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XalpeTiIopoi
OpyavwrTikn Emrportm

TOo HEYOQAUTEQO AKASNUAIKO POITNTIKO CLVESPIO ETTECTPEWE OTNY =AvON
HETO atmmo 5 xpovia. EAmidovue Kal @eTOC va @gavhkaue avrta&iol tng
EUTTIOTOOLVNG TOL KOIVOL ToL XDPHMMY, pe TN 150 Siopydvwon Tov. To
YOHMMY @epvel o€ €TAP TOLG POITNTEG PE TOV AKASNUAIKO XWEO Kal TNV
ayopd €pyaciag. Me oTOxO va (EpEl O€ ETTAPr POITNTEC TUNUATWYV HM&MY
avda Tnv EANGSa aAANG kal cuvapwv kKAGSwv, 10 YOHMMY mpootabei va
QATTOTEAETEl £vA YOVIUO £5APOG YIA aAVIAAAayn 1I6£V KAl TTOORANUATIOU®OV HE

yvapova TNy e€ENIEN TNG €mMOTAUNG.

QG 0pPYAVWTIKN ETTITOOTIN, TTOOCTIABNCApE va eEgAifovue TOV BeCUO Kal va
(PEPOLUE TOLG OCLVESPOLG OCO YiveTal THO KOVTA OTNV AyoPd €pyaciacg
PEPLVOVTAC ETAIPIES TTOL WAXVOLV VEOLG PNXAVIKOLG OTOV XWPEO TOL CLVESPIOL
WOTE VA LTTAPXEl APECN OAANAeTTidpaon peTad TOLG, GAAG KAl va
TTOORAANOLUE TO £OYO TWV POITNTWY OTOLG CLVASEAPOLS TOLG. 'EXOLUE WG
oTOX0 TNV di€aywyn evog ouvedpioL LYNALYV TTEOSIAYPAPWY WOTE VA
QVTATTIOKPIVETAI OTNV I0TOPIA ALTOL TOL BeCPOL AAAA KAl OTOLG CLVESPOLG
Tov Ba TO TapakoAovBnoouvv. ‘Eva  oLVESPIO  TTOL  KAAUTITEl  TOULG
TTEPICCOTEPOLS AEOVES TOL ETTAYYEAUATOG TOL HAEKTPOAOYOL MnxaAVIKOL KAl
MnxavikoL YTTOAOYIOTGV.

Ex pépouvg Tng OpyavwTtikng Emrpotng tov IOHMMY 15
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fonyopens KaoimepOtrovAog

lcoon® Mdpiog @eodwpou
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KwvoTtavrivog XatdnypiPag
Mapia KapapAn

Mapia Ne@éAn Zicodiov
EuTL)IO BEAAKN

BaaoiAikn TolprywTn
lcdavva AvEpiavAakou
BaaiAikry MTTekoL
ABavaoia Kammovoouln
YmTopidwv MNamrapaaciieiov
EAévn Fonyopiov

DOTIOC MATONG

MeTpog 1I6EPNG

14



F

OUIANTES
KaTtog BaoiAeiog

Kaényntng KoBepvoaopaleiag | Emkepaing ouasdag aTToKPIoNG TTEQIOTATIKCOV
aocpaieiag | Bournemouth University

O BaociAng Katog eival KaBnyntig KouPepvoaopdaAeiag kal
ETTKEPAANG TNG OpASAG ATTOKPIONG TTEPICTATIKWY ACPAAEIAC,
BU-CERT, oTO TTAvVEMOTAPIO TOL Bournemouth oto Hv. BagciAeio.
Eivar  SImAwpaTtodxoG HAeKTPOAOYOG MnNxavikdg Tou  AlO,
KATOX0G MBA amo 1o [MavemotAuio Tou Keele, kal KATOXOG
SI6AKTOPIKOL SITTAOUATOC atrd TO lMavemoTAuio Tov Aston TNG
MeydAnc Bpetaviag. EpydoTnke yia 2 xpovia oTov 1ISIWTIKO

Topéa otnv  OAAavéia g OUUPOLAOC  ACPAAEIAG
mAnpo@opliwyv. O kK. Kartog ebikeLETAl OTA YNPIOKA TIEIOTAPIA yia  Sigpebvnon
EYKANUATWY KATA TNG TveLpaTiknG 18ilokTnoiag. Qc CIS expert yia 1ov Evpwtaiko
Opyaviopo KuPepvoaopaAeiag (ENISA), o k. Katog éxel ouvelopepel o oelpd
TTPWTOROLAIV. ALTEC TTEQIAQUPBAVOLY TN PEAETN ELTTABEIV AOYIOUIKOL Yia TO 2018-19
KOl TN MEAETN YIQ TNV Emidpacn Tou TPOoPaAToL ELPWTAKOL Kavoviouob Cyber
Resilience Act (CRA) oto Aoyiopikd AvoikToU Koéika. Ze cuvepyaoia pe Tn Fevikn
AlcvBovon ‘Epevvag kal Kaivotopiag (DG-RTD) Tng Kouioidv, €xel CLVEICQEQEN OTIG
TOEXOLOEG  TTOOTTAPCACKELAOTIKEG  EVEQYEIEG  SNUIOLPYIAG KAVOVIOUOUL yid TNV
QVTIMETATTION £EvNG TTapépPacng oTnv ELpwTTaikn EpeLva Kal KAVOTOUIA.

O k. Kartog cival €£TEPIKOG EUTTEIDOYVWUOVAG TOL EpeuvNnTIKOL IVOTITOLTOL
Epevvag Alatmepipepelakolb EykAfuatog kal Aikaioobvng Twv Hv. EBvov (UNICRI)
OXETIKA HE TA EYKANUATA TIVELUATIKNG 1810KTNCIag. ‘Exel TTaifel KaBopIoTIKO pOAO OTnV
avamTuén evog o0dnyoL EMPOAAG TOL VOUOL YIa TNV €PeLva TTAPAPRIACEWY
TIVELUATIKAG  I8I0KTNCIAG, CLVEICPEPOVTAG OTNV Evpwtraikn MAATPOpUa Kata Twv
EykAnuatikav Atteidcv (EMPACT). EmmAéov, o k. KATog éxel ouvepyaoTei pe 1o Mpageio
MvevpuaTikAg I1slokTNoiag TNG Evpwtaikng Eveoong (EUIPO) yia repiccoTepa aTmo TTeEVTE
XPOVIQ, CLVEICPEPOVTAG O& pACTNPIOTNTES ETTIUOPPWONG TWV PEAGWY TNG SIKACTIKNG
e€ovoiag amo diapopa kKPATN PeEAN TNG EE.

Kvvnyavrag kvBepvoarneirégc oro Web 3.0

H petrapaon amo 1o Web 2.0 oto Web 3.0 cupPaivel ye Tavtoxpovn £é€apon Tou
KOREOVOEYKANUATOG, TO OTTOIO £Xel AAPEl SIOOTACEIG eMSNUIAC. e ALTAV TNV OUIAia, Ba
e€eTGoOLUE TNV AVAYKN VIO ETTAVACTATIKEG TIPOCEYYIOEIG OTIWS N AVACTAATIKA
Katadiwén Twv ameaA@v KAl N avaykn yia EToluotNTa OTn CLAAOYH WNQPIAKWV
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mmeioTnpiwy (digital forensics readiness). EmmAcov, 6a TapaTeBoLy TTOOKANGCEIG KAl
ELKAIPIEC KLPIWG YIA HPNXAVIKOOG AOYIOUIKOU KAl PNXAVIKOLS LTTOAOYIOTWV  TTOL
TTPOKOTITOLY ATTO TNV €EEAIEN KAl LIOBETNON TWV TEXVOAOYIWY, OTTWG O AVASLOUEVOG
TopéQG TOL Metaverse.

