion trajectory.

(2) Feature extraction: enhance the gesture path. Quantize the orientation.

Determine the discrete vector (Observation symbols).

(3) Classification: the gesture is classified and recognized using the discrete vector

and Left-Right Banded model.

A. Preprocessing

This stage has been already implemented by Guillermo Garcia-Hernando, PhD
student in Computer Vision and Learning Lab, Imperial College. For the recordings a
Creative camera was used. The algorithm was implemented using OpenCV code in
Microsoft Visual Studio 2010 C++. Using the camera’s set-up infrared depth system, the
algorithm detected the hand of the subject and the upper point of the extended index
finger (Fig. 1). The subject was able to start and stop recording the fingertip motion
tajectory. Each frame sequence was recorded at approximately 40 frames/second at a
resolution of 360x240 pixels. The motion trajectory is saved frame by frame both in
pictures and in Cartesian system coordinates. The dataset consists of 10 recorded frame

sequences per letter, 260 in total.

|

Figure 1: Motion trajectory of detected fingertip

Selecting the best features to describe the gesture path, play a significant role in
performance. Three are the basic features: Location, Orientation and Velocity.
Orientation is proven to be the most discriminant of the three, followed by velocity
and location [5][6][7]. Therefore, in this report, orientation is used as the feature to
describe the fingertip gesture trajectory. A gesture trajectory is considered to be the
spatio-temporal pattern of the fingertip location L..

Ly = (x¢,y:),(t =1,2,3,...,T) (1)



The variable t represents the frame number with T being the last frame and the
completion of a gesture. The orientation feature is represented by ‘9. It is computed
using successive frames of gesture path (Fig 2).

9 = arctan(u) (2)

Xt+1 — Xt

The extracted feature is further quantized by dividing it, and mapped to different
decision regions. At first, only 8 codewords were considered, but in order to compare
results to published papers 12 and 18 were considered as well, as in [5][6] (Fig. 2).

Figure 2. Orientation and its codewords

The feature vectors extracted differ in size, from gesture to gesture, depending on
the time of completion for each alphabet, which is affected by the complexity and the
shape of the gesture. So, the data were to be aligned in order to be comparable. [g]
Presents an algorithm to align data so that the vectors of each alphabet are the same
length.

C. C(lassification

A discrete Hidden Markov system using Left-Right Banded (LRB) topology is used,
where each state can lead to itself or the next state only. Hidden Markov Model
topologies include Left-Right and Ergodic but in [4] and [10] it is concluded that LRB
topology is always better LR and Ergodic. Therefore, in this report LRB topology only is
used (Fig 3).

1) The Hidden Markov Model: A Hidden Markov Model is a mathematical
model of stochastic processes [11][5]. An HMM is represented by a triple:

A= (ABID 3)

These parameters represent:
e An N-by-N transition matrix A = {a;}, with ‘N’ being the number of states in
every model.



e An N-by-M observation matrix B = {b;,}, with ‘M’ being the number of
observation symbols.
e An initial probability for each state IT;, i=1,2,...,N.

Figure 3: Left-Right Banded Model with 5 states.

2) Initializing Parameters: About the number of states, the segmented parts of
every letter were taken into account. A different number of states per letter and a fixed
one were considered with optimum 5 states. The parameters of HMM for the LRB
model initialization are the same as in [5]. (Eq.5) describes the matrix A, which
depends on the duration time d of states for every alphabet (eq.4).

T (4)
1=y
/aii 1-— aii 0 0 0 \
0 aii 1-— aii 0 0 (5)
A= 0 0 a; l—a; 0 |
\ 0 0 0 a; 1-ay
0 0 0 0 1
1 (6)
ag=1--

The second parameter is also very important. Matrix B is determined by (eq.7),
where all the elements of this matrix are initialized with the same value for all the
different states.

B = {biym}, bim = % (7)

The third parameter is the initial state distribution vector ‘IT" (eq.8) which will
ensure that the system initializes from the first state

N=(10000)" (8)

3) Model Training and Evaluation

Separate HMMs are trained for each alphabet using Baum-Welch algorithm. The
inputs of this algorithm are a discrete observation vector from feature extraction stage
and the initialized parameters. The outputs A,B,IT are an improved guess of the initial
parameters, the trained model.



In this report, given test data, the trained models are evaluated using the log-
likelihood. To classify a test sequence into one of 26 classes, one per HMM, the log-
likelihood of each model and the test sequence is computed; if the first model is the
most likely, then the sequence is declared to be of class 1, that is alphabet ‘a’. Leave-
one-out cross validation is used.

After the sequence classification, the most probable sequence of states for each
class is computed using the Viterbi algorithm. Then, each path is compared to the
known path from the database and recognized.

Simulation Results

The recognition system was simulated in MATLAB language using Kevin Murphy’s
HMM toolbox for HMM based system. The simulation was based on 10 recorded frame
sequences for every letter, 9 of them were used for training and 1 of them, randomly
selected, for testing. The dataset was aligned so that every alphabet’s path would be of
the same length. The simulation was run for M= 8, 12 and 18 observation symbols, with
3-10 states, 10 times for each number of states. Results are shown below for fixed
number of states. Results for different number of states per alphabet are not shown as
they are insignificant to those below.

The successful alphabet classification rate was calculated as the mean of 10
simulations for each different number of states:

Number of correctly classified aplhabets
mean( Rc = ( )
Total number of aplhabets

The successful recognition rate for each alphabet was calculated as the mean path
match rate of 10 simulations for each number of states:

Number of correctly recognized states in path sequence)

Rp =
mean( Rp ( Total path length of each aplhabet

Observation symbols M

8 12 18
Number of states Rp Rc Number of states Rp Rc Number of states Rp Rc
3 0.8636 | 0.8538 3 0.8622 | 0.8731 3 0.8612 | 0.8769
4 0.7949 | 0.8654 4 0.7921 | 0.8385 4 0.7995 | 0.8615
5 0.7432 | 0.8962 5 0.7402 | 0.8192 5 0.7355 | 0.8385
6 0.6968 | 0.8346 6 0.7 | 0.8077 6 0.6914 | 0.8115
7 0.6691 | 0.8308 7 0.6533 | 0.8115 7 0.6507 | 0.8923
8 0.6206 | 0.8346 8 0.62 | 0.8346 8 0.6164 | 0.8423
9 0.5858 | 0.8538 9 0.579 | 0.8423 9 0.5721 | 0.8577
10 0.5624 | 0.8346 10 0.5412 | 0.8615 10 0.5492 | 0.8154




Best results are achieved with M=8 observation symbols and 5 states. Overall
89,62% of alphabets were correctly classified to the corresponding alphabets. By
comparing their path to the known paths from database, there was a 74,32% state
sequence match. Really close in alphabet classification was the model with M=18
observation symbols and 7 states, with 89,23% but with poorer path sequence match
65,07% .

Summary and Conclusion

This report describes a gesture recognition method for alphabets, according to the
motion trajectory of an index’s fingertip. The method has 3 stages. Preprocessing
where the trajectory is captured, feature extraction where the orientation is quantized
and classification where every fingertip gesture is classified in one of 26 alphabets and
compared to said alphabet. Result show that best gesture classification is achieved
with M=8 observation symbols and 5 state models with overall 89,62% correct
classification and 74,32% path recognition.
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Avamtocn olatTaEng Prounyovikng opacng yio
TPOGOLOPIGUO BEGTC KOl TPOCOUVATOAIGLLOV
KIVOULLEV®V OVTIKELLEVOV KOl 001 YNNG
POUTTOTIKOV PBpayiova

Koavedlaxng Xpiotogpopog, Kvpitong Naopyoc, Torhopntpov Ovpavia
Tunpa Hiektpoloyov Mnyavikov kot Teyvoroyiag Ymoroyiotdv
Hovemomo Hotpdv

HepiZnyn— O o6T6)05 OVTNAGS TGS EPYUTiag givar I vAoToinon piog
Propnyavikig owdtadng oe epyaoctnploky] KAipoke otnv omoia
oVVEPYALOVTUL £VO GTEPEOCKOMIKO GUGTIILO, KOl £VO.G POUTOTIKOG
Bpayiovac. H drodikacio ympiletar og 800 pépn, TNV avayvopion
6TO YOPO TOV EMOVUNTAOV AVTIKEIPNEVOV Kot TNV 0d1ynon Pdoel
OVTNHS TOV poumoTikoV Ppayiove. o To mPpdTO pépog yiveTm
xpnon g Pifphobnkng avowktod kmdowke OpenCV ko dvo
Tapaiinio  OLOTETAYRNEVOV  KAPEPAV. XTO OLVTEPO  PEPOS
ypnowpomoreitar o popmwotikds Ppayiovac Katana s400 6M9I0G tng
etaipiog Neuronics.

Aéée1g KAEIO10—XTEPEOCKOMIKO
‘Opoon, Popmotikog Ppayiovag,
EVTOTTIOPOG AVTIKEIPNEVOV.

ocVotnua, YmoAroyloTukn
AVOyvOpo]  aVTIKEREVO,

I. EIZArQra

Ané ta éAn g dekaetiag tov 1990, pe v eEopeTikn
avENON NG VIOAOYIOTIKNG OYVOG TOV EMEEEPYASTAOV KO
TNV oLYVOTEPN  EUPAVION OTEPEOCKOTIKMOV GLOTNUAT®V
KOUEPDV, 1 VIOAOYIOTIKY) OPOCT] OTEKTNGE EVPELD EQUPUOYN
omv Pounyavio. H avaykn yo a&domot Aettovpyia pe to
HKpOTEPO SuVaTO YPOVO SOKOTNG TNG TOPAY®YNG Eival €va
kowd aitnuo. ‘Etol, 1 vmoAoylotikn Opacn  Gpyloe  vo
xpnoyLomoteital oty Kabodnynomn eEomAGHOD og £pY0oTACLa,
otV Sl ElpIoN OVTIKEIEVOV KoLl TPOIOVTIOV G Miot YPOpLuT
TOPOYWYNG, OTNV TAONYNOT OYNUATOV K.0. ZTIG GUYYPOVEG
Bounyavikég dwdikooieg ocuvappoAdynong kot eAéyyov
TOLOTNTOG, VILAPYEL [iol LEYOAT) AvAYKT Y10 OVOTTUYLLEVO EAEYYO
apmoyng  oviikewéveov  and  poumotikd  Bpoyiova,
KaBod1yoOUEVO and GUGTNHO EVIOTIGUOV KOl OVOYVMOPIONG
avticelévov. Emiong, eivar onpoavtiky n dvvatodtnta vao
eKTEAOVVTOL €pYOcieg oLVOPUOAOYNONG ©€  pn-Gounuéva
wepBdAlovta pe Tuoyaio tomofetnuéva avTikeipeva.

Ot TopodoClOKEG EYKATACTAGEL POUTOT GTO PBLopmnyoviKd
nepfairovta Exovv puOOTEL Yo emavoropPovopevn Kivnon,
MOTE VO, TAVOLVY OVTIKEIPEVH ad TNV 1010 axpipag 0Eom. Av 10
avTIKEIPEVO améyel amd avTn T0TE 0 Ppayiovas amotuyyxdvel 6To
oKOTO TOV. AVTIOETOG, Ge €QaprOYEG Omov cuvovdaletar m
VTOAOYIOTIKY] OPOGT, TO CUCTNUO OVOYVOPIONG UTOPEL va
KkaBodnyei Tov Bpoyiova amd v B€on oV omoia avépeve TO
avtikeipevo, oty Béom mov mpaypotikd Ppioketar. Avto
EMTLYYOAVETOL YPNCILOTOIOVTOG LOVO pio KApepa, TOAAUTAEG

KGuepeg 1 oLVOVAGHO OVTOV pHe GAAovG aicOnthpeg (.
lasers). Ot kduepeg, €vo VIOAOYIGTIKO OCUGTNUHO KOL TO
avTioTOL0 AOYIGUIKO GUVEPYALOVTAL Y10 VO TPOGAPUOCOVY TNV
0éom tov Bpayiova, dote va ektedecBel cwotd n epyacic. Avth
n eveMla emétpeye TV YpNHON POUTOT GE EPAPUOYEG, OTIG
omoieg Ogv vmdpyst axpipng yvodon yw v Béon N TOV
TPOGOVATOAIGILO TOL  OVTIKEWWEVOD TAVED OV YPOLUUN
UETAPOPAC, VA O1EbpLVE TNV KOVOTNTO TOVG YO OpTayn
AVTIKEWEVOV TOKIA®Y oynpdtov. Télog, n épevva og avTOV
tov topéa €xer avomtuyBel oe tétowo omnpeio, mov évag
Bpayiovag mAéov eivar duvatd va TMAVEL CLYKEKPLUEVO
avTiKeipevo and évo TEPLOPIoUEVO YDPO, OTmG Eva KoLt [1].

211G emOLEVES EVOTNTES TPAYLLOTOTOLEITOL [0l avOpOpPE 6TV
VIOAOYIOTIKT] Opacn Kol 7TopoLoldloviol 1 TEPAUOTIKN
Stdraén (ewodva 1) Kot To EXEPOVE TEIPAUATOL.

Eucova 1. H mepapotikn oidrodn.

II. YIIOAOTI'IZTIKH OPAZH

Kdéfe pnyoviopdg ynoelokng Kotoypoeng ekovog eKTeAet
KGO0V €100VG PETOTPOTN OO TOV TPAYLOTIKO TPIoOIGTATO
(3D) ydpo otov tomkd dicdidototo (2D) xdpo. H gbpeon ot
N HEAETN TOV TOPOUETPOV TNG HETATPOTMNG OLTNG &lval
OepeM®OEIS Y100 TNV TEPLYPAPT] TOV GUGTNHOTOC TNG KAUEPOS.
2 ouvéyewd, yo v amoktnorn g 3D minpoeopiag piog
OKNVIG, V0 GTEPEOCKOTIKO GUGTILLO YPTCLOTOLEL SLUPOPES
S1o0100TATEG OYELG TNG KOl LETATPETEL TIC TopaTavm 2D Béoelg
tov pixel og 3D onpeio.



A. Metéfoon omo tov 3D ywpo e oknvig orov 2D the
KGUEPOS

Mia kapepa propei vo povielomomOel e ToAAovg TPOTOVG,
avaloya pe Tov embountd Pabuod axpifetog Kot v €Qaproyn
yw v omoio mpoopiletor M yxpnon s To amiovotepo
HOVTEAO LI0G TPOYUATIKNG Kapepac mepthapfdaver pio omn
(pinhole) kot po 086vn anekdviong (eminedo anekdviong). To
pafnpotikd poviédo g pinhole kdpepag ovopdletor poviéro
mpoonTikNg mpoPfoing. Ot cvvietayuéveg koopov (X, Y, Z)
€VOG OVTIKELLEVOD LLETOTPETOVTOL GE CUVTETAYUEVEG EIKOVAS (X,
y) pe mpoomtikt| TpoPoin. ITio cvykekppéva, to onueio Q (X,
Y, Z) otov tpiedudctato yopo avtictoryiletat 6to 2D onueio
q (%, y, f) Tov emmédov amewcoviong [2] , Aappdvoviog veoyn
TIG LETATPOTES:

x=fly=flz=f (1)
omov f eival 1 andotoon peta&d Tov ENTESOL amelkdviong and
T0 ONTIKO KEVIPO TOL QOKOV TNG KAUEPUS Kol ovopdleTon
gotiakd pnrog (focal length).

Ot mapandveo eflodoelg 1oxvouv uovo Otav OAeg ot
OTOCTACELS HETPOVVTOL GTO GUGTNLO OVAPOPAS TNG KAUEPUS
KOl Ol GUVTETOYUEVES TNG EWKOVOG £XOVV TNV APy TOLG OTO
KOpto onueio (principal point) [3]. Eivor omapaitn,
EMOUEVAIC, 1 EVPECT] LEPTKADV TOAPUUETPAOV TNG KALEPUS Y1l VOL
eEaocpaiilovtat ot mapamdveo cvvinkes. Ot TapApeTpol aVTEG
xopifovtar oe 2 komnyopiec, 115 eEyevel TOPAUETPOVS
(extrinsic) ka1 TG €yyeveic mapoapétpovg (intrinsic). Ot
eEoyevelg mapdperpor mpocodiopilovv T 6Béom Kot TOV
TPOGOAVOTOAIGUO TOV GLGTHLLOTOS OVAPOPAS TNG KAULEPAS OF
oyéon pe €vo  yYvowotd ovoTNUo.  avapopds  KOGHOU,
amoteAovVTaL ONAad amd Eva dtdvuopa petotomiong T kat éva
nivaxa tepotpons R. Ot eyyeveig mapdpetpot yperdlovrat yio
v GUVOECOVV TIG GLVTETOYIEVEG og pixel gvdg onueiov g
€IKOVOG LE TIG OVTIOTOWES OULVTETAYUEVEC GTO GUCTNHO
avapopis TG KAUEPAS, ETOUEVMOG TEPTYPAPOVV TO. OTTIKA,
YEOUETPIKE Kol YNOLOKE YOpoKTNPOTIKA ™G Kdpepag. H
Suadkacion VIOAOYIGHOD TV TPOUVAPEPHEVTOV TAPAUETPOV
mg Kkapepag ovopdletor Pabpovounon kdpepog (camera
calibration) [3].

B. Metafaon omod tov 2D enimedo arov 3D yawpo

lNo va Anebet m mnpoeopia Pdbovg ypnoyLomoidvTag
TOVAGYLoTOV VO KAUEPES, €ival avayKaio va gival yvooti 1
YeOUETPIO. TOV KOUEPDV, T OTOI0L OVOPEPETAL MG EMTOAIKN
yveopetpio [4] kot Aopfdvetar vIOYN YloL TOV EVIOTIGUO TMOV
avtioToy®v onpeiov oTic 600 dyelg TG GKNVIG.

Ot kapepeg €xovv tomobeBei ot ddtaén dote va eivan
TAPOIAIAEG Y10 VO TTPOCEYYIOTEL TO OTEPEOCKOTIKO GUGTILLOL
MG KOVOVIKOD TPOGAVOTOMOHOL [2] pe evbuypoppiopévo
emimedo  amewkoviong.  Qotdéco, eivor  addvato  va
VBLYpAPIETOOY 0TOAVTOG T D0 ENIMEd ANEIKOVIOT|G KOOMG
VILAPYOVY GOALLOATA TOGO GTNV TOTOHETNON TV KOUEPDV OGO
Kol OTO  YOPOKTNPOTIKE peta&d 10wV KOpeEpOV OV
AALOLOVOLV TOV TaPaAANAopd Tovg. T va dtopBwbodv avtd
Ta cpdlpata Bo mpénet va yivel avopbmon tov swdvav [5].
Yy ewova (2) gppaviletor n gvbuypduuon tov emmédwv
ATEKOVIONG TOV dVO KOUEPDV.

O voloyo oS TV OVTIGTOLLOVY HeTAED ToV pixels Tov dVo
ewovev givar omopaitntm mpodimoddeon ywo va amoktnHovv
mnpogopiec ywoo to PdBoc kot omoterel To TPOPANUA TNG
avtiotoyyiog (correspondence problem) [6]. Ta pixels mov
AVTITPOCMONEVOVV TO 1010 onueio o€ SPOPETIKEG EKOVEG
npénel va fpebodv kat ot cVVEYELD VO avaALOOVV YEDUETPIKA.
Yvvinfwg, o mivakag 61EpE0sKOTIKMV dtapopdv (disparity map)
etvan évag 2D mivokog o onoiog mpémet va BempnBel oe oyéon
LLE L0t CLUYKEKPLUEVT EIKOVOL 0vOpOpas (it M aprotepn €1KOva,
elte n  de&d). v mepintwon evdg  avopbopévov
01EPEOCKOTIKOV LHYOVG 0 YAPTNG CTEPEOCKOTIKMDY JPOPHOV
mepLéyel wovo Tig oplOvTieG HETATOMIOES amd TV &Kova
avapopdg [6].

et e |

Ewova 2. AvopBoon ekdvag.

Xpnowomomdnke o akyopBpog avtictoiyiong Semi-Global-
Block-Matching (SGBM) ywo tov vmoloyiopd Tov mivako
OTEPEOCKOTIKAOV dlapopmv (ewdva 3) [7].

Eucova 3. [ivakag 6TEpE0GKOTIKMY S10pOPOV.

Metd TV aVTILETOTIOT TOL TPOPALOTOG TG avTIoTOLYioG
gtvar duvatd va emivbel 10 TPOPANUO TG GTEPEOCKOTIKNG
avoKaTaokeVng [6], To 6g0TEPO 0o TO dVO Pacikd TpofAnata
7OV KOAEITOL VO ADGEL V0L GTEPEOCKOTIKO GUGTILLAL.

270 GUYKEKPIUEVO TEIPOLLO ETVOL YVOOTEG O1 TOPAUETPOL TG
Khpepag, ot €KOveg ivon avopbwpéveg kol €xel emheyel M
emilvon péow tprymvomoinong. Xty e&icmwon 2 mapartiBevron
ol tomot Tov 3D cvvietaypévov gvog onueiov 6To YOPO HE
Baon v Tpryovomoinon [6].

XY,2) = (az,ys,bh =@ 2+by2 bl @
a’’a’"d d a’d
o6mov d=x1-Xr, b=Poowmn ypapun [8] kot f=eoTi0kd pKoC.



C. Avoyvapion Avtikeipuévoo

Mw oamhfy kot ypriyopn  péBodog  avayvdpiong Kot
KOTATUNGNG EVOG AVTIKELEVOD amd TNV €1KOVO. Elvat e Baon To
xpopo. To avtikeipevo mpémer va €xel (O ONUOVIIKN
XPOUOATIKY S10pOpA LLe TO POVTO TG OKNVIG £TOL MOTE va yivel
EMTVYDOG 1 aviyvevon tov. Xy gwova 4.(a) eppaviletor o
EVTOMIOUOG £VOG AVTIKELPEVOD pe Pdon To xpdpa Kot 1) eidval
4.(B) etvon  avtiotoyn eKOVA KATOPAMMONG.

®

Eucova 4. (o)) eviomiopdg avtikepévov, (B) eiova KotmeAimong

210 TEPALLOTO TTOV TPAYLOTOTOMONKAV GTIS VTOEVOTNTEG A,
B, C yivetaw yprion m™g BPpAodrkng avorktod kddke OpenCV

(91, [10].

III. TEIPAMATIKH AIATAZH

v mepapotiky  ddtagn  yoo T dnuovpyia  Tng
GTEPEOCKOTIKNG O1dtaéng ypnoomombnkav 000 KAUEPEG
tomov webcam, ot Logitech C270. Ot kduepeg avtég Exovv
amocvvapporoynbel ywoo v KoAvtepn duvorny mapaAiniio
(ewova 5.(o)).

O poumotikdg Ppayiovag mov ypnoyomombnke eivor o
Katana s400 6M90G g etapiog Neuronics AG (gwcova 5.(y)).
O Bpayiovag avtog amaptiCetor amd 6 DC kvntpeg ot omoiot
TapEYoVV MEVTE TEPLOTPOPIKOVS Pabpolg edevbepiag kot mg
TeMKO oTolyeio dpdong v opmdyn, N omoic TPOyLOTOTOLEL
KN oELg avolypatog kot kKAEsipotog. [lpénet va avapepBel tmg
o Katana sivatl vroemevepyobuevog Bpayiovag (underactuated
robot) kafmg £xet mévte Pabuovg ekevbepiog (5 dof) ot omoiot
glvar kotd £€vag Alydtepol Omd TS OIOTACELS TOL YMPOL
gpyaciog. Avtd TpokVOTTEL amd TV AdLVAIC TG OPTAYNG Yo
neplotpodn (yaw). Omdte Oétovue meplopicpods Yo To
mepdihov epyaciog, OMAad Ta oviikeipevo TpPEmEL Vo
Tomo0eTOHVTOL EVTOG TTEPLOYDV EPYACING OV Elval €QIKTO va
TooTobV  amd  ToV  POoUToTIKO  Ppoyiova  €yoviog  TOV
GLYKEKPILEVO TPOCAVOTOAMOHO TTov emtBupovpe [11].

IMa v eniAvon g avtioTpoeng Kivnuotikng tov Katana
OTOLTOVVTOL TO X, Y, Z, TOV GKPOV TNG OpmTAYyNg Kot Ol Yovieg
Euler tomov Z-X-Z, ¢ (phi), 6 (theta), y (psi). Avtéc
TEPLYPAPOVY T1] GTPOPT] TOV GLGTNLOTOS CLVIETAYUEVOV TNG
apmdyng og Tpog avtd T Pdong Tov Bpoyiova (ikdva 5.(0)).

Téhog M petapopiky towio Tov YPNCLLOTOWONKE Yoo TNV
mepapotikn dwdikacio lvar omov SVKB and v etoupia
MISUMI (ewéva 5.(B)). Ta tov €heyyo ToydTNTOG TNG
HETAPOPIKNG Taviag ouvdédnke o eleyktig tng Panasonic
MGSDB?2 pe tov kivntipa e O gleyktng avTtodg Tpoceépet
mv KMUOK®TR oAAaY | TG TOXLTNTOS TEPISTPOPNS TOL

KNTHpo TG LETAPOPLKNG TOVIOGC.

() ()

Ewova 5. (o) otepeookonikd cvomua, (B) petapopikn towia, (y)
poumotikds Ppayiovag Katana, (8) ywvieg Euler.

1V. TIEIPAMATA

Xmv evotnTa ovTy TopovotdleTon M ovvepyacio. Tov
OTEPEOCKOTIKOV GLUOTNIOTOS LE TO POUTOTIKO Ppayiova og
TPiol TEPALATO EVTOTIGLOV KOl OPTOYNG OVTIKELEVAOV TOV® GE
Kivovpev petagopikn tawio. H 0éom tov avtikeyévon ctov
TPLOJAOTATO YDPO (X0, Yo, Z0), TOV AVAYVEOPILOVY Ol KAUEPECS,
glodyetal otov aAyopdpo kabodnynong tov Ppoyiova. To
avtikeipeva evromilovial oto ydpo kot 1 BEon Tovg divetar g
TPOG TO OCLOTNUO CLVTETAYUEVOV Tov opiletoar amd v
aploTePN KAUEPO TOL GTEPEOCKOMIKOV GULGTNLOTOS KOU OTN
OLVEYELD Ol oVVTETAYHEVES TNG BéomG Tovg petaoynuatilovtot
®G TPOG TO GVOTNUO CLVIETOYUEVOV TNG Pdong Tov Ppayiova
(ewdva 6).

H petapopikn tawio tomobetOnke mopdAinia pe tov
agova X', 10V ovomiuatog ovvietaypévov tov Katana
X,Y',Z"). Amotélecpo  avtod  givor  vo  vEapyel
dwapopornoincn otig TEG UOVO TG X OUVIETOYMEVNG TOV
VTIKEWWEVOD AOY® TG Kwvoduevng, pe otabepr taydtnta,
petapopikrg tawiag. H kivnon tov aviikeipévov npokdmtel
oA ypoppkn ko ekepaletar pe v e&icwoon (3).

x'=x,+ ut 3)
OmOV Xo givar 1 BEoN TOL EVTIOMIOE TO CTEPEOCKOTIKO GUGTI L0
T0 ovTiKeipevo, u 1 TayxdTNTO TOVv, Tov KaBopiletar amd ™
HeTaPOPIKT Tovia Kot eivan otabepn kot ion pe 21,33 mm/sec,
t 0 xpOVOG Kivnong amd TV avayvmpion HLEXPL TNV apTayT| TOL
avTikellévon. O ¥povog anTOG VIOAOYIOTIKE TEIPAUATIKG LE
trial & error péBodo kabwg dev etvar SuvaTdHV va VTOAOYIGTEL O
xPOVoG amdxpiong Tov Bpayiova petald twv onpeiov 6To YmMPO.
No avoeepbei mog avtdg o ypdvog aldalet yio kKabe meipapo
AOY® Sl0POPETIKNG TPOGEYYIONG TOV OVTIKEWWEVOL OO TOV
Bpoyiova.



Eucova 6. Zvuotpata cuvietaypévav kdpepag kot poyiova, kivnon
OVTIKEWEVOU.

Me ypnon TOV GUVIETAYHEVOV TOV OVTIKEWHEVOV OTOG
TEMKO QVTEG TPOKVTITOLV amd TNV TOPOTAVE® Slodtkacior Kot
mg  ovTioTpoeng  Kwnuatikng tov  Ppoyiova, yiveton
vroloywopdg tov yovidov Euler yw tpeic Sropopetikég
TPOcEYYIoELS,

A. Apmoyn Kivoduevov avtikeyuévoo

o v emiAvon T0V TPOGUVATOAGHOD TNG CPTAYNG GTN

yevikn mepintoon epappdlovtat To e&ng Prpata

e  Ymoloyiletor n yovia 05

e Ymoioyiletor n yovia 01

e  Ymoioyiletor n yovia theta (Euler)

e Ymoloyiletat to dOpoicpo TV yovidy 02+03+64

e  YmoioyiCovtar ot ywvieg phi, psi (Euler)
omov 01, 62, 83, 64, 85 o1 yovieg Tov KtvnTHpwV T0L Ppayiova
(ewdva 7).

H yovia 05 tomoBeteiton mhvta ion pe 180°, mote to
TeAelOUO TG apTAYNG va €YEL QOPG GLTN TOL APVNTIKOD
nubEova Z’. ‘Emetta, n yovio 01 ennpedletor povo omd to
otolyeion X, y Kol UTOpel Vo, LTOAOYIOTEL HE YpNom TNG
avTioTPOPNG EQAUTTOUEVNC KPATOVTAG TN pio oo Tig 600 AdoELg
OV TPOKLTTOLY e&utTiog TOL XMPOL €PyOciag mov €yovue
opioel kol oTov omoio extelgital to meipapo pog. ‘Etor n tyun
¢ Oa Ppioketar vtdg TOL TPITOV KoL TETOPTOV TETAPTNLLOPLOV

Kot divetar amd v eicmon 4.
6, = pi + arctan(_—py) 4)

OTOV Py, Px Ol GUVIETOYHEVEG X, Y TNG GKPNG TOV EpYyaAreiov.

Ewova 7. Tovieg 01, 62, 63, 64, 65 Tov Katana.

‘Emetta, eivan pavepd nmg ot yovieg 02, 03, 84, 05 enmpedlovon
oo TNV TIUNG TG SVVTIETAYUEVIG Z. Me otabepn v yovia Os,
TEMKE VILapyel eEApTnomn amd 10 Z LOVO TV YOVIGV 02, 03, 04.
Amd tov mivaka T opOng KivnuaTiknig 610 3x3 HEPOC TOV TOL
oyetiletal e TOV TPOSAVATOMGUO TOV POUTOTIKOL Bpoyiova,

ot yovieg avtég dev gppavifoviol pepovopévo aAld povo mg
GBpotopa, xdétt mov mpokvmTel AdY® TOL OTL oL GEoveg
TEPLOTPOPTS TOV avTioTO®V apfpdoenv givar peta&d tovg
napdAiiniot. ‘Etot, dev ivar amapaitnto va vroloyiotei 1) kabe
pio Eeyopotd mopd povo to dbpoicpo tovg. [ tov
vroAoylopd Tov abpoicpatog avtol ypetdlovtat to 3x3 uépog
Tov  mivake ovtov, o 3x3 wivokog TG pofnpoatikng
avarapdotacng tov yovidv Euler tomov Z-X-Z [12] kabdg Kot
n yovia theta. H oyéon mov mpokvmtel avapeca otig theta,
(02+03+64) ko 85 diveron and v e&icwon 5.
cos(theta) = sin(6, + 65 + 6,) cosO; (5)

Ot dyvootor oe autyv Vv oyéon eivar n theta kot to
aBpoopa (02 + 83 + 64). O vroloywopodg g theta yivetron
YEOUETPIKA pe ypron NG Yoviag mTpocéyyions, Aapupdvovrag
vroyn Ot yovia theta eivor n yovio peta&d tov a&ova Z” tov
GLGTNUATOG CLUVIETOYUEV®V TG BAong Kat Tov dEova Ztool Tov
GLGTNUATOG CUVIETAYUEVAOV TNG OPTAYNG, pe v Ztool va Exet
Oetikn @opd ot MG TPOG TV OToilo TO AKPO TNG APTAYNG
npooeyyilel To avTikeipevo.

Yy ewova 8.(a), n opmdyn Ppioketol e KaTakOPLEN
otdon otnv onoia: theta=180°. Katd tn otpéym g apmdyng
omw¢ otnVv ewdva 8.(B) N yovia theta av&dvetar Katd @°.

(@) ®

Ewova 8. (o) tpiyovo mpocéyyong yw theta=180°, (B) tpiywvo
TPOGEYYIONG VITOAOYIGHOD YOVIAV O, O.

Yroloyilovpe apyikd tnyv yovia & omd v oyéon 6.

cosS = lszyll (6)

6mov 1=0.1505m &ivai to ufiKog g apmdyng Tov Ppayiova.

Apo. n yovia ® Ba givor: w = 90° — § ko 1 yovia theta:
theta = 180° 4+ w 1 theta = 180° — w @)

avALOYO OV 1] GTPOPN YIVETOL TTPOG TNV ECOTEPIKTN 1| EEMTEPIKN

TAEVPA TNG APTAYNG AVTIGTOLYO.

¥t ovvéyewn mAéov pmopel va vroloyiotel To dOpowspa (82 +

03+ 04):

(62 + 63 + 64) = arcsin (%’jm)) (8)
5

TMa tov vroAoyopd g phi arnd Tov aAydpiBpo kabodynong
Tov Bpayiova oyvel 1 eElowon 9.
. —Ty3
phi = arctan (—ng) 9)
omov ta otoryeio T13 ko T23, Tov wivako opg KivnUaTIKNAG,
vroioyilovton amd 115 e&lomwaoeig 10, 11.
T,3 = cos6, cos(0, + 65 + 0,) cosOs + sinb,sinby
T,3 = sin6; cos(8, + 6; + 0,) cosOs — cosO,sinbs

(10)
(11)

Me avtiotoiyion TOL  TWVOKO  TPOGOVOTOAIGHOL Yo
avanapdotaon pe yovieg Euler Z-X-Z [12] kot tov mivako
TPOGUVATOAGHOD amd TNV opbf Kvnuatiky, OTmMG ovTy



mpoékuye Le xpnon tov tapapétpeov D-H, Bpickovue nog to
psi vrohoyiletat amd v e€icwon 12.
cos(6,+603+0,4)

sin(theta) ) (12)

"Emetta and 1o0u¢ mapamdved DToAoYIGHOVE Kot £XOVTOG TO X,
y, Z, phi, theta, psi Tpaypotonoteital 1 ovTicTPOPN KIVILATIKN
avalvon kot vroAoyifovtal ot yovieg mepiotpopng 01-05 yuo to
poUTOT, DGTE VO TPOGEYYIGEL TO TPOG CPTAYT AVAYVOPLGUEVO
avtikeipevo (swova 9.(a)). Zto ocvykekpyévo  meipapa
avayvopilovtor KoOKkva avtikeipeva. Xty ewova  9.(B)
eppaviletar n ewodva Kat@EAlov Kot oty ewoéva 9.(y) o
TVOKAG OTEPEOCKOTIKMV dtapopdv (disparity map).

psi = arcsin(

(B) N )
Ewcova 9. (0) apmayn aviikeévov (B) ewdva kato@riov (y) mivokog
GTEPEOCKOTIKMDV SOLPOPDV.

B. Apmayn  kivobuevov  avuikewévov  pue  KOTOKOPLPO

TPOCAVOTOLIGUO EPYOLETiov Ppayiova

Mo va tomobeteiton m apmbyn poévo o€ KATAKOPLOO
TPOGAVOTOAMGHO, dNAadT 0 Slapnkng a&ovog g va givot
mavtote mapdAAnAog pe Tov GEova Z° TOL GLGTHLOTOG
GUVTETAYUEVOV TG PACNG TOV POUTOT, 1] JASIKOGIO TOL
axoAovBeitar yio Tov vmoroywopd twv phi, theta, psi givon
apKETA amAovotepn). AvTd 0QeideTal GTO YEYOVOG TS, TNV
mepintoon avt) 1 yovio theta Ba Tapapével mévta ion pe 180°.
Ymv wepiotaon  ovty  €yovpe  1d1dlovoa  mepintwon
(singularity, e&lowon 8 yuo 05=180°) kon o1 ywvieg phi ko psi
Oa dtvovton amd v e&icwon 13:

phi = arctan (3:_) + %,psi = % (13)
Xmv mepintoon avt Exovpe UIKpOTEPO TEPIPAALOV
gpyaciog Kabmg 1 kivion Tov Ppayiova eival mo teploptopévn

amd mpwv. O TpoéTOG e TOV omoio yivetow M opmayn TOV
avtikelévov epoaviCetar oty ewova 10.(a). Katd v
eKTELEON TOL mEWPApOTOG ovToV avayvopifovior koKKva
avtikeipeva. Xt ewovo  10.(B) eupaviletar M ewdva
KATOEAOL a6 ToV 0AyOplOpo avayvadpiong Kot oty eKova
10.(y) o mivakog otepe0cKOTIKOV dlapopmv (disparity map).