NiKkoAaog OuloLVOYAOL

OuoTiuog Kabnyntg | THMMY EMTI

FevvnOnke otnv Xaikndova tng KwvoTavtivouttoAng 1o 1951,
—ekivnoe 710 1957 TIC QOTIKEG TOL OTOLSEG OTO  EAANVIKO
Ekmmaibevtnplio  TNG  XaAkndovag. uvéxioe TIC B PAaBuieg
OTTOLSEG TOL OTO ZWypAgelo Nouvaoio (1963-69) touv Mépa.
EmméToxe pETAEL TV TTPWTWV OTo KEeaTkd TMoAuTexveio TNG
KwvoTavTivoLuTToAng amo OTToL ATTogoIiTNoE ATTO TNV IXOAN
HAEKTPOAOYWY MNxaVIK@V TO 1973, TOVEXIOE TIG PUETATITUXIOKEG-
SI6AKTOPIKEG TOL OTTOLSEG OTO HvpEVO BaaoiAeio MavemoThuio
TOL Essex. EEavaykdaoTnke va ekTTATPIOTE ATTO TNV YEVETEIDA TOL
Kal NEBe otnv EANGSa TEAN Tov 1976. EpydoTnke cav EISIKOG
EmoTtnuwy oTo Mpageio ‘Epevvag kal TexvoAoyiag Tou NauTikov
TNV Tepiodo 1977-84. To 1981 eAaPe To AlgBveg Bpapeio G. Marconi yia gpyacia Tou
oTa TAQicIa TNG Ypnyeoiag oe Béua OTTIKAV Ivadv. EkAEXBNnKe TO 1984 AvaTIANpwTAG
KaBnyntnc otn IXoAn HAekTPOAOYwWY MNxavikwy ToL EBVIKob MeTaoRiou MoAuTexvEiOL
Kal ammo 10 1987 péxpl 1o 2018 vTnEéTNoe G KaBnyntAg oTnv iSia IXOAr. EKAEXONnkKe
TREIC POopEiS MMpoedpog TNG iblag IxoANg (1988-94) kal TPWTOG AlELOLVIAG TOL
EpevvnTikoL MavemoTnUIakoL [VOTITOLTOL TLOTNPATWY ETTIKOIVGVIGV KAl YTTOAOYIOTWYV
(1991-99). H iSpvon TV CLOTNUATIKOYV SISAKTOPIKWY OTTOLSWY, TTOL ETTETPEYE TNV
HEION TNC YETAVAOTELONG TV APICTOLXWY CTTOLSACTWY, LTTAPEE TTPWTO TOL PEANUA
heE TNV dnuiovpyia TV amapaitnTov vTTodouwy Kal Btouwyv. To Epyaothplo
MikpokLpdaTwyY Kal OTITIKQV vy Tou E.M.MoAuTexveiov Tov SledBLVE PEXP! TO ETOC
2018 éxel oLPPOAEl otV AvamTvuén TTANBOLG TTEWTOTLTIWV CLOTNUATWV YIA TNV
KOALYN TTANBOGC AVAYKWVY TNG XWPEAG KATA CULVTPITITIKI) TOLG TTAEIOWN@IA EVTEAGWG
adammavwg TPOoG 1o Anuodoio. To 2006 avayopebTnke G IEEE Fellow tToL ¢ival
TIUNTIKOG TITAOG TNG MaykOouiasg Eveong HAEKTPOAOY WV Kal HAEKTPOVIKGV MNXAVIKGV.
Tov AgképPpio ToL 2011 TIURBNKE Ao TNV ALTOL OeloTNTA MavayloTNTa OIKOLUEVIKO
MNatpidpxn K.K. BapBoAopaio A’ pe 1o o@@ikio ToL «MNEPOooTATN TV MPAPUATVY. To
SNUOCIELUEVOL TOL €pyo amoTedeital amo 350 gpyacieg oe SOV TTEQIOSIKA, SEKa
BIBAia kal exel emPAEWel 81 SISAKTOPIKES SIATPIREC OTA £OELVNTIKA TOL AVTIKEIUEVA TTOL
KOAOTITOLV  Ta  AvTIKeipeva:  HAekTpopayvnTik Bewpia KAl EQAPUOYESG TG,
TnAetTiKOIVGViEG, AIoBNTAPES Kal TuoTAUATa BioiatpikAg TexvoAoyiag.
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H Inuacia tng Amoriva§ng tng TexvoAoyikng E§aptnong tng EAAadog ue Apaon
TV Mnxavikayv: Mapasdsiypara amo tov teAgvraio pyiod aiodva

YITPATNYIKES ETTIAOYEG TV eE0LOIAlOVTWY OTO VEO EAANVIKO KpATOG, KAB' OAN TNV
ePiodo TV VO AILVWY TTOL AKOACLONCE PETA ATTO TNV SoAoPovia Touv lwavvn
Kamobiotpia 10 1831, vmmApfav oTnv KatedOLvon TNG ATTOOTPOPNG ATTO TNV
TEXVOAOYIQ WG KABOPIOTIKOL Tapdayovia oTnv emAvon {wTK®V {NTNUATWY TNG
XWEAC. H oTpartnyikn autrh ek@EAoTNKE ATTO TIC ETMAOYEC OTNV TTaAid&ia yia TO
EKTTAISELTIKO CLOTNUA O€¢ OAEG TIC PABUISeS. Tov 19° alcova e avTiOeon e TIG ETTIAOYEG
TV €E0LOIRYV OTNV eAeLOePN EANGSA, 0 Meilwv EAANVIOUOG €ixe S€ifel TNV IKAVOTNTA
TNG OIKOVOUIKAG ELPWAOTIAG. ALTOG LTTNPEE KAl O TTAPAYOVTAC TTOL UETA ATTO TO 1922,
OTAV TO AUICL TOL TTANBLOPOL TOL TTOL KATEPLYE WG TTPOTPLYESG, KATECTNOE TNV TTIO
KABLOTEPNUEVN XWEA TNG VOTIOAVATOAIKNG ELPGOTING O€ UEPIKA XpOVIa VA avaTTuxOei
ONUAVTIKA OIKOVOMIKA KAl KOIVRVIKA. Tov TEAELTAIO PICO aiva av Kal urhpfav
ELVOIKEG OLVONKEG, KLPIWS AOYW TTAPOLOIAC TNG XWEAG OTO EvpwTaikO Yyiyveobal,
oTO €mimedo TNG afloTroinoNG TNG TEXVOAOYIAC YIA TNV QVTIMETATTION TWV Ueilovwv
{NTNUATWY TOL TOTTOL EAAXIOTA EXOLV CLUPREL. TNV SIAAeEN Ba S060LV TTapadeiyuaTta
EMTOXIOV TTAPA TIG AVTIEOEC OLVONKEG AAANG Kal aTtroTuxiv. Ta Bféuata Tou Ba
AvamTuxBoLV APOPOLY TNV ELPVLTEPN ETTICTAKUN TOL NAEKTPOAOYOL HPNXAVIKOL KAl
HMNXAVIKOL LTTOAOYICTWY KAl TO ONUAVTIKOTEPO OTI N VEA YEVIA TWV PUNXAVIKWV KAAEITAI
va avaTtpéyel Ta guttosia oTny afloTroincon TNG TeXVOAOYIAG Kal TNG E€MOTAUNG, TTPOG
OPENOC TOL EAANVIOOV.

AOLKAC MIXOAAC

PostDoctoral Researcher | IESL-FORTH

Loukas Michalas received his Ph.D. in Physics from the
University of Athens, Greece. Presently he is a postdoctoral
researcher at the IESL-FORTH, Greece while recently he
has been elected assistant professor at the department of
Electrical and Computer Engineering at Democritus
University of Thrace (to be appointed). Previously he has
been a Postdoctoral Researcher at the University of
Athens, Greece, at IMM-CNR-Rome, Italy and at the
University of Southampton, UK. Over the years Loukas also

collaborated via short placements (1-2 months) as visiting
researcher with the Keysight Labs, Linz, Austria, with IEMN-CNRS, Lille, France, with RF
Microtech, Perugia, Italy and with Imperial College London, UK. His major research
activity is presently focusing on involving machine learning techniques in the
development and reliability study of RF nanoelectronics devices and RF MEMS.
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Parallel research interests include metal-oxide based memristors, thin fim
semiconductor devices and microwave microscopy. In 2021 Loukas was awarded
the competitive Individual Marie Sktodowska-Curie Fellowship grant, whilst presently
he is the Principal Investigator (on behalf ofFORTH) in AIMS5.0, a project focused on
using Artificial Intelligence in manufacturing. Apart from research Loukas also enjoys
being involved in science outreach activities.

This is a MEMS world

Developments in the telecommunication systems are significantly relying on
electronic components capable to address functionalities related fto the
corresponding signals. Radio Frequency Micro-Electro-Mechanical Systems (RF
MEMS) were infroduced more than two decades ago and due to their exceptional
ensemble of features they immediately attracted significant attention across the RF
community. Nowadays, owing to their unique ability to satisfy the needs of the
emerging RF technologies (such as of the 5G), a novel perspective has been offered
for RF MEMS and this revived the research attention around the field. Current topics

of interest include RF applications operating under high RF-power levels and/or
at the higher micro- or at the milimetre wave frequency bands. This talk aspires to
present the fundamental operation principles of capacitive bridge type RF MEMS
switches, and to summarise in brief the relevant presenter’s work with emphasis given
on recent implementations related high power capacitive RF MEMS switches.

AvEpEAC XpLOOXOG

Senior Manager R&D Department | Hellenic Cables

O Ap. Avdptag Xpvooxog eival  SITTAWUATOLXOG
UNXaAVIKOS (2009) kai sisaktopag (2015) Tou TuAUATOC
HAeKTOOAOYWYV MNXAVIKWV KAl MNXAVIKGOV YTTOAOYIOTWYV
TOL AploToTeAgioL MavemmoTnuiov Gecoalovikng (AMO).
~ Eivar emiong katoxog &imhwpatog MBA (2017) amd 10
| MavemoTAuio Makesoviag kai SMAGUATog MMath (2023)
amd  TO0  EANVIKO  AvoikTO  lMavemoTtAuio.  Hrav
HETASISAKTOPIKOG €QELVNTAC oTO EpyaoTnpio
YLOTNUATWY HAEKTPIKAG Evépyeiag tou AMNO (2015-17)

KBS Kal Tou Anuokpiteiov [MavemoTtnuiov OPAkNg
(2017-19). Ao 10 2017 epyaleral oto Tunua Epevvag kar Avamtuéng TnNG €TAIPEIAG
EAANVIKG KaAwébia Tov Opihov BIOXAAKO gxovTtag TAéov Tn BEon Tou Senior Manager.

‘Hrav umoTpo@og 1oL Kolve@eAoug 16pvuaTog AAEEavspog L. Qvaong e SLO
EexwpPIOTEG LTTOTPOPIEG (2012-15, 2016-17), emmipog LTTOTEOPOS TNG EMTPOTIAG
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Epevvav 1oL AplioToTeAeiov MavemoTtnuiov @ecoalovikng (2012-13) kal LTTOTPOPOG
ToL I6pvuaTog KpaTikowv YmoTpogiwv (2017-19). Eivar mpecPutepo  PEAOG TOUL
IvoTITOOTOL HAEKTPOAOYWV  Kal HAeKTpOVIKGV Mnxavikewv (IEEE), kal peAog Tou
AleBvoLG YLUPBOLAIOL yia Ta MeydAa HAektpikd Yvothuarta (CIGRE), Tou TexvikoL
EmueAntnpiov EAAGS0C, TOL EAANVIKOOL OpyaviopoL Tomomoinong (EAOT) kar Tou
EuropaCable. Eival o 'EAAnNvag ekmpoowtog (2022) otnv opada epyaciag IEC
TC20/WG19 1oL WG BEua £xel TN SIACTACIOANOYNON KAAWSIWY I0XVOG EVGY CULUMETEXE
Kal o€ 81a@opeg opadeg epyaciac B1/C4 tng CIGRE. Ta gpeuvNnTIKA TOL £vEIAPEPOVTA
EVIAOCOVTAlI OTNV TTEPIOXN TNG TTIOOCOUOIONG TTOAATIAQDV (PULOIKWV O EVAEPIES
YPAUUEG, LTTOYEIA KAAWSIA KAl EEQPTAUATA ALTWV.

Design optimization of three-core submarine cables based on loss
measurements

H SlacTtacioAoynon (current rating) Twv TEITOAIKQV LTTORELXIWY KAADSIWY
yivetal ouvnBwg Pacel Twv Tpodiaypaparyv IEC 60287 kar IEC 60853. Eivalr ouwc
YVOTO oTn 8i1EBV PIBAIOYPAPIa TS TA TTEOTLTIA ALTA LTTEPSIACTACIOAOYOLV
ONUAVTIKA Ta LTTOPRPLXIA KAAWDSIA KABWGS v LITOAOYICOLV e AKPIBEIA TIC ATTWAEIES
TTOL AVATITOCCOVTAl KATA KOPIO AOYO OTOV KOIVO OTTAICUO KAl SELTEPELOVTWS OTIG
OWPEAKICES TWV TIOAWYV. ALTO &xel WG ATTOTEAECHA TNV ALENON TOL KOOTOLG
TTAPAYWYNG TOL KAAWSIOL KAl TNG CLVOAIKA TTPOCPEPOUEVNG TTPOTACNG TTPOG TOV
TTEAQTN. XTN PIBAIOYPA®Ia TTAPATNEEITAI ETTIONG PIA SIAPKNG €OELVNTIKA TTOOCTTIABEIA
TTOL OTOXO £XEl TNV AVATITLEN VEWV PEBOSWY LTTOAOYICHOL TWV ATTWALIV PE AKPIRela
KABWG KAl KATAANAEG £0YAOTNPIAKEG UETONOEIG TTPOG TIIOTOTIOINCN TWV TTAPATTIAV®
ATTOTEAECPATWV. EMTTOOCOETA, TTOANOI TTEAATEG eVTACOOLY OTIC TTPOSIAYPAPEG TOLG
TN Sie€aywyrn KATAAANANG €pYACTNPIAKAC PETPNONG KAl ETTIRERQIONG TV ATTWAEIDV
TV LITOPRPLXIWYV KAAWSIV KABWG Kal TALTOTTOINCN TWV SIAPOPWY HOVTEAWV
TTPOCOMOIOoNG.

H SIGAeEN TTEPINAPPAVEl APXIKA WIa TTEQIYPAPH TOL BewPENTIKOL LTTORABPEOL YIa
TIG QATTWAELIEG, KATNYOPIOTIOIVTAG AULTEC OTA AVTIOTOIXA HPETAAANIKA OTOIXEIQ TOUL
LTTOPRPLXIOL KAAWSIOL. ITN CLVEXEID, TTapoLvaladeTal PiIa A&IOTIIOTN PETPNTIKN SiIATadn
YId TIC QTTAEIEC TWV LTTOPPLXIWY KAADSIWYV KABWG KAl TNG OXETIKAG HAYVNTIKAG
S1aTTEPATOTNTAG  TWV  CLPEMPATWYV OTAICUOL. TéAog, Tapovoiadetal N AvaTnTuén
QAVAAULTIKGOV KAl apIBUNTIKGOV POVTEAWY TTOOCOUOIONG YIA TOV AKPIRA LTTOAOYICUO
TV ATTWAEIV Ot KABe mOavh oxediaon vmoRpPLXIOL KaAWSIoL. H cLYKpPIoN TwWV
AVWTEP® HE TA AVTIOTOIXA ATTOTEAECUATA TWV TTPOTOTIWV 08NYel OTN REATIOTOTTOINCN
NG oxediaong Twv LTTOPRPLXIWY KAAWSIWY KAl TNG TIPOCPELOUEVNG TTPOTACNCS TTPOG
TOV TTEAQTN.
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KowoTavTia Zapkoyiavvn

AvarAnpwtpia Kabnyntpia | University of Maastricht

H KovoTtavria Zapkoyiavvn  éAaPe 1O  AiMAwpa
HAeKTOOAOYOL MNXavikol Kal MNXavikod HAEKTOOVIKGV
YmoAoyiotwv (2003) amo 10 APICTOTEAEIO TAVETIOTAPIO
TNG @e0OAAOVIKNG, TO METATTTLXIOKO AITTAWUA EiSikevong
(MAE)  HAekTpovikKOL  Mnxavikob — Kal  Mnxaviko\
YmoAoyiotav (2005) ammd 10 MoAvTtexveio Kpntng kai 1o
AlSakTopikO  AimAwpa  (Ph.D) (2011) amd 10 EOVIKO
MetooPio MoAuteyxveio (EMI). Tov Oktwpplo Touv 2017
SlopioTnke o¢ ©iéon EAIM otn IXoA HAekTpoAOYwV
Mnxavikev kal Mnxavikeyv YTTOAOYIOTWV, ToL EMI. Tov
lobvio ToL 2023 €feAéyn o€ BEon  AVATIANPWTEIAG
KaBnyNntoiag oTo  [avemoThpio ToLv MAACTPIXT e
QVTIKEIMEVO «AVOPWTTOKEVTPIKN TexvnT Nonuooovny. Ta
EQELVNTIKA TNG EVSIAPEQOVTA TTEQIAAUPAVOLY EELTTIVEG SIETTAPES XPNOTN, ETTIKOIVGVIa
AvVOPTTOL-LTTOAQYIOTH, €LPLI CLOTAPATA LTTOCTAPIENG ATTOPACEWY, CLOTAUATA
EAEYXOL,  HOVTEAOTTOINCN  (PLOCIOAOYIKGV  CLOTNUATWY. Eivar  cuyypageéac n
OLV-OLYYPAPEAC 18 SNUOCIELOEWY Ot EYKPITA SIEOVR ETTIOTNUOVIKA TTEPIOSIKA, EVOC
Kepahaiov oe RIRAIO, kal TTepiIccoTepa atro 30 TTPAKTIKG o€ €BVIKA Kal S1EBvr) cuvedpIa.
‘Exel CLOUPETAOXEN WG KLPIOG £pELVNTAG O€ €BVIKA (smarty4covid, ENDORSE) kai &iebvn
gpeuvnTIKG  épya  (FP7 -MOSAIC, Horizon Europe - VoxRedlity). 'Exel SiateAéoel
TTOOOKEKANUEVOC OULVTAKTNG OTO &dIKO TeLXOC «Emerging Technologies for the
Management of Diabetes Mellitusy (Springer Journal of Medical and Biological
Engineering and Computing [MBEC], 2015) kai yéAOG TOL ZOVTAKTIKOL LLUPBOLAIOL TOL
S1eBvoLg  meplodikoL  SpringerPlus katd 1o €1og 2016, Eival kpitng oe  &igbvn
EMOTNUOVIKG TTePIOSIKA (IEEE Transactions on Biomedical Engineering, IEEE Journal of
Biomedical and Health Informatics, Springer Medical & Biological Engineering &
Computing, Elsevier Journal of Biomedical Informatics , kar AiapioAoyiag kai
Alaxeipiong JSM). Eival péhog Tou IvoTIToOTOL HAEKTPOAOYWYV Kal HAEKTPOVIKGV
Mnxavikav (IEEE) kai Tou TexvikoL EmueAntnpiov EAANGSOG (T.E.E).

Kaivotépo mAdicio avdAvong Karaypa@wyv (pLOIOAOYIK®V CNUAT®V Yyid TOov
EVTOTIOUO DITOTIT@V KPOLOHUATY covid-19

AVTIKEiuEVO aLTAC TNG SIOANEENG aATTOTEAEl N TTAPOLOIACNH TOL CLOTAUATOG
smarty4covid (www.smarty4covid.org) Tou XPNUatodotTnBnke aATo TO €AANVIKO
iSpvua  EPELVAC KAl KAIVOTOMIAG Kal avamTtouxbnke amo gpeuvnTéG ToL EBVIKOL
MetooBiou MoAvTtexveiov (BIOSIM, AILS). Mpokeral yia éva cLOTNUA TTOL OTOXELEI OTOV
EVTOTTIONO  OTTOTITV KPOLOUATWY covid-19 amd NXNTIKEG KATAYPAPES AVATIVONG,
Brxa, Kal @wVNG. EvOUAT@VEl TTOONYUEVEG HEBOSOLG TEXVNTAC VONUOOLYNG TTPOG
TNV LAOTTIOINCN MIAG LTELOLYVNG KAl AVOPWTIOKEVIPIKAC TTPOCEYYIONG YIA TNV
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Slaxeipion PETASOTIK@WY VOONUAT®Y. XTO TTAdicio TnG &l1aAe€ng Ba TmapouvolacTel o
TPOTTOG ToL XTiICoVTAl Ol PACIKESC APXEC TNG TEXVNTAC vOoNUOooLVNG YIA TNV avatTuén
TOL smarty4covid WG Eva cLOTNUA LTTOCTNPIENG ATTOPATEWY TOCO T€ KAIVIKO ETTITTESO
000 Kal ot emimedo xApaéng OTPATNYIKGWY YIA TNV avaxaiton tng tmavénuiag.
EmmAéov, Ba TovioTel N onuacia SiepebvNoNG TTPOKATAANWERY OTA §eS0UEVA KABWCS
eTTNEEACEl TNV ATTOS00N POVTEAWY PACICUEVV O€ TEXVNTH vonuoouLvn.