®) B (¥)

Ewcova 10. (o) aproyn aviikeipévov (B) ewdva katweriov () mivakog
GTEPEOCKOTIKMDY S10POPDV.

C. Aprmayn  KvobuUeEvov — OQVTIKEWUEVODL — UE
TPOCAVOTOLIOUEVO EpYaieio Ppoyiovo.

opilovrio,

o tov ovyKeKPEVO TPOGOVATOMGHO NG Opmdyng ot
yovieg Euler dwnpodvion otabepéc. Me ypnon  1tov
StavdopaTog P (ewdva 11) mov eprypaoet v B€omn g drpng
™G apmayng o€ oyéon ue 1o k€vrpo g (Tool Center Point) kot
ToV Tivake opBng Kvnpatikng vroioyilovtot ot yovieg Euler.

To dudvvopa P Sivetar and v e&lomwon (14).

[ sin(theta) sin(phi)
P = |—Isin(theta) cos(phi) (14)
lcos(theta)
Apa o1 yovieg Euler mov mpokidmtovy givon ot €ERG:
N L RO
theta = 2,phl— S psi =7 (15)



Dﬂ= 150.5 mm

P

Ewoéva 11. Avdvoopa apmdymg P

Y10 meipapo avtd avoyvopilovtor ToptokaAl avtikeipeva. H
MPOGEYYION TOV €V KIWNOEL OVIIKEWEVOVY  yiveTon pe
SlQOPETIKO TPOTO amd TA TPOMYOUUEVA KATL TO Omoio
gpeoaviCetar oty gikova 12.(a).

) 42)

Ewova 12. (o) aprayn avikepévov (B) etcova katoeAiov (y) Tivakog
GTEPEOCKOTIKMDY S10LPOPDV.

V. TYMIIEPAZMATA

O akyopBuog avayvapiong 8éong otov 3D yodpo édwoe
IKOVOTIOMTIKT] OKPIPELN OTIG GUVIETUYIEVEG TV OVTIKELLEVDV,
Yo TV €Qapupoy mov mpoypotomomOnke. E&outiog g
TAPIAIANG TOTOBETNONG TOV KAUEPDV VITAPYEL TEPLOPIGUEVO
medio avayvdpiong Kot o aAyOplOog Aettovpyel IKOVOTOMTIKA
Y0 IKPEG OMOGTAGELS. X& LEAMOVTIKEG EQOPLOYEG LTOPOVV VO
xpnoyomomBodv  Kapepeg oe  SoPOPETIK O1dTaEn OmMG
ovykAivovoeg, kabeteg kol meprocdtepeg and dvo. Ilapott

xpnoonomdnkay amhéc web Kapepec, avtég avianokpidnkoy
OTIC OmMOUTACEL TOL  mpoypappatos. O  kddKag mov
viomomOnke, evd dev givatl o BEATIGTOG duVOTOG, EKTEAEITOL OE
pkpo ypovikd ddotnpa (mepimov 300 msec). Avtd opsileton
OTNV UIKPN TOAVTAOKOTNTO TOL OAYOPIBLOV avayvApoNg LE
Baon to ypodpa kot otov Semi-Global-Block-Matching
(SGBM). T perlovtikny epyacio, mpoteiveror m ypnom
SPOPETIKOD TPOTOL TPOCEYYIONG GTNV  AVOYVAOPLST TOV
avtikeévov (m.y feature matching), xkafdc kot drapopetikdg
aAyopiBpoc emilvong tov mWPOPANLOTOS avTioTOVKiNG Yo
peyardtepn akpifewa. ‘Emerta va toviebel nog o Ppayiovag
Katana npoc@épet £va QMK TepIBAALOV TPOYPOUUUATIGHOV,
pe ploa mnBodpa PProbnkdv mwov e&umnpeTodv TOAAOVG
oKomovs kat fonbdve v dadikacio eEAEyyoV TOV, KOl ¥pNoNS
0V o€ epappoyég tomov “pick&place”. Téhog, va avapepbei
TOG TO. TEPAUATO CVTA WTOPOVV V. TPayHoTorombody oe
Aertovpykd  ocvotiuate  Windows kot Linux kot ot
ypnowonowovpeves  Probnkec elvar  oe  yAdooeg
mpoypoppatiopod C++ evd mpoteiveTon axoun kol n xprion
pikpoenesepyootd@v ARM pe Asitovpywd ovotmuo Linux
(Ubuntu, LUbuntu).
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Power—over—Tether: A remote powering system
for small Unmanned Aerial Vehicles

Lida Zikou', Christos Papachristos?, and Anthony Tzes®

Abstract—Within this work, a system for remote powering of
small-scale hovering Unmanned Aerial Vehicles is developed,
aiming to achieve prolonged-endurance flight times in order to
address possible civilian applications with such requirements. To
this purpose, the key-concept of a Power-over-Tether system is
proposed, with the power bank for the UAV’s operation located
on the ground, and power transferred via a tethering cable. In
order for the UAV to be capable of executing hovering trajectories
as freely as possible, a long power cable is wound onto a custom-
developed base, which is capable of releasing and retracting it
when necessary. The Power-over-Tether system base is developed
to operate autonomously, locally sensing when the aerial vehicle
requires additional length of free cable to move to its intended
goal, or when excessive cable length requires retraction, and
performs the respective actions. The complete implementation of
the system, both hardware and control-wise is elaborated in detail
within the scope of this paper. Additionally, experimental
evaluation studies are conducted, demonstrating the potential of
the proposed Power-over-Tether system.

Index Terms—Aerial Tethering, Force Feedback Control,
Mobile Robotics, Remote Powering, Unmanned Aerial Vehicles

I. INTRODUCTION

UNMANNED AERIAL VEHICLES (UAVs) have dominated the
field of robotics research during recent years, with a significant
number of technological and scientific breakthroughs having
been achieved in order to tackle the challenges associated with
their airborne nature. More specifically, the field of small-scale
durable UAV design [1] [2] —including efficient electric
propulsion systems [3]-, the field of high-precision robust
model-based control [4] [5] and autonomous navigation/path-
planning [6], the field of robotic manipulation [7] [8], and the
field of robotic —visual or otherwise— perception [9],
accompanied by the development of small form-factor, high
computational power embedded systems, have all seen major
breakthroughs. This momentum has sparked a keen interest on
employing small-and-medium scale UAVs in a multitude of
civilian applications of a wide range, such as industrial
infrastructure inspection [10], environment mapping [11],
disaster relief [12], precision agriculture [13], and more.

As each limiting factor to their widespread utilization is
being addressed, their potential rises even further. However,
particularly for small-scale stable hovering platforms —such as
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Fig. 1 The Power-over-Tether System in autonomous operation.

standard multirotors— the available sources of power are limited
to on-board electric storage cells (batteries) which limit their
operational endurance to a sub-hour time-window (typically
15-30 minutes). There exists a range of possible crucial
applications, where long-term operation of such systems is
required —e.g. precise inspection/mapping [14] of large
industrial structures or wide-spaced environments—, and certain
tasks involving more than eye-in-the-sky operation —e.g. active
physical interaction tasks [15] [16]— which can be achieved by
UAVs, at the cost of significant power requirements however.
More significantly, within those tasks agile flight and
aggressive maneuverability might not be the key prerequisite,
as much as stable operation while hovering at high altitudes.
This work is focused on proposing a method for remote,
ground-based powering of small-scale hovering UAVs, which
can provide the required long-term power endurance to the
aerial vehicle while maintaining operational safety by achieving
independent functionality —i.e. without communicated
knowledge of the UAV’s state—. To this purpose, inspired by
recent research work on the advantages of taut-tethered UAVs
[17] [18], the idea of a ground-to-air Power-over-Tether (PoT)
link which carries power to the vehicle —as illustrated in Fig. 1—
is proposed, with the respective enabling subsystems having
been designed and implemented, allowing for its experimental
evaluation. It is important to note that a crucial requirement for
such a system is to retain the tethering link at taut tension, to
prohibit it from falling on the ground, while allowing the UAV
to navigate with relative ease (without forcefully pulling against
it), and to do so in a locally-controlled autonomous way to avoid
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Fig.2  The Power-over-Tether System Components: ) The autonomous PoT ground base, II) The autonomous HS-drone quadrotor UAV.

operational hazards in possible air-to-ground communication
hang-ups or relative position estimation errors. Within this
paper, the design of such a system is elaborated, accompanied
by an analysis of its required control synthesis. Finally,
experimental evaluation studies are presented, with the PoT
system powering and working with a quadrotor UAV —the
custom-developed HS-drone— which performs trajectories
designed for visual inspection of its environment.

This paper is structured as follows: In Section II, the PoT
system is elaborated as per its design and principles of
operation. In Section III, the implemented control synthesis for
its autonomous operation is presented. Section IV presents
results of experimental studies, carried out with a small-scale
UAV. Finally, Section V concludes the article.

II. POWER—OVER—TETHER SYSTEM DESCRIPTION

This Section presents the complete system setup used for the
scope of this paper, including the PoT system and HS-drone,
more heavily elaborating on the first.

A. Autonomous Power-over-Tether System

With reference to the markup of Fig. 2-I, the PoT’s main
component is the Winder Drum a), upon the central perimeter
of which the power cable is wound. The Winder Drum is
attached on one side on a Ballbearing joint, thus rotating w.r.t
the PoT base around the indicated b) Degree-of-Freedom
(DoF)-1. Measurement of the Winder Drum’s rotations is
enacted with the help of 2 parallel-placed Hall-effect Sensors —
marked as Encoder 1 in ¢)—, which sense the presence of small
Neodymium Magnets placed onto the perimeter of the Winder-
to-Ballbearing support shaft. The Magnets array consists of 2
pairs of 20 magnets, interchangeably placed in each series
(w.r.t. each sensor) such that their outward-pointed poles-
sequence is North-South-North-etc. Moreover, the 2 series of
the array are radially spaced in-between each others’ empty
spaces, such that the Hall-effect Sensors can encode the
direction of rotation. Also, it is noted that the cable is inserted
into the Winder Drum at a hole, and exits from the support shaft
at location d). As can be observed, Cable Exit d) supports the
cable’s 2 phases in parallel placement, hence any twisting
occurs from d) and up to the external power source.

In the proposed implementation, there is an additional
Degree-of-Freedom —marked as DoF-2 in ) —, which exists due
to the fact that the f) Servo’s shaft can rotate w.r.t. its body,
which is attached onto a Ballbearing joint in e). For a locked
servo shaft, DoF-1 and 2 rotate coincidently, otherwise relative

rotation is possible. The Servo is also attached onto the rigid
PoT base body via a Retainer-Spring g). This allows DoF-2 to
rotate up to an approximate maximum of 60 deg, but more
importantly it returns the Servo and DoF-2 back to an original
rotation, when the Spring contracts (following elongation
which is caused by an externally applied pulling force. The
Rotary Encoder 2 in h), implemented with a potentiometer
measures the absolute deviation of DoF-2 from its original
rotation (at zero Spring elongation), and is used to estimate the
Spring’s elongation.

The aforementioned implementation aims to achieve local
“sensing” of the UAV’s tendency to distance itself from the
PoT base, or backtrack towards it: when the aerial vehicle
moves away it pulls against the cable, and the mechanical
tension force is transferred via the Winder Drum onto DoF-2,
effectively elongating the Retainer-Spring. When the opposite
maneuver happens, mechanical tension is decreased and the
Spring is compressed accordingly. This principle is used to
achieve force-feedback estimation and control the PoT system
via the actuation principle granted by the Servo; the specific
control synthesis is elaborated in Section III.

The PoT base can also rotate w.r.t. to the World-frame X, as
marked by DoF-3 in i). A Ballbearing joint and a fixed-base
shaft guarantee minimal friction, while the absolute Rotary
Encoder 3 (also a potentiometer) yields the respective
measurements. It is noted that due to the potentiometer the
rotation range of DoF-3 is constrained in [—120, 120] deg.

An additional component of crucial operating significance is
the Flex Sensor marked as k), properly placed at the PoT base
ground-to-air cable exit at a low height. This aims to detect
when the cable has reached a height lower than a certain
threshold, which might signify that part of the cable is in contact
with (has fallen onto) the ground. This is a particularly
undesired occasion which can cause operational problems, as
will be discussed in Section III.

Finally, an onboard Microcontroller 1), the DF-Robot
Mega2560 specifically, is attached onto the PoT base. This
handles the acquisition of measurements from the onboard
sensors, the estimation of all necessary values, and the
computation of the necessary control actions. It is also
responsible for the generation of the low-level control signals
which are required to drive the Servo actuator. It is additionaly
noted that a Qt-based Graphic User Interface tool has been
developed in order to visually display the PoT’s operating
values —acquired from the Microcontroller’s serial port— and to
override its autonomous control process in real-time operation,



and to log all necessary operational values for post-processing.

B. Autonomous HS-drone

It comprises of a custom-developed quadrotor UAV which is
illustrated in Fig. 2-1I, with high onboard computational power,
a proprioceptive/exteroceptive perception sensor-suite, and a
custom-synthesized software framework —such as the ones
elaborated in [19] [20] —, which grants high-level functionality
and interoperability. This allows for all state estimation loops
to be executed autonomously onboard —the specifics of the
algorithmic implementation can be found in [21]-, without the
need for external motion capture systems, as well as the
execution of complex Model Predictive Control MPC laws [22]
which guarantee the observance of any imposed state and input
constraints while achieving response optimality.

Overall, the platform is capable of following an a-priori
determined trajectory (given in the World-coordinates frame
X = {x,y, z} of Fig. 2-11) without the need for remote control,
as 6-Degrees of Freedom (DoF) ego-motion estimation is
achieved onboard in real-time, while concurrently capturing
and processing color and depth images of its environment via
the use of an onboard RGB-D sensor (the Microsoft Kinect),
enabling the extraction of 3D-PointCloud representations of its
operating space.

The UAV operates according to the well-established
cascaded attitude-translation control methodology [23], and
within the present work no knowledge of the fact that it is
tethered to the ground is assumed, i.e. a free-flight control
scheme is left to handle the aerial vehicle, and any externally-
induced forces/moments from the tethering link are assumed to
be unknown/unpredicted disturbances. The effective
disturbance rejection properties of the UAV control scheme
allow the aerial vehicle-side to operate autonomously and
independently while performing trajectory-tracking.

III. POWER-OVER-TETHER SYSTEM CONTROL

As previously described, in order to maintain operational
safety, it is important for the PoT system to function
autonomously. The capacity to “sense” the UAV’s tendency to
move at a greater distance or to backtrack, as well as the
approximate estimation of their relative position vector
orientation —assuming no physical interaction occurs between
the PoT ground base and the vehicle in the air—, is achieved
locally, as described within Section II.A.

Let the PoT locally measured values be defined as: a) £ is
the number of rotations of the winder (forced to zero at the
beginning of an experiment), which is directly measurable by
the hall-effect sensor array. This value can also be used to
approximately estimate the cable length [ released from the
PoT, given the dimensioning of the winder: 7, radius and d,,
width, and of the cable: {d., h.} cross-section area width and
height, [, length already released at the beginning of an
experiment, and [y total length (it is noted that in this specific
implementation a cable of length I = 10 m is used). b) T is the
sum tension force on the cable, transferred to the outer radius
of the winder and estimated via the measurement of the retainer
spring’s elongation according to Hooke’s law. It is noted that a

“soft” sensitive spring is used in order to acquire small
deviations via a simple measuring device (a rotary
potentiometer at DoF-2). ¢) w marks the servo’s rotational
speed (i.e. rotations/sec). The continuous-rotation servo acts as
a slow-rotating DC motor, and is used to control DoF-1 by
modifying (2, and thus releasing/retracting the cable. It assumed
that ™ = w at all times, i.e. the commanded rotational speed is
the actual one (where the r superscript marks the reference
value). d) F is the flex sensor state. This is treated as a Boolean
value, i.e. either there exists physical contact of the cable and
the sensor, or not. Finally, ) Yp,r is the orientation of the PoT
Frame w.r.t. World-frame X as measured by the DoF-3 rotary
encoder.

The PoT control synthesis follows the cascaded control
structure paradigm, as illustrated in Fig. 3. The employed
control principles are as follows:
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Fig. 3 The Power-over-Tether System Control Scheme.

A. Winder 2 Turns Control — Free Cable Length Control

This section of the control structure is considered as the inner
loop of the cascaded scheme. It is driven by a reference absolute
winder-turns value 22", and computes the servo rotational speed
command w", based on the relation:

" = K?e? (1)

e?=("-0) 2)
reflecting a Proportional control logic which manipulates the
rate of release/retraction of the cable (tethering link). Defining
as positive the direction of rotation which releases the cable
(and negative the one which retracts it), it is noted that the
maximum and minimum rates that can be achieved are
constrained in w € [—w®, w™*"], where w® the servo’s
maximum controlled speed, and w™¢" the servo’s maximum
speed under a large externally applied additive rotating
moment, which does not cause it to suffer catastrophic failure.

Essentially, this means that while retracting the cable, the
maximum rate is determined by the servo’s operational
characteristics, while when the cable is released, the rate of
rotation can be further accelerated if the UAV is also pulling it.
Also, it is noted that (1),(2) yields a control action which is fed
to an integrating system (the servo which rotates until (2 reaches
07"), ie. the Proportional authority controls the rate of
integration.



B. Tether Tension T Control — Reference Q" Generation

This is the outer cascaded control structure block. It is
responsible for the generation of an appropriate 2" reference
signal, according to the desired principle of operation.

For the purposes of this work, the key requirement is to
maintain the tethering link at a relaxed taut-tension. This
implies that the cable will neither significantly constrain the
UAV’s free-like hovering navigation, nor will it curb
excessively under the effect of gravity —or in the extreme case
fall onto the ground—. In this implementation, this is encoded as
an objective to maintain the tethering link (cable) tension force
within a range T € [TY,T!]. In proper operation, the PoT
mechanism will release an additional cable length when it
“senses” that the UAV is pulling away, and retract it in case it
becomes excessive, e.g. when the UAV returns to close its
distance from the PoT ground base. This “sensing” is achieved
locally via estimation of T as preciously elaborated.

The specific methodology falls along the lines of an
Integrator-control logic, with Hysteretic shaping of the tension
error:

0" = K”fert

3)
T¢ =T s =Retract

el = 0 s = Idle (4)
T¢ —T s =Release

where the tension error calculation relies on an auxiliary logical
variable s, which takes the values S €
[Idle, Retract, Release], as illustrated in Fig. 3 and according
to the hysteretic rule:

Retract IFT > T* s
Set s to: | Idle IFT € [T¢, T¢] ©)
Release IFT <T!

This ensures that the releasing/retracting states will be
entered upon exceedance of some upper thresholds {T*, T} and
will be maintained until the lower (relaxed tension) thresholds
{T¢, T¢} are reached. It is also mentioned that the Integral-logic
control of (3),(4) generates an increasing/decreasing
N reference value as the UAV pulls away from/returns back to
the PoT ground position respectively, and the rate of
increase/decrease depends on the magnitude of the applied
tension —e.g. how strongly the aerial vehicle pulls—.

It is finally noted that when a switching of the logical variable
s occurs according to rule-set (5), the reference 27 value is reset
to 2" — 2, in order to avoid control action windup due to error
integration, which would slow-down the system’s response as
it passes from state-to-state.

C. Ad-Hoc Flex Sensor Retraction

The Flex-sensor serves a special functionality, as it allows to
detect when the tethering link has reached a point where it is
unclear whether the estimated tension T is attributed to the
UAV pulling, or there exists an intermediate physical
interference which constrains the cable. Such a possible
condition may arise in the case that the UAV quickly backtracks
and the PoT retraction is not fast enough to ensure that the cable
does not temporarily fall onto the ground.

In such a case, the generated ground friction —given that a
certain length of the cable lies upon it— will pass on as cable
tension while the servo pulls (retracts the cable). In order to
prohibit this, sensing of the tethering link’s contact at the (low)
height of the flex sensor near the PoT exit point is used to raise
alogical flag F. When F is active, the Flex Sensor control block
illustrated in Fig. 3overrides the Tether Tension Control block
command " and drives the Winder Turns Control block with
its own 27 command, which is strictly retracting:

o= K2 f el dt ©)

where el a large negative constant value, simulating a
constant tension error for as long as the Flex Sensor reports
contact with the tethering link.

D. Considerations

In the cascaded control structure previously elaborated, the
value K? of block B) modifies the rate of increase/decrease of
the Q" reference winder turns command, while the value K of
block A) modifies the commanded rate-of-rotation passed to the
servo.

It is highlighted that it is highly inefficient to attempt to
maximize the values of K?,K®, or to attempt to match them in

.. . an’
sizing —i.e. to try to force the servo to rotate at a TS speed as

derived from block B)—, as for each accelerating motion of the
servo attached to the winder (w.r.t. DoF-1) an adverse reaction
moment is activated which affects DoF-2. An excessively
overtuned set of gains can make the system quickly oscillate
between the {Release, Retract} states, inducing excessive
undesired oscillations via the tethering link onto the UAV.

For the purposes of this work, the gains were iteratively tuned
via experimental trial-and-error process, and it was concluded

. ao”
that the best performance occurs when K yields e values
comparable to the servo’s w®, and K performs slightly
. ao” .
undertuned, i.e. when 0" < % . It is re-noted that any error-

integration due to such an undertuning is reset as described in
Section II1.B.

IV. EXPERIMENTAL EVALUATION STUDIES

For the experimental evaluation studies of the proposed PoT
system, the components described in Section II were employed.
The experimental scenario mockup consists of an internally-
located closed space, within which the UAV is commanded to
execute an environment inspection-like trajectory, given in the
World-coordinates frame of Fig. 2-1I). As previously described,
no communication between the ground-located PoT base and
the UAV takes place, and data acquired on the aerial vehicle-
side are accessed after the end of the experiment.

Fig. 4 illustrates the X" reference 3D-Trajectory (dashed-red
line) and the X actual one (blue-solid line), accompanied by the
UAV’s orientation vector for sequential 0.5 s instances (green
solid lines). It is noted that X™ is timestamp-progressing, i.e. it
does not wait for the UAV to reach each waypoint. Hence, due
to the disturbing cable tension introduced by the tethering link,



a degradation in trajectory-tracking can be observed.

Fig. 4 Reference and Actual 3D World-Trajectory, with orientation vectors.

On the other hand, the UAV’s orientation DoF 1, as noted in
the bottom subplot of Fig. 5 (blue-solid line) remains almost
unaffected in tracking its 1" reference (red-dashed line). This
can be attributed to the fact that the tethering link is attached
near the Center-of-Mass (CoM) on the UAV-side, thus
introducing minimal disturbing moments. Consequently, the
aerial vehicle acts as depicted in Fig. 4, i.e. visually scans its
operating environment’s structure as it progresses along the
timestamped -a priori designed for environment inspection
purposes- X" reference trajectory.

Fig. 6 illustrates the respective operational values of the PoT
system during this experimental sequence, in a UAV-to-PoT
time-aligned series. Within it, the top subplot indicates the
Winder absolute turns {2 (blue-solid line) and the reference
value " (red-dashed line), as generated by the Tether Tension
block B) of the control structure of Fig. 3, following the logic
described in Section II1.B.

It is important to note that as the aerial vehicle moves away
from the PoT base (located at Xp,r =~ {—0.75,0,0} in the
World-frame of Fig. 4), and more specifically within the time-
window t € [132.5,142.5], it naturally pulls against the cable
end in the air. During this sequence, it can be observed in Fig.
6Fig. 5 that there exists instances where the reference 2"
increases at larger rates; at these are points where the UAV pulls
harder (as its own on-board control tracks X”) and according to
the scheme of Section II1.B the larger tension error is integrated.
The PoT system increases its absolute turn count {2 (via the
control authority of Section III.A) which does not match the rate
requested by 27. Hence, a significant tension remains active on
the UAV’s CoM, which additionally pulls the aerial vehicle
downwards, as can be seen in the altitude middle-subplot of Fig.
5. Finally, it is noted that the bottom subplot of Fig. 6 illustrates
the PoT’s change in orientation according to DoF-3 as
mentioned Section IL.A.

Disturbances introduced by the PoT system on the UAV,
such as the ones discussed within the present Section, can be

tackled either by imposing rate constraints on the aerial
vehicle’s navigation control —and properly adjusting any time-
progressing reference trajectories—, or by enabling
communication between the system’s components. It is noted
that given the maximum aggressive-maneuvering operation that
can be achieved by multirotor vehicles, the PoT cannot match
their speed while releasing/retracting the tethering link, hence
any mentioned slew-rate constraints mainly refer to the UAV-
side.

In any case, this experimental sequence demonstrates that
despite the aforementioned considerations, the PoT system —as
a whole— can operate reliably, with no major repercussions in
the navigation of slow-hovering multirotor UAVs. For the
entire experimental sequence, no on-board power medium was
available to the aerial platform; hence such an operation can be
extended in time for as long as power can safely be procured on
the PoT ground-side.
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Eventually, the on-board RGB-D sensor allowed the
extraction of a 3D PointCloud representation of the
environment’s visible hull at each time-instant of the X
trajectory of Fig. 4, at approximately 25 Hz. Making use of the
powerful assets provided within the framework of the Robot
Operating System [24] tool-base, Simultaneous Localization
And Mapping (SLAM) can be performed in order to acquire a
closed-loop solution to the exact transformation between
sequential PointClouds, and extract a reconstructed 3D model



of the UAV’s operating space. The result of this process is
illustrated in Fig. 7.

N NOTER

Fig. 7 SLAM-based Reconstruction: Environment 3D PointCloud Model

V. CONCLUSIONS

A Power-over-Tether conceptual system for remote
powering of small-scale Unmanned Aerial Vehicles was
proposed. The system was designed and implemented at the
device level, with all components elaborated and presented
w.r.t. their operating principles. The necessary control
synthesis, in order to achieve the required functionalities, was
presented and thoroughly analyzed. A fully functional
prototype assembled for the experimental evaluation of the
proposed PoT system was employed, accompanied by the
presented control scheme. Together with a high-end quadrotor
platform, the operational capacity of the PoT system was
evaluated in a set of initial experimental evaluation studies. The
respective results were discussed, demonstrating the proposed
system’s potential for use within realistic applications.
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éykeartol Kupiog 610 OG0 PopnTY €L Yivel N TeXvoroyia
mAéov. Lyed6v 6ot £xovv évav @opnTé vmoroyioTi) 1| £va
smart phone onfpepa. Avté cVvETAYETOL 6TO VO Eivonl Kot
70 O1OIKTVO 660 «POPNTO» YiveTdl, KATL TOV 1] EveVppOTY
Teyvoroyio. dgv emrpémel. o avtd onuovpyndnke n
OVAYKN 0oVPROTOV TPOTOKOALOVL emkowvovias. To moro
owdedopévo a6 avtd givor To Wi-Fi, mov pog emrpémer va
ovvdelovpe aocOppata o éva dikTvo péco @OPNTOV
vmoloylsTi), smart phone 1 oxépn kor amd Ghlreg
OUGKEVES. XTIV Topovow E£pevva  mopovolalovpe TL
ovvn0iletor ota Wi-Fi g Attuiknig andé 0épa acedieroc,
TELVOLOYIOG, GELOMIOTIOG, TEYVIKNG KOl KOTUOKEVLAGTPLUG
grapiag.

Index Terms— Wireless, Network, Analysis, Athens, Wi-Fi

. EIZATQI'H

‘Eva diktvo vmohoyiotdv givar éva 6GOVOAO OO VTOAOYIOTEG
Kot €ELTNPETNTEG N OLOKOUIOTEG GLVOESEUEVOL LETAED TOVG,
€yovtog v dvvatodtnta vo aviaAddEovy mAnpogopies. Amod
mv GAAn €éva  oaoOppoto diktvo, o avtifeon pe v
EVOUPHOTN EMKOWVOViD, Ogv ¥pNoLLoTolel ®G HEGO HeTAd0oNG
Kkamowov Tomo kaAwdiov. To Mo guptws YvooTd acHpLTO
diktvo givar to Wi-Fi. To Wi-Fi 71 IEEE 802.11x. &ivon
omolodnmote aovppato tomkd diktvo (WLAN) mpoidv mov
ompiletor mwdvew oto 802.11 standard tov Institute of
Electrical and Flectronics Engineers (IEEE).

O avBpwmog ypnoyonolel oe kadnuepwvn Pdon éva acvPUATO
diktvo kvpimg Wi-Fi £yovtag v avéykn yuo. 0TOpOKPUGHEVN
emkowavia, petaeopd dedopévav. Tt aopdiela Exel OP®G TO
Wi-Fi mov ypnowonoel? Amd v €pguvo OV
mpoypatonomdnke otnv AOMvo TopabETovE T GTUTICTIKG

otoyeic yw T0 TOMO  ACQAAEWG  (TPOTOKOAAO
KpurToypdonong) tov Wi-Fi.
'A.EI MEIPAIA T.T. Twipe: Mnygevikév HiekTpovikdy

Yroloyi6TIK@V Zvothpdtov, e-mail: kntoutsos @gmail .com.

A.EL. MEIPAIA T.T. Tpjpe: Mnygovikéy Hiextpovikdy
YnoloyioTik®V Zvotnpndtoyv, e-mail: dsapikas@gmail.com

SA.EIL TEIPAIA T.T. Tpipe: Mngovikév Hiektpovikdv
YnoloyioTik®v Zvetnpdrov, e-mail: n.vasileiadis@yahoo.gr

‘A.EL TEIPAIA T.T. Tpipe: Migavikdv  Avropaticpov,
e-mail: d.pantelis2@gmail.com

[T avaivtikd, To TpoTéKOoALY KpTToYpapnong Wi-Fi elvau

1) EXevBepa diktva, dmov dgv ypnoylomoteitol kavevog €idog
KPLTTOYPAPT|OTC.

2) WEP (Wired Equivalent Privacy), default mpmtokoilo
KpLRITOYPAPNoNG, Bewpeitol avaoParés.

3) WPA/WPA2 (Wireless Protected Access), Oewpeitol 1o mo
AGPAAEC TPOTOKOAAO KPLTLTOYPAPNONG.

II. XTOXOI/ANAAYXH

Yvykekpipéva, o BERaTa Yo T Omoio WXVOLLE OTaVTCELS
elvan ta €ENG:

1. Acodhrelo Wi-Fi diktoov
KaBopiopdg tic ypriong tav dtapdpov tp@ToKOAA®Y
kpuntoypagnong Wi-Fi diktoov.

2. Tlocootd ypnong WPA kot WPA2
Avdivon tov Tpotokdiiov WPA kat kabopiopd tov
TOGOGTAOV Xpnomng tov WPA2

3. Kotookevdotpieg etaipieg tov Wi-Fi cuokevdv
IMoGoo16 TG ayopdc mov €xel N kGO etarpio
kartackevng Wi-Fi cuokevdv.

4. Od6pvPog pétpnong
2TOTIOTIKN TAPOVGIOoT) TV GTOLYEIMV HETPNONG TOV
Bopvpov.

II; ME®OAOI

lNo v mpaypatomoinon g £€pevvag ypnoyLlomomdnke
kepaio pe oxtiva guPéretag 2.5km. Tpéyovrag 2 custom-
written scripts. ‘Eva bash script kot éva python pmopéoape pe
™V xpnon g Kepaiog va Aapovpe eketveg e mANpopopieg
OV EKTEUTOVV TOL AGVPHOATO STKTVO KOt EVOIL OTLOGLEG.

v ouvvéyelo  ypnolponombnkay  didpopa  script mwov
PBaciomkav oe  yAdooeg oOmwg  PHP,JS,Python,Bash
Commands yio va avaivBoOv KataAARA®G To. dedopéva ag
KO VO UTOPEGOVLE VAL TA TOPOVGLAGOVLLE YPOUPIKAL.

TNo v enelepyocio twv petpioewv tov Hopvpov
ypnoonomdnke to mpodypoppo Matlab pe 10 mokéTo Yo
ene€epynoio OTOTICTIKOV 60 UEVOV KOl KOTOVOU®MV.



III. ATIOTEAEEMATA / EEATQI'H ZYMIIEPAZIMATQON

111, AXOAAEIA WI-FI AIKTYQN

Avoloovtog To  0edOUEVO OV  OTOKTNGOUE HECH TV
petpnoe®v  pog,  umopéoape  vo  Pydlovpe  dudpopa
GUUTEPAGLATO, Y10, TV 0CPAAELD
[Ipdtov, 6nmg pmopeite va deite Kol GTNV TAPAKATO YPOUPIKT|
avomapdotac, 1 acEAAEld TOV SIKTOOV YopileTor og e&ng:

o 12% kaBorov acpdlelo

e 5% WEP ocopdireia

e 83% WPA/WPA2 acopdireio

Networks Security

W Hone security at all B WEP Security W WPA/WEAZ Security

iz.00%

Iepaitépm, pereT®VTAG KOl avaAdovVTag o8 peyavtepo Badog
ta. WPA/WPA2 3diktva, PTOpPOOUE VO TOPATNPHCOVUE TO
e&ne:

* 21% tov diktdwv vrootpilovv poévo WPA2

e 38% tov diktdov vrootnpilovv povo WPA

o Kot 10 41% tov dwtdwv vrnootnpilovv WPA ot
WPA2

WPL/WPAZ Analysis

W WEA Without WPAZ Support M WPAZ without WEA Support W Supports Both

38.00%
41.00%

Z1.00%

11, ANAAYXZH TON KATAXKEYAXTPIQN IIOY
XPHZIMOIIOIOYNTAI

Xpnowonotdvtag €vav odyopidpo avayvapiong mpotdinwv
kot ovykwvavtog 1ic MAC addresses tov HeTpioe®V HOG L
OLTEG OTO EMIGNUO KOTAAOYO TOV KOTOOKELOOTMV, MLOCTOV
oe 0¢om va TPoGdOPIcOVLE TOVG KATAGKEVOGTES TV routers
OV YPNCLLOTOLOVVTOL TTLO CUYVEL.

Usage of Manufacturers

W TP-LINK TECHNOLOGIES CO. LTD.
W Genet

¥ Thomson W Cisco

Other Manufacturers

m ZTE Corp.
W Kyocera Wireless Corp

W Netgear

™ Intracom SA W Hewlett Packard

ZTE Corp. (21.00%)

Other Manufacturers (48.00%) TP-LINK TECHWOLOGIES CO. LTD.

Netgear (1.00%)

Thomson (5.00%)
Cisco (6.00%)

Kyocera Wireless Corp (7.00%)

Hewlett Packard (1.00%) Intradonckal 1200

IV; ANAAYZH ©0OPYBOY

[IpooroBdVTag Vo KATaVOGoLLE TNV Katavou tov Bopvfov
TOV UETPNCEDV LLOG, YPTCULOTOOVTAG £VA. OO TO. KATAAAN
T éov epyakeio to Matlab pe mokéta  emegepyaciog
S€00UEVOV KOl OTATIGTIKOY VTOAOYIGU®V, OTMG UTOPOVLE VO,
Stakpivoupe omd TO SAYPOUUE, 1| KOTOVOUN TOV SESOUEVOV
BopvPov eivar oyxeddv Omwg avopevotoy. Avtd umopel vo
amodetyBel mo amAd TAPATNPDOVTOAG TAOG 1 KOVOVIKY KATUVOL
axoAovdei Ta dedopéva Bopvpov.
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MeAETN YELWGEMV AVELOYEVVINTPLOV LE OKOTTO TNV PeATion Tov
Brnuotik®v TdcemV

KotomovAn Evayyeiia

Epyaotpo Yyniov Tdosov,
Tunpa Hiexktpordymv Mnyoavikav kot Teyvoroyiog Y moroyiotdv,
26500 Harpa PIO

Zvoyn- LKomég TG TAPOvoag EPYAciog sivon 1 pEAETH TOV
Pnuatik®dv TGoe®V 6¢ £va 6VGTNNE YEIMGIG UVEROYEVVITPLUG,
PE TO 1600VVaN0 avOpAOTIVO KOKA®NA, péom Tng sopoimong
700 pg 10 Aoytopik6 EMTP-ATP, éyovtag cvpmeprhafer 6tovg
VTOAOYIGHOVS KOL TO (OLVOUEVO TOVL 10VIGHOU, (OOTE Vo
ekTIN 000V o1 Pnpotikéc Taoeg ot Pacn AVEROYEVVITPLOS OE
nepintoon mijypotog kepavvoy. H ggopoimon yiveror yia dvo
OLuTAEELS OEPEMOKOV YEIDGEMV KOL VL0 TPELS OLUPOPETIKEG
TEPITTMOGELS. LTIV TPATY AEPITTOG] TO GUGTHNATA YEIWONG
vroparriovian og kepovvikd minypo 100kA,pe ypévovg 1.2/50
ps, Bsopdvrog £diki] avrictacn £ddgovg 50 Qm ko TP
nediov wvicpoy 300 kV/m. Xtnv dedtepn mepintoon 10
Kepavviko miypa sivar 30kA,1.2/50 ps, pe €0k avrictoon
£6a9ovg oto 100Q2m ko wedio woviepov 300 kV/m, evédd oty
TPiTN TEPINTMGN VTOPAAETE TO GUOTINUHO GE PEVLHO KEPAVVOD
10KA, pe ypovovg 1.2/50pus, pe €191k avTicTaoc) £d0GQOVS 6TA
1002m ko 6ta0epi Ty TEdioV LOVIGNoV oto 300KV/m.