Mapia MNamadotTovAn

KaBnynroia CSD | MavemoTthuio Kontng

Mapia MamadommovAn (Ph.D., Columbia University, 2002)
KaBnyntpia EmotAung YmoAloyiotwy, [MavemoTtnuiov Kpntng,
ouvepyalopevo pEAOG AEM Tou IvoTitobtoL MANPOPOPIKAC,
15pvpa Texvoloyiag kar ‘Epevvag, TnG Epevvnrikng Movadag
Apxiundng 1oL EpevvnTikoL KévipouL ABNVA, KAl ETTIOKETITOIA
KaBnyntpia oto Brigham Women's Hospital otnv latpikr IxoAn
ToL Harvard (2022-2025). Ta gpgovnTIKA TNG  EVSIAPELOVTA
TTEQINAUPAVOLY TN HEAETN TTEPITTAOKWYV SIKTOWY, £papuolovTac

AAYOPIOUOLG ATTO TN PNXAVIKA pABNon, Tn Bewpia ypdpwy, Kal
N Bewpia TANPOPOPIAg.  Zekivnoe TNV TTAVETIOTNUIAKN TNG
KapliEpa ¢ Emikovpn Kabnyntpia oto Mavemotnuio TnG Bopeiag KapoAiva oTto
Chapel Hill (2002-2004), o61TOL ACXOANONKE e TNV AVAALCON KAl LUOVTEAOTTOINCN TWV
acLPPATWY SIKTOWV. Exel vNEeTHoE wg EmokenTpia Kabnyntpia 1o KTH Royal
Institute of Technology oTn XtokxOAuNn (2011-2013), kal wg Fulbright Scholar oto CSAIL,
MIT (2017). 'EKTOTE TQ €vEIAPELOVTA TNG £XOLV SIELPLVOEI KAl CLUTTEPIAAUPAVOLY TN
BIO-TTANPOPOPIKA, KAl TIG LTTOAOYIOTIKEG VELPOETTIOTAWES, HE KOPIO evOIAPEQLOV TNV
AVAALON TWV VELPWVIKQDV SIKTOWV TOL eYKEPAAOL (network neuroscience). H £pgvva
NG €xel LTTOoTNPEIXOEl amo PpaPeia (oTmws Ta IBM Faculty Award, Google Faculty
Award, Comcast Innovation Fund) kai eéBvikd kal E0PWTTAIKA TTOOYPAUUATA (OTTWG TO
MSCA RISE ka1 o EAIAEK).

Avalntdvrag TIS ULITOAOYIOTIKEG APXESC TWV VELPWVIKWV SIKTOWV yia Tnv
mpayuaromoinon piag AlyoTepo TeEXvNTAS vonuoouvng

@a TalIbeWPoLE OTO YONTELTIKO KOOHO TV SIKTOWV, TTApoLaIAlovTas SIAPoPES
QPXITEKTOVIKEG KAl KAVOVEG 0pYAVWONG TOLCS, KAl TIC ETITITAOOEIS TV APXITEKTOVIKGV
ALTWV OTN AEITOLEYIA TV SIKTOWY. @A ETTIKEVTPWOOLHE OTA SIKTLA TOL £YKEPAAOL, KAl
OULYKEKQIJEVA TOL OTITIKOU PAOIOL. G O €YKEPAAOG EKTEAEI TOLG TTOALTTAOKOULG
OTTOAQYIOUOVLG TTOL HAC ETTITPETTOLY VA AAANAETTISPACOLPE PE TO TTEQIPAAAOY, TTWC
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eme€epyAdeTal KAl YETAPEPEN TNV TTANEOPOPIA ATTO TN IA TTEQIOXN OTNY AAAN, KAl TTAG
AANGZEl N oLVEECIUOTNTA TOL, OTAV LTTAPXEI KATTOIO EYKEPAAIKO TPALUA N VOOOC;, ©a
OaG TTAPOLOIACK ATTOTEAECUATA TNG £PELVAC HPAG TTOL APOPOLY TIG VELPWVIKEG
OTTOAOYIOTIKEG KAl ETTIKOIVAVIOKES HOVASEC TNG APXITEKTOVIKAG TOL OTITIKOL (PAOIOV, KAl
Ba ocoulntnoovue yia TIGC PACIKEC APXEG TTOL SIETTOLV TA AEITOLEYIKG &iKTLA TOL
EYKEPAAOL. H TTANOOQOPIKN KAl Ol VELPOETIOTAWEG CLUTTOPELOVTAI VA ATTAVTHOOLY
EOWTAUATA  HPE HEYAAO ETTIOTNHOVIKO, TEXVOAOYIKO, KAl (PIANOCOPIKO evaIAPEQOY,
TTOOOKAAWVTAG JAG VA TIC KOITAEOLUE HE TOAUN, SNUIOLPYIKOTNTA, KAl CLVEQYATIKA.

lcodvvnc Bovpkag

Associate Professor | Dept. Of Electronic Eng. UTFSM

Dr. loannis Vourkas was born in Kozani, Greece, in 1985.
He received the M. Eng. (Diploma) and the Ph.D.
degrees in Electrical and Computer Eng. (ECE) from the
Democritus University of Thrace (DUTh), Greece, in 2008
and 2014, respectively. In 2015 he became a
postdoctoral researcher at the Ponftifical Catholic
University of Chile (PUC). Currently he is Associate
Professor with Tenure in the Dept. of Electronic Eng. of

Universidad Técnica Federico Santa Maria (UTFSM) in
Valparaiso, Chile. Since 2018, he also holds an associate
researcher appointment with the AC3E Research Center of UTFSM in the Al Research
group. His current research focuses on ReRAM characterization, modeling, and
simulation, and on novel circuits and architectures for ReRAM-centric computing. His
research interests include unconventional and in-memory computing, as well as
software and hardware aspects of parallel bio-inspired computational circuits and
systems. He is the main author of one book, four (4) book chapters, of more than
thirty (30) international journal articles and more than fifty (50) papers included in
peer-reviewed conference proceedings. He has given eight (8) invited talks in
national and international conferences/workshops on topics related to ReRAM
technology, and two (2) extended tutorial talks in international IEEE conferences. He
is an IEEE CASS and NanoGiga TC member, and serves in the Editorial Board of IEEE
Trans. on Nanotechnology (since 2021) and Elsevier Microelectronics Journal (since
2017). He has been a scholar of the Greek BODOSSAKI Foundation (2011 to 2014)
and of the Santander Universities Program (2018/2019).
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The Rise of ReRAM Technology & Instrumentation Solutions to Boost R&D Efforts in
Academia

The technology of resistive switching devices (ReRAM devices or just
"memiristors”) is confinuously maturing and has already attracted a wide interest from
the industrial sector. Several companies around the world are putting efforts towards
ReRAM nanofabrication and commercialization of innovative products exploiting
such emerging technology. Promising applications range from nonvolatile resistive
memories (ReRAM memories) to neuromorphic and memory-centric computing.
Comprehension of memristor fundamental behaviour through simulation-based
learning, is the key substrate before further experimentation can take place with true
device characterization. Even though it is the practical laboratory work which
certainly motivates the students & researchers to implement and test their
application ideas in hardware, their initiation in practical experiments with real
resistive switching electronic devices is still lacking enough attention from academia.
The lack of knowledge of the necessary experiments and strategies to follow for the
adequate operation of such devices, is a limiting factor in this direction. In this
context, this talk will first present the fundamental operations of resistive memory cells
and the opportunities given by such technology in different application fields. Next,
the talk will highlight the relevant challenges owing to the functional imperfections of
the devices. Finally, the talk will conclude with results from the development of the
"Revl-Ve Project”, an ad-hoc instrumentation solution for ReRAM devices which
enables the quick realisation of a variety of complex, yet fully-customizable,
laboratory experiments with real ReRAM devices, and is suitable both for
educational and for research purposes. The Revl-Ve tool concerns a comprehensive
graphical user interface (GUI), compatible with the Digilent Analog Discovery
instrument series, and supports different voltage-/current-based circuit topologies to
access the ReRAM devices, which are readily-available in a printed circuit board
(PCB) designed to directly connect to the Digilent AD2 instrument. The audience will
learn about the current status of the Revl-Ve project and the principal advantages it
offers for laboratory work, the variety of experiments it facilitates, and see results with
data collected from measurements on commercial ReRAM devices sold by Known
Inc. Both the Revl-Ve Project itself and the circuit topologies that will be shown,
which facilitate laboratory experiments with ReRAM devices, are expected to
motivate the audience to dare bring to the laboratory and test their application
ideas for memristor technology.
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[ecopylioc Kapayiavviéng

Kaébnynmg | THMMY AT

ATTIO 1O 2004 civalr Kabnyntnc oto Tunua HAeKTpoAOYwYV
Mnxavikov & Mnxavikwyv YTTOAOYIOTWV TOL APICTOTEAEIOL
MavemoTtnuiov @ecoalovikng. OI KUPIOTEPEG EPELVNTIKEG
TOL 6PACTNEIOTNTEG TIEQIAAPPAvVOLY AcULpuarta  &ikTua
emkoivaviag  5G  kar 6G, E@appoyn Tng Texvnthg
Nonuoouvng oTnv petadoon kal  eme€epyacia NG
TTANPOPOPIag, ACOPUATN PETAPOPC EVEQYEIQS, K.A.TT. Exel
Saaoel Tavw amo 100 SlaAé€eic oe EEva TTAVETTIOTAWIA KAl

POPA KAl éxel PPAPRELTEI TTOAAEC POPEC YIA TN CLPROAN TOL

oTNV €PELVA YIA TIG TNAETTIKOIVGVIEG KAl TA ACLEPATA
SikTLa pPE PeEYOAa S1EBvn emoTnuovika Bpapeia ommwg ta 2021 IEEE Communications
Society Radio Communications Committee (RCC) Technical Recognition Award,
2018 IEEE Signal Processing and Communications Electronics (SPCE) Technical
Recognition Award kai mpoopara pe 1o omovdaio Ppapeio Humboldt Research
Award 2022 ammo 1o Alexander von Humboldt Foundation otnv lepuavia.

ATIO 1/1/2024 civar Editor-in-Chief tou o omouvbaiov mepIiobikoL yia TIG
TNAETTKOIVGVieg |EEE Transactions on Communications. Eival évag amd Toug o
EMSOACTIKOOG  ETMIOTALIOVEG OE  TIAYKOOWIO €TTiTTESO KAl O  povadikdg 'EANnvag
AKASNUAIKOG atmod TOV XWPEO TNG TANPOPOPIKNG KAl TV TNAETTIKOIVAVIWY TTOL
avadelkvuetal Ta TeAeLTaia 9 ouvexn €tn (2015-2023) wg Clarivate Analytics Highly
Cited Researcher.

Texvnt) Nonuoobvn kai Acbpuara Aikrva éng Meviag (6G)

©a TapoLOIAcTOLY oI TeAevTaieg €€EAICEIC yia TNV petapacn oTta &iktva 6Ng
Yeviag (6G) kal N au@idpoun oxéon PETALL TV SIKTOWV ALTWV KAl TNG TEXVNTAG
vonuoouLvng (Al for 6G & 6G for Al)

24



F

[eECPYIOC XTAPOVLANC

KaBnyntg | THMMY MavemoTtAuio @ecoaAiag

O TIPYOC ITAPOLANG YevvNBNKe oTn Aduia 1o 1966.
ATTO@oITNCE ATTO TO TUNUA HAEKTPOAOYWY MnxavIKV
ToL E.M.M. 1O 1989. YLVEXIOE TIC OTTOLSEC TOL OTO
Tunua Electrical and Computer Engineering ToUL
University of lllinois at Urbana-Champaign ommou Tou
amovepnonkay 1o M.S. (1991) kai 1o Ph.D. (1994).

Metd amd éva xpovo wcg Emokémnmtng  Emmikovpog
KaBnyntig oto University of lowad, epydoTnke oTnv

Intel Corp. otnv Ttepioxn 1wV epyaieicov CAD vyia
OTTOAOYIOUO KAl REATIOTOTTIOINCN  TNC  KATAVOAWONG  10XVOG  OAOKANPWUEVRV
KOKAGWUATWY, APXIKA G PNXAVIKOG (1995-1996), OTn CLVEXEID WG ETIKEPAANNG TNG
opadac PowerCAD (1996-1998), SiebBuvtng ToLv TTapapPTAUATOS TwV Strategic CAD
Laboratories otnv Santa Clara (1998-1999) kal wg LTTELOLYVOC YIa TNV PEIWOoN TNG
IoXOOoC TOL Pentium M, TO OTIOIO XPNOIUOTIOINBNKE OTNV TAATPOPUa Centrino
(1999-2001). To 2001 avéiaPe Emikovpog KaBnynthc oTo Tunua HAEKTPOVIKGDV
MnxavikeVv Kal Mnxavikav YTTOAOYIoTwV Tou oAuTexveiov Kpntng. To 2003 aveéraPe
AvamAnpwtng Kabnyntng oto Tunua Mnxavikwv H/Y, TNAETTIKOIVGVIOV Kal AIKTOWV
TOoL [avemoTnuiov @eCCAANIAG, TO OTIOIO UETOVOPAOTNKE Ot TUNUA HAEKTPOAOY WV
Mnxavikav kal Mnxavikeov YtmoAoyioTov 1o 2013. To 2009 avélaPe wg Kabnyntng.
ATTO 7O 2003 £ 1O 2007 ATav AvamAnpwtng Mpoedpog kar ammod 1o 2007 £wg 10 2011
nTav Mpoedpog Tou Tunuatog. Ao 1o 2013 €wg 1o 2018 ATav Mpoedpog ToL
veooLOTATOL TuAUATog MANPOPOPIKAG Kal armd 1o 2018 ¢wg Tov lovvio Touv 2023
Koountopag tnG MoALTEXVIKNG IXOANG Tou [MavemoTnuiov ©ecoaAiag. EkToTe cival
EcwtepikO MEAOC TOL XLPPROLAIOL Aloiknong Tou [MavemoTnuiov @ecocaliag. Ta
EQELVNTIKA TOL evIAPEPOVTA €0TIAZOVTAl OTOV LTTOAOYICUO KAl REATIOTOTTOINCN TNG
HEONG KAl TNG PEYIOTNG I0XLOG OAOKANPWUEVWY KUKADUATWY, TOV LTTOAOYIOUO KAl TN
BeATIOTOTTOINON  TNG  MEYIOTNG TITWONG TAONG OTO  SIKTLO  TPOPOSOCIag
OANOKANPWHEVWV KUKAWUATWY, TEXVIKEC OXESIACHOL XAUNANG 1I0XVOG KAl LTTOAOYIOUO
Kal BeATiIoTOTTOINON TNG QIOTNIOTIAC OAOKANPWUEVRY CLOTNUATWY, AcLEPATA SiKTLA
QIoONTAPWY VIO E£PAPUOYEC AOPAAEIAg, YewPEYiag Kal vyeiag, Kabwg  kal
EAQXIOTOTTOINON TNG  KATAVAAWONG  EVEQYEIAC NAEKTPOVIKGWYV OCLOTNUATWY. 'Exel
ouyypdyel TTave atod 230 epyacicg TToL SNUOCIELONKAY O TTEPIOSIKG KAl CLVESPIT KAl
KATEXEI TTEVTE SITTAQUATA ELPETITEXVIAG eV €XEl TTAVK atto 2000 avapopiés OTO £QYO
Tou. Eivar péhog Tou TEE kal TnG IEEE, eva éxel CLPUETAOXE OTIC ETTIOTNUOVIKES
EmMTOOTTEC TTOAAGV EAANVIKGWYV Kal S1EBVV cLuveSPIwV.
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TEXVOAOYIEG TTOL  AVATITOXONKAV yIA VA QAVTIUETDTIOOLY TA TTEOPRANUATA  TTOL

Ta mpaTa BRUATA TNG OXediaong OAOKANPWUEVWYV

H ouAia 6a e€omidoel OtV KATAOKELN TWV TTOWTWV HIKQOETECEQPYAOTWY, TIC

TTPOEKLTITAYV KAl TNV €MMdpacn OTNV  TTAPOLOA KATACTACN TNG  PloPnxaviag
ONOKANPWPEVV.

YOUEWV MaTTadoTTOLAOC

Kopiog Epevvntig | IvaTitouTo TexvoAoyiwy MANpopopIknG Kar Etmikoivaviov | EKETA

O Ap. Ivpewv MamadomovAog éAaPe TO AIMAwUA
TOL  HAeKTPOAOYOL MnNXavikoL KAl MnNxAvikov
YToAoyioT@wy amd  TO  avriotoixo Tunua  TNG
MOALTEXVIKNG YXOANG TOL APICTOTEAEIOL
MNavemoTthuiov @ecoalovikng (AMNG), To 2004, eve
10 2012 avayopeLTnke AISGKTOPAG aTd TO TuRua
MANpo@opIkNG ToL  AlMG, aAPoL  &KITOVNOE
AISakTopIKA AlaTpIRr) oTnv TIEpIoxn TnG EEopLENG
f'vooong amo  [loAvueoikd  Aegdopéva  MeydAng

KAipakag. Evéidueca, OAOKANPWOE PETATITUXIOKEG
oTToLSEC e1bikevong oTIG TexvoAoyieg NMANnpogopiac kal EmmKoivevicoy oTo MoAuTexveio
TOL AivTxogev (2006) kal TTapakoAoLONCE €€ ATTOOTACEWS OTTOLSEG OTN AloiKkNon
Emixeipnoewy (MBA) oTo IvoTiToOTo TexvoAoyiag Tov MTAéKIVyke (2007-2009).

Metd ammo éva SiaoTnua gpyaciag oTo TuNua HAEKTPOAOYWY MNXAVIK@VY Kal
MnNxavIKaV YTTOAOYIOT@Y TOL AMNGO WG £peLVNTIKOG CLVELPYATNG (2006-2007), epyadeTal
oT1o Epyaothpio Tvaong, MoAvpéowyv kal Avaivong KolveVvIK@v AKTOWV, @G
ouvepyalopevog gpevbvnTAG atmo To 2007 kal JETASISAKTOPIKOG epevvnTNG aTTo TO 2012
Kal wg Epeovntng BaBpidag " atmmo 10 2019 kai B' ammod 10 2022. Y e&e ISPLTIKO JEAOG
oTnv spin-off etaipeia Infalia (2014). Exel Snuocieboel TTepiocOTEPES aTTO 40 £pyaaieg oe
S1eBvr meplodika, >140 oe cuvedpla, 14 kepdaiaia RIPAIY, 2 BiRAia kal 3 Siebveig
TTATEVTEG. TO OLYYPAPIKO TOL £PYO EXEl CLYKEVTPWOE TIEPICCOTEPEC atmmd 7000
£TELOAVAPOPEG We Paon To Google Scholar. Eival pehog Tng IEEE, ACM kai tou TEE.
Eival vmmebBovog NG ouadag MeVer - Media Analysis, Verification and Retrieval

(mever.qar).