I. EINIAOT'H MONTEAQN

1.1. Emoyn Movtélov yeimwong

To povtéro yeiwong yivetor e KUKAMUOTIKY TPOGEYYIoN
RLC, 10 omoio cvuvifmg xpnoyLomoteital yio avomapacoTaon
U1 CUYKEVIPOUEV®OV GLGTNUATOV Yelwong. To poviého avtd
EVOEIKVLTOL Y10 OTAES YE@UETPiEG NAEKTPOSI®V YEIONG, OTMG
o ypoppkd  katakdpveo 1 oplloviie niektpodia. H
npooopoiwon Tovg yivetaw ovvibog pe T Ypnon m-
wodvvapov RLC xukAopatog, yio vo €yovpe KoAvTepn
TPOGEYYION TNG CULUTEPLPOPAG TNG YEIWONG GE TANYULOTO
KEPOWVDV 1 GAAOL LETAPATIKG POLVOUEVAL.

B —
ILE L.
I 1]
I

IxAua 1.1: KukAwuatik pooéyylon RLC
Ot oyéoelg mov Bo ypnoylomomBody Yo TOV VIOAOYIGUO TOV
MOPOUETPOV  TOV  OyOy®dv yelwong, 7Yoo to  opldviio
niextpdodia, givar o1 €€Ng[4][5]

1
L~ ;—:’T(ln% - 1) (1.1)
[2h+a l+\/l o2 a 2
1+(3)
. 1.2)
l+\/l +4h? 1+ Zh J
Znsl
C= (1.3)
P ()

1.4

o [ givar To punkog tov niextpodiov yeiwong

® g givou 1 SAEKTPIKY SLOTEPOTOTNTO. TOV EGGPOVG

o 10 ivor 1 poyvnTiKn SlamepaTOHTHTA TOV KEVOD

® p glvon 1 €181KN avTioTaon £56Povg

¢ h givar 10 BaBog evraplacpon Tov nAekTpodiov

® 0 givon 1 1006VVOULKT aKTive, NAEKTPOSIOV
H e&lowon mov ypnopomoteitor yio Tov LTOAOYIGUO TV
TOPAPETPOV TNG KAOETNG pAPoov, mpokvaTEL and TO £pYyO
tov Rudenberg kot etvan[4][5]:

21

-1_ P s
G = 211llog - (1.5)
C = 2melog> (1.6)
U Pl
L= P log . 1.7

1.2. Emtoy1 100560vapov avlpmmaivoy pHoviéAov

To ooddvapo poviého Tov ovBpmdmov pmopel  vo
avoarapactadel pe moAloOG TPOTOVG ,OMMG UE 1GOJVVALES €V
GEPG  AVTIOTOCES 1 HE GUVOLAGHO OTOEIOY Yyl TNV
Eeymplot avomopdotoon ke onueiov tov ooporog. To
HOVTELO TOVL ypnotpomoteiton yoo v efopoimon eivar O
axkoiovbo.

¥ta ode Tov avOpdTov BE®POLLE 1G0OVVAUN AVTIGTOCT
10kQ Adyo edikdv vrodnpdtov epyoaciog ta oroia avédvouv
v avtictoon.

10kQ

Iyfpa 1.2:16080vopo kokdopo ovepanivov cdpotog[8]

II. EEOMOIQXH XYEXTHMATOX
INo v géopoimon tov cvemudtov ypnoiponomdnkay dvo
TOTTOL YELDGEWDY GVELOYEVVITPLOV KOl TO 1003VVOUO KOKAMLLOL
TOV avOpMOTOV TOV SIVETOL TAPATAV®.

2.1. E€opoimon pe v tpdtn didtaén Oepehokng yeimong
H mpodtn Oepehoxn yelowon mov xpnoonomdnke
amoteAeitol omd o mEpyeTpik towvio pnqkovg 12,56



pETp@V, EEL OKTIVIKEG ToUvieg uMKovg 2 PETP@V 1 KAOE pio Kot
6 KéOeta MAexTpddlo pAKOLG 4 UETPOV KOTO UAKOG TG
TEPIUETPIKNG Touviog oe amdotaon petagd tovg 2,093m.
Emniong éva kdOeto nAektpodio eivor Tomobetnuévo 6to KEVTPO
g duataéng.

IxAua 2.1: ox£S810 ToU TPWTOU TAEYUATOG YELWONG TTOU Xpnowomnotdnke.[2]

fa= 1

T
iy

Lz
T3

Iypa 2.2:eéopoiwon Tov Trprd;ov cvotuatog oto ATP-EMTP

H avélvon tov cvuothiuatog Oa yivel yio TpEIg TEPITTMOGCELS.
2.1.1 Amoteréopata eEopoimons Tov TPATOL GLGTHIOATOC

A) Ze adn TV TEpinTOOT TO GVOTNUA YeiONG VITOPANONKE

GE PELUO KEPOWLVOU,
E,=300kV/m.

100kA, 1.2/50us, pe p=50Qm Kot

4 & 8 fus] 10

(file 3a plé; x-var ) v Az viB
Iyfpa 2.3: tdoeg TOV ToddV Tov ovlpOToL 6TovG KOMPOVg A(KOKKIVN
Ypapkn) kot B(mpdown ypaeikn)

1Al
0,0314]

0,1881|
|

0,2195 4= —— —

a4 5 8 [us] 10
Iyfpa 2.4 @ ypo@ikn TapdcTacn PELUATOG-XPOVOL OnmG HETpifnke and To
apmepOUETPO TOL eivar cuvdedepévo oTov KOpPo D-pedpa to omoio Swomepvi

70 avOpOTIVO TOSL.

Ao ta V0 TOPOUTOVEO  GYESIOYPAUUATO  TOPATNPOVUE
Pruotiky téon Ege,=4521V 1 ypovikh oty t=Ips kot
péywoto peopa I;,=219.5mA.

B) Y& avty v mepintmon 10 chotnpa yeimwong vroPAnonke

oe pedpo kepavvov 30KkA,
E,=300kV/m.

1.2/50ps, pe p=100Qm xot

[kv]
10~

o 2 4
(file 3b.pl4; x-vart) v:A v:B

6 8 [us] 10

Ewovo 2.5: tdoeig Tov moddv tov avBpdnov otovg kopPovg A(koikiivn

Ypopikn) kot B(mpdown ypagpin)

0,0000

[Al
-0,0229
-0,0458 \
-0,0687 ~

41

-0,0915+ \

N\

-0,1144 = —_—

2
(filo 3b.pl4; x-vart) oD -XX0001

[us] 10

Ewéova 2.6: ypaQikn mapdotocn peEVHOTOS-XPOVOD Ommg HeTpnOnke omd to
apmepOUETPO OV eivar cvvdedepnévo otov KOpBo D-pedua to onoio domepva

70 avOpdOTIVO TOdL.

And 10 oxedypdppoto  wopaTnpovLE

pnuotikny  thon

Eep=2356.2V 6tav t=1ps ko péyisto pedpa lig=114.4 mA.
I') Zg avth TV TEpinTmon To cVOTNH Yeimong VoA ONKE o€

p=100Qm «o

peopa  kepavvov  10kA, 1.2/50us, pe
E,=300kV/m.
/i”* e

4000-|

3000 |

2000

1000

> i
(file 3c.pld; x-var ) VA VB

3

3 sl 10

Ewéva 2.7: tdoeig tov modidv tov avBpdmov otovg koupovg A(kokkivn

Ypopikn) kot B(mpdown ypagpin)

(mAl
1o

2
(file 3c.pla; x-var 1) ¢:D  -XX0001

8 [us] 10

Ewéva 2.8 : ypaikh mopdotaon pevpotoc-xpovov omms petpninke amd to
apmepOUETPO OV eivar cvvdedepnévo otov KOpPo D-pedua To omoio dwomepva

70 avOpdOTIVO TOd

And 10 oxedypdppoto  wopaTnpovLE

pnuotikny  thon

Ep=1078.7V a1 péyroto pevpoa 1;,=52.343mA.

2.2 Eéopoimon pe v dgdtepn dbtadn Bepelionng yeiwong

H Jedtepn Oguehokn  yeiowon

TOL  XPNOLHLOTOONKE

amoteAeitat amd 3 opHoydvieg Tovieg ,2 optlOvTiES TaViEg TOV
EVAOVOLV TO E0MOTEPIKO LE TO PECHIO TANIGIO Kot 4 SloydVIEG
TOWVIEG TTOL EVAOVOLV TO WECOIO TAGIGIO HE TO HEYOADTEPO
eEotepiko. H mpotn opboydvia tovia Ppioketor o Pébog 2
pétpwv Kot €yel dlaotdoelg 11m*7.5m.Avtictoya ot 1
pecaio opboydvia towvio Ppioketor oto 6o Pabog pe



Sdwotdoelg 6.5m*4.5m. O 4 dwydvieg Tovieg eivor kot avtég
og Pabog 2 pétpav ko yovv unkog 2,7 pétpa. H pikpdtepn
(ecwtepikn]) opboydvia tawvio Ppiocketon oe Péboc 4 pétpov
Ko €yel dlaotdoelg Sm*3.5m,evdd ov 2 opllovrieg Tavieg
Bpiokovton og BaBog 2 péTpav kot €0V uNKog 2 LETPAL.

[ ]

Zypa 2.8 : oxéd10 Tov dedTEPOL MAEYNOTOG Yelwong mov ypnoioromonke.[2]
Kot ommv mepintmon tov dedTeEpov TAEYUOTOC YeiONS M
0VAALGN TOV GUGTAROTOG Ba YIVEL Y10 TPELG TEPIMTACELC.

IxAuna 2.9 : e§opoiwon tou Sébtepou ouotfpatog oto ATP-EMTP.
2.2.1 Aroteréopata eE0pHoimong Tov SEVTEPOV GLOTNATOG
A) Ze ovtn TV TEpitTOon 10 cOOTNHA Yeiwong vtofAnOnke
oe peopa kepavvov, 100kA, 1.2/50ps, pe p=50Qm Ko
E,=300kV/m.

5000
v

4000

3000

/
[
’/
[
[
2000 | B — — —
1

o]

1l

2
(file 4a.pld; x-var ) v:B

IxAna 2.10 tdosl twv modlwy Tou avBpwrou otoug KOUBoug

vic

vpadkr) kat C(mpdotvn ypadikn)

0,0000

10

B(KOKKLVN

]
-0,0212+
|

\
\

200

v 7777777777777777777777777777
750+ 77777777777777777777

oo |

450 /

2 4 & 8 [us] 10
(file 4b.pl4; x-vart) viB  viC

IxAua 2.12: TAOELS TwWV TOSLWY Tou avBpwrou oTtoug KOUBouG B(KOKKVN
ypadukny) kat C(rpactvn ypadikn)

|
tmAlf|

2 4 & 5 ws] 10
(file 4b.pld; x-var t) oD

IxAua 2.13: ypadikn mapdotoon peULOTOC-XPOVOU OMwE HETPONKE oo To
OUTEPOUETPO TOU €eival ocuvdedepévo otov KOpBo D-pslpa to omoio
Slanepva to avBpwrivo ndsL

Xxx0019

Amnd 10 oyedidypappe  mapotnpodue  Pnuotiky  TloM
Eqep=485.83V 6tav t=0.848ps ko1 uéyioto peopo I,3=23.58mA
I') Zg avt) v TepinTmon To GVOTNHO Yeiwong VTOPANONKE oe
peopo  kepavvov  10kA, 1.2/50ps, pe p=100Qm «on
E,=300kV/m.

500

v -
200-]

300 /

R //, B e —
/
200 |
/

/
100 |/

1/

o

E 4 & E [us] 10
(file 4c.pl4; x-var ) viB  viC

Iyqpo 2.14: tdoeg Tov Toddv Tov avlpdmov otovg KoOpPovg B(kokkvn
Ypopikn) kot C(Tpaovn ypapikn)

[mA]

a

8

sl

10

-0,0423 ‘\
00635 |
00847 |

-0,1058- \ -

0,127

file 4a.pl4; x-var t) c DZ -XX0019 N © s uel °

Zxr';p.a 2.11: \;potd)l.KI”] TAPAOTOON PEVUATOG-XPOVOU OTWE UETPHONKE amd to
OQUTIEPOUETPO TOU eival ouvdedepévo otov KOuPBo D-pevua to omoio
Slanepvad to avBpwrivo modL

And TO0 oxedldypappe  TOPATNPOVUE  PNUOTIKA  TOOM
Eqep=2615.5V 1 ypovikf otiypn t=1.4us xou u€yioto pevuo
1,,=0.127A.

B) Xg avtn Vv mepintmon 10 cvotnua yeiwong vroAnonke
oe pedpa kepoovod 30kA, 1.2/50ps, pe p=100Qm Ko
E,=300kV/m.

(file 4c.pl4; x-vart) o D -xx0015
Zyqpa 2.15: ypagkh mopdotact pedHaToc-xpovov Ommg petpidnke amnd to
apmepdUeTpo mov givar cuvdedepévo otov kopPo D-pedpa to omoio dwumepva
70 avOpdOTIVO TOdL.

Amnd 10 oyedidypappe  mapotnpodue  Pnuotiky  TloM
Eep=187.26V 1 ypovikn otiyun t=1.4us xou péyioto pevpa
1,,-9.09mA.
SVUTEPUCUOTIKG, UTOPOVUE VO, TOVUE OTIS €61 TOPUTOVE
MEPIMTAOGEIS LEAETNG TOV OEVTEPOV GLGTHLOTOG, 1GYVEL OTL OL
xpévol TV  PnUaTIK®V  TAoE®mV Kot ot xpovol  TOv
onuedvovtol To. LEytoto pevpato tavtilovtol 1 eivar kovid
HE pio Tapa TOAD pikpn omdkAion. To 510 1oyveL Kot Yo Tovg
¥POVOVG UNOEVIOUOD PEVUATOV Kol TAGE®V.AVTO o@eileTar
670 UEYEDOG TOL GLOTNUNTOC.

III. ®EQPITIKH ANAAYZH KAI ZYMIIEPAXMATA
Ot oyéoelg and Tig omoieg TPOKVTTOVV Ol PNUATIKEG TAGELS
givon avtiotoya [3]:

EstepSO =(Rb + 6Csps)0 116/\/t_s



Estep70 =(Rb + 6Csps)0 157/\/t_s

Omov:

Rg : m avtictoon Tov avOpdTov

ts : 1 SLpKELD TOV PEVHOTOG

Ps M €101KN avTioTaoN TNG EMPAVELNG TNV omoia pickeTal o
GvOpwmog

C; : ovvteleotrg O010pbmwong Yoo TV WEPITTOON TOL 1
EMPAVELD EMOPNG KAADTTETOL OO TPOGTATEVTIKO VAIKO
Emedn Oewpodue o611 dev  ypnoipomoteitol  KATO0
TPOCTOTEVTIKO VAMKO Y10 TIG TOPUTAVED OYECELG MPEMEL VO
mapovpe O6tt Cg =1. H Rp sivan ota 1000 Q@ 7y tovg
OepPNTIKOVG VIOAOYIOHODE Kol Yoo TNV emaAinbevon tov
nepopatikav oto 10000 Q. T tov xpovo ts ylo peyokvtepn
axpifelo otovg vmoloyiopovg Oa vmoAoyioovpe yio 4
TEPMTMOELS : t;=0.5 ms, t,=1 ms, t;=3 ms, t,=5 ms, pe 0.5
ms va givat 1 EVVOIKOTEPN TEPITTMGT KOl SMS 1) o SVOGUEVNG
Kol Yo TV €01k ovTioToon Tov €64povs, oto 50 Qm kot
100Qm.

OzopnTkoi vroroyiopoi yio p=50Q2m

-y1o t;=0.5 msec

Epso =(1000 + 6 * 50)0.116//0.0005=6743.98 V

Ep70 =(1000 + 6 * 50)0.157 /+/0.0005 =9127.63 V

-ywo t,=1 msec

Eepso =(1000 + 6 * 50)0.116/+/0.001=4768.7 V

Etp70 =(1000 + 6 * 50)0.157 /4/0.001=6454.21 V

- yia t3=3 msec

Epso =(1000 + 6 * 50)0.116/+/0.003=2753.22 V

Etep70 =(1000 + 6 * 50)0.157 /+/0.003=3726.34 V

-ywo t,=S msec

Egpso =(1000 + 6 * 50)0.116 /+/0.005=2132.63 V

Egp70 =(1000 4+ 6 * 50)0.157/4/0.005=2886.4 V
OzopnTikoi vroroyiopoi yio p=100Q2m

-y1o t;=0.5 msec

Epso =(1000 + 6 * 100)0.116/v/0.0005=8300.28 V

Etp70 =(1000 + 6 * 100)0.157/v/0.0005 =11234 V

-y1o t,=1 msec

Epso =(1000 + 6 * 100)0.116/v0.001=5869.19 V

Eiep70 =(1000 + 6 * 100)0.157 /+/0.001=7943.64 V

- 7o t3=3 msec

Egpso =(1000 + 6 * 100)0.116/v/0.003=3388.58 V

Etp70 =(1000 + 6 * 100)0.157 //0.003=4586.26 V

-ywo t,=S msec

Eepso =(1000 + 6 * 100)0.116 /+/0.005=2624.78 V

Ep70 =(1000 + 6 * 100)0.157 /+/0.005=3552.5 V

10000,
ms
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Iyfpa 3.1 : enidpoon pedpotog otov avbpdmvo opyoviopd[3]

AT T0 TapamAvm Stdypappa dtakpivovtor ol eéng 4 Ldveg:
Zovn 1:Zovnbmg kapio aviidpacn Tov 0pyoviGHoD

Zovy  2:Xvvifog
enidpaon
Zovn 3:Zovnbwmg dev avapéveton kapio opyavikn PAGBN
Zovy  4:I10avotTe  HOPLOPVYNG, KopmoAn cl  6po
HOpHAPLYNG
SVYKPIVOVTOG TIG TOPUTAV® OempNTIKEG TIMEG UE TIG OXECELS
Kot yoo To 2 €idn TAEYUATOV KOl YPMOILOTOIOVTAS TO
Sbdypoppo, mopatnpodpe Ot Yo TNV Egepq=4521V
TPOKVITOVV [N OOOEKTEG TUES Yo TOVG YpOVOLG 3ms Kot
Sms kot ota 50 kg xau ot 70 kg. To id10 1oydel ko yio Tnv
Estep2a=2615.5V 6mov givan oploxd omodektn 1 T auThg g
Pnuatikng tdong Yy ypoévo Sms ota 50 kg. Opwg, 1
avtiotoon 1000Q tewv ToddV TOL AVOPOTOL  GTOVG
BepNTIKOVG VTOAOYIGHOVE  €fvol TOAD HIKPY CUYKPLTIKG pE
v avtiotaon tov 10kQ mov yovpe Bewpnoet Yo Kamotov o
omoiog Qopdiel vTodpaTO EPYATIOG.
Kévovtog Aowmdv €Kk VEOL TOLG VLWOAOYIGUOVS Yuo. TNV
nepopatiky  avlpomivn  oavtiotoon tov  10kQ  €yovue
[;,=0.2195 A xo 1,=0.127A,cvopunepaivovpe 6t1 0 GvOpmmog
pe Paon to ddrypappo tov oyfuretog 3.1 eivol ac@oing.
Yroloyilovtag véo Oewpntikd Oplo. Kot Yo TIG ETOUEVEG
MEPWMTMOGES kol Yoo oviiotaon 10 kQ, 1o opw NG
EMTPEMOLEVNC PrHOTIKNG Taong avEdvovTal Katd ToAD Kot o
GvBpwmoc dev dratpéyet kavéva Kivouvo.
Eniong, ypnowonowwvtag T1g Ypapikés mopactdoels yio Tov
VTOAOYIOUO TOV HEYIGTOV PEVUATOV KOl TO SLUYPOLLO TOV
oynuotog 3.1 yw va Bpodue oe moto {dVN ETKIVILVOTITOG
aVNKEL O AVOP®TOG TAPATNPOVUE OTL Y10, TIG VIOAOYIGOEgioeg
TEWPOUATIKES TIHEG 0 GvBpomog elvar ot {dvn 2 Ko eivon
AGPAANG Aoy cuvNOWOG Ge aVTH TNV TEPITT®ON dgv €XOvLE
kapio emPropn puoromaboroyiky enidpacn.[1][6][7][8]
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EAévn Aapavtidov kot @edowpog Zuykipiong

Tunuo Mnyoavikov IIAnpogopikng kot TnAemuovovidv , Ioavemiotuio Avtikng Mokedoviog

I. Ewcayoyn

H epyacia mov éxel amootolel, mpaypatedeTon
NV VAOTOINGCN MG YPOPIKNG OETIPAVEINS GE
TPOYPAULOTIOTIKO TeptBdArov Matlab(GUI) pe
Oéua Vv mpocopoimon
WOOTNTOV TOV PLETODAIKOV.

YOPOUKTNPLOTIKAOV

Keywords: Metabhkd, Apvntikdg Agiktng
AwBraong, Drude péca, Matlab(GUI)

A. Ta Megravmka

H npdytn avagopd ota petadAikd £ywve amd tov
Veselago to 1960, o omoiog kou e&étace v
omopEn  VAkdv  mov  dbétovv  TovTdOYpOVa
OPVNTIKN NAEKTPIKY ETITPENTOTNTA KOL OPVITIKN
poyvnTikn domepatdnTa, o vedbeon n omoio
dev mapafialet tig eElomaoelg Tov Maxwell. Onwg
VTOOMAMVETOL Kol omd TO OVOHO TOLG, TO
peTodAKd eivor teYvNTa LAIKA pEe 1010TNTES TTOV
dev ovvoviavtal oty evorn. H kotackevr] tovg
yivetor  péco  amd  GLYKEKPUEVES  OLOTAEELS
(LKpookomikés dopéG) Ko Ol amd tnv 1d1a v
dopn| Tovg.  Baowkég 1010tTEG TOV UETODAIKOV
elvan :

o  Apvnrtikdg deiktng 0160Ahaomng

e H ¢don tov xopaTOC TpomopevETUL KUOMDG
OLTO OTTOUAKPVVETOL OTO TNV TN

e To m\ldtog oL KOMATOG avEdveTal KaBmg
OOLLOKPOVETOL OO TNV TNy

B. AwrAhé apvnTikd petavikd

Yvykekpléva 1 epyacia vAomotel £va AoYIoUIKO
oe mepPdriov Matlab , 10 omoio emdeucvoel TV
emidpacn OmAGV apvnTikdv petadikav (DNG)
o€ 0VO SLUCTAGELS. XTO SUTAL OPVNTIKA UETODALKE
To.  pEYEOn TG EMTPEMTOTNTOG  KOL NG

ZOHMMY 8

dmepatdHTNTOG EIVAL APVNTIKA, LLE AMOTEAECUO VO,
Exouv apvntikd ogiktn 01dOAlaong.

I'. MeBoodoroyia

e To petadAKd HOVTEAOTOOVVIOL G
opoyevn Drude péoa :

1.0

—  Rel(o)

—  -Im(o) |]

s, =1+ £
jo(joo+T)

2

@

A =1+ ——F
joo(joo+1T7)

e Xpnowomoteiton HEBOSOG TEMEPAGUEVOV
dwpopwv oto medio tov ypovov (FTDT
method) e npoceyyicelg B’ 1aEnc.

¢ H dwomopd tov vAkol Aapfavetal vroyn

pe 1t pébodo Ponbnrtikng Sopoptkng
eElowong (ADE method)

n+l n n+1/2  1+k, n
E" = CE" +d, (VxH™ ~ 22 )

=k 3+ B, (B +E")

2uvEdpio PoitnTwv HAeKTpoASywv Mnxavikwy kal Mnxavikwyv YTToAoyIoTwv
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Netamaterials

Wanual Operafion Simulafon

X= 1
y= ]
mak= | 2

f= [

Pase

Yo= 13 Frequency

1

omega_p= 144

(Gamma = I

DefautParameterlf) | Imagineer)

Defaul Paramelers(2) ‘

‘ Simulate(1)>

‘ Simulate(2p

TomoBet®vTag T0 TOVTiKL TOL VTOAOYIGTY] TAV®
010 dvoua piog mapopéTpov eppavifeTon
KatdAinAo tool tip eme&nydvrog v, v cuvtopia,
OTMG POIVETOL GTNV TAPAKAT® EWKOVOL.

Gamma = 0

| Dissipation Factor (Gamma) |

Eniong otig mapapétpovg wp ko I' matovrog o0&l
KMk oto edit box, eppaviCovian oe véo mapdBvpo
o0V Matlab cuykekpléveg TIES Yo v TETVYOLLLE
elte mAay/Kabetn Tpdontwon eite

TAGY10/KA0eT TpooTTwon I'kaovooiovig déounc.

-

21 Plazsma Frequency

Marmal/Oblique [ncident © 2

Marmal/Dblique [ncident of Gauzsian Beam : sgri[2)

ZOHMMY 8

A. [Manual Operation]

Manual Operation

X = 1.8

y= 36
nmax = 2000
f= 189

Nx = 50

Ny = 50
Xo= 0.3

Yo = 1.8

Lx = 0.6

Ly = 3.4
omega_p = 1.4142

Gamma = 0

210 mhveAd tov Manual Operation meptypdovtot
OAEG Ol LETOPANTEG/ TP AUETPOL TOV ATTALTOVVTOL
v v emBoun tpocopoinon. Xta edit boxes
£xouv NON €POPLOCTEL TPOTEIVOUEVEG TLES Y10,
TNV O1ELKOAVVCT] TOL YPNOTY, TPOKEUEVOL VL
vdpEel KaTovonTO AMOTEAEGUA .

B. [Simulation Buttons]

‘ Simulate{1)= ‘ ‘ Default Parameters(1) ‘

‘ Simulate(2)= ‘ | Default Parameters(2) ‘

H emioyn Simulate(1) mpocopoidvet tnv
CLUTEPLPOPE TOV UETADAMKDV OTOV dEXOVTOL
NAEKTPOUAYVNTIKY] OKTIVOBOALD atd oM UELOKN
.

Opoimg n emdoyn Simulate(2) mpocopoudvel Ty
CUUTEPLPOPE TOV LETADMK®OV OTOV dEXOVTOL

Zuvédpio PoirnTwyv HAekTpoAdywv Mnxavikwy kol Mnxavikwy YTToAoyIoTwv



NAEKTPOUOYVNTIKN oKTvOPBoAia amd KaBetn 1
mAdylo Tpdontwon (I'kaovsciovig) déoung.

Ot mapomdve emMA0YEG cuVOOEHOVTOL OO TIC
Aertovpyieg Default Parameters(1) kou Default
Parameters(2). Ot Aettovpyieg avTEC TPOGPEPOLV
NV SVVATOTNTA YPIONG TPOTEWVOLEVOV TILMV Y10,
OAEG TIC TAPOUETPOVG KOl OTOCKOTTOVV GTNHV
opBOTNTO TOV ATOTEAECUAT®V, KOONDC glvarl TIHEG
7OV £YOLV EMAEYEL Y10 VO STVOLV YOPOKTPLOTIKA
AmOTEAECUATO TOV KAOE TPpOoPAILaTOG.

I [Simulation]

Simulation

0 100 200 300 400 500 B0

‘ Pause ‘

To xvproTepo mapdOLPO TS YPOPIKNG
dtempaveog ivor To panel oto omoio
TPOYLOTOTOLOVVTOL O1 TPOGOUOIMGELS. Ot
YPOPKEG povighomomoelg meplopilovran o
aEoveg mov €yovv tomoBetBei, e KaTdAANLO
TpoTo, péca oto Tapdbuvpo Simulation. Enpavtikd
poAro &yxel To toggle button Pause/Start.
Xpnoyomotel TIc GLVOPTNCELG Uiwait Kot
uiresume y1o TovoT| TG
TPOGOUOimoNG(TOPATHPNOT ATOTEAEGUATOV) Kol
exkivnon amnd 1o onueio mov GTAUATNCE.

A. [Frequency]

Freguency

1.5

1k -

ollal

os| ot

g ; ; ; ; ‘
-2 -1.5 -1 -0.5 o o5 1 1.5 2 25

-Imagineier)
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[Nvetat avanapdoToon TpoylatTikod Kot
QAVTOGTIKOV UEPOVC.

To mapdBvpo frequency avamapioTd TV YPOPIKN
TOPACTACT) TNG GLYVOTNTOS ET.

2

@,

E =1+f
jo(joo+1I)

III. Ymoloywopoi

Kabog mpoxertan yro vtohoylotikd mepipaiiov,
&xovv AneBei GAoL 01 TAPAUETPOL GOAALLOTOS Y10
OTOL0ONTOTE EGPAALEVT EICAYMYT| Kot TOOVY -
CLUUTANPOOCT] OA®V TOV TAPUUETPOV.
[Mapadeiypato wov vAoromOnkay otV
TAOTQOpUO. ETVaL :

¢ Eotiaon xopdrov kot onpovpyio
CTELELOLY AVTLYPOPOV TNG CTUELOKTNG
e,

o  Metddoon NAEKTPOUAYVITIKNG 1GYVOG GE
Hopen déoung.

o Mndevikdc cuvteleotng mepiBlaomg.

o  Kabet/ITAdyla tpdortwon ['kaovooioavig
déoung.

o  KdéBem/ITAdywo tpooTT®MO™ 68 HETADAIKO
LLE OTTMOAELES.

IV. Eniloyog

2V gpyacio ot ToPoVcIAGTNKE 1 VAOTOINOT
HoG SLEMPAVELNS, e GTOYO TNV ATEWOVION TG
CUUTEPLPOPES TOV HETADAMKAOV GE Eval YPAPIKO
nepPdiiov — Matlab. T'a v onpovpyio g
k60e Tpocopoimong ypnoporodnkay dvo THIot
TpoPAnuatwv (onuelKky Tyn, 6éoun) . To
OLYKEKPIUEVO project pmopet vo ypnoipomon el
Y10 VTOAOYLIGTIKOVG KOl EPEVLVNTIKOVS GKOTOVG
KkaBdg divel TV duvatdTNTo €OKOANG KO
KOTOVONTHG LEAETNG TOV UETODAMKOV.
MeAhovTiKOG 0TOYO0G KOl EMEKTAONG TG EPYACTOG
€lval 1| EVOOUATMOOT O YEVIKOV LOVTEA®DV Y10
vMka pe draomopd (m.y. Lorenz) kabd¢ ko n
EMTA(LVOT] TV VITOAOYIGUMDV.

Zuvédpio PoirnTwyv HAekTpoAdywv Mnxavikwy kol Mnxavikwy YTToAoyIoTwv
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Awootktvoko ITAnpogoprokd Xvetnua
Aayeipiong & Kataypaoenc Iapovciov
1Presence

HMdva Iotoika

EAévn Zaképoylov

I'eopylog Koptoapiong

Ap. Mnvéag Aacvyévng, mdasyg@ieee.org
Tufpa Mnyavikav [TAnpopopiknig & Tnienikovovidv
[Movemompo Avtikng Makedoviog
Kolévn, EXLGda
Email: {ilianaway.10, sakele1993, yoko.4.life}@gmail.com

Hepilnyn— O xaOnyntés g Tprrofadpog skmaidcvong
KG0e ypévo karoOvrtar vo avrameEéhOouv oe éva  peydaio
EKTALOEVTIKG POPTO EpYaciag, AOY® TNG HEIMONG TOV KOVOVAI®Y.
Inpoavtiky Boifso amotehovv TO TANPOQOPLOKE GLOTNHOTO
VTOOTNPIENS TNS EKMOIOELONG. X& OUTH TNV  Epyacia
napovoratoope To iPresence, éva efeldikevpévo Kol EVEMKTO
TANPOQOPOKG ovoTne Yo T OwTipnoen &vog  “online”
TAPOVGLOA0YiOV, 7OV pmopei va ypnowomomOei og 6ho Ta
EKTOLOEVTIKG WOPOPATO pNE OTOXO TN OLEVKOAUVOY TNG
ekTadevTiKllg dwdkacioc. Téco ov kaOnyntés, 660 KoL oL
POUTNTEG, UTOPOVV VA YPNOCUOTOUIGOVV  T1 GUYKEKPLUEVH
OL0OPACTIKI TAUTQOPRA YL TNV 0PYAVAOGT TOV TAPOVGLAV EVOGS
podnipotoc. Aiver ™ dvvatétnTe Snpovpyics Kor eKTHTOONG
Tekpunpiov (tokens) pe povadikovg KOKoUs, TO  0Tmoiw
OLUVEROVTOL GTOVS QOLTNTEG KOl HECH CVTAV, KATAYPAPOLY TNV
napovcio Tovg oty mhat@oppa. [apéyel, emione, éva ypiyopo
KOl g0YPNGTO TPOTO KOTUYPUPIS TUPOVOLAOV PECH MLOG EOIKA
oyeoacpévng epappoyis Android, n omoia cap®dvel 1o barcode
™meg eortnTIKNG TavTéTNToc. T amoteréopnata Tne yprong o€ éva
RAONPE KOPROV, avESEIEAY TA 0QEAN KOl Y0, TOVG QOLTNTES Kl
Yo ToVg KaOnyntéc.

Keywords: Ilapovciodéyro, AladKTLOKO,
Yoetpoa, Mapovoia, Eeappoyi Android, Barcode

Anpooproxéd

1. EZATQrH

H eAamig ypnpatoddtnon Tov EKTOOELTIKMY WOPLVHATOV,
G€ GLVOLOCUO LE TOV ALENVOIEVO OPLOId POITNTDV, EXOVV OG
amoTEAEG O LEYOAO QOPTO €pyaciog Yo Tovg kKabnyntés. To
TOAOTAELPO £pYO TOVG (O1OAKTIKO, EPEVVNTIKO, O10IKNTIKO) L
TIg Oekddeg mTVXEg mov KABe mAevpd epeaviler (Yo
TpAdEyo.  TO  OBOKTIKO:  TPOETOOSio  padnudtmv,
dwaokoAio, THPNON TopovGloloyiov, ovdbeon epyacidv,
o0pbwon epyoacuwv, ovvepyooio pe oumtés, efetdoelg,
Sopbwon yparntdv, mopddoon Pabporoyidv, STAGUATIKEG
epyaocieg,  mapakoAovdnon  dwdoktopikdv  dwTpifdv,
oepvlplo, KAT.) Yo vo EKTEAECTEL KAvOVIKE amontel TANpN
KO OITOKAEIGTIKTY ATAGYOANGON.

To chotpa oV VAOTOMONKE, £PYETAL VO OVTIKATOGTHOEL
m ovvnbopévn, ypovoPopa  dodikacio  KOTAYPAPNG

TOPOVCLOV, OE Uiot EMOYN, TOL 1 YPNOT TOV NAEKTPOVIKOV
VTOAOYIGTMV KOl TOV KWWNTAOV GLOKELMV OlEVKOADVEL TNV
kabnuepwotnra. Méypt tdpa, M dodikacio TG KATOYPUPNG
TOV TOPOVCIDV, TEPLEAGUPOVE IO OVOULOOTIKY) KATAGTAON
mv omoio o kdfe @ouNTNG KoAovvtav va vmoypdyel. O
KaONynNTg vIoypeovVIOY amd TPW VO, EYEL GVYKEVIPMTIKN
MoTto pe OAaL To OVOUATO TOV QOITNTAV Kot 1) AMoTo Enpene va,
mepvasl yépt pe xépt  otov kdBe @ount. Mo axoun
TEPIMTOON NTAV QVTH, TOL O KABNYNTHG £€0ve oL Agvkn
KOALOL KOl 01 OUTNTEG avayKALOVTOV VO CUUTANPAOCOVY OAN
toug T0. ototyeio. Evkola pmopel kdmolog va avoloyiotei
1660 ypovoPopa frtav avth 1 S0dKacio 6TV TEPITTOOT TOL
0 0plORdOg TOV POLTNTAOV NTAV TOAD MEYAAOG KOl T GIATOAN
xpOvov mov Slopopetikd Ba pmopovoe vo aplepwbel ot
dwaokoio. [ tn dtevkdivvon kot v dpeon éxfaon tng
dwdikooiag avtig, OnNuovpyndnke éve mo GOYXPOvVo Kol
gdypnoto cvotuo. AA®oTE 0 0AoEva aVEAVOUEVOS aplOpog
TOV POUTNTAOV ATOLTEL TN XPTON TANPOPOPLIKAV GUCTNUATOV
Yy TV KaAOTEPN opydvmon Kot eEotkovounor ypdvov. Xto
TANPOPOPLOKS cVoTNI TOV VAoTOW ONKE, 500N KE 1 OVopaGial
iPresence.

To iPresence omotelel évo TPOTOTMOPO KO ELEAIKTO
oVOTNUO OT0 Y®po TNG ekmaidevonc. Ilpooeéper  éva
e&elMypévo kar evypnoto ypoewd mepPariov epyaciog (GUI
-Graphical user interface), 1o omoio JSwBétel ewovidu,
Kovumd KaOdG Kol TAaiclo SAOYOV GYESOGUEVE. £TGL DOTE
Vo KOVOUV €UYAPIoTN KOl €OKOAN TN Xpnomn Tovc. EmmAéov,
napéyel mANBog ekBEGEOV e TNV LOPOT EUTAOVTIGUEVEOV KoL
dwdpactikav mvakmv. TTapdAinia, To cvoTnua £xel LYNAO
Babud mpocappooTIKOTNTAG, 0POV HTOPeEl Vo LTOGTNPIEEL
amEPOPIOTO  OPOd QOUNTOV, HE TANPN OvaPopd ToOV
TOPOLCUDY TOVG KOOMG Kol ameptoptoto apldud pobnpdrtov
Kol O10AEEE@V e TANPT] OVOLPOPA TMV YOPUKTNPIOTIKAOV TOVG
Y. KoAOTEPN opydvoon. Akoun, efoaceaAilel afdmio
NAEKTPOVIKY] KOl  OOTOMOTY  KOTOYPOON TNG TOPOLGIOG,
OmOTPEMOVTOG €Tl TUYXOV  TOPEENYNOELS OVOUEGO GTOV
ekmoudevty Kot Tov  ekmoudevopevo.  Ta  dedopéva
amobnkevovior pe aceiiele og Paon oedouévov MySQL.
TENOG TapEXEL YOPAKTNPIOTIKG AVOLYTNG OPYLTEKTOVIKNG, DOTE



VO OVOTTUGGETOL SLOPKDG KOl COUPOVE LE TG AVAYKEG TOL
KGOE EKTOIBEVTIKOV 1OPVUATOG.

IMio ovykekpyéva, TO GOGTNUO OTOTEAEITOL OO Luo
Baon odedopévev, o wTooeMda Swoyeipiong kol
epapuoyn Android. H Bdom dedopévev datnpetl minpogopieg
YW TOVg YPNOTEG, To pabnpoTo Kot TG StoAéEElg Tovg, TIg
mapovoies wor to tokens. H 1otoceMdo omoterel toO
mepairov ypriot (user interface), To omoio avéroyo pe v
Wwwomtd tov (poummg M kabnyntg) dlapopomoleital.
AvoluTikOTEPE, O QOUTNTNG UTOpel VO KOTOYPAWEL TNV
mapovcio Tov pécw Tov token mov €yel mapaAdfer, va
evnuep®Oel Yo ToV GLVOAIKO aplBd TV TOPOVGIAOV TOV Kol
v TpoPdriel yevikdtepa oTATIOTIKG Yo kdBe pabnua. O
Kanyntg, éxel T duvaTOTNTA VO OPYAVAOCEL TO LabfpoTo
Kol TIG OAEEELS TOVG KOl VO KOTOXMPNOEL TApovoies N
amovoieg evnuepmvovtag tov gortnth péow email. Emmiéov,
pumopel va mPoPAaiAiel YeEVIKA OTOTICTIKG TOpoKoAlovONoNg
kG0e pabnuotog kot vo to Tvmwoel. Ocov apopd NV
gQapuoyn, Aettovpyel oe Kivntd kot tablets Android, capovet
to barcode Tng QOITNTIKNG TOVTOTNTOS KOL EIGAYEL OVTOLOTO
GTO GUOTNLA TNV TOPOVLGIL.

H dopn tov mapdvtog eyypdeov €xel og e€nc: oty Evomra
II mapovcialetor o oyedopdc kot M avantoén  Tov
TANPOPOPLOKOD GUGTHLOTOG, ONAadn 1 pebodoloyio mov
akoAovOnOnKe yioo T onpovpyio ¢ Pdong dedopévmv, Tov
SkTLOoKOL TOTMOV KoL TG Epapuoyng Android. nv Evomta
I avoAvovTol To amoTEAEGHATO (POTG TOV GLUGTILLOTOS KOt
TopoLolaLovTol oTIydTLTTO TG TEMKNG HOPeNS Tov. TELOG,
otv Evomra IV avaeépovtal ta yevikd cupumepdopota Kot ot
UETPIKEG TOL GUGTHLLATOG.

II. IXEAIAZIMOZ KAI ANATITYZH TOY LYETHMATOX

o ) oyedioon Tov GLOTHLOTOG aKOAOLONONKAV OAEG Ot
opBég mpaktikéc mov mapovoidlovior otn Pifioypapio pe
OKOO TN WNYOVOPYOvV®on OAOV TOV AEITOVPYIOV  TTOV
oyetifovtal e TNV KoToypoen TV ToPOVGILMV.

Apywd, éywve depedvnon Kol KATAypoey  TOV
QMOLTAGED®Y TOV TANPOPOPLOKOD GLGTALNTOG e Pdon Tig
avaykeg tov  ypnotov. Ilo  ovykekpipuéva  de&nyon
GLVEVTELEN TOCO TOV KaONyNT), 0G0 Kot KATO0L EVOEIKTIKOD
aplOpoy EOUTNTAOV KOl GTY] CUVEXELD AVIADOIKOV Ol OVAYKES
Kot OMpovpynROnKay o1 TPodioypoapES ToV AOYIGHKOD.

A. Anuovpyia Baong Aedopevav kar Aiktvarxod Tomov
‘Exovtog T omopaitnTeg amottioels Yo To oYESCHO TOV
TANPOPOPLOKOD GLCTNHATOS, OKOAODONCE 1M €mMAOYH TG
AvomTLELOKN G TAATPOPLOC, KOl GUYKEKPILEVO TNG OVVOIKNG
YADGoo0G Tpoypappoticpod PHP kot g apketd dnpo@ilote
Baong dedopévaov MySQL (pe epyareios avolktod KdIKA),
TPocd10pilovTag TOVG TVAKES, TO TEJIN TOV TIVAK®OV Kol TOV
TOmo  dedopévaov KobBMG Kol TIG CLOYETIoES METOED TV
nwakov. dvowd 1 avaykn yoo vo yivelt m oeiida mio
SwdpaoTiK] Kot TowTOYpoveL WO YPHyopm Kol
EKGLYYPOVIGUEVT] 0ONYNGE G XP1ON OPKETOV GToLyElmV ajax
kot javascript. H emhoyn éywve pe Pdon tig dvvatdtnteg Tov
AOYIGHIKOV, TNG ONUOPIAlOG KOl YPoNG aVTOV omd TNV

KOWOTNTA TOL JLUSIKTVOV, GAAG KOl TOV IKOVOTHT®V TOV
TPOYPOLUOTIOTOV.

Opopéveg  and TG EMYEPNOOKEG  ONMATNCEL OV
emA&yOnkav eivar n dvvatdtnta yprong onoovdnmote Web
Browser, mn mpdécPfoon tov ocvotnuotog pécw Web, 1
KovOTNTO, Vo dnovpyel Kot vo ektomavel apyeio pdf, va
avtiel TAnpoopieg kabdg kot va amobnkevel dedopéva ot
Baon dedopévov. Xe mepintwon ewoaymyng Aavlaouévov
otoleiov, Oa vmapyer éleyyog OSedopévov Yo va  givol
a&LOTIGTO TO GUOTLO.

Ocov  agopd  Bépoto  acedielng emAéybnke va
ypnowonomBet Secure HTTP(HTTTPS), éto1 dote O6Aa T
d€00UEVOL TTOV OVTOAAGGOOVTOL VO EIVOL KPLTTTOYPUPNUEVA.
Axopa, o €leyyog Ocdopévev  omd medlo  E00YOYNG
OepnOnke omopaitnTog MGTE Ol ¥PNOTEG VO U1 LITOPOVV Vo,
€160youV Katd AdBog 1 Kol ECKEUUEVO YOPUKTAPES Ol 0mOoiol
pmopel v Kotaotpéyouvv T Pdon dsdopévov M axdpo
YEWPOTEPO VO VTOKAEWOLV  AOYOPLAGHOVS  YPNOTOV  UE
evaicnta mpocomikd dedopéva. Eywve yprion SESSIONS,
oiadn apyeiov mov oamobBnikedovtar oty TALLPE  TOL
dwopot]. ‘Etor amobnkevovior mpoowpwvd dedopéva M
KOO Kol TO oLUVONUOTIKO €vOg ypNOTN HE HEYOAVTEPT
acQAAElD KoL EAEYYETAL 1) TOWTOTNTO TOV EMIOKEMTN OTOV
avTOG mepunyeital ot oelideg tov 1otdtomov. EmumAéov,
kpidnke amopaitmm n xprion PDO (PHP Data Objects) yio
obvdeon pe T Pdon Sedopévav KOl 1 OTOTPOT N
egovoodotnuévng  mpdécoPacng oe  Aswtovpyieg  OmmG,
dayeipion dedopévmv, ToPovGieg, KAT.

Metd v emtloyn akolobOnoe 1 avamtuén Kot 1 oK
Tov ovotnpatoc. Katd tn edon g avamtuéng, cvyypdednke
0 KOOKOG Kol HETUTPANINKAV Ol OTOLTHOE; OTO TEALKO
mnpogoplakd ocvotnuo. H @don g doxung ftav dvo
TOmev: (o) in-vitro 6mov e&eTdoTnKAY OAC TO. GEVAPLOL amd
TOVG OMoVPYoVs Kat () in-vivo 6mov €ytve SoKIUN apyKd o€
TEPOPIOUEVO KOKAO QOITNTMV KOl OTI GLVEXEWD KOTO TN
dtbpketa Tov pofpatog Apyttektovikny Y ToAoyioTdv.

B. Anuovpyia Android epopuoyng

H epapuoyn ypnowedel yio ™ odpmon tov barcode g
QOUTNTIKNG TAVTOTNTOG Kot Tnv &&aymyn Tov KOOV, O
omolog ypnolponoteiTal Yot Vo Katoympeitol mapovsio. 6To
online TOPOVGIOAGYIO Y10 GUYKEKPIUEVO POLTNTH.

H «xopu 006vn ovvdeong divelt otov xobnynt
duvarotnTo va cuvdebel pécm username Kot password, oAlG
xat pe OTP (one-time password), o omoiog eivar £vag kKmOKOg
OV 1OYVEL YO OULYKEKPIUEVO YPOVIKO SACTNUO. Yo VO
amopevyfel po oepd oamd advvapieg mov oyetiovror pe
OTOTIKA passwords yio Tov EAeyy0 TNG TAVTOHTNTAG TOV XPNOTN.

"Eva mAeovéxtnpa g ypnong tov OTP givar 1 duvatdtnta g

vmopéng Pondav (poitntég), ot onoiot yvopilovtag povo tov
kodikd OTP pmopodv va kataympncovv mapovcies. To
weplPdAdov ™G opyikng oBévng ¢aivetol 6TO0 TOPOKAT®
GTLYMOTVTO:



1;“. 1. TepBaArov apyukhc 000vng

Epocov Oa ovvdebBel o ypnotng pe username Kot
password, 6o gpeoviotel p 006vn oty omoio Bo ToOV
mpoTpénel vo. Slodéet oo oo pabnuo vo PdAel mapovoies.
21 ovvéyewn Bo epeaviotel pio TAPOHOLD TPOTPOTN Yo VOl
emhé€et T S1dheén. To mepifddhov g emhoyng pabnuatog
Kot S1AeéNg QOiveTal GTO TOPOKAT® GTLYIOTLTO:

5o, ICTE Barcode Scanner

Awakege MaBnpa

Apx\TEKTOVIKA Yo

ApxitexTovire) YoAOyIoTwY
{

AgiToupyika Iuotnpara

MNapahknha Ivatiuara

Katavepnpéva Evotipata

Aldhege AlGheEn

Aetoupyika AiGAEEN

Agitoupyika Awahegn 01 L
Agitoupyika Avahegn 02
AeiToupyixa Auaheén 03
A&Toupyika AGAEEN 04
AeiToupyixa Auaheén 05

AgiToupyika AWGAEEN 06

Fig. 2. Ilepifdihov emhoyng pobnpatog kot Stdreéng

A@eod to pabnua kot M SeAeén optotodv omd TOV
kabnynt, Ba avoifel 1 epoppoynq Barcode Scanner, n omoia
0o okavapel T0 TGO TOL PortnTy, Kot avtouata o oteilel
TOV K®O1KO TOL GTO server. Xtnv cuvéyela o eppavicel otov
Kafnynt) ppvopo emtoyiog M omoTLYIOG OvVOAOY®G TNV
amdvnon mov Ba Adfet amd Tov server, kot Bo cvveyicel pe
GAP®OTN TNG EXOUEVNC POTNTIKNG TOVTOTNTAG.

IIpog dievkdAvven tOL  KABMYNTH, 1 €QApPUOYN
vrootnpilet gicodo ypnotn kmdwd OTP. Me v ev Adyo
Sdwdwkacio, o kadnyng Oo ypelootel va gwodyel povo tov
kodwd OTP kat, av givar éykvpoc, 1 epappoyn Oo dexdel and
TOV server ovtoOpOTO TO paOnuo kot T ddAeén mov
mpaypatonoteitol ekeivn v ®pa, Kot Oo Eekivioet avtopaTa
N epappoyn Barcode Scanner yia vo cuveylotel 1 dadikacio
Kataypagng g mopovoiag. To mepifdilov  sioaymyng
kodkod OTP @aivetor 610 TOpaKIT® GTIYHIOTUTO:

Awoe Tov Kwdiko yla Tnv ouvéeon OTP

Fig. 3. IlepPdarrov sloaywyng kmdikov OTP

H enucowvavia g epapproyng pe tov server yivetor LEcGm
POST g PHP. O server 0a enc&epyaotei v Tyun tov POST,
kot B dnpovpynoet €va pipvopa to omoio Ba oteidel miow
otV €Qappoyn N omoia Bo to epPavicel dnwg akpPmg TO
é\aPe omd Tov server.

H opywn avartuén g epoppoynig mpaypotoromdnke
ot0 7wpoypappatiotikd mepiPdiiov  “Eclipse”. ITAéov, ot
Omoteg aAAyéG TNV EQApPUOYN YIVOVTOL HEGH TOV EMIGTUOV
TPOYPOLUOTIOTIKOV  TepBarioviog ¢ Google, “Android
Studio”. 'Eyxel avomtuyfel dote va Aettovpyel oe OAES TIG
ovokevég Android, pe Aettovpyikod 2.3 Kot Gve.

INo v aopol emwowvovia g mobile epappoyng pe
TOV server, YpPNOHOTOmOnKe T0 TPOTOKOALO EMKOWV®VING
HTTPS. Emiong ta username kot password €16030v0 TOv
Kabnynt| oamobnKevOVIOL GE TPOCTATEVOUEVO YDPO TNG
Android ovokevrlg, kot dev  givor  mpooPdociuo  pe
01010voNToTE GVUPBATIKO TPOTO AVAYVOGNG Otd TPITOVS, TAPd.
puévo amd v ido TNV EQaPUOYN.

III. ATIIOTEAEZIMATA

H tehikny popon mov 366nke 610 choTHH €ivol TARPOG
AELTOVPYIKT], TPOGPEPEL YPNYOPN KOl €VKOAN KOTOYPOQON
TOPOVCLOV Yo, HEYOAO TANBOG @QOITNTAOV Kol OpPYOvVMVEL
amodoTIKG TNV WPOPOAY  TPOCHOTIKOV  OTOWEI®YV Kol
OTOTIOTIKOV TOGO Y100 TOVG @OUTNTEG OGO Kol Yo TOVLG

Kofnyntéc.
A. Ilepifaliov @ortnry (Student’s Interface)

Mia andf cdpmon tov barcode g GorTNTIKNG TAVTOTNTOG
péom g eeoppoyns Android mov Smuovpyndnke, sivon
apKET Yo va KataympnBei n Tapovsio Tov kabe ottt 610
ovoTnua Kot vo evipepmBel ovtdpata 0 avTioTorog Tivakag
mov mpofdArer {wvtavd To OOVOAO TOV (QOITNTOV 7OV
apakoAovONGav T SdAEEN. ZTN CUVEXELX O QOITNTNG EYEL TN
duvortotnTo va emokeTel TV 10tocgAida iPresence kat, ooy
ouvdebel oto Aoyoploopd tov, va TPoPAaiiel TO GHVOLO TV
TOPOVCLOV TOV 08 KAOe padnpa, KoBmG Kol YEVIKA GTOTIOTIKG
Tov  pofpotog, OmOS TO GUVOAOD TV  POUTNTAOV  TOL
mapakoAovONcoy (o S1Aes.



iPresence

Fig. 4. Apywn cehida portnti.

Y7dpyet, €niong, n SVVOTOTNTO VO KOTOXWOPNOEL LOVOG TOV
TNV Tapovcia Tov, av Tov €yel dobel and tov KaBnynty to
“eloutnplo” (token) pe tov povadikd kKwowd, TO omoio
amodekviel O0tL NTov mopdv otn odheén. Ta token €yovv
GUYKEKPILEVT] YPOVIKY 1oyd, M omoia opiletor omd TOv
Sdokovra.

To token £xel ALes,

Fig. 5. Ewayoyn tov token yw kotoxOpwon g mapovsios. Ommg
aiveton kou oto screenshot to token mov diver o @ornTig eivon ekmpdOeso
“To token éyer A\&el” , cvvendg dev pmopel TAEOV VAL KATOXLPMOEL TNV
mapovsion Tov. Aleg mepwtdoelg eivar o) To token vo €yt Mom
xpnoomomBet omdte T0 pvopo e&aymyng sivar “To token eivon Mom
xpnoomompévo”, B) o kmdkodg Tov token vor givar e6QOAUEVOS OmOTE TO
uvopa givar: “Agv vrdpyet token pe té1o10 K®S1KO.” Kat y) Yo KAmowo Adyo
o token va €yl oprotei invalid, omote epavifetot Kot To avTicToro HVLpa.

EnéAeEe 1dBnpo: ERIN

TipofoAi NapouaiGy

ApyirexrovikAYnoAoyloT@v2014 Napoudia

Fig. 6. ITpoPoln TpoconKdV Tapovstdv yio kabe paonua.

EnéAek paBnua: LD

Ovope Endvupo  AEM  Zivoko

Aahefn  DiaAeEn  MakeEn  AidheEn  Adhefn  MidheEn  MidheEn  Aiahedn)|
o1 02 03 [ 05 06A 068 07A

Fig. 7. TIpoPorn yevik®v mapovcidv yio kKabe pdabnupa. Ocol portntég
£XOVV GUUTANPAOCEL TOV ATALTOVUEVO OpOUO Yio TV KatoxOpwon Tov bonus
napovciog otig StodéEets, £xovv v oto Tedio Bonus.

B. Ilepifiaciiov KaOnynty (Teacher’s Interface)

EL

Fig. 8. Apyuh ogkido kobnyn

Y10 avtiotoyo mepPArAov Tov KaONYNTN, 0 SdAcKMV £xeL TN
SuvatdmTo Vo 0pyavedcel o pobnpato ylo ta omoia givol
vrevbovvog, dnAadt, va elcayel ko vo  emeepyootel TIg
TAnpoopieg ko T1¢ dStoréEelg kabe pabnuatoc.

EncEepyacia Mabiiparog

Y @

Meprypagr EAGXI0T0G GpIBIGG Napousiav Anpioupyog Evepyo

Fig. 9. TIpopoin pobnpdrtev pe dvvatdmra enelepyociog, doypapng Kot
TPOSOHNKNG VEOL.



EneEepyagia MaBiparog

%

ovoua: :I
——

Evepyo: ' & (0pal ov0)

EASmoTos ApRUK Topovori |:|

Fig. 10. Eme&epyooio vaapyovtog HobnHatog e TPOSLUTANP®UEVE TO.
medio TG POpLULIG.

Erelspyooin Molaparos

Fig. 11. IIpocbnkn véov pabnporog (aptcp(’x), Aw,ya uaeﬁuarog pe

gpamua emPePfainong (5e€id.).
EneEepyacia AiGAeEnG
L P
EniAeETe MaBnpa:

Huepopnvia

‘Qpa
Nepiypaon Hpepopnvia Mabnua oTP. AREnc OTP Ag$n<

0000-00-00

Fig. 12. Hpoﬁokﬁ&a?\ééamv oavé pabnua, pe dvvatdotnra eneEepyaoiog,
Sraypaeng, TpocHNKNG VEAS KOl EKTOTMOGTG TOV TIVOKCL.

Mmnopei, emiong, vo onuovpynoel, va emefepyactel Kol va
ekTUTMoEL To “eoutple”’ (tokens) mov Ba Stabécel oTovg
QOINTEG, v TPOPAiel OTUTIGTIKG XpIons TV tokens kot va
KOTOY®PNOEL TAPOLGia 1 Amovsio Y10 KATOOV GUYKEKPEVO
@O1TNTN GE U0 GUYKEKPLUEVT SLAAEED.

ye

.

EncErpyaaia Acopidag

y ?
EnihéEre MaBnpo:

MaBnua MiéheEn  Hyepopnvio Anpioupyios  Anploupyd  Xpnotwononuéva Tokens

Fig. 13. TIpoPoin tov deopidwv, pe duvototra encéepyaciog, doypagnc,
dnuovpylog vEog Kot ETOVEKTOTOGTG -

Token #72

Lesson: ApTOXTOMKAYOXoYOTINZO14
Token No: cExriy

expraton date:

URL: htps:farch,cte uowen g presencel

Token #73

Lesson: AprexTonndiYrolapaTin2014
Token No: 02tQ

expiation date:

URL: htps//arch.cte.uowen grfpresancel

Token #74

Lesson: AprextomaiiYoloparin2014
Token No: mi0aw

expiation date:

URL:

Token #79

‘expiration date:
'URL: hetps:arch cte.uowm.ge/-presence)

Token #80

Lessan: ApprextoveYroAonoTin201e
Token No: OCmOc

expiraton date:

URL: hetps://arch.ite.uowm.gr/|-presence/

Token #81

Lesson: Apgextoved|YnoAopoTiv2014
Token No: 26t

expiraton dte:

URL: hetps:farch

Token #75

Lesson: ApprTextonkAYnoloyioTin2014
Token No: raSQl

expration date:

URL: htps:farch it owen g presecel

Token #76

Lesson: ApTExTOKIYnoloyaTin2014
Token No: sevpe:

Token #82

Lesson: Agyrrextovad YnakonoTin2014
Token No: aZabF

‘expiration date:

URL hetps://arch.ite.uowm.grfi-presence/

Token #83

Lesson: ApyTexTovadYnahopoTin2014
Token No: KACUF

Fig. 14. Extonmon g deopidag “siotmpiov” tokens.

EmAiLye Acopida: B

Token No Used Tnvalid

EncEepyoaoia token

Ly P

Huepounvia évapéng Huepopnvia AfEng

> token.

NpooBrixn véag deopidag

EmAéEre Acopida: EIETEIPETTREILT:

AovDubG token: |:]

NAiBog xapaxtipey token (size): D

Karaypagn Napouciov

Session:

Aew: |:| Hva Noroika

Fig. 16. Anpovpyia “sioumpiov” token.

Fig. 17. Kataypapr napovoiog. To otrypidtono (8e€1d) ivon n mepintwon

%

Karaypagi) Mapouoiov

Lesson: |EENIEE

Session:

Arw: D EAbin Zoxtpoy)

[P i

OV 0 POLTNTHG £XEL NON TOPOVGIO GTN GLYKEKPLUEVT SLAheEn.

EmumpocOeta, mopéyetar 1 duvatdtnto TpoBoing mopovsidv
KOl GTOTIOTIK®V TopakoAobOnong yio kabe padnpo péow



GLYKEVTPOTIKOD TIvOKa OA@V TV dturégewmv, KabBmg Kat yuo
Kk@0e S1aheln Eeywprotd. Téhog etvor duvarn kot 1 mTpoBoin
TOV TPOPIA TAPOVGIDOV Yo KAOE POLTNTY| UTOLKEL.

TpoPohd) Napovoidv yia T Aikeks 11 (id=82) Tou padiuoTog ApxmexToviKi|YrioAoyioTév2014

Ovoparen@vupo

Fig. 18. IIpoPoin mapovcidv avd StiAesn.

MpoBoAn napouciGv ava goiTnTh

L

AEM: “ TNipofiohl) Napousidy yia Tov/ Ty @orrT/Tpe: HAsiva Notoika

Tapousia

ApxrrexToviknYnoAoyioTov2014

TEST10-01-2015

Fig. 19. IIpoPoAn mopovcidv ovd ottnth.

IV. XYNOVWH KAI Z2YMIIEPAZIMATA

To ocvompa ypnowomombnke NON Yo va KOAOWEL TNV
avayKn Yy KOTOYPO®N  TOPOVCLOV  TOL  HOBNUATOG
Apyrtektovik] Yroloylotov pe dwddokmv tov Ap. Mnva
Aocvyévn. H Aettovpyio Tov Mtav TANp®G OmOd0TIKY Kot
dtevkoivve T deaywyn Tov pabnpatog, Kafmg amhoboTELGE
Kot EMTAYVVE TN SL0dIKAGI0 KOTAYpaPnG Tapovstdv yio 180
poumtég mov mapokorovOnoav o padnuo. Eiye dtomotwOel
ott 1 ovvnBwopévn péBodog Yoo TNV KATAYPAQN TOV
mopovoldv dwopkovoe mepimov 20 Aemtd. Avtibeta, pe ™
XPNoM TG epappoyng o€ Kivntd Android yperdletor 1 odpmon
barcode avd 20 devtepdrenta ot YEPOTEPT| TEPITTMON, EVAD
n xpnion “eounpiov”’ (tokens) empémer TNV KOTAYPOOT|
nopovoldv 120 atdpwv péoa oe 5 Aemtd. Zvykpivoviog Tig
MOPOTOVED  UETPIKES, TapatnpnOnke OTL 0 ypdVOg NG
Swdkaciog peiddnke katd % .

YUYKeEVTPOTIKE, ot Tpelg pébodol mov mapéyovior amnd TO
GUOTNIO YO TNV KOTOXDPNOT TOPOLCIOV gival ot e&ng: o)
xpnon Tov “sounpiov’ (tokens), B) yprion ™G €QopUOYNS
Android yw cdpwon tov barcode ™G QOITNTIKNG TOVTOTNTAS
Kat y) xpnon Tov dradiktvakol mepPdAiovtoc Tov kadnyntr
Yo TV KOTo®pnon g mopovsiog and tov i010. Ocov apopd

mv mpotn pébodo, amotehel pic mOAD omAn kot cOvroun
dwdkooia, a@od To pHovo mov amotteital ivol 1 Stovopn Tov
tokens otovg @oumtéc. Baown mpobndbeon opwmg, sivar
ekTOT®ON TV tokens amd Tov kKabnynt. H devtepn pébodoc,
mapdho TOV amOLTEL TNV EYKATACTAGN TNG EPOPUOYNS OTIG
oLoKeVEG ov Ba ypnoyomomBodv Kot T0 OTL 0 POLTNTHG
npémetl vo Exel poll ToL TN EOLTNTIKN TOL TAVTOTNTA, TAPEYEL
Gpeon tavtomoinomn Tov @ounNTR Kot 1 dwdikocio yivetol
egopeTikd omAn kot avtopotomomuévr. Téhog, m Tpity
pnéBodog diver otov kKabnynt T dvvardTHTA VO TPOTOMOLEl
€0KOAO TIG TOPOVGIES 1| TIG AMOVGIES.

Soumepoopotikd, oamiomonke kot efediynke 1
ocovnOiopévn kot xpovoPopo  Sladikacio  KATOYPAUPNS
TOPOVGLOV G VO GUYYPOVO, TMNAEKTPOVIKO KOl ELYPNOTO
napovctordyo! To cvotnuo pmopel va dobel erevbepa oe
EKTOUOEVTIKOVG OV AVTIUETOTILOVV TOpOLOole TPOPAaTa,
STNPAOVTOG TV AVOPOPA TV dNIOVPYDY € KiOe GeAldaL.
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Techno-economic study of RES installations in
Hospital

Venizelos I. Venizelou
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Greece

Abstract — The purpose of this thesis is to present a
comprehensive proposal for the installation of RES in Limassol
General Hospital, which is considered one of the most energy
expensive buildings of the city. Initially a photovoltaic system
interconnected with the network of Electricity Authority of
Cyprus (EAC) is simulated, using the software PV*SOL. Next we
study a hybrid grid-connected and a hybrid autonomous system,
using the standard optimization software, HOMER. All techno-
economic studies are based on a life cycle lasting 20 years. In the
end, we compare the three systems to find the most advantageous
proposal.

Keywords: Techno-economic, RES, Photovoltaic (PV), Wind
Turbines (WT), PV*SOL, HOMER

I. INTRODUCTION

After the industrial revolution, the idea that there is a huge
abundance of natural resources and a great sufficiency in
energy resources has led humanity to follow a development
model, main feature of which was the waste of energy, overuse
of natural resources and the continued environmental
degradation. Nowadays, the planet is confronted with the
negative effects of these political, social, economic and cultural
choices, for which we seek to find solutions [1].

Today, with the help of science and technology, there are
many alternative options that can guarantee the energy security
of mankind, the protection of the environment, the high
technical reliability and economic feasibility of investment. In
this procedure, Renewable Energy Sources (RES) play a
leading role. Their use combined with the attempt to save
conventional energy sources and with the rational energy
management, will allow the rollover of the current energy
scene, which is overconsuming, economically unequal and
socially unjust [1].

Cyprus like most islands presents some important energy
problems. The high dependence on imported energy sources,
combined with the continuing increase in the price of oil and
energy demand are the main reasons that cause the energy
problem of the island. Furthermore, Cyprus, due to its
geographical location hasn't an energy link with other countries
through pipelines gas or energy grids, so it’s characterized as
an isolated system [2].

The term "renewable" refers to two basic characteristics.
First, the operation does not require any active intervention,
such as mining, extraction or burning, as with so far used
conventional sources of energy, but merely the exploitation of
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existing energy flow in nature. Secondly, it is "clean" energy,
very "friendly" to the environment, it releases no hydrocarbons,
carbon dioxide or toxic and radioactive waste, such as the
conventional energy [1].

RES have the sunlight as their principal root cause. Their
stocks are renewed naturally and practically considered
inexhaustible. In the category of renewable energy include
solar, wind, hydro, geothermal, biomass and ocean energy [1].

The problems of production, transmission and use of
energy worldwide, combined with the rapid increase in energy
demand in developing countries and concerns about climate
change, creates great uncertainty as to the continuous energy
supply resulting in uncontrolled state of fuel prices. That is
why the European Union (EU) in early 2008 adopted a new
strategic goal for the energy policy, known as "the three 20 to
2020" [3].

Cyprus, part of the European Union since 2004 has adopted
the European policy for renewable energy, energy saving and
environmental protection in recent years. Obligatory
Objectives are:

e 20% savings in total primary energy consumption by
2020.

e Reduction of 20% in greenhouse gas emissions
compared with 1990 levels by 2020.

e Increase the percentage contribution of renewables in
total energy consumption to 13% by 2020.

e Increase the participation rate of RES in transportation
to 10% by 2020.

These conditions led the government to promote the
transition from conventional to renewable energy for every
building by offering tempting sponsorships for its citizens. The
main objective of this paper is to propose three options for RES
installation in Limassol’s G. Hospital. Two of the proposals,
involve systems interconnected to the grid of EAC, a PV and a
hybrid system. The third one is a hybrid autonomous system.
All proposals have a life cycle of 20 years.

The remaining of this paper is organized as follows. Section
II describes the studied systems generally. Section III includes
the climatic conditions of the installation area and the energy
consumption of the Hospital. Section IV presents the
simulation results for the PV grid-connected system. In section
V, simulations for the grid-connected and the autonomous
hybrid system are analyzed. Comparison and conclusions are
drawn in section VI and VII respectively.



II. CONFIGURATION OF THE STUDIED SYSTEMS

In the first case, the grid connected system contain only
crystalline silicon PV modules. A PV module consists of many
PV cells wired in parallel to increase current and in series to
produce a higher voltage. Except from the modules the system
requires an inverter which converts the generated DC voltage
into AC with a frequency of 50Hz.

The second one is a hybrid system which includes PV
modules and wind turbines (WT).

As for the standalone hybrid system besides PV modules
and wind turbines, diesel generators and batteries are used.
Normally the nominal power of RES should completely cover
the load. The excess energy, if any, charges the batteries until
they are fully charged. The purpose of introducing the batteries
is to provide or to store energy, depending on the situation. If
the demand for electricity is less than the energy produced by
the WTs and PV modules then the surplus energy is stored in
batteries via the power inverter and charge regulator. If the
batteries are fully charged and the RES continue to operate, the
energy produced is lost. In case the load is not covered by the
RES then it is powered by the batteries. The diesel generators
start if the batteries and the RES fail to meet the load.

III. GENERAL DATA FOR THE INSATALLATION AREA

The Limassol General Hospital is located west of Limassol.
It started its operation in June 1993 and it is the second largest
hospital in Cyprus. It comprises 6 floors, the basement and has
a capacity of 410 beds. It offers services to 200,000 residents
of Limassol.

A. Climatic Conditions

Limassol is located in south Cyprus, and it follows the
typical peculiarities of the Mediterranean islands. In short, the
climate is mild all year round. This leads to satisfactory
temperatures prevailing in winter and summer. Limassol shows
high temperatures during the summer (30-33 °C), while winter
is considered fairly mild (15-17 °C). Furthermore, the moisture
levels are high throughout the duration of time (60-70 %) and
rainfalls are not particularly frequent [4].

B. Wind Potential of Limassol

Cyprus does not exhibit particular rich wind resources at an
average annual rate range between 3-4 m/s. Due to the low
wind speed of the study area, in our simulation we placed the
WT at the wind park "Alexigros" in Klavdia, a village between
Larnaca and Limassol. There are already 21 WT established
with the same power output as the one we use. The area has an
average altitude of 112 m above sea level [4].

C. Solar Resources of Limassol

Cyprus has a very high solar resource, with more than 300
sunny days a year. The strategic advantage of solar potential is
that it has the highest value the season with the highest
demand, i.e. during the summer. Features indicated that the
energy concentration exceeds 7 kWh/m? per day during the

summer months, while the clearness index ranges from 0.6 to
0.67 for the same period [4].

D. Energy Consumption of Limassol General Hospital

The hospital initially used only one substation, but the
expansion of the building and the installation of cooling system
brought as a result the creation of a new utility substation. The
table below follows the consumption, the power factor and the
total cost of consumption for the two substations. The data
registered by the EAC for the year 2013 [5].

TABLE I. DATA FOR SUBSTATION A

Substation A
Month Consumption (kWh) | Power Factor Cost (€)
January 633,450 0.94 143,303.10
February 587,040 0.94 141,124.74
March 639,600 0.94 147,150.64
April 638,500 0.94 145,417.19
May 746,390 0.93 165,125.00
June 837,080 091 224,278.15
July 941,000 0.90 241,875.10
August 931,170 0.90 234,616.16
September 832,780 0.91 216,057.66
October 722,680 0.93 150,854.67
November 695,890 0.92 134,515.74
December 682,800 0.94 126,603.78
Average 740,698 0.92 172,576.83
TABLE II. DATA FOR SUBSTATION B
Substation B
Month Consumption (kWh) | Power Factor Cost (€)
January 21,420 0.51 5,265.04
February 35,340 0.79 9,312.18
March 60,670 0.89 15,173.97
April 102,770 0.91 24,644.41
May 166,790 0.89 38,328.39
June 114,210 0.92 32,793.16
July 181,290 0.84 51,105.41
August 201,690 0.81 55,851.53
September 158,280 0.81 44,364.56
October 82,730 0.78 18,837.13
November 6,420 0.18 1,818.80
December 5,380 0.18 1,313.01
Average 94,749 0.71 24,900.63

E. Grid Connected Photovoltaic Systems

A grid-connected PV system is an electricity generating
solar PV system that is connected to the utility grid. A grid-
connected PV system consist of solar panels, one or several



inverters, a power conditioning unit and grid connection
equipment. They range from small residential and commercial
rooftop systems to large utility-scale solar power stations.

Net-metering is a newly inducted method, part of grid
connected systems, which enables customers to use their own
generation from on-site renewable energy systems to offset
their consumption over a billing period. When customers
generate electricity power in excess of their demand, they
receive retail prices for the excess electricity. Net-metering
regards systems with output power up to 3 kW, so it isn’t
considered in our study.

F. Off Grid Hybrid Power Systems

Off Grid Hybrid Power Systems are designed for the
production and management of electric power. They are
independent from the major national networks and incorporate
many different types of power sources, principally from RES
and conventional energy sources. The size of the side force
may range from several MW such as isolated islands in
autonomous networks to a few kW as in the cases of isolated
cottages.