26


http://mever.gr/

F

oTNV TTApATANPOPOPNCN TTOL SlevepyeiTal pe TN PonBeia ekOvwyY Kal Rivieo kal Ba

H texvnti vonuoooLvn otnv vrnpecia kard tng MapamAnpopopnong

H ouihia Ba eicdyel To TPOPRANUA TNG WNPIAKNS TTAPATTANPOPOPNONG HE EUPacn

TTAPOLOIACEl Ia CelPd PeBOSwWY Kal epyaAeiy pe Paon Tnv Texvntr) Nonuoouvn, Ta
OTT0Id CLPPRAAAOLY OTNV KATATTOAEUNOT TNG. @A Yivel 181AiTEpN Ava@opd OTNV £peLVA
mou Slevepyeitar amo TNV opada  AvaAvong, EmaAnBevong kar  AvakTnong
MepiexouevoLv (Media Analysis, Verification and Retrieval - MeVer) oto mAcicio
SIEBVV CLVEPYAOIWY KAl EDELVNTIKWV £OYWY, KAl OTIG €OELVNTIKEG TTOOKANTEIG TOL
AVEPXOUEVOL ALTOL TTESIOL.

ecwpylog Kepapidag

Emikovpocg Kabnyntng | Tunua Minpogopikng Are

O Ap. Tewpyiog Kepauibag €Aape 10 SISAKTOPIKO TOL
SITAPA amo 1o TUAUA HAEKTPOAOYWY Mnxavikov Kal
TexvoAoyiag YmoAoyioTwy Tou MavermoTtnuiov MNatpav 1o
2008. Ao 1o 2019, eival Emmikovpog KaBnyntng oTo Tunua
MANPOPOPIKAG  TOL  ApIocToTéAEloL  TavemoTnuiov

@ecooalovikng. AISGOKEI T TTIPOTITLXIAKA  PABAUATA:

"

Edge Computing. Mpiv Tov SIopIioud ToL WG PEAOG AENM, epydoTnke oxedov 11 xpodvia

APXITEKTOVIKN YTTOAOYIOTQV, Wnoplakn rxediaon,
MNpoxwpnuéva @¢tuaTta APXITEKTOVIKNG Kal
MIKpOETTEEEPYAOTES, KOBWG KAl TO PETATITUXIOKO PABnua:

oTn Plounxavia wg EmoTtnuovikog Alevbuving (Chief Scientific Officer) tng Think
Silicon A.E. otnv omoia ovyueteixe oty oxediaon TNG CAPXITEKTOVIKAGC TV
moAuTbpnNvwy GPUs Tng eTaipeiag. ‘Htav emiong umedBLvog yia Tn Slaxeipion TV
XPNUATOSOTOVUEVWV £QYWV KA YIA TN SIAXEIPION TOL XAPTOPLACKIOL TV SITTAWUATWY
evpeaitexviag Tng etaipeiag. O k. Kepapidag ocuveyilel va gpyadetal oTny €TAINEIA G
OUUPOLAOG TeEXVOAOYIAG KAl KAIVOTOUIAG €OTIAOVTAG OTNV OXediaon TWV VERDV
TTPOIOVTV KABWG KAl OTNV  ETEKTACN TOL XAPTOPLACKIOL TWV  SITMAWUATWY
ELPECITEXVIAG. 'EXEl COPUETAOXEI OE TTEQICCOTEPA ATTO 10 CLVEQPYATIKA EQELVNTIKA £PYa
xpnuarodotovueva amo TNV Evpwtaikn ‘Eveon kal og 5 €Bvika €pya, €iTe WG KOPIOG
OLVTOVIOTNG, WG TEXVIKOG OLVTOVIOTNG, €iTE WG KOPIOG €PELVNTAG. TNV TPEXOLOA
mepiobo €ival LTTELOLVOG YIa &va EPYO ISIWTIKAG XPNUATOSOTNONG KAl NYEITAl PIAG
ouadag ATTOTEAOLHEVN ato 4 OTTOWNPIOLG SI6AKTOPEC Kal 10
TITUXIOVXOLG/UETATITUXIAKOVLG POITNTES. Eival €TTioNG TEXVIKOG CLVTOVIOTNAG £VOG £QYOL
HETAPOPAG TEXVOAOYIAG HETAEL Plopnxaviag kal TTavemoTnuicv (SMART4ALL) tTou
xpnuatodoteital amd TNV Evpwtaikn Emrtpotin. Ta gpeuvnTKA TOL evolapEQOVTa
mepINaUPAvoLY TNV oxediaon Kal POVTEAOTTOINON ETTEEEPYATTWY KAl CLOTNUATWY

27



F

MVAUNG  XAWNANG  KATAvOAwoNng 1oxLog, Tnv  oxediacon ToAuTTupNV®Y  Kal
TTOALVNUATIK@V  ETTEEEQYAOTAYV,  ETMTAXLVTWV  YPAPIKWV, ETTAXLVTIWV  TEXVNTAG
vonuoouvng, Tnv oxediaon TIPWTOTOTIWYV CLOTNUATWY ot FPGA Kal TeXVIKEG
BeATIOTOTTOINONG KWSOIKA O¢  €TTTedSO  UETAYARDTTIOTH. ‘Exel cuvénuooieboer 110+
EMOTNUOVIKEG epyaoieG o€ SieBv cuveSpIa Kal TTEPIOSIKA, Tpia KepaAaia BIBAiwV Kal
gival KAtoxog 14 SIMAQUAT®V ELPECITEXVIAG (ETITTAEOV 12+ SITTAUATA ELPEECITEXVIAG
BpiokovTal oe kataoTaon afiohoynong). To £pyo Tou &xel AARel Tavew ammd 1400++
avapopés (h-index: 17, i10-index: 28). ‘Exel AaPel éva Ppaeio kKaALTEPNG £pyaCiag,
Bpoapeio Metapopdag Texvoloyiag (amo 1o HIPEAC) kai PBpapeio “Outstanding
reviewer” amo 10 TEPIOSIKO Microprocessors and Microsystems (MICPRO). O k.
Kepauidag éxel SiateAéoel ovv-Tipoedpebwy ot 4 Slebvr ouvveédpia (FPL'21, ISVLSI'21,
ARC 2018, ARC 2023) kal eival TaKTIKO HEAOC TNG TexvIKNG EMMTOOTING TTOAAGV
oouvedpicov  (DATE, FPL, ISVLSI, SAMOS, CITS, CCCI, ISQED). Eival TakTIKOG
EUTTEIPOYVMMUOVAG KAl OLPPROLAOG  kalvoTodiag oTtnv  Evpwtmaikh ‘Evwon ot
poypduuata EIC (European Innovation Council), TakTikOg afloAoynTng o€ TTePIOSIKA
OXETIKO UE TO QVTIKEIUEVO TOL, PEAOC TOL EvpwTTaikoL AlkTOOL ApioTeiag HIPEAC kail
HEAOG TOL TexvIKoOL EmmipeAnTneiov EANGSAG (TEE).

Ultra-Low Power Accelerators for the Edge

APXIKA Ba TTapoLOIACTOLY Ol BACIKES APXES TNG KATAVAADONG evépyelag CMOS
KOKAQUATWYV YIA CLOKELEG TTOL AEITOLPYOLY OTO VEPOG (cloud) kal OTO AKPO TOL
SIKTOOL (edge). TNV CLVEXEID, Ba ETTIKEVTOPWOOUVLUE OTIC APXEC OXESIAONG ETTITAXLVTWY
Kal B8a avaAboouLue SIAPOPES TEXVIKEG XAWNANG  KATAVAAWONG I0XLOG  TTOL
akoAoLOOLV TNV TIPoCEyyIon ouvoxediaong YAkoL (HW), Aoyiouikod (SW) kai
MetayAwTTioT) (Compiler) pe OTOXO TNV €KTEAECN £PAPPOYWV PE LWNAN eTTiboon Kal
XOUNAR KatavaAwon evépyelag oto Edge. Euygpacn 6a 606ei otnv cvumieon kal
TTapaAAnAotToinon TinyML epapuoyV.

KewvoTtavTivog Bovpvag

OuoTtiuog Kabnyntng | THMMY EMI

Constantine (Costas) Vournas is Professor Emeritus in the School
of Electrical and Computer Engineering of National Technical
University of Athens, Greece. He has published close to 200
papers in International Journals and Conferences and has
co-authored the book "“Voltage Stability of Electric Power
Systems”. His research interests are in the area of power system

dynamics, stability and control and include voltage stability monitoring and security
analysis, renewable generation integration in power systems, and novel control
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applications for distribution and transmission systems. Fellow of IEEE (2005) and
member of CIGRE. He received the IEEE/PES Prabha Kundur Award in 2019. He
served as Region 8 Representative on the IEEE Power and Energy Society (PES)
Governing Board (2011-2014). He is currently Chair of PES Greece Chapter, Past
Chair of IEEE/PES Power Tech Steering Committee (2007-2019), and Chair of the
|[EEE/PES Power Systems Dynamic Performance Committee. Since 2021 he is Chairing
the Energy WG of the IEEE European Public Policy Committee (EPPC) and is member
of EPPC. From 2024 he serves as the Secretary of the Technical Council of IEEE PES.