The big difference between interconnected and off grid
systems is that interconnected have a much lower cost because
they do not use batteries for energy storage.

IV. SIMULATION FOR GRID-CONNECTED PV
SYSTEM [6]

For the design of the grid connected PV system we used the
software PV*SOL, created by Valentin Software. Initially we
have to set our system area by using the installed application of
MeteoSyn which extracts climate data from NASA database.
The most important task of our simulation is to design the
three-dimensional representation of the hospital with the exact
dimensions, so that we can add the PV module arrays. Using a
variety of options offered by the 3D Visualization option we
ended up with a design of the Hospital almost identical to the
real one, as shown in Fig. 1.

Fig. 1 Real and 3D illustration of the Hospital

As for the PV modules, we used REC250PE with output
power 250 Wp, by REC Solar. Each array had a mounting
angle of 25° and south orientation. The total system output is
499.50 kW. During the module mounting we took into
consideration the shade frequency distribution. The color
classification is divided to red, yellow and green for maximum,
average and minimum shade frequency respectively.

Exploiting the result, arrays such as the one in Fig. 2, were
removed.
=

Fig. 2 Example of PV array with high shade frequency

Also we avoided mounting PV modules where chillers and
solar water heaters were pre-installed.

Regarding the inverters we use a combination of Sunsys
three-phase inverters of 20kW, 66.6kW and 100kW, by
Socomec in order to achieve the maximum Sizing Factor.
Sizing factor is the ratio of the nominal power of an array of
PV modules to AC nominal power of the inverter multiplied by
the Power Factor.

At this point there is no reason to determine the energy
requirements of the hospital due to the fact that all the
electricity generated by the PV system will be exported to the
grid at the price of 0.18 €/kWh.

Having taken into account all the parameters and the
module configurations, the final 3D illustration of the building
with PV modules appears in Fig. 3.

Fig. 3 Northwest side of Limassol G. Hospital after the mounting the PV
modules

The simulation results are shown in Fig. 4. It can be seen
that a starting capital of €652,550.00 is needed. No loan plans
were made and within twenty years we have a depreciation of
this amount and a profit of €1,175,881. The payback period is
6.5 years and the new cost of energy (COE) is 0.06 €/kWh.
Also the annual energy produced by the PV system 633,957.7
kWh with the system efficiency at 11.2 %. Finally the amount
of CO; emissions which was avoided is 559,111 kg annually.
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V. SIMULATION OF HYBRID SYSTEM [7]

In this simulation the HOMER Micropower Optimization
Model is used. This is a software developed by the US
National Renewable Energy Laboratory for the design of low-
power systems and to facilitate the comparison of power
generation technologies in a wide range of applications.

A. Grid-connected System

Initially the software requires the definition of the
equipment for the hybrid system. For every equipment the
basic required inputs are size or quantity, capital, replacement,
operation and maintenance cost. As in the case of the grid-
connected PV system the inputs used for PV modules
correspond to the model REC250PE. For every 1 kW PV
installation the capital as well as the replacement cost is €900.
The O&M are approximately 1€/year. The lifetime is 20 years
with efficiency reduction rate 80%. Also the mounting angle is
25°.

HOMER has a database with most types of WTs. The N54
by Nordex with rated power 1 MW was used. The purchase
and installation cost is €480,000, while the replacement cost is
€95,000. Operating and maintenance costs reach the €5,000
annually. We considered a total time span of 20 years, and a
total hub height of about 60 m. Using the power curve, shown
in Fig. 5, we can distinguish the cut-in speed of the WT.
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Fig.5 Power Curve of wind turbine Nordex N54

For the simulation of PV system we used the same
combination of inverters as the one in the grid-connected
system, the three-phase Sunsys 100 kW inverters which have
purchase and replacement cost €35000 and the maintenance
cost is zero. The operating and maintenance costs of the
voltage rectifier and charge regulator are included in the cost of
the inverter.

Finally we setup the rate schedule of the grid which has a
sellback of €0.18 for every kWh produced by our system.

Apart from the information on equipment and the grid
profile it is necessary to insert the data for wind and solar
resources in the region, as well as the average temperatures of
the area. Solar resources are imported directly by HOMER
from the NASA Surface meteorology and Solar Energy
database by entering the GPS coordinates. Our study area is the
34° North of the Equator and 32° East of Greenwich. The
calculated annual solar radiation is 4.97 kWh/m?/d and the

average clearness index is 0.596, as shown in Fig. 6. It is
advisable that the average radiation should have a constant
trend and the annual radiation should be above 4 kWh/m%d in
order to have a reliable source of power produced by the PV

[4].
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Wind resources are determined using the free website of
NASA Surface Meteorology and Solar Energy database
considering the wind direction at 50 m above the surface of the
earth. Not all locations are suitable for the installation of
effective WT. The annual wind speed average could be a good
indicator of installation suitability of a WT in a given location
and generally values above Sm/s are considered adequate for
satisfying results. Thus we chose the village Klavdia which
indicates an average annual wind speed at 6.68 m/s, as it can be
seen in Fig. 7 [4].
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Fig. 7 Klavdia wind Resource using NASA Surface Meteorology

To calculate the output power of the PV panel is necessary
to know the temperature of the study area. For this purpose we
used data of the Meteorological Department of Cyprus for the
area of Limassol, during the period 2013-2014. The
temperature variation for that period is shown in Fig. 8 [4].
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Fig. 9 shows the final form of our hybrid grid-connected
system.
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Fig. 9 Hybrid grid-connected Power System

HOMER calculates the different permutations of possible
designs based on the inputs provided and then simulate the
power system. By adding more WTs and increasing the
number of PV modules, the system performance is improved
but at the same time we increase the capital expenditures and
the size of the overall system that we may not be able to fulfill.
Therefore the choice of the right configuration is a complex
trade-off among financial, renewable, technical and design
requirements.

After several tests, based on the total capital of the system
and the NPC, the best combination we reached is shown on the
following table:

TABLE III. SYSTEM ARCHITECTURE FOR HYBRID GRID-

CONNECTED SYSTEM
System Architecture
System Equipment kilowatt (kW) [ Quantity
PV 499.5 1998
Converter 400 4
WT Nordex N54 2000 2

The simulation results show that the initial capital is
€1,551,850 which is quite high, therefore we loaned the full
amount with annual real interest rate 4.5%. The total Net
Present Value (NPC), which is the present value of all the costs
that it incurs over its lifetime, minus the present value of all the
revenue that it earns over its lifetime, is €15,172,990. In Fig. 10
we can see the cash flow of the system over the 20 years. Red
represents the capital cost and green is the income which is the
profit from grid sales. Pink stands for replacement cost and
specifically for the converter whose lifetime is 7 years.
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Fig. 10 Cash flow of the Hybrid Power System

B. Self-feeded Energy System

In this case the system must be able to meet the Hospital’s
load and any excess of electricity produced, when batteries are
fully charged, is lost. Due to the high significance of the
building it must be still connected to the grid to avoid any
undesirable incidents in case of system collapse.

Same inputs for PV modules and converters have been
used but we changed the N54 WT with GE 1.5sl which has
rated power 1.5 MW. In this way less space is used. Besides
these, batteries and diesel generators need to be considered.

For the system the Hoppecke batteries 10 opzs 1000 of the
homonymous German company are used, which have market
cost €310. The replacement and maintenance costs are €300
and €2.00/year respectively.

As for the generator we used a three-phase diesel generator
1500 DFLE by Cummins Onan. The purchase and replacement
cost is €250,000 and the maintenance cost is €0.100/year. It has
rated output 1875 kVA. Diesel price has a significant impact
on the running costs of a system equipped with a diesel
generator and at this time of period the price is 1.1 €/L.

The grid parameter needed to be changed as we no longer
export energy to the grid but we buy at the average price of
0.26 €/kWh if necessary.

After we have dealt with the inputs of the components we
have to define the load. HOMER uses 24 hourly values, each
one of them is the average electric demand for a single hour of
the day. Then it replicates this profile throughout the year
unless you define different load profiles for different months or
day types. We used a daily load profile of August which has
the highest electric consumption so we can be on the safe side.
The daily profile of August appears in Fig. 11.
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Fig. 11 Daily Profile of August

The simulation results indicate that the initial capital is
€4,102,517. As in the previous case we used a loan with the
same annual real interest rate. Total NPC is €35,971,528 but
this time it represents the total cost to maintain the system
during its lifetime and not the profit. In this case, the new COE
is 0.273 €/kWh which is higher than buying directly from the
grid.

The equipment combination we used for this system is
shown on the Table I'V.



TABLE IV. SYSTEM ARCHITECTURE FOR SELF-FEEDED

SYSTEM
System Architecture
System Equipment kilowatt (kW) Quantity

PV 499.5 1998
Converter 1000 10
WT GE 1.5 sl 3000 2
Hoppecke 1000 291.67 3500
Diesel Gen 1500 DFLE 1300 1

In Fig. 12 red again is the capital cost, green is the
operating cost of the equipment, pink is the replacement cost
and black the fuel cost. Salvage value, shown in yellow, is the
value remaining in a component of the power system at the end
of the project lifetime. HOMER assumes linear depreciation of
components, meaning that the salvage value of a component is
directly proportional to its remaining life. It also assumes that
the salvage value is based on the replacement cost rather than
the initial capital cost.
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Fig. 12 Cash flow of the Self-feeded Energy System

VI. COMPARISON BETWEEN SYSTEMS

In the table below, the basic parameters of the studied
systems are summarized.

TABLE V. CASE COMPARISON

- Capital NPC COE Profit
Jstem © © (€kWh) (€-%)
Grid—Connected 1,175,881
PV System 652,550 1,175,881 0.06 30.2%
Grid—Connected 15,172,990
Hybrid System 1,551,850 | 15,172,990 0.161 877.7%
Self-Feeded 11,442,712
Hybrid System 4,102,517 = 35,971,528 0.273 178.9%

Clearly, the third indent is quite difficult to achieve because
of the huge funds needed to be spent but also the large space to
be allocated and for these reasons it is precluded.

Between the other two cases, the hybrid system is way
more profitable due to the fact that by tripling the capital we
ended up with 13 times the NPC of the first case and a profit
877.7% of the initial investment instead of only 80.2%.

VII. CONCLUSIONS

Three options of RES installations were proposed in order
to increase the percentage contribution of RES in total energy
consumption and to reduce the electricity bills of the Limassol
General Hospital. In the first case, where a 499.5 kW PV
system is interconnected to the grid of EAC, an investment of
€652,550 was needed and the profit after 20 years was
€1,175,881 meaning that 80.2% of the capital was gained.

To improve even more WTs were included. The initial
capital of the hybrid system is €1,551,850 and the total NPC is
€15,175,990, which corresponds to 877.73% profit, a definitely
more lucrative option than the previous case.

The third option is a self—feeded hybrid system, connected
to the grid. In this case, the capital is €4,102,517 and the total
cost to maintain the system is €35,971,528 assuming that no
energy was fed from the grid. Currently, the Hospital has to
pay approximately €47,393,240 on electricity bills for the
period of 20 years. Considering that, the third option offers
earnings valued at €11,442,712 which equals to a 178.9%
profit.

The above results suggest that the hybrid grid-connected
system outperforms the other two as far as it concerns the
profit percentage. Also it needs an initial capital that can be
easily achieved and uses only renewable energy, making it the
ideal proposal for RES installation in Limassol Hospital.
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200G LLOC OLATAENC LETATPOTED, KO
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Abstract—H amaykictpoon g avOpdOmVG dpacTproTnTog
0mé mTuPadocLOKES POPPES EVEPYELNS, 0TS TA OPVKTA KAVGLNO,
&er odnynost Ta TEAsvtaio ypoévie oty  avamtoén TOV
OVOVEAGIHMV ANYAV. Xnpoivovoo 0fen oto Topéa OVTO
Kotohappaver 1 ovykoud] mMAlokNg  evépyswog  pécm
PoToPolTaik®V panel. Q6T060, A6 TN CKOMA TNG EVEPYEWNKNG
omédoong avtig TG pedodov, dev vmapyer péypr onupepa
KoOiepopévn 006g ekpeTdirevong te. Avrifeta mopoveraleTal
évag  peydrhog  aplOpndg  TPOTELVOPEVOV  TOTOAOYLAV KoL
OPYLTEKTOVIK®OV gAEYYOV, N Kabepio €k TOV 0moiV TPOoPEpEL
OLOPOPETIKA YOPUKTNPIGTIKA. TE AUTNV TNV EPYUCia My EIpEiTaL
n mapovciacn &veg povrélov amotehovpevo amd évav Cuk
RETATPOTED KO EVOG VEOV KUKADNATOG EAEYYOV avaPOpas TAGNG,
70 070i0 ekTELEL aAyop1Opo 6yAnong kot Ttapatipnong (P&O) ya
Aertovpyioc oto onueio péyotng omodddpevig oyvoc. H
npoavopepOeico owatuEn avorappaver Tmv 001ynon @optiov
xopnig wyvog (60 W) ané gmtopoitraiké panel (60 Wp). To
GUVOMKO OUGTNHO NOVTEAOTTOLEITOL KOL EEOHOLMVETOL EVA
KOTOOKELALETAL I OLATAEN, pE OKOTO VO VITAPEOVY TEPUNATIKEG

RETPNGELS.

Evoeiktivoi Opor—akyoprOpog O6yAncng kou mopotipnong
(P&O), avtévopo pmtoportaiké (®/B) cvotnpe, perotpomiog
Cuk (dc-dc conversion), onpgio péylotng amoddouEVNS 16Y10G
Z.M.L).

1. EIZArQra

ATA m dwdwkoocio oyedacpod evég avtdévopov O/B

GLOTAUATOG TOAD GNUAVTIKO pOAo Toilel 1 EvEPYELOKT
T0v  oamddoon. g  TWOAOTEPO  GUOTHUOTO, 7OV  O&v
mePLOUPAVOVTOV UETOTPOTENS, TOPOLOLALOTAV 1 OVAYKT|
VIEPSOOTOCIOAOYNONG TV panel yw vo koAveBovv ot
gvepyelokég avaykes. H ypnion petatpoméo kot Aoyikov
KUKAGUOTOG emétpeye v emitevén vymAotepav Pobudv
amodoong, e&oleipovtag avtiv v ovaykn. H apyn omv
omoila otnpiletor n mponyoduevn mopadoyn eival avty Tng
HEYIOTNG  UETOPOPAES 10Y00G , OMOV OLOICTIKE Yivetal
mpoomdfelo Vo TANGLAGEL 1 T TG OVTIOTOONG (QOPTIOL
LTIV TNG ECMTEPIKNG AVTIGTAONG TNG TNYNG.

[Tpokeipévov Aomdv vo, TpoymPNoEL 0 GYESUGUOG TOV

To mopdv €yypago katatédnke mpog a&loddynon v 8", defpovapiov,
2015.

O ovyypagpéac, Bacikng ®. Towdpag, eivor Qortntmg TOv TUAMOTOS
HXextpordymv Mnyavikdv kot Teyvoroylag Ymoroyotdv, IMavemotio
Hatpdv, [Tatpa, Axaic, EAAGSa (e-mail: tsimaras.vassilis@gmail.com).

GLGTNUATOG, OVATTOYXONKAV GE TPOYPAUUOTIOTIKO TTEPIPUALOV
o pofnuatikd povtéla mov Jémovv TN Agrtovpyio TV
EMUEPOVG LOVAS®V. Q¢ TPOTLTO Yo TO PTOPOoATAIKS panel
ypnoonomdnke 1o SOLAREX MSX 60 gvéd vroloyiotnkov
Kol EMAEYONKOV TPOCEYTIKG TO TOONTIKA Kol EVEPYNTIKA
otoleia tov KukAdpatog. T peyoadvtepn evehéio Tov
ovoTuatog ypnoyomomdnke n tomoroyioa Cuk petotpoméa
(avoymon-vrofifacpod tdong) evd 10 KOKA®EO EAEYYOL
viomomOnke pe pikpoeieyktn (Microchip dspic30£2020).

H d14taén mov amoteleiton amd 10 KOKA®UO EAEYYOL Kot
TOV pETaTpomén oyedldotnke mAve oe pio mhokéta. H
mhaxéta avty meptlapPavel TOG0 TOL LETPNTIKA KUKADLOTO
Taong Kot peOHLATOG OGO KAl T TPOPOSOGia TOV KUKADUATOG
TOL pukpoeheykt. Me avtd 10 Tpdmo dnuovpynonke pio
eopntn povada mov upmopel evkoia vo Tomofetnbel oe
SPOPETIKO KOKAMUO 10YV0C. AV Kot 1 d10.6TAGIOANYNON TOV
petatponén Eywve Paci{OUeEVT GTO XOPOKTNPIOTIKG TOL panel,
éxel yiver mpoPAeyn gvkoANg evorlhayng mNViOv oAAG Kot
emAoyn otoyeimv pe peydho meplopo  acpareiog,
TPokeEVOD  va  géumnpetnfody  SlOQOPETIKES  AVAYKESG
Aertovpyiog. Avt 1 Swdikacio TpaypotomomOnke yo va
pmopet va. Sokyaotel 1 014taln og epyacTNPLOKES GUVONKEG.

O olyopiBuog mov emAéybnke 7y TO GLYKEKPUEVO
ovotua, eivar 0 P&O kupiog AMyw g amAdtnTog Tov aAAG
Kot ETEWN €lval amd TOVG MO OTOS0TIKOVG, MGTOGO KATH TNV
€QapUOYn Tov Tapovctdlel dVo eyyevi] TpofAupaTe TOL
neplopilovy v amddoon  OoAAG KOl TOL  TOLOTIKG
YOPOKTNPIOTIKA TOV NAEKTPIKOV peyebdv g €£odov. To
TPpOTO €lvar 1M advvapios CVTIHETOTIONG TNG  YPOLLKNAG
petaPoing g nAokng aktivoPolriog, mov ennpedlel Kupimg
™V amdd06T Kot To dEVTEPO 1) TAAGVTOO™N YOP® amd To onueio
péyotng  amoddopevng  1oyxbog.  AVOADOVIOG OUTEC  TIG
advvopiec mpoteiveton  pio  pébodog  eEdhewyng g
TOAGVTOONG TOL aAyopiBpov, mn omoio Pocileton oe pia
TOTOAOYi0 TOV YPNCIHOTOLEL T TdoT EEOO0V TOV GLOTNLOTOG.

‘Eva dAlo mheovékTnua Tov amoppéel amd avTn T ToToAoyio

glvar m dvvatdomTo amevbeiag 0dNynong Tov KLKAMUATOG
wybog oy embount) tdon €660V pe EAEYYXO TAOTG TOL
givar euowd péyebog kat Oyt e AOYo Katdtunong mov givol
adtdototo péyebog.

II. MONTEAOIIOIHZH EINIMEPOYX XTOIXEIQON

Anpiovpyovvtal poviélo OAov TV povadwv mov Oa
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arotelécovv 10 ovotnua oe  mepPdiiov  SIMULINK.
Tavtoypovo yivetar ypnomn U BaviKOV mTadnTiKdv Kot
EVEPYNTIKOV oToleiwv 7Tov amockonel otnv  opbdtepn
eEQy@YN CULUTEPAGUATMOV OVOPOPIKA LE TN AgLTovpyic TOL
GLGTHLLOTOG.

A. Dwrofolraixo coornua

To povtého mov emdéyfnke 7y TN TEPLYPAPY| TOL
QoToPoATalKoD QUVOUEVOL gival anTd TNG Hovig dtddov [1]
onwg eoivetar oto Xy. 1. H eficwon mov meprypdest ™
Agrtovpyio Tov givarm

I=1Iph—1Io (exp(q“"jf%ﬂ—ﬁ—”%}j’“. (1)

P layer R —

R
[

N layer

Yyx. 1. Movtélo povnig d10dov.

TMINAKAX 1
ENEEHIHIH METEOQN

q 1,6 e-19 Cb goptio niextpoviov
n  otabepd WavikotTog pe Tipég pnetald 1 ko 2
K 1,38e - 23 J/K ot00epd Boltzmann
T  Amdlvt Beppokpaoio og K
I, pevpa kdpov d16d0v
G mpoomintovco aktivofolrio
ar  OYETIKOG OEPHOKPACIUKOG GUVTELEGTIG
E, evepyewako ydopa tov moptriov
Pr  péyrom woyg
Tdomn oto onpeio PEYIOTNG 1oYHOG
Ip  pevpo 6T onueio péylog oyvog
Voo TAOT OVOLYTOKVKADLOTOS
I  pedpa BpayvukukAdUATOg

H vmoonueioon ref vmodewvoel Tig ovvOnkeg avagopdg
(SRC-standard reference condition) nAadn: Ger =1000 W/m?,
Tt =25°C, AM 1.5.

Qotoco m eklowon (1) mepryphoer ™ Aettovpyion €vOg
kuttdpov. Ta @/B panel omotelovvrar and 7wANOdpo
KLTTapov, T omoio. pumopel va eivar cvvoedepévo gite og

oelpld  eite  mapdAAnAo. X ovut| T TEpitTwon M
xpnotpomoteiton n
v +IpanNsRs
Ipan = Nplph — Nplo <exp (%) - 1> -
IpanRsNs (2)

Vpan+ Np
NSRp
Np

Ymv e&icmon (2), 1 onolo TEPLYPAPEL TN GYXEGN TAONG Kl
pELIOTOG, VIAPYOVY 5 dyveooteg petafAntés. o va givar to
ovoTNHo akpPBEC Tpemel vo VIOAOYIGTOVV Ot Tiég Toug. Ot
petafAntés avtég eivor M otabepd  WavikdOTTOC N, TO
pwtopevua Ly, 6mov

Iph = Iph,ref (Grief) (1 +ap (T — Tref)), 3)

T0 pevpa k6pov d1odov I,

T

lo = lo,ref (ﬁf exp (@), 4

KTref KT.

Kot T€hog ot avtiotdoelg Rg kot Rp.

Ayvoovtag tnv emidpacn ¢ Rp pe oyxetikd pucpn
AmOKAGT, TPOKVTTEL TO akOAOVHO cuoTnUa elodoemV, PAcel
TOVL 01010V VIToAoYifovTal Ta dyvmoTa peyEomn:

3 q(0+13c[:,\l;Rs)
Isc = NpIph — Nplo | exp e )T 1 5)
v +ImpNsRs
Imp = Nplph — Nplo <exp (%) - 1> (6)
o q(Vmp+ImpNSRS
qur:\;(p'rlrefexlj< NsnKTr’:? )
2 (7)
vmp qloRs q(‘”"’”'%)
=nKTref €xp NsnKTref
Voc =Voc,ref + (T — Tref) ®)

Telucd vroloyilovian ta dyvooto peyédn, onmg eaivetot
oto mivaxa II:

MNINAKAZ II
MEI'E®OH
MetaBAnTtég TIEG
Iph,ref 3.8A
Io,ref 1.5664e-6 A
n 1.5523
Rs 0.0028 O

Me 11 TAnpopopieg mov &yovv cuykevipwbel edg Tdpa,
pmopel  vo  oYNUOTIOTEL TO TNAEKTPKO 1GOGVVOLO  TOV
SOLAREX MSX 60 c¢ nepipdirov SIMULINK.

a

L g

- V_san
vsingal

v

2y. 2. Movtehonompévo /B panel.

E&etalovtag tn Aettovpyio Tov poviéAov OV QaiveTot
070 ZY. 2, TPOKVTTOVV Ol KAUTOAEG AerToLpYing TOVL. XTO XY.
3 paiveton n I-V kapmdAin ko oto Xy. 4 n P-V.

Cameat (A)

e (A

L e e B LN | | \
B0 12 M 6 18N 2 M
Voltage {V) : Yoy T

2y 3. ZUyKplon KOUTLUADY AEITOVPYING KATACKEVOOTH HE AVTEG TOV
TPOKVTTOVY OO TNV TPOGOUOIMOT).
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T=25°C

:
€0 G=1000 T
—— G=800
G=600
G=400
50 — G=200 ||
/e\ \ —— G=100
40
g o
=
Y 30
ES
k)
M \
20 \\
10
/ﬁ
o
0
0 5 10 15 20 25 30

Taon [Volt]

Zyx. 4. P-V yopaxtnpiotikés kot onpeia péytomg oyvog tov SOLAREX
MSX 60.

B. Merarporéag

Onwg avaeépbnke oty  €l60y@yn 1 TOTOAOYiD, TOV
petatpoméa eivon boost-buck 1 aAlidg Cuk kot amekoviCeton
610 Xy. 5. Zmv wWavik] Tov Hopen 1 AgiTovpyio. TOL
neptypapetar omo tig elodoetg (9) ko (10).

Vout — D (9)
Viy 1-D
It 1—D
- 1
I D (10)
=
ot —3 | ZIIA ¥
[xs 1
) Kl L
’{,. una

Yy. 5. Tomoloyia Cuk petotpomnéa.

H dwotacionoinon tov yiveton pe Pdon to embountd
TOLOTIKA YOLPAKTNPLOTIKG Agttovpyiag. Avtd mapovoidlovtot
ovykevipotikd ot e&womoerg  (11)-(13), otr  omoieg
neplopilovy T kvpdtoon g thong €£66ov oto 20%, ™
KUUAT®OT TOV PELHATOG TOL Tnviov e£0dov emiong oto 20%
kot ggacpaiilovv Aettovpyia cvvexohs aymyng peduATOg
(CCM).

TS (1-D) < T2 (1-D)
01, G, 002->L,C, = T¢ 5002’ (11)
Aiz _ RLoap(1-D)Ts <02, (12)
Iz Lz
LyRLoap(1-D)’Ts
L, >—2toab 2 s 1
1= 2L,-Rp0ap(1-D)2Ts (13
[MopdAAinia vmoloyifovior m TAOMN KOU TO PELUO TOV
OlKOTTOUY 0 JlOKOTTNG Kot 1 810d0¢ GAAL emAéyovTon

oTolElD TOV VIEPKAADTTOVY AVTEG TIG TILES YO TOVG AOYOVG
oV avaPEPONKaY oV gloaywyn. & ovtd T0 onueio TPEMEL
va onuelwdet Twg n ovyvotnta Aettovpylag Ppicketar oto 100

kHz. Avty n ocvyvomta dev mpoKahel ONUOVTIKEG OTMOAEIES
OTO NUWYOYIKA GTOrYElD KOl TOVTOXPOVA EMTPENEL T XPNOM
LKPOTEP@V TNViV O0Ttmg paivetal and v e&icwon (11). Mg
OKOTO TNV MO TIOTH AMEKOVIGT) TOV HOVIEAOL ELGAYOVTOL Ol
ATOAEEG TOV TAONTIKOV oTolyeiwv pe TN Hopen &V oeEpd
OVTICTACE®V HECH TOV KOTAOTOTIKOV gElodoemv. Ot Tyiég
toug  avtikatomtpifovv  ekeiveg  mov  mapéyouvv Ot
KOTOOKEVOOTEG GTO GLVOOELTIKA QPLAAGSIL TOL ekdoTOTE
oToreiov.

[ 0 0 0 ]
I 0 _ Tietrci+(callRioap) 1 RLoAD I
Al = le Ly (rc2+RLoaD)L2 (14)
0 - 0
Cy
| o _ CeallRioap) _ ;J
Tc2C2 (rc2+RLoaD)C2
1/L,
0
B1 = 15
¢ as)
0
c1=[0 rallfpn 0 -] (16)
T2 + Rioap
[t 0 -1/L, 0 1
| 0 _ TL2+(rcallRLoap) 0 RLoAD
A2 = I Ly (rc2+RLoap)L2 | (17)
| 1/¢, 0 0 0 |
l 0 _ (rcallRLoap) I J
rc2C2 (rc2+RLoap)C2
1/ Ly
(18)
Rioap
C2 = [O e ||IR ] 19
c2||RLoap rcz + Riomp 19)

Omov Iy, = 0.1 Q, Iy, = 0.2 Q, Tc1 =Tc2 = Tex = 0.005 .

Telkd o1 oyéoelg mov mepypdpovv TN Aettovpyic TOL
petatponén Katalyovv otig (20), (21) kon yiverar duvatn 1
KOTAypopY| TOV KOUTOA®V 0rOd06NG TOV.

Vour _ Rio4apD(1—D) 20)
Viv. (1 =D)*(Roap +712) + D1y (1 — D) + D1y
1 _
L @1
Iy D
1
| | e
0.9 I — =
\

0.8

\

\
0.7 —— 4
06 S . \
Ny _ \ \‘
05 ™~ - \ “k
0.4 - N i
050 N \ ‘\1

03— A\

ATrodoon

— Roadr =

— Rloape =30

Rl oas = 488 Q
0.2 R
—R

=80Q
=100

LOAD4’

LOADS
0.1 o

I I I
| | |
| | | \
} } i
0 0.1 0.2 03 0.4 05 0.6 07 08 09 1

Noyog Kardarunong

Xy. 6. Kopmdieg amd6d00onG cuvaptioet AOyov KOTATUNGNG.

o

Amd 0 Zy. 6 yiveTon GOQES TMG 1 ATOSOGT] TOV LETOTPOTEN
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eEaptaror Kupiwg amd TN OYETIKN JBPKEW Ay®YNS VO OF
MEPUTTMOGEL; TOV OMOVCLALEL O LETATPOTENS TO Onuelo
Aertovpylog pmopet va givan povo éva.

III. EAETXoz

Ot PaciKég OPYLTEKTOVIKEG TOL YXPNOYLOTOOVVTOL GTOV
éleyyo tdaomg, elvar o amevbelog €leyyog NG OYETIKNG
SuapKelog aymYNS TOv SOKOTTIKOD GTOtYElOL TTOL PaiveTAL GTO
Yy. 7 xou 1 péBodog Taomg avapopds Tov Xy. 8. Ot 0moddcElg
OV TPOGPEPOVY OVTEG 0L OV0 péBodoL gival TopUmTANGLES,
®OTO00 Ogv  KATOMEPVOUV VO OVIILETOTIGOLY  KATO
TPoKTIKG TpofAnpata tov P&O 6nwg o €ieyyog g tdong
€EGd0V KOl TNV TOAGVTOON YOp® Omd TO ONUEID WEYIOTNG
wybog. XN TMEPIMTOON TOL GOV EOpTio YpnoLomomOel
KATO10 MAEKTPOUNYOVIKO cOoTNUa, 1 Tdon €£0dov eivol To
péyebog exeivo mov kabopilel Tov aplBpd TV GTPOPOV TOV
KOl GUVERMG TPETEL VAL VTIAPYEL 1 SuvATOTNTO ALEGOV EAEYYOL
Tov pe Pdaon kamolo @uowd péyebog. XTn cuykekpuévn
gpyacio mpoteivetal €vo, SLOPOPETIKO HOVTELO EAEYXOL TTOV
mapovoldletar oto Xy. 9. Avtn n pébodog, Wwitepo ot
MEPIMTOON TOL OV YPNCLLOTOLEITAL HOVASH GLOCMPELTN
gvépyelag, Exel T dvvaToOHTNTA TOGO PLOLGNG TG TAGNG TG
€EGd0V e Gueco Tpomo, BEtovtag pia Tdon avapopds avti yo
mv ektéleon tov MPPT 600 Kot OVIWETOMIONG NG
taAdvtoong tov P&O.

DotoPortaid
Tootnpa

Merazpontag Poprio

Vin lin D

MPPT

2. 7. Aopkd Sudrypoppo GUeGOL EAEYYOV.

DoTOPOATHIKO
Tootnua

doprio

Xy 8. Aopko didypoppo eEEYXOV avapopas Téongc.

otoBoktaixs
Toomua

Doptio

Vout

2y 9. Aopkd S1dypoLLoL TPOTEWVOUEVOL EAEYYOV.

A. Ylomoinon eAéyyov

O éheyyog TaomMg omoTerel TV MO OTAN KOt SladedOpEVT
HOPOY  OUTOUATOV  €AEYYOL  GTOVG  UETOTPOTEIG  OTAV
xpnowonoteiton PI eheyktig. Xpnoyomotel povo vav Bpodyo
avadpaong Kol €va ofpo. 6 oY€CN WE TOV AVTIGTOL(O TOL
pevpotog. H peimon 610 vAKO mov omoppésl amd avtd TO
yeyovog, tov kabiotd mo owovopkd. Emiong Aoym g
amAOTNTOG TOV, €ival o €0KOAO Vo Yivel EAeyX0C EVOTADELNG
oe avtifeon pe TG GAAEG HOPQEC EAEYKTOV OAAG KOl Vo
povtelomomBel mo anid.To povtédo oto omoio otnpiletor o
éheyyog thong mapovsialeTot oto Xy. 10.

Vref ¢ Avtictadpiopévog
MPPT Evioytiig
Zodipatog

Vout
I DOPTIO

Veon D
4)| Eeykriic PWM l—)l CUK

Képbos pétpnong

y. 10. Aopko didypoppa eEAEYXOL TAONG.

‘Exovtac 101 vmoloyicel Tig kaTAOTATIKEG €5I0DCELS TOL
petatponéo.  Cuk, mpaypotomoteiton 1 aviAvom  HIKPOL
ONUATOG, HE OKOMO TNV amopoitntn YpOoUUKonoinon tov
YPOVIKA HETOPAAAOIEVOL GLGTAIATOG. METd TOV VITOAOYIoUO
TV eEIOMCEDV LETAPOPAC, ETAEYOVTOL TAL KEPON TOL Bpdyov,
®ote va e£0cPaAloTel 1 6TABEPOTNTO TOV GLGTALOTOG KOL 1)
KOVOTTOMTIKN TOL OmdKPLoN, Onwg aiveton oto Xy. 11-13.

_x10 Foot Locus

Imaginary Axis

'
1 05 o 05
Real Axis

2y 11. Teoperpicog Tomog Pildv avorytov ﬁpéxoxl)q.

Bode Diagram
Gm=6.23 dB (at 2.48e+004 radisec) , Pm=56.6 deg (at 1.02e4004 rad/sec)

-100 | -

Magnitude (d8)

150 L

-200
360

180

Phase (deg)
T

x

-360 =
10 10' 10 10° 10
Frequency (rad/sec)

Zyx. 12. Bode didypappa avorytod Bpdyov.

‘Exyovtog poviehomomjoet OAo To. JOMIKG GTOUKElDL 1OV
eatvovtol 010 Xy. 9, KataoTtdton SvvaTn 1 TPOGOUOIMGY] TOV
ovotipatog oe mepiPdaiov SIMULINK ypnoylomoimdvrog
WK 0VTIOTOOT G POPTIO KO TACELS Y10t GO EAEYYOVL.
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Step Response

Ampitude

1 c c c c c c . .
0 1 2 3 4 5 3 7 8 9
Time (sec)

Xy. 13. Bnuatkn amdkpion kAeiotond cmcsn']powoxg‘
Ta amoteléopoTo TG TPOsOoHOinoNS TPOoVSLALovTaL GTa.

2y. 14-16.

Rioaat =5 Q
——Rgp=10

AL
e

oxeTIKA BEIGPKEIT aywyri
°
°
=

0 0002 0004 0006 0008 001 0012 0014 0016 0018  0.02
XPovog [ sec ]

Xyx. 14. Amnewodvion Aoyov katdTunong mpog xpdvo vd SRC yua poptio SQ
(Vrer =16.16V) ko1 11Q (Vrgr =25.15V).

R, 50

oad1 =

Roage = 112

o
&
\h\\‘\\

10XU £10630u [ Watt ]
@ IS
8 =

3
0 0002 0004 0006 0008 001 0012 0014 0016 0018 002
xpowog [ sec |

Yy. 15. Amewcdvion 16)00g 166500 Tpog xpdvo vtd SRC yio optio SQ (Vrer
=16.16V) ko 11Q (Vger =25.15V).

Roag1 =52

Roa = 110

i

Taon e§6Bou [ Volt
= )
T

5

0 0002 0004 0006 0008 001 0012 0014 0016 0018 002
Xpovog [ sec |

2y. 16. Amewovion tdong e£650v mpog ypdvo vd SRC yio goptio SQ (Vrer
=16.16V) xou 11Q (Vggr =25.15V).

To endpevo Prina otV avtopOTOTOINGT TOV EAEYYXOL £lvarn
N evoopdtoon tov oiyopiBuov avalnmong tov onueiov
péyromg woyvos. Omwg avoaeépbnke kot mponyovuéveg Bo
viomombei o P&O oahyopiBpog, m apyn Aettovpyiag Tov
omoiov dev o TEPLYpaEl E6M HLOG KOTAYPAPETOL EKTEVMG GTN
Broypaepia.
B. Avuueromon tolaviwons yopw oro to X.M.1

To kaB0op1oTIKd TAEOVEKTNLA TTOV TPOGPEPEL 1) TOTOAOY ML
oV Xy. 9 og avtiBeon pe Tig Kobepwpéves, elvan 1 a&tomoinon
™mg thong €£6dov. e va kataotel OoUTO TO  COQEC,
amewcovilovtar oto Xy. 17 to peyédn mov epmiékovial oV
eKTELEGN TOV aAYOpPiOLLOv.