MpokAnoceig yia ta HAekTpika Xvotnuara kard tnv Evepyeaakn [Mpaoivn
MeraBaon

H Mpdoivn Evepyeiakr Metapacon, SnAadr 1o Tépacpa amod TNV £TTOXN TWV
OPULKTWYV KALTIUWY OTNV ETTOXN TV AVAVEWDOCIUWY TTNYWV EVEQYEIAS ETTIRAAAETAI ATTO
TNV avaykaiotnTa Slatnenong ToL KAIHATOG Kal TNG avBpwivng {wNG OToV TTAAVATN
oe ammodekTa emimeda. H mpoodog mTouv éxel Ndn OCLVTEAEOTE eival TepAOTIA KAl
TTOAQTIAACIAO TV TPOCSOKIV TIPIV UEPIKEG SekaeTieG. H aAAayr woTtdco oTa
NAEKTPIKA CLOTAPATA Exel HOANIC aPXioEl VA CLVTEAEITAL: TTPOKEITAI YIA TI TIEPACUA ATTO
OLOTAUATA PACIOYEVA O€ PEYAAOLS OTABUOVLG NAEKTOOTTAPAYWYNS WAKPIG aTTto Ta
AOTIKG KEVTIPA ME MHEYOAEG OLYXPOVEG YEVVATPIEG O¢ KATaAveunuéva, SlaocTrapta
OLOTAPATA NAEKTOEOTTAPAYWYOULS TTOL CLVEEOVTAI PECK PETATPOTIEWY NAEKTOOVIKGV
I0XLOC O€ OAA TA €TMTTESA TAONG (LWNANG, MECNG, XAUNANG) oTa SikTua SIAVOUNG KAl
yeTapopAas. H mapovciacn B6a eoTIAcEl OTIC TTPOKANCEIG TTOL ALTA N UETARACN
QVTIUETWOTTICEl KOBWG KAl O€ AVOIKTA BEUATA OXETIKA UE TOV EAEYXO KAl TNV ACPAAEIQ
TV  OLOTNUATWYV NAEKTPIKAC  EVEQYEIAG, TIC AVAYKEG O€  LTTOAOYIOTIKA KAl
TNAETTIKOIVAVIAKA EQYAAEIO, OTNV AAAQYr TOL POAOL TOL KATAVAAWTN-TIAPAYWYOL KAl
OTIC OULVETTEIEG VIO TNV ETMIOTAUN KAl TO POAO TV HAEKTPOAOYWY Mnxavikov Kal
MNXaVIKQV YTTOAOYIOTQV OTIC EPXOUEVES KPIOIUEG SEKAETIEG.

AvaoTtaoiog Yappag

SoC Design Engineer | Axelera Al

Aé¢youarl Tacog Wappdg kal Ta Tehevtaia 10 xpovia
oxedlalw OCLOTAPATA Ot OAOKANPWUEVA KLKAWUATA.
Eipal amogoitog 1nGg oxoAng HMMY Ttou AMG® oTnv
=avon (2012), kal KAToXoG peTaTTLxiakoL (2014) kai
Sis6aktopikob (2017) TiTAov omovdwv amo Tnv idia
oxoAn. H &idaktopikry pou  SiaTpIpry  pe  Béua
"High-performance Networks-on-Chip" Bpoape0dTnke pe

29



F

10 Ppapeio "Outstanding Dissertation Award" amo tov opyaviouo Electronic Design
Automation Association (EDAA). Exw dnuoocievoel 1 BiBAio oTn Springer, 9 epyacieg o¢
mepIodika IEEE Transactions kar 10 ce cuvedpia IEEE kar ACM. 'Exw epyaoTei wg
Mnxavikog Ixediaong OMokAnpwuévey KokAwpdtwy otnv Intel, otnv Intracom
Telecom kai oTnv Axelera Al ommouv e€akoAoLBw va epyalopal CNUEPA.

Ixedialovrag System-on-Chips Sioekaroupvpicv Tpaviiorop

Ta OAOKANPWUEVA KLUKAWUATA ATTOTEAOLY aATO Ta O afloBavuacTa KAl
TTOADTTAOKQ ETTITELYUATA TNG PNXAVIKAG. XAPIC OTNV €TTI SEKAETIEG EKOETIK aAvATITLEN
TNG PIOPNXAVIAG NUIAYWYWV TTLPITIOL, TTEPACAPE ATTO TOLG ATTAOLG POVOTTOENVOULG
HIKpOETTEEEPYAOTEG OTA  TToALTTLPNVA  System-on-Chips  (SoCs)  TTOAAQTTAGV
emMTAXLVTWY. SOCS €KATOPULPIWY N KAl SloekATOPULPIWY TpaviioTop PpickovTal
ONUEPA pECA Ot KABE NAEKTPOVIKN oLOKeLN, Ao laptops kal smartphones péExpl
ALTOKIVNTA, TNAEOPACEIC KAl NAEKTPIKEG OKOLTIEG. [oid eival n  pop®r evog
System-on-Chip? Mg oxedialetal éva TO00 TTOADTTAOKO COCTNHA ATTO TO PNdéve Mg
HMETOANGOCCETAl N APXITEKTOVIKI TOL YIA VA £ELTTNEETATCEI TNV VED YEVIA LTTOAOYIOTIKNG
vonuooLvnge Ti emMPLAACTEI TO UEAAOV YIA TO TTLPITIO?

ITNV OPIAia poL Ba ETTIXEIPNOW VA SWCW ATTAVTACEIC O€ EPWTAUATA oAV KI ALTA.
©@a TTaPOoLOIACK TO CNUEPIVO TOTTIO TNG RlopNXAviag PIKOOTOITT, B6a eENyYNOW TO TTWG
SIAUOPPWONKE ICTOPIKA KAl TTOL TTOORAETTETAI VA KATELOLVOEI OTO APECO HEANOV.
TeEAOG, pe OTMAO TNV eumepia amo  uia start-up  oxediaocpov  System-on-Chips
emTaAXLVTWY TexvNTNG NonuooLvNG OTNV AIXU TNG TexVOAOYiag, Ba TTApPOoLCIACW TIG
TTOOKANCEIC TTOL CLVAVTA UIA TTPOCTIABEIA OXESIATHOL TETOIV CLOTNUATWY ATTO TO
un&év.

LARRAG XaTt¢nXpIoTOPNG

AvTimputavng | Kaényntng Texvntig Nonuooovng | MavemoTtAuio MNagou

O YaPpag XatlnxploTopng eival
AvTiTpuTavng Epevvag kal KarvoTopiag kai
KaBnyntng Texvntng Nonuoobvng. H épevva
TOL ETTIKEVTPQVETAl OTN SIACTALPWON TNG
TEXVNTAGC vonuoouvng, NG  Opacng
OTTOAOYIOT@V KAl TNG POUTTIOTIKAG KAl €XEl
oLUPETAOXEl O¢ TIOAG  épya E&A  TTOL

xpnuaTtodotovvTal ATO  ELPWTTAIKOVS KAl
€OVIKOLG  opyaviopoLg.  Eivalr  katoxog
SIMAPaToG (M.Eng.) kai 8ibakTopikoL SimAwuaTog otny ‘Opacn YITOAOYIOTWY ATTO TO
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Anuokpitelo  TAvemoTApIo  Kal  €xel  SIaTEAETEl  €IBIKOG  ETTIOTAPOVAG,  ETTIOKETTTNG
KaBNyNTAG Kal gpevbvnNTAC o¢ Siagopa 15pLUAaTa. Exel Aapel TTOALAPIBUES SIaKPITEIC,
LTTOTPOVIEG Kal Ppafeia yia TN CLVEICPOPA TOL KAl EXel SNUOOCIELOEl EKTEVWG OF
EYKLPA aKadnuaika TTEPIOSIKA.

H pyeraoxnuarniornikn Advaun tng Texvntng Nonuoouvvng ortnv Ekmaiésvon

H avnouxia om n Texvnt) Nonuoovvn (TN) pmopel va vmovopevoer TNV
ekTTaIbeLTIKN Sladikacia eival evpEwg diladedopévn. QoToco, N TN SiIaBeTel TEPACTIO
SLVAUIKO VIO OETIKEG METAPOPPWOTEIGC OTNV ekTTaibevon. Me Tnv IKAvOTNTA Vva
TTOOOPEPEl TTOOCAPUOOCTIKEG KAl TTOOCWTTOTIOINUEVEG UAONCIaKEG euTTelpieg, N TN
uTTopEl va evioxLOoel TNV aTTodoTIKOTNTA TNG KABNONG, TTPOCPEPOVTAG £EATOUIKELUEVO
TTEQIEXOPEVO TTOL CLPPASICEl pe TIC AVAYKEG KAl TIC PABNCIOKEG ouLvNBeleC KABE
padnth/@oitntn. H duvatdtnta yia afloOAOYNCEIC OE TTIPAYUATIKO XPOVO PREATIVEI
€miong TNV avadpaocn kal TNV kKatavonon. Me toio Tpommo n TN utopsi va
QVTIUETOTTIOTEl WS MIA €LKAIPIA yIa va avaBewpnBoLy Kal va evioxuOoLy ol
EKTTAISELTIKEG HEBOSOI, TTPOCPEPOVTAG VEEC TIPOOTITIKEG OTn S1I6ACKaAia kal TNV
EKMAONoN. Molog 0 POAOC TOL CULYXPOVOL EKTTAISELTIKOVL KAl TIWG METEEEAICTETAI N
ektTaidevon;

KewvoTtavtivog Xaulag

Emikovpog Kabnyntng | Tunua Poutrotikng Mnxavikng | WPl USA

O KwvoTtavrivog Xauldg cival emmkovpos Kabnyntng oTo
Tunua PoutroTikAG Mnxavikng oTto Worcester Polytechnic
Institute oTmic Hvwpéveg TMoATeieG APEQIKNG. ATTEKTNOE TO
AISOKTOPIKO TOL TO 2023 amd 71O TuAua EmMOTAUNG
Yrmoloyiotwyv  oto  Wiliam  Marsh  Rice  University,
epyalopevog LTTO TNV emiPAewn Twv kKaABNyntwyv Avdiag
Kappdakn, kar Anshumali Shrivastava. Atéktnoe 10 SITAwUa
| TOL HAekTPOAOYOL MNXaVIKOL KAl MNXAVIKOL YTTOAOYIOTGV

amo 1o ApIoTOTEAEIO TavemoTuIo ©eocoalovikng To 2017.