60

50

IZXYZ EIZOAOY [ Watt |
TAZH EIZOAQY [ Volt |
— TAZH EZOAQY [ Volt ]

: AN

20

0
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

IXETIKH AEIAPKEIA ATQIHZ [D]

Tyx. 17. Amewovion peyebov og tpog Aoyo kotdtunong ved SRC.

ATO TO TPONYOVUEVO GYNMUM, TPOKVITEL TMOG 1 KOAUTOAN TNG
Taong €£000V TEPIEXEL TANPOPOPIEG OYETIKG pE TO onueio
Aettovpyiog mov PpiokeTor ova mACH OTIYU TO GOGTNMUO.
A&lomoldvTag antd TO YEYOVOG UTOPOVV va yopToypopnBody
Aemtopepéotepa ot KatevhOvVoelg Tov TPEMEL aVTO VO TAPEL
avoQopkd pe to Adyo KOTATUNONG OOTE v Yivel o
amod0TIKO. AvOAVOVTOG TN GY£oT HETaED TAoNG €16000V Kot
€&0dov, mpokvmtel To Xy. 18.
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Y:A7.41
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TAZH EIZOAQY [ Volt |
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u
x:2556 |
5 Y:-2423

5 20 25

1%\ZH GOPTIOY [ \Jjn ]
Zy. 18. Amewdvion tdong 16630V m¢ TPog Taom €000V Kat OL aVTIoTOLKES
HeTABOAES TOVG.

[Hopompdvtag ovTHV TNV OTEKOVION YIVETOL OVTIANTTO
g 660 TAnclalel n Aettovpyia oto X.M.I. 1660 mo évioveg
yivovtar ot petaforég peto&d tov dvo tdoewmv. To Xy, 18
KATOQEPVEL VO, TOGOTIKOTOMOEL 0LTH TN petoforn. Balovrog
pio cuvOnkn vo unv exteAeital o adyopidpog otav Eemepaotel
éva onuelo kol mave dnuovpyeiton pio kabvotépnon yopw
and to X.M.I. piog Kot HEIOVETOL 1] GLYVOTNTA EKTEAECTG TOV
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aiyopiBpov. Otav Spwg dev extereiton o olyopBuog, dev
VIAPYOLY Kot SOKVUAVGELS GtV 10Y0. AZOTOIOVTAG OVTES
T1g dVo TapaTnpoelg TpokvTTet pia Topariayn tov P&O mov
dev mhoyel omd TOAAVTIOOES 0ALG Ppioketon oe amdGTAON
pKpdTeEPN Tov Prpotog g téong ond to X.M.I. Ilpoktikd
avtd 10 oQaAa dev Eemepviel moté to 2%. Epapudlovtog ta
mpoavopepOEvTa dnpovpyovvtot o Zy. 19 ko 20.
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Zyx. 19. Amewkovion AOYov KATATUNONG MG TPOG XPOVO EKTEAMVTOG TOV OTAO
P&O akyopibpo.

oxenki Beidpreia aywyfig
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xpovog [ sec ]

y. 20. Ameucdvion AOyov KoTdTUnonG OG TPOG YPOVO EKTEADVTAG TOV
Swapopeopévo P&O akyopBpo yia tig idieg cuvOnkes pe avtég Tov Xy. 19.

Me ) Bonbeia tov SIMULINK dnpiovpyeiton pio ddtaén
eléyyov, n omoio epapudlel tov dapopeopévo P&O. To
HOVTELO 7OV TPOKVTTEL, GLVOLALETAL WE TO TPOTNYOVUEVQ.
HOVTELD COHPOVO LE TNV OPYITEKTOVIKT TOV TOPOVGLAlETOL
o010 Xy. 9. To vo deyBovv Ta TAEOVEKTALOTO OVTAG TNG
nebddov, oyedialetan pio Tpocopoimorn Kot T SLapKeLo TG
omolog petafdiietar n Aok akTVOBOAId TOGO YPOLUIKG
060 kot Pnpatikd. To arnoteléopato topovotdlovral 6To Xy.
21 ko1 oto Xy. 22.

[ I [ I
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loxds [Watt]
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Xpovog [sec]

Zyx. 21. Xpovikn amodKpion g 160G TOL QOTOPOATAIKOD GUGTALATOS Y10l
petafarropevn niwokn oxtvoPorio.
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2y 21. Anewodvion OAmV ToV 51000 KOV PNUAT®V TOL LOVTELOV, TO. OOl
GLYKpIvOVTaL UE TIG LOAVIKEG KOUTOAES TAGNG-1oYVOG Y10 TIG OVTIGTOLYES TIHES
axTvoPoAiog.

@
S
™

IV. XYMIIEPAZMA

H ovunepipopd tov GULOTAROTOC MOV GYESAOTNKE GTO
TAOIC10 VTG TNG EPYACING, TPOCPEPEL PEATIOUEVA NAEKTPIKA
YOPOUKTNPLOTIKG TOGO o€ amddoon OG0 Kol GE ToldTNTo. AVTd
QTOTEAEL OTUOVTIKO TAEOVEKTNLLO. 1d10iTEP OTAV TO KOKA®LLOL
odnyel miextpounyavikés datdelg 1 dwotdéelg mov eivon
evaicOnteg oe 00pvPo. Eva mbavo peAAovTikd OovTIKEIIEVO
pelég eivar n dopdpewon tov P&O aAyopibpov dote va
avTILETONICEL KOl TIG YPOUUIKEG HETOPOAEG TG NALOPAVELNG.
Téhog mpémetl va onpelmdel TS 0 GUVOLAGHOG LETATPOTEN KOt
KUKADUATOG EAEYYOV KOTOOKEVAGTNKE MG GVTOVOLY HOVAD,
EMTUYYAVOVTOG aT0dOGELS £DG 95%.
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PANDORA: IToyvidomotmuévn eQapproyn yia. tnv

exmaiocvon o€ OEUATA NAEKTPIKNC EVEPYELNG

Anpntpng Evéa Méhe, EAaov Mreilépt, Todko Aovpip, Xtepdv AAL

Hepilnyn— H gpyocio avti) meprypdeer Ty onpovpyio pog
EQUPUOYNGS Y10 TNV EKTTAIOEVON YPNGTAOV 6€ OSPaTO NAEKTPIKIG
gvépyswag pe ypfon TG TE(voroyiog gamification. Xtéyog g
gpappoyns Pandora, givar | Tpomomoinon TS COPUTEPLYPOPAS TOV
ApNoT] o€ Ofpata miekTpikng evépyswog péoo  amd TNV
EKTTAIOEVON KOL TNV OUVOLCONUOTIKY] EUTAOKN] TOL pe TNV
gpappoyn. O ypNoTNG EKTALIEVETAL HECH PNYAVIGUADV TALYVIOLOV
oTovV £AEYX0 TNG KoTOvaAmong, TNV egotkovopnoen Koi TNy
TaPOyOY] MAEKTPIKNG EVEPYEINS. ZEKAEODVOVTOG EMITEdA
KTIPWIKAV EYKUTAGTAGEMV podaivel va gpappoler pedodovg Y
TNV EVEPYO KOl GUVEWONTY] GUUUETOYY] TOV OTIS TOPUTAVO
OL0OIKAGIES néGU 0 TO OTOTEAEGHATO TTOV £(OVV OL KIVI|GELS KoL
OTOPAGELS TOV. XTO TAAIGLA TG EPUPROYNGS, TOV JIVETOL ETIONG N
OUVUTOTNTA VO TPOCOUOLMDGEL 1] VO HETPNGEL TIS TPOYNOTIKES
KUTOVEADGELS TOV GCVOKEVAV TOV.

Aééerg Kieiows — gamification, tpomomoineny oGoumePLPopds,
EKTAIOEVG, NAEKTPIKI] EVEPYELQ, KTIPIO UNOEVIKNG KOTAVILWOHG

1. EIZATQra

O o6poc «Gamification», mov o©To €AANVIKG Hmopel va
amodobel pe tov pn dokyo axopo 6po «Ilayyvidomoinony,
TPOEPYETOL OO TO YDPO TOV YNOaK®v pécwv. Epgaviomke
Yy TpdT™ @opd t0 2008 ®OTOGO £ytve gVPEMG YVWGTOG GTA
péoa tov 2010 6mov ko katdpepe va Becpobetndel péca and
pio celpd ektevmdv culnthoe®v Kot dapoviov [1].

Me tov 6po «Gamification», evwoovpue «tn xpnor Seopmv
UNYOVICU®OV TOLVIOon, OTmg gival ot dtayovicpol Kot ot
TpokANoelg, to ddpo kot ot Pabuoroyiec, ov omoiot, &dv
aglomomBovv cav gpyaieio péca oe €vav IGTOTOTO 1| G ua
epopuoyn, €&xet amoderytel OTL pmopodv  va  av&foovv
KAToKOPLEO TN O10OPACTIKOTNTA, OPOGIMON Kol EUTAOKT TOV
KPnoTév [2]-[6].

H teyvikn ovt ypnoponoleitor 1o € EKMOLOEVTIKA
mepPairovTa, OTmG eival ot TAatpoppeg e-learning [7], [8].

H mhateoppa SchooX, oty omoia ot yproteg pmopovv va
mapakorlovdncovy dmwpedv pabuato ce didpopa media Tov
EVOLPEPOVTOG TOVG, VO TaPAdDCOoLY ot idtol pobnuata, vo
SMUIOVPYAGOLVY OUAdES Kat T d1k1 Tovg Biiodnkn [9].

H Skillato givan po mpotomopiaxy mhotedpua e-learning,
oV oyeddoTnke Kot avortoydnke and v Alittleb.it yuo v
avantoén  yvooemv kol koAMépyelo  SgEloTHTOV TV
epyalopévav oe etarpieg[10].

A7o TIg T YVOOTEG EPUPLOYES TNG TOLYVIOOTOINoNG OTIV
avaToTn ekmaidevon givarl avti wov avéntuée o Lee Sheldon,
kafnynmg tov mavemotuiov Rensselaer (HITA). Metétpeye
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Tovg Pabpovg TV oTovdUcTOV o EMinedo Katl ONHOvPYNOE
TPOCMTOTOMGELS (avatars) Tov cmovdactdv. To anotélecua
Nrav va ovénbel KatakdPLPA 1) CLUUETOYN KOl 1) TAPOLGia
TOV OTOLOUCTMOV GTO HABNUO Kot TO VAKO TOV Tapiyayoy vo.
gtvan ToAd Kahvtepng modtnrag [11],[12].

H teyvikn g moyvidomoinong éxet emiong epoprooctel o
eumopiég epappoyés. To Nike Plus [13] eivar éva kowvovikd
oy vidr tpegipatog pe okomd va evBoppbvel Tovg dpopeis,
TOVG ATAOVG GALA KOl TOVG EMAYYEALATIES - VO GUVAYOVIGTOVV
petald Toug Kol Vo BEATIOGOVV TO TPOYPOALLO YOLUVOGTIKNG
tovg. To Quora [14] eivon évog totdtomog pe otdXO TNV
onuovpylog evog Kowmvikoy dktvov yvoons. Ot maikteg
oLUVEXDG OVOVEDVOLV Kol PEATIOVOLV TIS OTAVINGEL, OTIG
EPWTNOELG LLE TO PNTO GTOYO «KAOE GEMDO EpDOTNONG VO Yivel
N KoAOTEPN dvvaT TNy Yo KAmolov Tov Bélel va Eépet yu
mv epamon». To Bugathlon [15],[16] «atdeepe va
petatpéwel ) O10pHworn CEUAUATOV AOYISHIKOD amd o
Bapet dwdikaoia og éva Multiplayer Online Game.

H gpappoyn mov mpoteivetar otnv gpyacia avt erAodotet
Vo GLVOLACEL TIC dVO aVTEG YPNoElg Tov gamification, Tnv
EKTTOUOELON KOL TNV TPOTOTOINGT CUUTEPLPOPAS HECH Omd
GLUVACONLOTIKY EUTAOKT TOL ¥PNOTH, GE [a vEa peBodoroyia
avAaTTLENG EQapUOYOVY Yo Kivntd, tablet kou PC mpokepévov,
VoL 00NYNOEL TOV ¥PNOTN GE TPOTONOINGT THG EVEPYEINKNG TOV

GUUTEPLPOPEG.
II. H ME®OAOAOTIA THE PANDORA

H peBododroyia tg Pandora Bociletor 610 cupmeplpopikd
povtého tov Fogg (FBM) [17] obppova pe to omoio
TPOKEWWEVOD  €va. dTopo vo  7ewotel va aAldel v
GUUTEPLPOPE TOL GYETIKA UE €va BENO TPEMEL VO CLUVTPEYOLY
TPELG CVVONKEG: ) VO EYEL TIG YVAOGELS Kot TIG OeELOTNTEG TTOV
amottovvtot B) va éxel Kivtpo y) va dextel éva gpébioa mov
B0 TOV EVEPYOTOGEL VAL TO KAVEL T1 GMOGTY| POVIKI] OTLYL).

ITow gtvor Opmg 1 GOGTN XPOVIKNY GTLYUN;

Xoppava pe 1o FBM (Ewova 1), n cooth ypovikny otiyun
v TopépPoon N triggering, eivar 6tov To onpeio mov opileton
amd v wavotnta (oplovtiog d&ovog) Kot To  KiviTpo
(k&Betog GEoVaG) TOL OTOUOL EYEL TY UEYOAVTEPT GO TNV
TIUN TOV KOTOPAIOL TOL AOLTEITOL YO THY TPOTOTOINGT TG
ouumeplpopdg Tov, OMAadn OtV TO ATOMO €Vl OTO
KatdAANAo eminedo yio vo dgxtel pio adiayn Kot To LOVO Tov
Aeimel eivan to epébicpa (trigger) mov Ba. TV EvEPYOTOGEL.

To poviélo avtd amoterel tn PAcn NG €QOPUOYNAG LE
OKOTO TNV €KTMAIOELOT TOV YPNOTI — EKTMOLOEVLOUEVOVD GE
Oéuata Topaymyng Kot KOTOVAA®ONG NAEKTPIKNG EVEPYELNG
KOL TNV EUTAOKN TOL MG EVEPYOD VIOKEUEVOL GTNV ayopd Tng
NAEKTPIKNG EVEPYELNG.

o mapdderypa, €0t OTL 0 0TOYXOG €ival TO ATOUO VO
mpoayopdlet online v miextpikn evépyswer mov  Ba
katavolovel. [o va emitevyBel o 610Y0¢ avTodg O Tpémet: o)
va yvopiler mov Ba Ppel ko TG O ¥PNOOTOCEL TN
GYETIKN EQOPLOYY, TMOG VO VTOAOYIGEL CMGTA TNV EVEPYELN



nov Ba ypelaotel, TOG va eMAEEEL TV KATOAIAN TN «.0. B)
vo el kivipo vo. umel ot Swdikacio auth, OTOG
eEotkovoun o XPNUATOV, OSIIAETTN TOPOYN EVEPYELNG K.O.
vY) vo hopPdaver éva katdAinio eEmtepicd epébiopo v
KOTAAANAN oTiyun, my po vmrevBopion 6tav TeAEldVoLV ot
TPOAYOPOCLEVEG LOVAIEG TOV, Lol E100TTOINGT OTAV 1 TN TNG
kWh eivar avtayovietikn, punvopoto mov Oo tov Pondodv
GTNV TAONYNGOT KoL YPNOT TG EPAPLOYNG K.0..

A Target
Behavior
, 1. Core Motivators
High i
Motivation
hope/fear
acceptance/reection , . % Behavior Triggers
P4 ,sx\o spark
,, \&‘\ facilitator
P \0\90 signal
N
s &
’ \on
7
7 *,,\\0 2, Simplicity Factors
,\(\Q\\ Time £
, %6 $ Money &
& % Physical Effort T
Low A 4 Brain Cycles O
Motivation @Social Deviance 1
&*Non-Routine &
Low High
Ability Ability

Ewova 1: To povtéro Fogg kabopiletar and tpeig mopapétpoug: myv
wovomTa, To Kivntpo, v gvepyonoinon (trigger) [17]

III. I'NQZIAKOIL LYNAIZOHMATIKOI KAI KOINQNIKOI
MHXANIZMOI

H Pandora npoxetrat va avartoydei yio PC 1/kon tablet ko
mpoopiletal Yo Kabe evidka ypotn aveEdptnta omd QUAN,
@ON0, &mimedo €eKMAIOEVONG, OIKOVOUIKY], ETOYYEALOTIKY|,
KOW®@VIKT] KOTAGTOON YIoTl OAOL [HOG EIOOTE XPNOTEG TNG
NAEKTPIKNAG EVEPYELNG.

O ot6Y0G TOV YPNOTN NG EPAPHOYNG Elvar L TNV YpNoN
TV gpyoleimv  dlayeiplong, E€AEYYOL KOl TOPAY®YNG
NAEKTPIKNG EVEPYELOG TTOL EXEL OTT SLAOECT] TOV, VO EMLTOYEL VO
undevioel v koBapr NAEKTPIKN EVEPYELD TOL KATOVOADVEL
To ktipto 1 krtipto mov OSwyepileron (net Zero Energy
Buildings). Ot kiviioelg mov k@vel Popet o) vo, ToV omopEPOLY
OPENOG, T, CMOOTEG OMAVTNOELG 6 quiz ) va £xovv KOGTOG, Ty
EMEVOLON O EVEPYEWONKA  OMOJOTIKOUG — AQUTTNPES N
£YKOTAOTOOT PMOTOPOATAIKAOV aAAL eival 0 GLVELAGLOC TOVG,
N OMOTN TOKTIKY KOl 1| €MAOYY NG KATAAANANG YPOVIKNG
oTiyung oty omoiot B kdver v kdabe kivnon mov Oa tov
PEPOVY KOVTA GTOV GTOYO.

A. H KAINOTOMIA THE PANDORA

H Pandora kowotopel og oyéon pe to vrapyovto gamified
mwayvidw, egowkovoumong evépyelag, omwg ta. Electric-Box
1&2 [18],[19], Energy Quest [20], EcoKids [21], Ollie’s
World [22] kot Kids Energy Zone [23] to omoia gotidlovv
Kuplog oe veapéc mhikieg, €meldn €xel 6toX0 Oyt Uovo vo
eKTOOEVOEL OAAG KOl VO TPOTOTOU|GEL  GUUTEPLPOPES
XPMNOoTOV OV Ppiokovtal NAKIOKE G€ HEYOADTEPES KMUOKEG
Kot ouyva pokptd amd v Tumiky ekmaidevon. Evo, oe oyéon
HE TIC VLRAPYOVOES EPOAPUOYEG Yol EVAMKES, OmMMOG Ta
ElectroCity [24], PowerMatrix [25], EnergyVille [26] ko
Energy2020 [27] xaivotopel 6T0 OTL EMKEVTPMOVETAL O)L HOVO

oV yuyoywyio ypnotn oAAE Kot otV cvvoucOnpoTikn
EUTAOKT TOV TOGO LLE TNV EQOPLOYN OGO KO [LE TO OVTIKEILEVO
™G, TNV OLElplon NAEKTPIKNG EVEPYELNG, YIOTI TPOGOUOIMVEL
TNV KOTOVOAMGT KOl TOPAy®Yn NAEKTPIKNG evEPYeLog Le Pon
TPOYLOTIKEG OTOTNOELS KTpimv Kot EapTNUATOV Kot amottel
amo Tov ¥pNom va BETEL GTOYOVS KoL VO, XPTCLLOTOLEL KATA TOV
BéLticto TPOMO TO £PYOAEi KOl TOVG TOPOLE TOV TOV
TapEYOVTOL.

B. TOI'NQZIAKO MONTEAO XTHN EKITAIAEYTIKH AIAAIKAXIA

H «xoAiépyelo g wkovotTTog Tov ¥pNiotn Kot apo m
petatdémion tov OgikTn TG KovOTNTaG TPog T de&ld TOv
oplovtiov aEova g Ewovag 1 etvor 1 andkmnon yvooewv
kot de&lomtov. H pebBodoroyic mov €yel emiheyel ommv
avamnTLEN TOV EKTOUOELTIKOD TEPLEYOUEVOD NG EPAPLOYNG
Pandora eivat mpocappoopévn 6t yvoolaky Bewpio 1 omoia
EKTILATOL ®G M To ovpPoat) pe tn dwdikacio gamification.
Eivar 1davikn yio e&otopukevpévo nepidilov pdbnong, aeod
0 ypNoTg — puabnthg dapopeavetl to TePPBArAlov Tov, Héca
o€ évo OLLMG anoTnPd dopnpévo TAaiclo, OTwS ivatl avtd TV
Kavovav Tov Toyvidtdv. O pabnmge amd Tabntkdg dékng,
yivetor evepydc  €TOIPOG/TAUKTNG 7OV  GCULUUETEXEL O
owdwkacio pe: o) TG gvépyeleg tov, B) TV OKEYN TOL, TN
Aoy oV, Y) TV oAAnAemidpacn Tov pe GAAOVLG Kol TO
nep1ariov Tov.

H epappoyn xabodnyel tov moiytn oe avdtepa emimeda
YVOoEOV Kot deEI0TNTAC HECH Omd TNV KOTAKTNOT EMTESOV.
H avtapoPn yo v katdktmon evog emmédon givat 1) €il60d0g
o€ éva akopo SuoKoAOTEPO enimedo. O YpNOTNG EMTPENETOL
Vo JPOPPAOCEL TO OKO TOV SPOUO TPOG TNV KOPLPN ULECH
amd EMAOYN EMUEPOVG GTOYMV KOL dPUGTNPLOTHTMV TOV TOV
TPOGPEPOVTUL: EEKIVAEL MO AMAEG NAEKTPIKES EYKATACTACELG
Kol OmAEG €VEPYELEG, OMMG TOpOKoAoVONOoT KaTavAAmoNg,
AVTIKOTAoTOON ovokevdv kAm. Koleitar va oloxinpmoset
UIKPEC, GOOEIC amOGTOAEG KL avTapEIBETOL OTOV TO KATAPEPEL.
H ovykévipoon woavod apBpod moviov, site péow
OTOGTOA®V €iTe HECH EMTLYNUEVOV ETAOYDV, TOV EMTPEMEL
va  Oloyelptotel OAO Ko WO  TWOADTAOKEC MNAEKTPIKEG
gykataotdosl kot ogvdpla  Aertovpylog. H - epoppoyn
kafodnyel otadlokd Tov YPNOTI OTNV  KOTAKTNGN TV
Bacikov yvocemv kol OeloTNTOV  ylo. TNV OLKOVOULKN
Aertovpylo. MAEKTPIKOV — €YKOTAGTACE®V OAAG KOU TNV
TOPOYOYN KOL 0YOPA TG MAEKTPIKNG evEPYELRS. AT KATOL0
eMinedo Ki €melto, 0 YPNOTNG UTOPEl Vo EMAEEEL VO, ETEKTEIVEL
TOV TOUEN SLoXElplong TOV 6€ EIKOVIKO OAAG KOl TPy HOTIKO
mePPAALOV.

IV. H EYAIZ®HTOIIOIHZH KI EMIIAOKH TOY XPHETH

H cvuvaieOnpoticy eumloxn tov ¥pnotn Kot 1 HETATOMTION
TOVL dgikTn motivation Tpog To TAV® oToV KAOeTo dEova TG
Ewovag 1 ypnoyomotei ta dimoha: o).  andravon / mwoévog B)
eATtida / OPoG ¥) KOW®VIKY amrodoyn / amdppLym.

H epoppoyn eivarl étol oyxedloouévny ®ote 0 ¥pNoe va
Buover cvvaoBqpato Betikd Omwc eivar 1 mEpEpyela, 1M
wavomoinon, 1 oicododion ARG Kol opvnTIKE OGO
EKVELPICUOG Ko M amotuylo. Méco omd  punyaviopovg
Taryvidlon, Ty emineda, aviopolPn, leaderboards, omoctoléc,



KA EMOIDKEL VO LETATPEYEL 1GYLPA apyNTIKA GuvousONpaTa,
oOmwg N anotvyia, og BeTikd dote vo UmALEEL o LeyaAVTEPO
Babud tov ypnotn. H oamotvyio étol yiveton pépog trg
pabnolokng dwdikaciog Kot o ypHotng pobaivet va aviéyetl o
QLTNV XPNOLLOTOLDOVTAG TH YVAGCT OV OTOKOUISE amd KAbe
amotuyNpévo KOKAO Yioo va yivel KOADTEPOG OE KATOOV
enopevo. MobBaivel £tot 6tL avtapeifetal n Tpocmddeio Kt Oyt
pévo n wovoTToL.

To ypaekd mepBAALOV TG EPUPLOYNS TOV TaPOLSLALETOL
QITOGKOTEL GTNV GLVALGONUOTIKY EUTAOKT] TOV ¥PNOTN Ty LE
m xpnom yxpodpotog, oAAd avtdé Ba  avomtvybel oe
petayevéotepn dnpocievon.

A. HKOINONIKH AIAZTAZH THZ PANDORA

KdaBe ypnotng dapoppavel oTodiaKd o TanToTnTo. HEGO
010 Toyvidt kot ovaAapPdver poOAOVLG aviroyo HE  TIG
amopdoel mov Taipvel Kot TG emddoelg Tov. H kowvovikn
d1doToon TOL T VISD, TOV TPOCIIdEL OVAYVOPICILOTNTO
GTNV KOWOTNTO TOL TOYVIOOD Kol KOw®Vike ‘status’. H
dvvatdtmra oOvayng ocovppoyidv (ovvieyvieg) pe GAAovg
XPNOTEG Yoo TNV EMEKTOoN Kot PéATioTn omddoon TV
NAEKTPIKOV EYKATAGTAGE®DY TOV QVTOL EAEYYOVV EVAVTL GAL®V
ouvteyvidy, Omuovpyel ocuvBnkeg ‘elkovikng ayopds’ Kt
AVTOYOVIGLOD.

O ypHOTNG AVOTTOGGEL TNV KOW®VIKT TOV didotacn péca
amo: o) TV aAAnAenidpaon: o yprong umopet va ‘PAémel’ Tig
KIWAOELG T®V GAA®V KOl VO GUVILAHOPPOVEL TO TPOPIA TOL /
0éom Tov 6NV ayopd, kaBdG Kot va cuykpivel tn 0o Tov Kot
TIG eVEPYELEG TOV évavTl GAA®V B) T cvvepyacio: o ypRoTNG
pmopel va dnpovpyel ‘cvvteyvieg’ e GAAOVG TOiYTES Yo VO
Beltictomomoet t 0€0m TOL GTNV AYOPd ¥) TOV OVTOYWOVIGUO:
TO0 okop TOL KGBe ypnot avaypdgetal oe leaderboards, o
xpNotg €xet duvardtnTo €€oryopds, €MEKTOONG MAEKTPLKNG
EYKOTAOTOONGS, AVAANYNG MYETIKOO POAOL GtV ‘Guvteyvia’ J)
TNV KOW@OVIKOTOINGN: 0 ¥pnotng urnopel va Kahel gilovg Tov
GTNV EQAPLOYT Kat va Yvopilel GAAOVG XP1OTES.

B. ENEPI'OIOIHZH

H Pandora 6o ypnowonomcel da@dpovg THTOVG
gpedopdtov  and OAeg TG  Kotnmyopieg OmM®G  avTd
nmeprypagovtar ond to FBM (Ewodva 1). Zvykexpyiéva: o)

Sparks:  Mnvopota mov oyetiCovion pe ta tpia Simoia
KWATpOV, Om®g unvopate  Kwddvov, TPoedonoinong,
emPpaPfevone, mopavécemv. [ mopdderypa, av o1

gykatdotaon mov dluyelpiletol o ypnotg £xel TOAD LVYNAN
katavolmon Oa  epgavifovtor  UnvOpOTO TPOTPOTNG  LE
S1apopeg amocToréG Kol kovil, daote va prmopéoet va paléwet
TOVTOVG KoL VO 0YOPACEL CUOKEVEC KOAVTEPNG EVEPYELOKNG
amO000NG KL £TOL VO LEUMCEL TIV KATAVIAMGCT EVEPYELNG OTIG
EYKOTOOTAGES TOV YMPIG VO LEUDOEL TO EMIMEDN AVEONG OF
avtv PB) Facilitators: cvppoviég mov SlevKoAvVOLV TOV
XPNOTN vV CVENCEL TO GKOP TOL 1 VA PEATIOGEL TNV amdS00T|
TOV, OMOGTOAEG KOl dPOCGTNPLOTNTES OV TOV EMITPEMOVY VO
Bektivoetl ) Béom tov, my va avatpéEel oty PipAobnkn, n
omolo gvnuepdveTol OWPKAOS amd TOV OYEPLOT  TOL
GUOTILOTOG,, KOl vo. cupfovAevtel dpbBpa, keipeva kot véa
oyxetika pe v evépyeta. Ot ypriotes pmopodv emiong ot id1ot
va ‘avefalovv’ ypnowo vlkd otn PiProbnkn, petd amd
€leyyo amd tov dlayelploTi Tov cvothuatog y) Triggers mov

amh®g vrevBopilovv otov ypnotn my Ot €xel ‘Eeydoel’ tov
Oeppocipova avapupévo, va ‘ayopdost’ emtofoAtaikd, KA.

V. H E®APMOI'H PANDORA

H epoappoyn [28] &exwvd pe éva elcoyoywkd emimedo,
EMInEed0 undév, GKOTOG TOL OMOIOL Eival Vo dMGEL GTOV ¥PNOTN
L0 YEVIKT €IKOVA Y10, TO, BOCIKG GTOLYEID TNG EPOPLOYNS, VO
umer ot dwdikacio va maifel ko v egoikelwbel pe To
mepPdArov, T doun kou T pon Tov maryvidoy. O ypnotng
glval vmoypempEVog va. mePAoEL amd TO ECAYOYIKO OVTO
01ad10. Mmopet va 1o mapaetyel povo av €xel mepuynbei og
avto / maigel pe avtd £0TO Lo Popd.

A. TO ENIMEAO THE OIKIAZ

Ewova 2: Tapdderypo pkpng owkiog — apyikd eninedo.
To mphto eminedo, g Owiog,  Eexhedmdvel HOMG
oloxkAnpwBet 1o sioaywykd (Ewova 2).

O ypnomg kaAeitor vo TomoBerioel  KAmOEG AELKEG
GLOKEVEG Ol omoleg vIApyovy otV anobnkn oOmws, wuyeio,
nAekTpK] kovliva, TALVINPLO, TAVVTAPLO TATOV KAT OAAL
Kot NAEKTPOVIKEG GVGKEVEG, OMMG TAEOPACELS, VITOAOYIOTECG,
o€ KatdAAn Lo onueio.

2V ovvéyeln, TPEMEL VO TATHOEL 6€ KABE GuoKELT OV
Tom00£TNOE TPONYOVUEVDG Kot VO Staffdoet TIG GVUPOVAEG TTOL
éxel m kabepd va Tov dMGEL, €iTE AVTEC OVAPEPOVTOL GTNV
EVEPYELOKT] TOVG OCULUTMEPIPOPA KOl TNV  €E0KOvVOUNoN
gvépyewg, e€lte og AGAAeg TAnpopopieg mov 6Bo  Tov
KaB0dNYHCOLV Y1 TNV GUVEYELD TOV TTOLYVIOLOV.

Téhoc, pe ™ Ponbeia ypnowpwwv ocvppfovidv Ba
TPOYPOLUOTICEL  TO  YPOVOSLAYPOL  AgLTOLPYiOG  T®V
GUOKEVAV TOV [E GTOYO Vo PEATIOTOMOMGEL TNV KATAVAA®OT
NAEKTPIKNAG EVEPYELNG.

O ypnotng mpémert vo SoTnpel TIC TIEG TOV TPLOV
petpntov Gold (kepdiopévor mwovtor), kWh (kataviimon
evépyelag), Happiness (emineda dveong), oe tétoln emimeda,
®oTe va Pmopel vo ‘EekAedmVEL KTipLo, Kol VoL TpoY@pa.

B. To EMINEAO TOY XYTKPOTHMATOX 'PA®EIOY

To emduevo eminmedo oa@eopd ot dwyeipion &vidg
ovykpotpatog I'pageimv kot 10 omoio Eekheddvel apol o
YPNOTNG CVYKEVIPMOGEL TOV OmopaitnTo aplud novVImv, Tov
(QULOIKA OVTIOTOLYOVV O  EUMEPlOl KOL YVOGELS, OV £XEl
OTOKTNGEL 0O TO TPoNyovpevo eninedo, g Owiag.

210 YpoQelo deV VILAPYOLV TOGES SLUPOPETIKEG GUOKEVES
omwg oty owkia, oAAG TOAD Atydtepec. H xatavdimon opmg
TOV CLGKELMOV AVTAV gival LYNAGTEPN, N (PO TOLG Kot Ot
®dpeg Aettovpyiog doPOPETIKE, Kol Yo avTd 0 YpNHotS Oa



npémel va yaphEer AN otpatnykny mov Ba Tov Pfonbnocet va
TETVYEL TO GTOYO TOL.

Ta Bacikd niektpikd goptio oto eninedo ‘T'pageio’, sival
0 QOTICHOG, 0 omoilog oe éva ypagpeio eivor amapaitnto vo
mpeitar o€ ovykekpéva enimeda mwov kabopifovral amnd
Otebv mpoOTLTO, KAl Ol VTOAOYIOTEG TOL OV KOl Elvot
PIKPOTEPNG 10YX0V0C O OY€on HE OAAEC GULOKELEG MOV
ATOVIMOVTOL GE VO OTHTL, 0 LEYAAOG 0plOIOG TOVG Kol Ol MPES
AELTOLPYIOG TOVG, OLEAVEL TNV  EVEPYEWKY  KOATAVAAMON
onpoavtikd. [Iépa amd avtd ta dvo &idn eoptimv vIapyoLVY
€MIONG KMUOTIOTIKG, Servers, EKTUNMOTEG, KAT.

Xe avutd TO EMnedo, O YPNOTNG EWGAYETAL GTNY £VVOld TNG
TOPOYOYNG NAEKTPIKNG EVEPYEWDS YO TNV, LEPIKN N OMKN,
KAALYN TOV OVayKOV TOV KTIPLOKOV TOL gyKoTootdoemy. O
YPNOTNG EKTALOEVETOL GTO. SIAPOPA EION LUKPOTOPOYWDYNS, TO
Oeopukd TAOIGIO TTOL SIEMEL TNV WIKPOTOPOY®YT OTN YDPO.
HOG, TOV VIOAOYIOUO TNG OmOS00NG TOVE, Kl Kupimg oIV
opbn emloyn TOVG MOTE vo PNV EMEVOVGEL UEYOADTEPO
«KEPGAALO» amd 0,TL OTOLTEITAL Y10 VO, KOTOGTOEL TO, KTipLoL
TOV UNOEVIKNG KATAVAA®MONG.

O ypnoteg cuveyilovv va «EekAelddvouvy enineda, SnAodm
ktipto mov dwyepiloviar, yoplg To mWPonyodueva vo
«hetvouvy. Oha ta kTipla cuveyifovv va «Aertovpyodivy Ki
dpa va katavorovovv. ‘Etor o ypfiotng mpémer va T
napakoAovfel, vo ta avoPabuilet kot vo Pedtiotomotei
SLOPKAOC TNV EVEPYELOKT TOVE CLUTTEPLPOPA. O ¥PNOTNG EKTOG
a6 TOV €0 TO TOL AVTAY®VILETAL KOl TOVG GALES YPTOTEG TOGO
péco omd Tov opldpd TOVI®V TOL GUYKEVIPMVEL KOl 7OV
epupavifovtar og éva leaderboard 6co kot pésa and T chvayn
GUVTEYVIDV LE GAAOVG YPNOTEG TPOKEIUEVOL VO EVADGOLV TIG
SVVAELG TOVG EVOVTIOV AAAWDV OUAS®V.

C. To Emmeao My HOME

M GAAN «mioto» mov Bo pmopéoet va «EekAeldMoEY 0
XPNOTNG otV epoppoyn eivar 1o emimedo MyHome. To
MyHome eivar o e@appoyn vmoroywopod. O ypnotng
KaAgital va e10dyel Evav £1Kovikd NAEKTPKO mivaka Slovoung
TOV OTITION TOL (DOTE VO, TPOCOUOLDGEL T AElTOVPYin, OA®V
TOV NAEKTPIKOV GLOKELMOV TOV, KOl OOV 0 XPNOTNG MITOPEL VO,
gloqyel: a) Vv 1oy0 oe Watt yia ke cuokevn mov éygl 6to
oniti Ttov P) TIg dpEG TOL AetTovpyel kGBe cuoKeLN.

H gpappoyn pe autd to ototyeio koToypleel TV evEPyeLn
o€ kWh mov katavodl®dvel Kde cuokev] OAAG Kol GUVOALKE M
gykatdotaon. Ot ovokevég aviroyo pe T0 €idog TOVG
Bpiokovtal og kamolov amd tovg 4 (3100EG1H0VG) YDPOLG TG
owiag: Xorovi, Kovliva, Kpepartoxdpapa, Knmog. ‘Etot, o
XPNoTNG Lmopsi va mopakolovbel eniong mOGO KOTOVAADVEL
ka0 xdpog og nuepnoa 1 unviaio Baon.

Eme10m dev givan duvatdv n epappoyn vo mpoPréyet OAeg Tig
GLOKEVEG TIOV £YEL OTOV YMPO TOV O YpNoTG, dlatifetan M
emhoyn ‘TIpdobece ) dikf cov cvokevy’ PEGM NG omoing O
¥PNOTNG Umopel va €16ayel emmAéov dkég Tov cvokevég. H
Aertovpywodmrta MyHome amotedel kot to  mepBaiAov
SloovVOEOTG €VOG UETPNTN MAEKTPIKNG EVEPYELNG, TOL o
mopovclactel oe emnduevn epyacio, kot omoiog HETPA Ki
ELEYYEL TPAYUATIKEG KOTOVAADGCELS.

VI. XYMIIEPAZMATA

H Pandora, kdvovtag ypnorn g texvoroyiog gamification,
mapovotdlel o véa pebBodoroyia exmaidevong oe Bépata

NAEKTPIKNG EVEPYELNS LLE ATADTEPO GKOTO TNV TPOTOTOINON TNG
GUUTEPIPOPAS TV YpNoT®V oe  Bépoto  Katavaimong,
Tapaymyns, €£okovounong Kot YEVIKOTEPOD, OlayEiptong g
NAEKTPIKNG EVEPYELNG.
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Abstract—In this work we aim to evaluate the user
experience with a state-of-the-art commercial brain-
computer interface (BCI) device, namely the Neu-
rosky Mindwave Mobile. This device is able to mea-
sure certain types of brain waves and translate them
into quantitative measurements of users’ attention and
meditation, using a single, non-invasive electrode. To
this goal we build a brain controlled toy car, which is
based on the Arduino platform, and evaluate the user
experience at a real-life experiment with 20 users, for
whom this has been their first experience with a BCI
device.

I. INTRODUCTION

Electroencephalography is a widely used method for
the neurological examination of brain electrical activity.
During this examination changes in potential differences
between brain cells are recorded. This results in a 2D
signal which is called electroencephalogram (EEG). When
we talk about EEG, we will refer to the recording of the
spontaneous electrical activity of the brain. Usually, for
recording the EEG, a set of electrodes is placed at specific
points of the patient’s head.

The EEG can be divided into two categories of activ-
ity, thythmic and transients [1]. The rhythmic activity is
divided into zones based on frequency. Depending on the
frequency range, brain waves are divided into five distinct
types of continuous sinusoidal rhythmic brain activity: «
(alpha), B8 (beta), v (gamma), § (delta) and 6 (theta).

Of course, the EEG devices are not yet able to read
human thoughts. However, they are capable to provide
an amount of information which may describe the general
condition of a human, simply by measuring brain elec-
tromagnetic activity and applying specialized algorithms.
Thus, it is possible e.g. to decide whether a person is
concentrated or calm. While some years ago the EEG
devices were very expensive, and were used by trained
medical personnel, recently appeared some that are easy to
use and also affordable to the average consumer. Naturally,
their capabilities may not be compared to devices used
in hospitals and diagnostic centers. Nevertheless, they are
able to provide some simple measurements of the user’s
mental state.
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The role of a Brain-Computer Interface (BCI) is to
provide a direct path between the human brain and a
computer, so as to allow communication. Focus on BCI
research has been given mainly to prosthetic devices that
aim to restore some senses e.g. hearing to deaf, vision to
blind etc., or to allow control of prosthetic members to
amputees. Recently, many research efforts focus on the
replacement of traditional Human-Computer Interfaces
(HCI) with BCI devices.

However, it is not straightforward even for an experi-
enced HCI user to adopt to a BCI device. Also, many users
seem sceptical to change their habits. This work focuses
on a) to measure the user adaptation to one of the most
affordable BCI devices; and b) to collect users’ opinions
after their first experience with BCI devices.

The remaining of this work is organized as follows: In
Section IT we present in brief the BCI device we used within
our study, namely the Mindwave Mobile. Related work
using Mindwave is discussed in Section III. In Section IV
we describe the prototype car we built for the needs of
our experiments. Experiments are presented in Section V.
Finally, conclusions are drawn in Section VI.

II. NEUROSKY MINDWAVE MOBILE

The Mindwave Mobile device', illustrated in Fig. 1, is
a product of NeuroSky, Inc?. It is a low cost (about 99€,
in Feb. 2015) Brain-Computer Interface (BCI) device. It
was released in 2011 in Europe, targeting at education
and entertainment uses. It is worn as a typical headset.
Its primary sensor, which is responsible for reading brain-
waves, is placed on the center of the forehead, while its
secondary sensor, which serves as reference, is an ear clip.
The primary sensor actually picks up the brain’s electrical
activity. Then divides this signal into a set of waves of
different frequencies. These waves may then be processed
to infer the mental state. The Mindwave also interprets
those signals using a proprietary, embedded algorithm,
namely eSense [2], and outputs two values that correspond
to the user’s attention (concentration) and meditation
(relaxation). The former are calculated by a and 6 waves,

Thttp://store.neurosky.com/products/brainwave-starter-kit
%http://neurosky.com/



while the latter by 8 and v waves. It is also able to detect
eye blinks.

The Mindwave device aims to be comfort and unobtru-
sive. Unlike typical BCI devices, its primary sensor is a dry
one, i.e. it does not require any kind of gel for its fitting.
It is built around the ThinkGear ASIC Module (TGAM)?3.
For data transfer, it uses the Bluetooth™protocol. Thus,
it allows easy pairing with personal computers, mobile
devices and also custom Bluetooth-enabled prototypes.
The Mindwave Mobile is illustrated in Fig. 1a.

(b)

Fig. 1. (a) The Mindwave Mobile device; (b) The prototype toy car
we built and used for our study.

III. RELATED WORK

The Mindwave Mobile and its ancestor, the Mindwave
Mindset (which is identical to the Mobile, but instead
of Bluetooth, it uses a wireless USB module), have been
studied and used for experimentation purposes by many
researchers. Among this large number of research works,
herein we choose to present solely those that use Mindwave
to control some kind of device. In [3], it has been used
in conjuction with a face emotion recognition system, to
control a wheelchair. In [4] a system which allows the
control of a wheelchair using attention values and eye
blinks is proposed. Another wheelchair control system for
quadriplegic patients has been proposed in [5]. This system
uses both attention and meditation values and additionally
a gaze detection and a voice recognition system. The
Mindwave has also been used as a BCI to control software.
For example, in [6] a system that allows quadriplegic
patients to perform emergency calls solely with their brain
is presented. In [7] the authors propose a software able
to control the mouse cursor using Mindwave, while in
[8] a software able to control mouse buttons. A robotic
vehicle, similar to the toy car we built in this work, is
presented in [9]. In [10] the authors propose a method to
brain interface with a geophysic software platform. Finally
in [11] a typical maze game has been modified to allow
control of the game character using the attention and
meditation levels of the player. We should note that there
exist many applications and research works that study the
users’ mind state, extract user preferences, create visual
art using brainwaves etc. However these examples fall out
of the scope of this paper. To the best of our knowledge,
there does not exist any research work that studies user
experience with the NeuroSky Mindwave.

IV. BCI-coNTROLLED Toy CAR

In order to study user experience with the Mindwave
Mobile, we chose not to implement a software application,
but instead construct a toy car prototype. The motion of
the car is controlled by the user’s attention levels, which
should be outreach a predefined threshold. We built this
car around an Arduino Uno platform?, equipped with a
Bluetooth module. The two front wheels of the toy car were
equipped with continuous rotation motors. Since this was
our first experiment, we chose not to equip the car with
more complex controls. This way users did not require a
time consuming learning process to control the prototype,
which allowed us to focus solely on studying their expe-
rience. The prototype toy car we built is illustrated in
Fig.1b.

V. EXPERIMENTS
A. Experimental Setup

In order to evaluate the user experience of the Neurosky
Mindwave device, 20 real-life users were recruited to test
our prototype. All users were undergraduate students of
the Department of Computer Engineering T.E. of the
Technological Educational Institute of Central Greece,
familiar to a great extend with modern HCI devices. More
specifically, we selected 10 male and 10 female users, whose
ages varied between 21-25 years old. None of them had
any previous real-life experience with a BCI device. All
experiments took place in the same room, at a span of 5
consecutive days. During each experiment, the only present
at the room were the user and a supervisor, at an effort
to minimize all external distractions.

The trial we have set for the users was as follows: The
prototype car was at first still and would start moving
when the user’s attention reached a predefined threshold.
Upon this threshold, its speed was proportional to the
attention value. The car had to move for 3m, at a straight
line, without any obstacles. The user did not have neither
an indication of neither the current measurement of time,
nor of his/her previous measurements. The threshold value
for the attention had been empirically set to 60%, since we
observed that this value was neither “difficult” nor “easy”
to achieve for users without any previous experience with
BCI devices.

We measured the user adaptation under the following
procedure: First we informed them about the use of the
Mindwave headset and the eSense algorithm. Then, we
showed them the correct fitting of the Mindwave headset
and then we let them fit it on their head in a way they
felt comfortable. Before the start of the experiment we in-
spected whether the fitting was correct. We observed that
none of the users had any difficulty to wear the headset
correctly. We let them free to select a comfort position.
We observed that some of them chose to stay standing,
others remained seated, while the majority was frequently
changing positions. Each user repeated the experiment for
10 times. In Fig. 2 we depict some of the participants
during the experiments. Upon of the completion of each

Shttp://wuw.seeedstudio.com/document/pdf/TGAMY20Datasheet . pdf

4http://arduino.cc/en/Main/arduinoBoardUno



Fig. 2. Some of the users that took part in this study, during the
experiments. Photos have been taken upon the completion of the
trials, at an effort to reduce distractions.
TABLE 1. SPONTANEOUS COMMENTS BY THE PARTICIPANTS,
AFTER THEIR SESSION.

Negative Comments Positive Comments

It made me nervous. I was fascinated from the device!

Sometimes it was impossible to

Thanks for the experience!
concentrate.

When the prototype was not
moving I felt anxious.

When it started moving for the
first time, it felt great!

experiment, we interviewed in brief each of them, so as
to collect their initial and spontaneous thoughts about
their experience. After the completion of all series of
experiments we created an anonymous web questionnaire
and collected the answers from all the users.

B. Qualitative Evaluation

The qualitative evaluation of the Neurosky Mindwave
Mobile device took place in two distinctive parts. Upon the
completion of the experiment of each user, we interviewed
them orally and collected their spontaneous feelings. We
did not guide them by posing certain questions, but instead
we simply asked to tell us anything they wanted for their
experience. We depict the most interesting thoughts and
comments in Table I.

After the completion of all experiments, we prepared a
web questionnaire with several qualitative questions, and
anonymously collected the users’ answers. The first set of
questions is depicted in Table IT and concerns BCI devices
in general. We explained to the users the notion and the
functionality of BCI devices and investigated whether they
have heard about the existence of such commercial /non-
commercial devices, or even used one of them. The given
answers to this set of questions indicate that the majority
of the users was not informed on the existence of BCI
devices and none of them has ever used such a device.
We then informed the users about the available commer-
cial/free applications of the commercial BCI devices and
asked them if they were satisfied with these applications.
Their answers are depicted in Table III. In general we feel
that although users seem to like BCI devices, they are
not excited by the variety of the current applications We
also asked users to freely comment on their experience.
Some indicative answers are depicted in Table IV. We
should note the majority of comments at this question
were strongly positive. Finally, we asked users to describe
the procedure they followed in order to concentrate and
whether it had the expected results. The answers vary
significantly, as almost every user described a different
procedure. Some of these answers are depicted in Table
V.

TABLE II. FIRST SET OF QUALITATIVE QUESTIONS ON BCI

DEVICES IN GENERAL.

Question No Yes Total
ql: Have you heard about BCI 15 5 20
devices before? (75%)  (25%)
q2: If you answered “yes” in ql,
have you heard about 11 L 12
commercial BCI devices before? (91.67%) (8.33%)
q3: If you answered “yes” in q2,

. 10 0
have you used any commercial 10

BCI device before? (100%)  (0%)

Experiments
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Fig. 3. Average times of male vs. female users at each trial.

C. Quantitative Evaluation

As it has already been mentioned, each user had to
move the toy car at a distance of 3m, without any time
limits. Upon the completion of each trial, we let them
have a break of 2 mins. In Fig. 3 we depict the average
times of the trials of all users. We may observe that for
both male and female users the pattern of time vs. the
number of trials was similar. The required time to complete
the trial was decreasing until the Tth trial, but increased
significantly at the 8th and 9th trial. After discussing this
issue with users, we feel that this was due their fatigue
from the continuous use of the BCI device. However at the
last trial, the average time decreased again. This happened
possibly due to the fact that the users relaxed, knowing
that this was their last trial.

VI. CONCLUSIONS AND DISCUSSION

In this paper we presented an evaluation study on
the users’ experience when interfacing with one of the
most affordable commercial, slightly obtrusive BCI de-
vices, namely the Neurosky Mindwave Mobile. Our goals
were twofold: a) to study if real-life users are able to use
this device efficiently and how is this ability is improved
over time; and b) to perform a qualitative evaluation of
the users’ opinions on BCI devices in general, after having
their first experience. To this goal we constructed a simple
prototype which was based on a toy car, which was able
to move when its user reached a certain threshold of
attention.

Users showed great interest when they first come into
contact with a BCI headset. However, we observed that
these feelings are often replaced by anxiety at the time of



TABLE III.

SECOND SET OF QUALITATIVE QUESTIONS ON BCI APPLICATIONS AND THE NEUROSKY MINDWAVE MOBILE DEVICE.

Question 1 2 3 4 5 Total

q4: Are you satisfied of the quantity/quality of the available

applications that use a BCI device? (1:Not at all - 5: 2 (10%) 4 (20%) 9 (45 %) 5 (25%) 0 (0%) 20

Absolutely)

q5: The Mindwave Mobile device costs about 100 euro. Do o7

you consider its cost cheap? (1:Not at all - 5: Absolutely) 0 (0%) 1 (5%) 15 (75%) 4 (20%) 0 (0%) 20
6: Do you like the idea of a mind-controlled robotic

glatfon)',n? (1:Not at all - 5: Absolutely) 1 (5%) 0 (0%) 0 (0%) 5 (25%) 14 (70%) 20
7: Would you buy a BCI device for entertainin urposes?

?1:Not PR 5 szolutely) & purp 0 (0%) 4(211%)  5(26.3%)  5(26.3%) 5 (26.3%) 19

q8: Would you like to participate in another similar 1(5%) 0 (0%) 2 (10%) 2 (10%) 15 (75%) 20

experiment? (1:Not at all - 5: Absolutely)

TABLE IV. FREE COMMENTS BY THE PARTICIPANTS, WHEN
ASKED FOR THEIR OPINION ON THE MINDWAVE MOBILE DEVICE.

‘What are your thoughts about the Mindwave
Mobile?
I would use the device again!
I really enjoyed using the device and I liked a lot the fact
that it can translate the state of my brain
I have never used such a device, it was very interesting.
I think it is only useful for research purposes, at least for
now.
I really liked it and I may buy it in the near future and use
it for research.
The device was very easy to use.
I may buy one to have some fun!

TABLE V. FREE COMMENTS BY THE PARTICIPANTS, WHEN ASKED
FOR WHICH PROCEDURE THEY FOLLOWED TO CONCENTRATE.

Describe the procedure you followed in order to concentrate
and increase your attention.
I was checking my notifications on Facebook.
I took a book and started studying.
I was staring at a specifing mark on the floor.
‘When I was reading something, I found that my attention was
getting higher.
I was staring on specific points, e.g. on the prototype, on marks of
the wall and the floor.

At first I tried to focus on a brochure I had. It did not help. Then I
tried to picture myself weight lifting and then the car started
moving!

I was performing mathematic operations in my mind.

I was thinking about several things I liked, things that made me
puzzled etc. At some point my mobile phone started ringing and
after that everything got more and more difficult.

I was not thinking anything specific, I just focused on a point of the
room.

I was focusing on some patterns on the shirt of the supervisor.
At first I started thinking about my holidays, then some song lyrics.
Neither worked. Then I started thinking about my family and
friends. This raised my attention at the desired level.

the use. The latter leads to difficulties. After they familiar-
ize with the control of their attention, their performance
increases significantly. However, on the last repetitions of
the experiment, fatigue and anxiety to finish lead to a
significant decrease. This was observed to the majority of
the users and provides us with a strong argument that BCI
devices are not yet ready for continuous use. We should
emphasize that none of the users mentioned that suffered
discomfort of any kind. We feel that this would not happen
if we used a more complex device with more sensors or
one that required the use of a special gel. Although the
aforementioned statement seems to be a bit pesimistic, we
strongly feel that BCI devices have a strong potential to
evolve in the near future and to convert to a strong player
in the area of HCIL.

Future work will investigate more complex control
using the limited capabilities of the Mindwave Mobile. We

plan to exploit the eye blink detection and the meditation
features. The detection of e.g. slow or fast eye blinks,
may lead to decisions of turning the car left or right.
Meditation along with the already used attention level may
be combined to accelarate or brake the car. We shall use
a more complex environment and challenge users to guide
the car and avoid certain obstacles.

We also plan to use different and more heterogeneous
groups of users. Instead of testing with young people who
are familiarized to modern technology, it would be interest-
ing to investigate the differences between younger/older,
experienced /inexperienced users and to compare their
adaptation and the limits of their fatigue.
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Zuyxpovegs epappoyes mHealth kot pébodot a€loAdoynong

Mapivouv Mapia, marymarinou@mail.ntua.gr

Metantuylaky Poltitpia Awamavemiotnpakov [poypdppatog Botatpikng TexvoAoyiag Tov
Turpatog latpwkrg Mavemiotnpiov Matpwv & g
Tx0ANG HAektpoAdywv Mnyavikadv kat Mnxavikov YToAoylotwv tou EBvikod Metoofiov loAvtexveiov

Nepiinym

Katd v Sidpkela Twv TEleuTainv €TV, N XpNon TV EEUTVEOV KIVITWOV CUCKEUMV €XEL ELOXWPNOEL
paySaia oe pa mAnBwpa kabBnuepwwv Aettovpytwv. O topgag TG Yyesiag mpoo@épel TOAVTIAEUPES
SuVATOTNTEG AVATITUENG LATPLKWDV EQAPHOYWV OL 0TIOLEG HTTOPOVV VA EKTEAOVY aTtd amAEg Aettovpyieg ANYmg
KL KATAYPAPNG TUTIK®OV KAWVIKOV HETPNOEWV {WTIK®OV ONUATWY, £0G VA AELTOUPYOUV WG UTTOAOYLOTIKA
OLOTNUATA VTIOOTHPLENG KAWVIK®V amo@doswv. To 2014 ot mHealth e@appoyés mov cuykatadéyoviav oTig
katnyopies “medical” kat “health and fitness” Eemépacav tTig 100.000! Exktipatar 6tL to 2015 Oa
xpnowototovvtatl amd 500 ekatoppdpla xprioteg maykooping 1, otoug omoiovg cuumeplappavovrtal
amAol xproteg, acBeveic aAAG kat emayyeApaties vyeiag. H tayeia autr e§amiwon twv mHealth epappoywv
YEVVA TNV avAyKn Yy v afloAdynon Kot v amotipnon tous. H avaykaidtnta auti emoindebetal amnd
Tov avénuévo apiud Stabéoiuwyv e@aproy®y, amd v emiBefatwpéva AT TOOTNTA TTOAAWY AT AUTES
(2] kat amd TI§ aVENHEVES ATIALTIOELS AOPAAELNG KAl TIpooTAo(aG IOV TIpoUTToOETEL Kt artatel 1 Staxeipion
evaioTwv aTpikv dedopévwv Bl. O Opyaviouds EAEyxov Tpoinwv kat ®apudkwv twv HITA ¢ kot n
Evpwraikr Emtpom) ¢ Evpwnaikig ‘Evwong [5 6] amotedolv ta poéva 6pyava mou €xouv Beomioet éva
oUVOAO KOWOVIOU®VY TIOU KaAoUvTal va TANpovv ot e@appoyés mHealth, ot omoiot wotdco kaAvTTOLY
QTIOKAELOTIKA OTIS E€QAPUOYEG TIOU EVTACOCOVTAL OTA LXTPOTEXVOAOYIKA Tpoiovta [7l. Irjuepa, €xouv
avarntuxBel povtéda afloAdynong amnod etaipieg B, evwr mapaAinia mpoteivovtal péBodot afloddynong mou
Baoifovtatl oty ekTiunon Tov TeEAKOU XpNoTn TG EKACTOTE E@appoyng O

Avapeipolo otoielo amotedel 6t 1 afloAdynon kabe e@appoyng o@eidel va tpocapLdleTal 0TO EKAGTOTE
mepBdAdov kat TIg ouvOnkes xprions. H vioBétnon g xpnong twv mHealth epappoywv Ba cupBdiet
ouolaoTikd kabws Ba BeATiwvel TNV TOOTNTA (WG TwV acBevwv Kal Ty Topeia TG vooou Toug kat Ba
atmoteAel kivTpo yla Ty avénon g evuépwong Katl TpoOANYPNG eVvavTia o€ éva oUVoAo acBevelwv. ZTnv
mapoVoa  epyacia Tapovoldletar éva  TéTolo TAaico afloAdynong mHealth e@appoywv  movu
ovpmepAapfavel BEpata ao@EAELNG KAl TIPOCTACING TOU LATPLKOY QTIOPPT|TOV, MK TEXVIKT] KOL EPYOVOLLKY
TPOGEYYLOT AVAPOPLKAE UE TNV XPNOTIKOTNTA TWV EQAPUOYWYV, TNV TOLOTNTA TOU TEPLEXOUEVOV TOUG, TNV
SLoVVSECILOTNTA, TOV TUTIO KAL TNV TAXTPOPUA AVATITUENG KAl TO KOGTOG ATOKTNOTG KL AgLtoupylag Twv
epappoywv [0 TIpdkertar ywx évav Topéo O OTOIOG TIPOCWPEPETAL VA OUVELCQEPEL {WOYOVNTIKA
TIAEOVEKTNLATA GTOVG Xwpous TG Yyelag kat g latpkng kat yia autd Sev mpEMeL va pelvel aKGAVTITOG
OAAG va evayKoAloTel amd éva YeviKO TTAXIOLO TIPOCAPHOCTIKIG AELOAGYNOTG.

A€€elg kAeldud: mHealth, e@appoyés mHealth, a&loddéynon mHealth e@appoydv, amotiunon mHealth
E£QPAPUOY WV

Inuavtiky) onusiwon: H mapovoa mepiAnym vmofdAAsTtar pe okomd va TAPOVGLAGTEL TO
QVTIKELLEVO IOV TIPAYRATEVETAL OE HOPPT] a@ioag (poster) avti epyaociag.
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CAPACITIVE IMMUNOSENSOR TO QUANTIFY C-REACTIVE PROTEIN

Christos Sapsanis, Shilpa Sivashankar, Hesham Omran, Ulrich Buttner, Khaled Salama

Novelty/ Progress Claims

We report an agglutination based immunosensor
for quantification of C-reactive protein (CRP). The
developed immunoassay-sensor requires
approximately 10 mins assay time per sample and
provides sensitivity of 0.5 mg/L. We measure the
capacitance of gold interdigitated electrodes (IDEs)
and quantify the concentration of analyte added. So
far, we were able to quantify the concentration as
low as 0.5 mg/L and concentration as high as 10
mg/L. By quantifying CRP in serum, we assess if
patients are prone to cardiac diseases and also
monitor risk associated with cardiac diseases. The
sensor is simple in structure and low cost. These
sensors have a great potential and can be a
promising device for rapid and sensitive detection of
disease markers at the point-of-care devices.

Background/ State of the Art
Immunoassays are crucial and versatile analytical

tools with wide range of application in biomedical field.
Efforts are made by researchers to detect ultrasensitive
[1], label-free [2] simple and high throughput [3]
assays. CRP is an inflammation and cardiac disease
marker. Thus, detecting CRP is crucial and critical as
various concentrations of it present in human serum
indicates risk or presence of cardiac diseases [4].
Capacitive immunoassays are promising alternatives to
immunochemical tests for the development of point-of-
care devices. The analytes were bound to the antibody
latex reagent that was immobilized on the electrode
surface. The change in capacitance when analytes bind
to antibody complex was measured and this entire set
up was termed as capacitive biosensors. We are
obtaining the mixture’s relative permittivity by dividing
the value after and before the agglutination. We
developed of a capacitive immunosensor for accurate,
rapid and cost-effective diagnosis and surveillance of
diseases at the point-of-care.

Description of the New Method or System

Gold IDEs were fabricated using conventional
photolithography process. It was then deposited with
350 nm of Parylene-C to enhance isolation for keeping
the quality factor of the structure in normal levels.
Schematic representation of fabrication process is
shown in Figure 1 Anti-CRP antibodies coated on the
latex beads were utilized throughout the experiments.
Commercially available CRP (Applied Chem) was

diluted to obtain various concentration of CRP. At first
antibodies were immobilized and then the antigens
were introduced to form an agglutination complex. The
whole process is illustrated in Figure 2. Capacitance
was measured by an Agilent LCR meter at a frequency
of 1 MHz at 1 V and the read out value gave an
indication of the analyte concentration.

Experimental Results
The results indicated the process of agglutination

started immediately after analyte introduction and
agglutination was progressing with time. Agglutination
with change in time is for concentration of 2 mg/L is
represented in Figure 3a. Initially the complexes were
forming and there was increasing trend in the graph but
they were stabilized approximately after 10 min as the
complex network formed and the particles settled on the
sensor surface as shown in Figure 3b. Analytes were
added and the measured capacitance gave an indication
of the analyte concentration with an average of three
trials per sample, which is plotted in Figure 4. We
chose concentrations based on risk at which a patient
can be prone to cardiac disease. According to American
Heart Association (AHA), if a CRP concentration is
below 1.0 mg/L represents low risk; a range from 1.0 to
3.0 mg/L represents medium (average) risk; a
measurement over 3.0 mg/L represents high risk. We
see the 0.5 mg/L, 2 mg/L and 4 mg/L of the analyte
concentration the capacitance increases whereas with
10 mg/L the capacitance decreases, which shows the
presence of Hook effect. Hook effect is a common
phenomenon in agglutination assays where in it shows
false negative results even in presence of excess
analyte.
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Figure 1: Fabrication process of interdigitated
electrodes.

Figure 2: Agglutination Process: antibodies are first

immobilized and then antigens are introduced to form
complex network
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Evepyetokd Avvopukd tov [aippoikod Pevpoartoc tov

Evpinov

Baoiing Katoipag, Agppoditn Ktevd, Xpriotog Mavaong

HepiZnyn— H gpyoacio avagépeTar ot SvvaTédTNTAE TAPAYOYNS
gvépyewag oty meproyl] Tov Evpimov k6AmTov péocm malippoikdv
PEVRATOV. XPNGIHOTOOVVTOL GTOLYEIN KOl HETPNGELS EPEVVAV
mov £xovv deayBei oty mEPLOYN KO EmMyEpeiTon N exTipnon

TOV EVEPYEIOKOD OUVOHIKOD Pdcel TV 1001  EPTOPIKAOV
moMppoikav  tovpumvaev.  Iapovcrwalovion  Téhog o1
npoimo0éoeic, meEPLOPIGNOL KOl SVVATOTNTES KOL Yo TNV

a&romoinon g Talppoikng evépyerag oty oA TS Xarkidac.

Aéag Kieiore — Ilodippoio, molippoixés tovpumives, [lodippoixd,
peduazo, Evpirog, Tladippoikn evépyela, Popotikés dvvoueis

1. EIzATQro

Avo amd to peyolvtepa mpoPAnpate wOv  £xeL Vo
avtipetonicet 1 ovlpomotnta givar dppnkta cuvdedepéva e
Vv Tapaymyn evépysag. Amo TN [, ot pEYPL CNUEPO TTLO
amodoTIKol TPOmMOL Tapdymyng evépyelag (OpuKTA KOVGLLO)
glval yvowotd mog dev vrdpyovv og agbovia ot I' ko and
mv @AM M ypnion ovtdv  €xel  amoderyfel  e&apeTikd
emPapovtikn yuo o wepifdriov. Etol, ot mo avemtuypéveg
KOW@VIEG €OV GTPuPEl oTNV avanTLéN TOV OVAVEDGIU®V
LOPO®OV EVEPYELNG.

Ta televtaia ypovia vrdpyst o paydaio avénon tov
Sebvv epeuvav mov yivovrar oxetwkd pe tig AJILE. wo
OKOTIO €YOVV TNV aOENON TNG 0modoTIKOTNTAG TOVG. Ot HopQEg
EVEPYELNG TOV KLPLOPYOoOV avth TNV otypn givan 1 Huon, n
Awiin, n Buopdlag kot n T'ewbeppkny. Me e&aipeon v
Ydponhektpikn evépyela, mn TBdcgvon ¢ Sbvaung g
0dloccog 0moTeEAOVGE TAVTO EVOL LEYGAO GTOTYMLLOL.

IpoondBeiec ekpetdihevong ™¢ dOvaung ¢ Odracoag
€youv yivel péo® NG KLUATIKNG &vépyelag, Tng Oeppukng
EVEPYELNG TOV MKEAVAV KOl TNG EVEPYEWNG TOV TOAMPPOIKOV
pevpdtov. H televtaio moapovstdlel dvo TOAD GNUOVTIKG
TAEOVEKTNUATO: TNV TPOPAEYILOTNTA YIOTL TO QOIVOUEVO TNG
maAippotog opeiletor ota Paputikd medic mOV TPOKOAEL 1
kivnon Tov 'HAwov, g Zedqvng kot g I'mg kot v endpketo
KkaBdg eppavifetol TovTod 6Tov KOGHO.

Me tov 6po maAippota Evvoolpe “TnV TEPLOSIKT vodo Kot
TTIOON TNG oTabung g BdAaccog oe o opopévn TepLoyn
[1]. To @owodpevo avtd opeidetar KATapYV OTIS EAKTIKEG
dvvapelg Tov aokovv otn I'n, n ZeAnqvn Kat, SeVTEPELOVIWG, O
"HMoc. Eriong, n meprotpoen g 1d1ag g I'mg emmpedlel Tov
SYNUATIOUO TOV TaAlppoldy. H ZeAnvn, g 10 Mo Kovtivo
ot I'm ovpdvio ochpo, pe to Poputikd ¢ medio mpokael
GTOV TAOVITN KOG OLO SO0YKMGELS 6Tovg wkeavovg. O 'HAog,
AOY® TG pokpwvig Tov amdctacng omd tnv I, dnpovpysi
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avTioTOlEG OlOYKMGELG Ol omoieg Opmg eivol 46% pe 50%
LIKPOTEPEG GE GYECN e OVTEG TG LeAnvng. Avtifeta pe tov

"H\o, o 0motog nepiotpépetal yopw amd ) ['m pia popd v

nuépa, N ZEANVN KAVEL AT TNV TEPIGTPOPN La opd avd 27
nuépec. H oyxetcn kivnon tov tpidv copdtov, I'ng, XeAqvng
xkat 'HAwov, ot xpdvol Tepiotpoeng g ZeAqvng yopw® omd
I'm (27 pépeg) xor g I'mg yopw and tov 'Hiwo (1 mpépa)
odnyel omv mepodikn avéopeiowon Tov emimedov TOV
TOALPPOLDOV LEGH GTO YPOVO KOl TG KOTNYoplomotel pe Pdon:
o) T0 malippoikd elpog, dMAASN VWog Tovg, o Yymiég
(Spring/High) ko1 Xapniég (Neap/Low) B) v meprodixotnro.
tovg, o€ 1) nuepnoteg (Diurnal v Daily Tides) pe maAppoikn
nepiodo ddpkelag 24 opdv Kot S0 Aemtdv 2) NUI-NUEPT|OIEG
(Semi-diurnal Tides) pe molippoikn mepiodo didpkelag 12
opov kot 25 Aemtdv ko 3) pktég (Mixed Tides). Qg
maAlppolkn mepiodog opiletar 1o Sdotnuo petagd TV
SSOYIKAOV VYNA®V N YOUNADV Todippotdv [2].
How Ocean Currents Work
Low Tide

High Tide | Sun’s
gravitional pull

\

\
\‘ Sun

\

High Tide

Moon’s ! Low Tide
gravitional pull

Ewova 1: Iog cvveiseépovy n Zedvn kot o ‘Hiog ot dnpovpyia tov
ToAPPOLOV [2]

II. HIIAAIPPOIKH ENEPI'EIA

H ekpetdiievon g molippotog kot g dSOVOUNG ™G, UE
OKOTIO TNV Tapaymyn evEPYELag dev gival KATL dyvooto. Ao
TIG apy€S Tov 8ov KdAag aidva, lomavol, I'dAlot kot Bpetavoi
Exnilov TapOUOIEG e TIC ONUEPIVEG «TtaAppoikég Alpvegy [1].
Nuepa 6vo gival TpOTOL EKPETAAAELONG TG dVVOUNG TNG: 1)
ta [ToaMppoikéd Opdypato (tidal barrages) T0. omoio
EKUETOAAEDOVTOL TO TOAPPOiIKO €0pog, TNV owvéopeimon
dMAadn ¢ oTabUNg TG EMPAvVELNS NG BAAUCOOG OTIG OKTEG
Kot 2) ot Tovpumiveg maAlppoik®dv pevpdtov (tidal current
turbines) ot omoieg ekpetaAievovTol To duvatd vrobardocia
PELIOTO. TTOV 1| TOAlppola dnpovpyel Katd Ty Kivnon .
Kot o11g dvo Teputtdoelg, ywoo TNV - TOPAYOYN EVEPYELNG
OTOLTOVVTOL TOVPUTIVEG, 1 0Py AELTOVPYIOG TOV OToiwV tvar
10100 HE TV OVEHOYEVVITPLOV, UE TN SPOpd OTL Ol TPMTEG
eKpETOAAEDOVTOL TV TovtnTo, U, pe v omoia 1O
TOAMPPOTKO PEVUN TPOCTIMTEL GTNV TOVPUTIVA avTi Yoo TNV
TayvTa ToV aépa [3].

p= %pAU3Cp (1)

omov P givan  anodiddpuevn oyvg o kKW, p n mokvotnta
TOV vePOV, A 1 EMPAVEIDL GOUPMONG TOV TTEPVYIOV — TNG



tovppmivag kor C, €vog adidotorog GUVTEAESTAG AmOS06NG
NG TOVPUTIVOG.

Extég amd v mpoPreyidtnta n omoia opeiletar otnv
TEPLOSIKT KIVOT OVPAVIOV COUATOV, £va A0 TAEOVEKTNLLOL
MG TOMPPOIKNG EVEPYEWNS elvar M HEYAAN TLKVOTNTO TOL
vepol, mov elvan 1027 %, N omoio pmopei va odnynoel og

KOTOOKEVES TTOV OTALTOVV HIKPOTEPT| EMPAVELN GAPMOONG and
TG avepoyevvntplec. BéPara, to yeyovog OtL or TovpuTiveg
OVTEG MPEMEL VAL AEITOVPYOVV HEGO GTO UN QLMKO TTPOG TIg
KaTaoKeVES BaAdoo1o TepIBAriov eXPAALEL TEPLOPICHOVS KO
mpoPariel TPOKANGES TOV KOOIGTOOV TNV EKUETAALEVOT TG
maAippotag évo avoytd AL Kol emikopo TPOPANUO OTIg
HEPES pog.

TIDAL
TURBINE

Ac-DC DC-AC \
Comeerter @

Ewova 2: Zyedidypoppio Ae1tovpyiog maAlppoiking YEVVNTPLOG.

O maMppoikég tovpumiveg (Ewdva 2) drakpivovral, 0mmg
Kot ot avepoyevvitpleg, o€ 1) oplovtiov kot 2) kabétov
a&ova. Ot Vo oNUAVTIKEG AEITOVPYIKES SL0POPEG TOVG Eival o)
N meployn odpmong (A) n omoia eivar KVKAIKY oTig optlovTiov
dEova Kot teTpoyviKy ot kafétov kot B) 1 duvatodtnTa
MEPIOTPOPNG TOV TTEPLVYI®V 1 omoia ot oplovtiov a&ova
glvar poving M durAig xotevbuvvong evd avtiotoyo oTig
kaBétov etvar ToAlomAng katevBuvong (omni-directional).

H «ivnon tov wtepuylov petatpémetol o€ MAEKTPIKN
gvépyela LEC® MO YEVWIATPLAG 1) oTtoia cuvdEeTal 6To SiKTLO
pe ™ Ponbewo evog petatponéo AC/DC «t evog DC/AC. H
GLVOAIKY amoddoom g Tovpunivag C, eivar To YvoueEvo TV
EMUEPOVG  OLVTEAEST®V  amddoong KABe UTAOK  TOL
oyxedloypappatog ™ Ewodvog 2. TTahppoikég yevvhTpleg
optlovtiov a&ova Ppiokovtar eykateomuéves oto Den Oever
[4] g OMavdiog eved avtictoyo Kabétov AEovo pHovTéAa
glyav ypnoponomfel ce SOKIWOOTIKA £pyo OTNV TEPLOYN
Borssele [5] ng OMlavdiag.

III. TIAAIPPOIKO AYNAMIKO EYPIIIOY KOAIIOY

To @owodpevo g moAippolog epeavifetor o€ didpopa
onuela g EAAGOaG. Meyalvtepn évtaon epgaviler omnv
nepoyn tov Evpimov kdAmov. H madippoia yivetor gvkolo
avTiinmty oto Bopelo kot 6to NOTIo TUipa Tov Mpoviod g
XoAkidog omov avd 12 dpeg n kivnon tov vddTOV aALALEL
Katehhvvon Katatdooovtag TV TOAlppold GE MUL-NILEPOL0L
kot gpoaviel Tig péyloteg Tég g v mepiodo ¢ Néag
YeMvng 1 og mepiodo [aveeinvov (Zedvn 15 nuepov). Ta
Broypagucd ctoygeia yia v moAippowa tov Evpinov eivor
eldyyota kot dgv xel yivel UEYPL ONUEPO GLOTNUOTIKY
Katoypoaer] Kot xaptoypdonon. Mo and T onuavTikOTePESG
Tétoleg TPoomabeleg eival n 1OTIKY £pguva. Tov EAAnvikod
Kévipov Oalacoiov Epsuvov (EAKE.Q.E) evd onpovtikn
myn otoyeiov amotelel kol M Pdon  dedopévev  Tov
ITolepikod Novtikov (TIN).

O petpnoeig tov EA.KE.®.E. éywvav og tpio dopopetikd
onueia, otn Néa I'épupa, oty Ioid ['épupa kKo oto Bdpelo

TuAuo Tov Alpoviod ¢ XoAkidog amd tov Mdawo €wg tov
TobMo tov 2010. Katd v mepiodo avtiv kateypdenooav
YPOVOGELPEG TNG ONUEWNKNG TOXVTNTOS TOV PEVUOTOS LE OTAD
peupoToypdpo ota Tpia ovtd onueio ALY Kot To Sdvuca
™g tayvnTog (Hétpo kot korevbuvon) kotd Pdbog ko katd
mAdtog pe poduetpo Doppler.

Ta amoteréopata g épevvag  tov  EAKE.G.E
ouvoyilovtat otov Ilivaxo 1 6mov amotvmdvovtal, ylo Kabe
epoy HeETpnong, ot Uéyotes, Upax, KO PECES TAYVTNTEG,
Unean,» K000OG ko1 m péon mokvotnta oyvog, APD tov
TOAPPOTKOD  peduatog  Om®G  VWOAOYioTHKOV — Omd  TO
OTOYPALILO TNG KATavoung mhavOTNTOS TOYLTHTOV TOV
napayopndnke arndé to EAKE.®.E.. H APD vrmoloyiotnke
amo6 tov tomo [3]:

APD = 2p 3% (URF(U)) =5 pUsns (2)

omov U; 10 kévtpo tov kdbe dractnuatog Ttoydmtag, Ny 0
m0oc Tov dwomudtav, f{U;) n mbavémta guedviong g
KGO TayvTNTAG, P M TVKVOTNTO TOVL VEPOD Kot Upps M EVEPYOS
TN NG ToOTNTOS O AT opiletan and v (2).

IIINAKAY 1 MEsH IIYKNOTHTA IZXYOT KAI TAXYTHTEEX TOY
TTAAIPPOIKOY PEYMATOZ EYPITIOY ME BAZH METPHZEIE TOY EA.KE.®.E.

Tepoyn Néa T'épupa ToAod F'épupa  Bopeio Tunqua A
Unmax 0.71 3.13 0.73
Unmean 0.30 1.29 0.28
Urwms 0.28 1.22 0.27
APD 13.46 1105.87 11.55

H Yépoypagpwn Yrnpeoio (Y.Y.) Tov [ToAepucod Novtikod
€XEL EYKOTEGTNUEVOLG TAALPPOOYPAPOVS OTNV €i60d0 TOL
AMpoviov  tng  XoAkidog ot omofot  kataypdeovv  Tig
ypovooelpés otabung g BdAaccog oto Popelo Kot vOTIO
GKPO TOL APLAVIOD. TNV TOPOLSO LEAETT, Ol VTOAOYIGHLOL TOV
napovcotdlovior mo kdte Poacilovior ota dedopéva TOL
ypoviko dwotipatog OktdPprog 2010 - Aexéupprog 2010.
Me Bdomn TIg XpOVOGEPES OVTEG VITOAOYIGTNKE 1 O10pOpPa
otafung, 44, (Ewova 3).
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Ewoéva 3: H otabun g 0draccoc oto Bopeo kor Noto dkpo tov
AMpoviod Kot 1 S1opopd Tovg Yo tov pive Oktdfpto

[Mopatpodpe 611 610 NOTIO GKpO M OTAOUN EYEL MIKPT
dtaxvpovon kat dgv amotundvel To eovopevo g HaAippoag
Om®c ot perpioelg g otdfung oto Bopeo dkpo, pe
amotédeopa N Sapopd otdlung va kabopiletar Kupiwg and
T1g TEAeVTOiEG OOV dtokpivovTal kKabapd ot TEcoeplg PACELS
g Xelvng kot ot avtiotoryeg Yyniés / Xapniéc maiippoiec.



2 cuvéyela, ypnoilponowwvtog v e&icwon Bernoulli [3]
vroloyiotnke N katd mpocéyyon T ™S toxvnTog U tov
pedpaTog oty mepoy Tov Apaviod g XaAxidog (Ewdva
4):

U=,2xg=+Ah 3)
omov g 1 Paputikn enttdyvvon g I'ng
Oktwpprog 2010
a
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Ewova 4: Zopeutikn katavopr| taxutitev yio tov Oktdppto 2010

Emonpoaiveron 6t (3) avapépetal o opoldopen pon Ko
dev Aopfdvel vmoOyn TV popeoroyio Tov TLOLEVE KOl TON
0x0wv. O VTOAOYIGUOG CLVERDG TNG TaYLTNTAG Pe Pdon Tig
petpnoelc otadung kot v (3) dev givar axpiPng Kot odnyet oe
VREPEKTIUNON.

Ipokeévov va yivel cOYKplon LE TO OTOTEAEGLLOTO TOV
EAKE.Q.E., ou petpnioeig g Y.Y. ypnowonoodviot yio v
ektiunon g otdbung g 0dracoag oto Popeo kot vOTIO
Muéva koatd to dtdommua Mdiog 2010 — Toviwog 2010 mov
kaAvmTeTon and Tig petpnoels tov EAKE®E. T'a tnv avdivon
avt ypnowpomoteitow 1N péBodoc HAMELS (Harmonic
Analysis, Method of Least Squares) [7] poli pe v Pondewa
™mg MATLAB: yiveton appovikn ovaAvon Hog ypovocelpisg
petpnoe@v otdbung eldyotov pnkovg 14 nuepmdv Kot ot
TPOKVTTOVGES OPLOVIKEG GUVIGTMOGES YPTCLLOTOOVVTOL Yo
Vv avocHoTOoT TNG 010G XPOVOCEPAS 1 TV  EKTIUNGT] TNG
otafung (Ewova 4), pe m Pondewa g (3), oe dwwpopetikn
APOVIKN TTEPT0DO.
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Ewoéva 5: Exrtipunon otdbung peto&d tav dvo dkpov Tov Apoviod yuo to
Tpiunvo Mdio-Iovviog 2010.

IMa va gheyydet n axpifero g pebddovL VITOAOYIGHOV NG
TOYLTNTOG TOVG pedaTog [e Bdon Tig petpnosls oTadung g
Y.Y. éywve obykpion TV ToyLTHTOV TOL HETpNONKaY amd to
EAKE.Q.E. yu toug piveg Mdawog 2010 — IovAtog 2010 pe tig
TOYLTNTEG TOL VIOAOYICTNKAV LE PAOT TIG HETPNOELS OTAOUNG
™¢ Y.Y. kot ) péBodo HAMELS yu 1o 10 dbdotnpa. To
QmOTEAEG O, TNG GVYKPLoNG amoTundvetatl otny Ewkova 6.
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Ewdva 6: ZOyKpion HETPOVUEVOV WE EKTULMOUEVEG TOYVTNTEG YLOL TOV
Oxtdfpro 2010

And v Ewdva 6 npoximtel 0T1, 6T NTOV OVOULEVOLLEVO,
ovtog ot Téc ¢ uebddov HAMELS eivar oyetikd
VREPEKTIUNUEVEG OE GYEOT| UE TIG OVTIGTOL(EG TPOYLOTIKES.
Iopoéia ovtd, Olatnpodv  oToEld TG  TPOYLOTIKNG
KOTOVOUNG KOl [ITOPOVV VO, ¥PNOHOTom0ovy Yo pio TpdTn
EKTILNGT] TOL EVEPYELOKOD SVVOLKOV.

IV. EKTIMHZH ENEPI'EIAKOY AYNAMIKOY

Mo v exTipnon Tov evepyelokod SVVOLKOD TG TEPLOYNG
ypnoonomdnkay otoyyeion yo TG TOAMPPOIKEG TOVPUTIVEG
¢ etopiog Tocardo B.V. [4] ta omoio mapoywpndnkov
KaTOMY OYETIKNG eniokeyng ota ypooeesio g etapioc. ITo
CUYKEKPUWEVO, TO HOVIELO TOL YPMGULOTOMONKE Yo TOVG
VIOAOYIOHOVS givor to T2, Ta XOpOKTNPIOTIKG TOV OTOI0L
napotifevron otov IMivaka I1.

TIINAKAZX 11 XAPAKTHPIZTIKA [TAAIPPOIKHE 'ENNHTPIAT T2

ZXYZ 87-200 kW
API®OMOX IITEPYTIQN 2
AIAMETPOZX IITEPYTION 4.5-9.0 m
INEPIOXH APQXHX 15.8-63.7 m*
TAXYTHTA IHEPIXTPOOHX 22-45 rpm
TYNOZX [NIEPIZTPOOHX Apgidpopog

To povtého avtd emAEYONKE G TO TALOV KATAAANAO Y10 TIG
Kataypopeiosg TayvTNTEG. A OnUEIBEl OTL 0G0 LUKPOTEPES
OL TAYVTNTEG TOV PEVLLOTOG TOGO PEYOADTEPT TPEMEL VAL ElvaL 1)
dbipetpog TV TTEPLYiY, SNAAOT TOGO HEYUADTEPO YDPO
KataAapUPAavel 6To KOVAAL, TOGO KOTO TAGTOG OGO KOl KOTH
vyoc.

Ol TopaKAT® VTOAOYIGHOT AAUBEAVOLY VTTOYT TV KOTAVOUN
TOYLTATOV Yo TovG pnves Mdawog 2010 — Todviog 2010, dnwg



mpokvToLY omd petpnoels oty [oiod T'épuvpoa ko to
TEYVIKA yapoktnpotikd g T2. Xmv Ewova 7 ¢aiverar n
TAPAYOLLEVT EVEPYELDL AVAL ETOG OVAAOYO [LE TNV TOYLTNTO TOV
pevpatog yuo to poviédo T2. TN taydteg pikpodTeEpPeg amd
0.25 m/s, n T2 dev ekkvel Yy’ avtd kot 1 undevikn mopaymyn
evépyewag. H Péltiotn meproyn Aettovpyiog g T2 etvon
peta&y 1.5 éog 2.5 m/s. And tov Ilivaxa I wpokvntetl 6TL T0
peopo oty Ilodod Tépupa €xet péom xu evepyd T
tayvmtog 1.29 kot 1.22 m/s avtictotyo Kot dpa 1 mopoyyn
dev avopéveror va Eemepva tig 3000 kWh 1o ypdvo.
Evdewctikd ova@épetar OTL 1 KOTAVOA®GN TOL UEGOL
gAMnvikold votkokvplov, copemva pe otorgeio e EAXTAT
vy to 2012 givor 3750 kWh. Andadn o T2 oty [Moiod
Iépvpa petd Plog koAdmTel TG avAyKeg €vOg  LEGOL
vowkokvptoV. Ta mpdypato eivar axdpo o dSvcoimva av
AGPet kaveig vroyn tov 6t 1 [okod T'épupa givar To onueio
OOV KOTOYPAPOVTOL LLEV Ol LEYUADTEPES TAYVTNTEG AL lvar
Kot 0 AMydtepo KATtGAANAO Yo tomobétmomn vroPplylag
TOVPUTIVOG AoV glval T0 6TEVOTEPO GNEio Tov TopOBLov, L
nepimov 8 pérpa Pabog kat Exel peydin Kuklogopio cKaPOV.
Apo n T2 nov amortel tovidyotov 7 m (ITivakoag II) yo v
opOn Aettovpyia g Bo Tapepnddile v Kukhoeopio Kot Oo
kafiotovce v gykotdotoon g advvarn. H mopoydpevn
evépyewa Ba pmopovce vo molhomAaciootel av gykobicToto
oyt plo tovpumiva aAAd éva mapKo omd cvoToyieg
TOVPUTVAV. AVTO OU®G dev elval QIKTO, AOY® NG EAlEYMG
XDPov o€ ekeivo To onpelo.
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Ewova 7: Topaywyn evépyewng and v tovpumiva T2 cvvoptioet g
ToHTNTOG PEVLLATOG

KotaAAAdtepa onpeio yio €yKOTAGTOON TOVPUTIVOV Eival
oto gupvTEPO onueio. Tov mopOurov, Onwg kovid ot Néa
I'épupa, 6mov dpmg N TobTNTO. TOV PEVUATOG Efvol TEPimOV
VROTETPOTTAGCI.  KOL  OTOYOPEVTIKY YOl TS VLRTAPYOVGEG
TEYVOLOYIEG TOVPUTIVDV.

Me PBdon 10 amoteAéouato oVTO TPOKVTTEL TTWS TO
gvepyelakd duvaptkd tov Evpimov eivar pev pukpd oAl oyt
aonuavto. H onuepvn teyvoloyio. e TOVPUTIVEG, Ol OTOlEG
€yovv avantoydei yio v a&lonoinon Tev 1oyvpdV peVUATOV
TV QKEOVAOV Kol TNV €YKOTAGTOON TAPKOV OT0 OEKAOEG
HOVAdEG, Oev eMTPEMEL TNV OELOTOINGCT] TOV PEVLLOTOG TOV
Evpinov.

Me 10 onuepvd dedopéva, to povo icmg mov Ba pmopovce
va yivelr otmv gupoutepn mepoyn etvor M dnpovpyio evog
“OKoA0Y1IKOD OTLTION” T0 01010 Bal E1GGyEL TNV EKUETAAAEVON

™G maAMppoikng evépyelag otnv EAAGSa, Ba Tpogodoteiton
TIPS amd evépyeln TAPOyOUEV) Omd TNV ToAippolo Tng
meployns, Oo evmuepdvel 1o KOWO Y TA OQEAN TOV
AVOVEDCIU®Y TNYOV Kot Ba KOTOOTNOEL TV TEPOYN OF
TPWTOTOPO GTOV TopEN aTd 6TV EAAGSQL.

Qo1600, N KOTOYPAPN Kot HEAETN TOL peduatog Bétel Tig
TPOOLAYPAPES Yo [t VEOL TOHTTOV Tovpumiva wov 1) Aettovpyel
amodoTIKG o pIKpOTEPES  TOOTNTEG 2) OLVOEETOL  OF
wikpodiktvo AIlE g po amoddtog mpoPAéywn anyn
NAEKTPIKNG EVEPYELAG.

EYXAPIZTIES

Ot ovyypageic evyapiotovv Tov K. Zovkiodv (EA.KE.G.E)
Kat Tovg Kk. @godociov kot Kapdopd (ILN./Y.Y.-Q.Y.) v
TNV  €UYEVIKY TOPOYDOPNON OToWyEelwv Kol TG YPTOULEG
ocv{nmoeic.
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EAEI'XOX KAI MEAETH XY2XTHMATON I'EIQXHX

KTIPIOQN ITANEIIIXTHMIOY ITATPQN
Yran MépBa, ITénmag IN'edpyrog, [upyiwtn Erevbepia

Epyactmplo Yyniov Tacewv,
Tuquoa Hiektpordywv Mnyavikodv kat Teyvoroyioag Ymoroylotdy,
26500 I1dtpa, PIO

2vvoyn— H mapovoo epyacio acyoleitor pe Tov ELEYY0 KOL TN
RETPNON TOV YEWOGEMV ONO TO OCUGTIUATA CVTIKEPUVVIKIG
npootociog Tov kTipiov Tov IHovemoetnuiov Hatpav. Xkomog
TOV GUGTHNATOS YEIMONG €ivar vo vAomolel TNV omaymyn Kol
OLaYVOeN TOV PEVHATOS OO TOV KEPAVVO péco ot YN, (OPIS va
ONUIOVPYOVVTOL EMIKIVOUVES VIEPTAGELS OV propel va. TARgouvv
T0vV GvOpomo 1M Tov ggomhopd. AdY® TNG OSLYVOTNTOS TOV
KEPUULVIKAV AAMYRATOV, Ol GULVEMEIEG TOVG Kolu 1 Opyn
Aerrovpyiog TOV  ore€ikepavveOV  amoTEAOUY  Eva  ONPOVTIKG
Koppdtt mov kKaBopilovv avrticToro Kou TO KOGTOG TOV
Kotaokev@v. Mopokdto meprypapovrar Bacikés évvoles Yo 1o
GUGTINLO UVTIKEPUVVIKNG TPOGTAUGIAS, OTT™G givar 1] 6)edinci] Tov,
T0 VMKG 7OV omoltovvrol Kou g Kobopiletor m 61dOun
TPOCTUGIOG Y10 TNV EKAGTOTE KATUOKELY] KOl TOTO.

Aé&erg klerdra — Toetnpa Avrikepavvikig [postaciog (ZAID),
GUALEKTI PO, 0Y®YOi KaBOd0V, V6T YEIOONG, EKKEVMOT).

EIZATQI'H

H mapovca egpyacio amotedel pio chHvoyn G SUTAMUOTIKNG
gpyaciog Tov TpaypaToroince n goumtpla Xwon Mdapba and
10 gpyactipo Yyniav Taoewv tov tunpatog Hiektpoddywmv
Mnyovikov kot Teyvoroyiog Yroloywstov [atpag. Metd and
peAET]  Tov  €EMTEPIKOL  GUGTNUATOS  OVTIKEPOVVIKNG
npootaciog ota ktiple tov IMlovemompiov ITlatpov éywe
HETPNOM KOl KOTOYPOPY] TOV TILADV TOV OVTICTACENDY YEIMONG
v KGO Ktiplo Egxmpiotd.

I. TIOPEIA ANAAYZHX ENOZ XYXTHMATOX
ANTIKEPAYNIKHZ [TPOXTAZXIAX

1. KaBopiopog otdbung npoctaciog.
1.1. Zuyvotmra eLEAvVIoNG KEPALVDV.

o v extipnon tov Kvdbivouv oL amOTELEL O KEPALVOG
yio plo wePOy] KOU CUVEMMSG Yo TNV KOTOOKELY €VOG
OTOTEAECUOTIKOD GLGTLOTOS TPOCTAGING, €lval avoyKaio 1)
YVOGON TOL aplBod TOV KEPAVVAOV TOL TANTTOLV pio TEPLOYT,
ot Sudpreta pag xpovikng teptdodov (N,). And to mAnbog Tov
NUEPOV KOTUYIONG TOV OVTIGTOLYOVV GTO GUYKEKPILEVO TOTO
péoa oe éva €10g T, vmoAoyileTor 1 TOKVOTNTA TOV
KEPALVAY avé £t0¢ kat avd km® mov kataliyovy 6To £80¢pog
oe €va ovykekpylévo tomo[1-2]. Amd 1™ oVYKplon TOL
apBpod kepavvav N, 7Tov KaToyphenkav uUe  181K0DG
UETPNTEG EKKEVOGE®V TPOG TN YT, ME TIC NUEPEG KaTaryidag
avd €1o¢ N emkpoTéstepn oyéon etvoun (1.1):

N, =0.04xT"> (1.1)

1.2. Iocodvvapkn empdveio Ae

Eme1dn kdbe yewopévo onueio omuovpyel yopm tov pio
ceaipa Le aktiva {on [e TV andcTacn S16macng, TG omoiog
to onueia égovv v da mBavotnte v dexbovv Evav
KEPALVO OVTIOTOLYEL OTN GLYKEKPIUEVT] OmOGTOON O1A0TAoTG
10t Yoo KGO KOTOOKELY TPOKVMTEL 0L 1G0SVVOUN

emeavew[3], g omoiog ta onueia Exovv v do mbavoTTaL
va dgxBovv tov ovykekpévo Kepowvo. Ta cvpPatikég
KOTOOKEVES KO LEGO PedLLA KEPOAVVOD 1) IGOJVVALLTY ETLPAVELL
TPOKLTTEL AVEAVOVTAG TNV TEPIPETPO TNG KOTACKELNG KOTH
TPELS POPEG TO VYOG TNG. OemPOVTOS L0 KOTOOKELT LE OTAD
oyfuo opboymviov taporiiniemmédov pe punkog L, mhdtog W
kot vyog H, n 10od0vaun empdveln A, divetal omnd :

A =LW +6H (2+W +97H") (1.2)

Ortav og andotoon pikpdtepn tov 3H and v katackevy
VIAPYOLV Kot GAAQ KTiopata TOTE 1) 1600UVAUT GUAAEKTIKY|
EMEAVELD PeldVeTOL Kot vroloyileTor Aappdvoviag v oy
avti tov 3H andotaon Xs, oxéon (1.3).

X, =[d+3(H,-H)]/2 (1.3)

d: n op1lévTio amdGTACT TNG KATAGKEVTG OO TO YEITOVIKO

ktiopo kKo Hg To 0yog tov yertovikod Ktiopatog.

1.3. Zvyvonto TAnypatov o€ KTIGHAT.

H enidpaon yerrovikdv ktiopdtov kabopiletar amd tov
ovvtereot  mepiarioviog  C. o omoiog  AapPdvet
ovykekpéveg Tinéc. H péon etiota cuyvotnta Tov EUUEcOV
TANYLATOV KEPAVVOD GF L0 KATAOKELT] vtoAoyileTat, Aoudv,
amnd ™ oyéon (1.4):

N, =N, xA xC, (1.4)

AT 116 €Bvicég emTpoméc KabopilovTat KAToleg amodeKTES
ovyvotTeg {Nudv amd kepavvovg oe KoTaokevés (N)[4].

H tyn g emotag amodekthg ocvyvotnrag nuov N,
wpémel va ovykpiBel pe vV avapevopevn  ouyvotnta
amevfeiag TANYUATOV KEPAVLVOV GTNV KOTOOKELY Ny Yo TO
€KA0TOTE KTIGHO. ATO 00T TN GUYKPLON TPOKVTLTEL TOTE £lval
amopaitnn 1 eykordotacn XAIl kou emiéyeton 1 avaykoio
o160un Tpoctaciog.

a. Eav Ny <N, 101¢ dev yperdleron ZATIIL

B. Eav Ny > N, tote mpéner vo eykatactabei XAIl. H
amotedeopotikdtnTo.  Tov  XAIl  mpémer  va  elvou
E>1— Nc/Nd.

H xatdAInin otdBun mpoctociog emALyetol GOUPOVA LE TOV
nopokdto mivaxa [TIN. 1.1, dnwg opilovrar oto IEC 62305.

IIN.1.1 X140peg mpostaciog(IEC 62305)

ATOTELECPOTIKOTNTO 2160un Mpoctaciog
E>0.98 I ko1 emmhéov pétpa mpostaciog
0.95<E<0.98 I
0.90<E<0.95 I
0.80<E<0.90 111
0<E<0.80 v
E<0 dgv yperaleTar TpooTacia



2. Ta VAIKG TOV GUOTHHOTOS OVTIKEPOVVIKNG TPOGTAGIOG.

To K0Op1o YopaKTNPIGTIKO TOL B0 TPETEL VoL £XOVV TOL LAIKA
Yo T0 oVOTNO Tpoctaciog Ba Tpémel va eivar 1 avToyn o€
Kapiké€g ouvinkeg kot mhava TAypata [5]. To vAkd kot o
TPOTOG TomoBETN oG TOVG (eVdoelg) Ba mpémet va £xovv emiong
eEQUPETIKN OVTOYN OTIS UNYOVIKEG KOTOTOVIGES KOl GTN
SuiPpwon. Xe mOALOVG EVPOTAIKOVG KAVOVIGHODG Y0 TOVG
aymyobs mpoteivoviol o yoAPaviopévog ydAvfog kot o
KOAKOC, evd Yo To. vVTOoTNPiyHoTe YoABaviopévog xaAvpag,
XOAKOG Kot wevddpyvpos. Otav dvo dtopopetikd pHETAAAN
glvar o ema@n, pe mapovcio kdmowov MAekTpoAdTN 1 eivon
Boppéva oe ayoyyo £50¢pog, To MAEKTPAPVNTIKOTEPO Omd
avtd Ba dfpmbel. Amod ta pHETOAAQ TTOL YPNCLOTOLOVVTOL
G6T0 GUOTNUO TPOCTAGIOS TO MAEKTPAPVNTIKOTEPO &ivar o
Weudapyvpog Kt akoAovBovv pe ebivovoa cepd To aAovpivio,
cidnpog, xaivPog, HOALPOOC, OpeiyOAKkog Kol TEAEVTOIOC O
¥oAkdc. To vepd M 1 vypacio Tov €6Gpovg pmopel va dpdoet
®¢ NAekTpoADTNG. O Y0AKOG givar NAeKTpoBeTiKd oTOYElD K
aKOLLOL KOt TO vepd TG Ppoyng mov tov dtotpéyet kat otdlel o€
KOTOOKEVEG amd  Wevuddpyvpo, HOALBOO M olovuivio Tig
SwPpavel. Emmiéov éxer peydho k6GTOG KOl VTOG €ival 0
AOyog mov avtikafictator otadiokd omd  yoAPaviopévo
xOAvPa 1| YoABoviopévo yoarko.

Ta vMKd mov ypnowonowvVIOL OGTO0  CLGTNUA
OVTIKEPOVVIKNG TPOOTAGING, Ol GUVONKES TOV EMAEYOVTOL KO
ol ghdyoteg dotdoelg kabopilovtor amd 1o mpoétvmo IEC
62305.

2. Zvotua Avtikepavvikng [pootociog

2.1. ZvAkektiplo cvoTnua

To ovAlekTNplO GUCTNUO TNG OVTIIKEPOVVIKNIG TPOCTUGING
gykafiotator oty opopny TOv KTPiov pe okomd Vo
ovAlappdavet ta TAypata [6]. H Bédtiotn Aoon tomoBétmong
GLAAEKTMV AN ypaTog opiletar cuppova pe Tpdtumo tov IEC
62305.

Ot HETOAMKEG 0pOQES OPICUEVOV KTIPIOV PTopodv va
gvoopatododv 6to VoA TpooTaciag, ov eEacpaiichel n
NAEKTPIKY] 0HVOESTN TOVG O€ KOVOVIKG dtacthpata, te Bideg 1
GAAN  1o0dOvaun pébodo. e ovtf M mepintwon dgv
amoPevyovTol ot omvOnpiopol Kot mpémel vo AapPavetol
vdywv 1 Omopln avaeAEEmy vAkdv. EmmAéov o1 opogég
Tifevton o€ Kivduvo dtdTpnong Kat yi’ avtd T0 EAGYLETO TAYOG
TOV UETOAMKOV QUAA®V opiletarl 6To S mm yio T0 YOAKO Kot
Ta 4 mm yio Tov YOAPaviopévo xaivBa.

2.2. Aywyoi kaB6d0v

To pedpa evog TANYHOTOG KEPALVOD OV GLAAOUPAVETOL
O7t0 TO GLALEKTIPLO CUGTNO, TPENEL HECH TOV GLUVTOUOTEPOV
Spopov va petopepbel oto kuKlopo yeioong, émov kot Oa
ekpopticbet otn yn [7]. H enaywywkn avtictaon tov ayoydv
kaBodov Onuovpyel vmeptdoelg peTaEd TV YMAOTEPOV
oNUEI®V TOV KUKADUOTOG TPOCTUGING KOl TOL KUKAMUOTOG
yeiwong ki €161 avantoscovtar omwvbnpeg (slide flashes). Ta
VO LELOGOVLLE TNV ENOYOYIKY OVTIOTOCT] TOV ay®YoL kafddov
Aombv emAéyovpe ™ HkpOTEPN Stadpopn]. Ot TPOTEWVOUEVEG
HEGEG TIHEG AOOTOONG TOV AYOY®V Kafddov Tapovoidlovrol
otov I1IN.1.2

IIN 1.2: Méon an6cTacn ay®ydy Kafodov (IEC 62305)

Xtabun mpoctaciag Méon amocTacn (m)
1 10

II 15

111 20
v 25
Xpnowonowodvtar  Tavia  TovAdywotov 600  aywyoli

kaf0dov dote va amoegvyeTal N peydAn adénon g Tdomng
peta&d  ovAiektnpiov  ovotypatoc-yng.  Emiong  omv
TEPIMTMOON KATAGTPOPNG TOV €vOG aymyol Oa vrdpyet Spopog
SPLYNG TOV KEPOLVIKOV PEVLOTOG TPOG TN YN OO TOV GAAO.
Ipocoyn ypedletar ki O6Tav 0 Oy@YOS OOTPEXEL KATOL
npoe&oyn Tov Tolyov €meldn mBava vo dnpuovpyeitor Bpdyog
Kl £TG1 VL AVOTTOOGETOL ETOYOYIKT TTOGT TACTG Kol KIVOUVOg
omwonpiopov.

Yav «@uowkol» oaywyoli kabodov [8], umopovv va
YPNOUOTONO0VY HETOAMKEG EYKATAGTAGELS TNG KOTOOKELNG,
0 YOoAOPBOVOG OMAMOUOG TOL GKLPOJEUOTOG, OTAV VTAPYEL
NAextpikn ocvvéyela peTafd TOV SEOP®V TUNUATOV Kol Ot
dwotdoelg givarl TovAdylotov iogg e avtéc mov kabopilovrol
Yl TOVG TLTOTOUEVOVG aymyos kafddov. Emiong pmopovv
va ypnoponomBovv mpoeEéyovia KiykAMddpaTa 1 GAAES
LETOAAIKEG KOTOOKEVEG LE ONOTACEL; CUUPOVES LE TIG
OTOLTIOELS TV Ay®YDV Kabddov, e eAdyloTo miyoc 5 mm, 1
amoOCTAoN HETAED TOV HETOAMKAOV LepdV va uny Eemepvd o 1
mm kot 1 emedvela exikdioyng peto&d tov otoygiov va
efvar TovAdyiotov 100 cm’.

2.3. Zvompa yelwong

Mmnopobv vo  ypnotpomombodv ot  akdiovbol TOTOL
niextpodiov yeiwong: papdol yeiwong N cwANVEG, TOvieg
velomong N ovppota, TAGKEG yelowong M pkpd TAEypota,
niextpodia yeimong evompotopéva ota Bepéheta (Bspeietoxn
veioon)[9], HETOAMKOG OMMOUOS OKLPOJEUNTOG LEGH OTO
£00.00C, HeTOAAKOl COANVEG vepoy  (cOpemva pe 542.2.5
EAOT HD 384) kot dAleg voOYelEg KATACKEVEG (COLOMVO LUE
542.2.6 EAOT HD 384). Zopewva pe 1o dpbpo 542.2.5 tov
EAOT HD 384, pmopovv va ypnoiomombodv vrodyeto
GLGTHLLATO COAVAOCEMY EKTOC OUMG OO COANVAOGCELS VYPDOV
N aeplov Kovoilov K.A.T.

Téhoc mpémer vo emonuavlei TG oduPova pHE TO
yveppovikd mpdtumo Kovovioudv VDE 100 dev emttpémetan 1
TOPAAANAN ovvdeon YewTOV omd YOAKO pe TO diKTVLO
Vopguong. Ady® G MAEKTPOBETIKOTNTOG TOL  YOAKOD
oynuotifovior nAekTpoynkd ototyeion pe amotéAecua T
dfpwaon Tov o1d1pov.

II. TTAPOYXIAXH METPHXEQN

YT PETpRoE;  TOL  TpaypoTomomOnkav - ARednkov
TovAdyloTov 60 QmTOYpOPieg 0md O00VG OyYoVg KaBddoL
Nrav xoupévolr M giyav kdmolo o@dipo eykatdotacng Ot
LETPNOELG KATAYPAPNKAV GE TIVOKES Y10 KAOE GYOA Y®PLoTAL.



AxoAoVBOHV EVIEIKTIKA KATO1ES 0md TIG LETPNOELG:

IMoa ta ktipo tov Hiektpordywv:

*oLK.: ay@yog kafddov
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Hpepopnvia tpodtg pétpnong: 12/4/2013
Huepopnvia eapivig pérpnong:19/7/2013
Twn Koraotaon/ Eapwi
A/A Kripwo avtictaong () Xy6\0 pérpnon
Zuved praxod
1 LK. 0 0
2 Il 2,76 287
3 Il 1,897 1,926
4 Il 34 1,779
5 Il 73 2,827
6 Il 103,6 96,7
7 Il Koppévog ok
8 Il 2739 564,9
9 Il 223,7 276,2
10 Il 305,8 226,2
11 Il 112,6 2403
12 Il 3333 9433
13 Il 2364 662,2
Koppévog
19 Il ok, Pot.2
20 Il Koppévog ax
21 Il 1779 8474
22 Il 175,7 5154
23 Il 77,8 1044
24 Il 2,69 2,822

BAPEA H/M ;1?
J :22? ek
+ 3 2
Hpepopmvia mpdng pétpnong: 5/3/2013
Huepopnvia eapivig pétpnong: 20/7/2013
Ty Eapw
A/A Kripwo avtiotaong ()| Kardotaocn/ Zyého |pétpnon
1 Bopéa HM 0,5 15
2 Il 1,17 1,564
3 I KOppEVOG a.K.
9 I KOppEVog o.K.
10 Il ) 0
11 Il 0,691 0,683
12 I 0,594 0,588
13 Il 0,866 0,856
14 I KOPPEVOS OLK.
15 I KOPPEVOS QLK.
16 I KOPPEVOS OLK.
KOPPEVOG LK,
17 I DQT.1
19 I KOPPEVOS OLK.
IToAvépogo Agv £yl a.k.
Agimovv 6)o01 01
Ang. ITok. oK.
Kéro
1 KTiplo © ®©
2 I ) 0
5 I 210 oAb peydin Tipm 151
6 I o 0
7 I ) 0
9 Il ) 0
10 I 0,2 0
13 I o 0

III. XYMITEPAXMATA

210 [Movemotuo IMoatpdv vapyovv TOAAEG GYOAEG OV
glte dgv érovv KOBOAOL AVTIKEPAVVIKY TPOCTOCIO E€iTE
TapovcLalovy TOAAG COAALATOL.

Yrdpyovv moAloi aywyol kKoBOd0VL KOppEVOL GTAL KTiplal
tov  HAektpoldyov kol o€ pkpoTEPT £KTOCT  OTOVG
[MoMtkovg Mnyavikods kot oto 'ewAioywd. EmumAiéov ot
avtiotdoelg  yeloong oto  Zovedplokd  KEVIPO  TOL
IMovemotpiov &yxovv  omapddexta VYNAEG TIUES oV
Kkaf1oTovV TOV EEOMMGHO TOL TOAD gvdAwTO G€ TANYpHoto. H
BipAioonkn tov IMovemotuiov eved @aivetor vo €xel KOAEG
TIpEG, Topovotldlel cedApato kabmg ot aywyol Kabddov gite
€xouvv oAV kpn omdotaon peta&d Tovg eite oynuatilovv
yovie. ywo vo ovvdeBoov pe 1t yeiwon. Ta xtipio g



Doumrikng Eotiog mapovoidlovy emiong mold peydreg tipég
GTIG OVTIGTACELS YEIMOTG KOl GOAALOTO EYKATAGTAGNG.

Ta «rtipla pe 10 KOAOTEPO OCVOTNUO  OVTIKEPOVVIKNG
mpootaciog etvor M latpwkn, 1 QappokevTiky] Kor M
mAElOYNQie  TOV  TPOKUTOOKELOCUEVOV — KTIPIOV — TO0V
Bpiokovtar yopo oand v Ilpvtaveio, TOV omoimv 1
AVTIKEPOVVIKT TPOCTAGIN EYKOTAGTAONKE TPOCOATO.
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