Eivar &ikalovxog tnG vtmotpo®iag NSF-GRFP kai Future
Faculty Fellow amo Mavemothuio Rice. Ta gpeuvnTiKA TOL evlIaPEéPovTa €0TIA{OLY
oTnV oxediaon AAyopiBuwY POUTIOTIKNG KivNoNng, ME Eupacn oTov ouLvéLacouo

KAQOIKG®V QOAYOPIBUwWY e HEBOSOLS PACICPEVEG OTN pABNoNn. O TPEXOLOES
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KATELOLVOEIC EPeLVAG TOL €ival N PREATIWON TNG TAXLTNTAC TOV  AAYOPIBUWY
oxedlaouoL Kivnong, N Kivnon HJE avakpIpr) POVTEAD XWEOUL, Kal N oxediaon Kivnong
amo eikova. H gpyaocia Tov oTo cLVSLACPO PNXAVIKAG HABNONG YIA TNV PEATIOON TNG
TAXLTNTAG TWV AAYOPIBUWV OxedlaopoL ¢cixe TMPOTABEI yia To BpaPeio KaAvtepng
Epyaoiac oto Cognitive Robotics oto ICRA 2021.

AAyopi6uol oxediaong pouTToOTIKNG Kivnong Kal gnxavikn gaenon

H pouttoTikf &xel TN duvartoTnTa va evioxLOoel TIC AVOPWTIIVEG IKAVOTNTEG HE
TPOTTOLG TTOL PTTOPOLY AV PETAPOPPWOCOLY TNV AVOPWTTIVN KOIVAWVIaA. H evowuaTon
TTOONYMEVY aICONTAPWY KAl JOVTEQV@V KIVNTNPWV éxel Bécel TN PAon woTe TA
QOUTTOT VA EMMTOXOLY AVLTEG TIC IKAVOTNTEG, OTTIWS PAIVETAI ATTO TNV TTAPOLOIA TOLS OF
£OYOOTACIA KAI, O€ TIEPIOPICUEVES TTEQITITWOEIG, O€ OIKIAKA TTEPIBAAAOVTA. QOTOCO, O¢
UN YVWOTA €K TWV TIPEOTEPWY  TEQIRAANOVTA, Ta POUTTOT  SLOKOAELOVTAI VA
TTOOCAPPOCTOLY , VA CLVEQPYAOTOLV e AVOPMTTOLS KAl VA EKTEAECOLY TTOADTTAOKEG
£0YQOIEG. L€ QLT TNV TTAPOLCIACN, BAa TTAPOLOIACW TTEOCPATEG EEENIEEIC TTOOG TNV
KATELOLYON TNG EICAYWYNG POUTTIOT OTOV TTPAYUATIKO KOOUO PECK TNG EVOWUATOONG
KAQOIKGWV AAYOPIOUWY Kivnong, HE OLYXPOVEC PEBOSOLG PNXAVIKNG PABNoNG. MeTa
amo HIa €I0aYyWYr OTIC PACIKES EVVOIEC TWV AAYOPIBUWY oxediaong kKivnong yia
OOUTTOTIKOUG PPaxioveg, avTh N OouIAia Ba Tapovaoiacel (a) TPOoEATa ELPAUATA,
OXETIKA HE TO TTAG Ol PEBOSOI pABNONG PTTOPOLY VA PBEATIOCOLY TNV TAXLTNTA TWV
KAQOIKG@V aAyopiBuwv kivnong, (PB) €pevva TAVG OTNV  EOUTIOTIKA Kivnon JE
QAVAKPIREIG HOVTEAQ TOL XWPEOUL Kal (Y) épevva TTAV® OTNV SNUIoLEYIA AAYOPIBUWY Yia
OOUTTOTIKNA Kivnon KATELOEiaV atrd €IKOVEG
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Napovoiaceig Paper doitntov

Katd Ttnv Sidpkeia ToL ILvESPIOL, TTPAYUATOTTOINONKAY TTAPOLOIACEIS ATTO

EQYQOTIEC TTOL €ixav KATABECE QOITNTEC KAl ETTAEXONKAV va TTAPOLOIACTOLV COTO

Yovedpio. O1 €pyadieg TV POITNTOV TTAPATIOEVTAI TTAPAKATW:

1.

10.

1.

12.

Development of a Modular Prototype One Channel Encephalograph -
ANUNTEIOG AQUTTPOG

Hybrid Classical-Quantum Neural Network for Rice Crop Idenfification -
Konstantina Safouri, Georgios Varsamis and loannis Liliopoulos

Mia Texvikry EoTialopevng MIKPOKLUATIKNG YTTEPOepuiag MECW ITPWUATOC
TovexoLsg PeduaTog, Baoiouévou e Xwplka EmAoyikéc Emigpdaveieg -Thomas
Daltzis, Dimitrios Arnaoutoglou, George Trichopoulos and George Kyriacou
Helical Open Waveguide Structure for Optimization of Microwave Ablation
-Nikolaos Karkanis, George Kyriacou, Marinos Psomas, Theodoros Samaras
and Theodoros Kaifas

Steering Prediction for Self-driving Cars with Event-based Vision - Eleni Kleisiari,
Lazaros Tsochatzidis and loannis Pratikakis

Music Chord Classification using the Vision Transformer and Chroma Features -
Thomas Stogiannopoulos and Nikolaos Mitianoudis

Probability Assessment of the Impact of Electric Vehicles on Power Quality in
Electricity Distribution  Networks - Christina  Grammenou and Aggelos
Bouhouras

MpoTteivouevn  MebBoboloyia  Ixeblaocpuold DIATpwV  ITABEPNG  XPOVIKAG
KaBuotepnong Oudbdog yia Aiktoa AlQUOpPwong Aéoung oTnv Zovn FR3 -
Charalampia Chatzi, Georgios Kyriacou and Dimitrios Arnaoutoglou

An AMR's (Autonomous Mobile Robot) journey to RoboCup@Work - Nektarios
Pipilis, Theodoros Rossidis, Altzi Tsanko and Dimitrios Theocharopoulos

System Design of an X-Band Multistage High Power Amplifier with
Electronically Conftrolled Output Power - Konstantinos Kermanidis, Dimitris
Arnaoutoglou, Andreas Papanastasiou and Georgios Kyriacou

Advancing Computing with Memristive Nanocircuits - Emmanouil
Stavroulakis, loannis Tompris, loannis K. Chatzipaschalis, Evangelos Tsipas,
Theodoros Panagiotis Chatzinikolaou, losif-Angelos Fyrigos and Georgios Ch.
Sirakoulis

MoAvebpikry  IvoTolxia  MikpoTtalviaokwyv  Kepaiwv  Pavidp  Avixveobong
Yrepmrapevey OxnuaTtwy - Alexandros Dimakopoulos, Dimitris Arnaoutoglou
and Georgios Kiriakou
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13. Improving Fire Detection into Forests with the use of Environmental Sensors
-loannis Giordamlis, Dimitrios Platsas and Sarantis Antoniou

14. On Body Radar System as Navigational Aid for the Visually Impaired- Eleftheria
Solomonidi, Eirini Markantonatou, Giorgos Soukaras, Giorgos Rodis and
Panagiotis Kiousis

Workshops
DoItNTIKEGC OUadeg

‘Orav o HC-05 (Bluetooth) ouvvavrnoe 1o Arduino

Ye autd 10 Workshop Ba e€epevvroovpe To Module HC-05 (Bluetooth), 6a pdaboupue
mwg 10 PoIrnTKO MNapdptnua IEEE Tou AlBvoug MavemoTnuiov TNG EAANGSOG OTIG
Yéppeg EpTmiage Eva oeT amod EuTva gpavapla e Pacn 1o Arduino kal 6a dovue PAua
BAUA TGS PTTOPOLE VA LAOTTOINCOLWE £va ATTAO project e avtd To Module.

Nepiypapn Ouadag

To ®oitnTikO MapdpTtnua IEEE Tou AleBvoug MavemoTtnuiov TNG
EANGSOC oTnv MavemoTnUIovTToAN Leppwyv, 16p00Nke TO 2011
(ToTe W TEl Zeppov) amd @oITNTEC TOL TUAPATOC MNXAVIKWV
MNANPOPOPIKAG, YTTOAOYIOTMWY Kal ETTIKOIVGVIQYV, TToL NBeAaV va
KAVOLV ETTIOTNMOVIKN £€pevva PEow TouL IEEE, va cupueTaoyxoLy

o€ SIAYWVIOUOLG. KAl VA OPYAVVOLY SIAAEEEIS VI OAOLG TOLG
POITNTES TNG TTOANG TV LEPPWV.

Learn Industrial Robots with ROS

Ye evOIAMEPE N POUTTOTIKA; OEAEIC VA TTAPEIC I YELON ATTO TNV RIOPUNXAVIKN UEQIAG
NG 'H NS BEAEIC va YVWPICEIG TTOOYPAUKATA TTOL XONOIUOTIOIOLY Ol ETAIPEIES
KOAOOCOI OTOV TOHPEQ TOL ALTOUATIOUOL KAl TNG ALTOKIVNTORIOUNXAVIAg yia va
TTPOCOUOIOOLY, VA avamtouéouv KAl va PREATIOOOLY TA TIPOIOVTA TOLG, AV
ATTAVTNOEG VAl O€ £€0TW KAl PIA ATTO TIG TTAPATIAVGR EQPWTNCEIG UTTOPEIG VA SNAWOEIG
ouvppeToxn oTto workshop TNG Democritus Industrial Robotics (DIR) pe ovoua “Learn
Industrial Robots with ROS”.

Nepiypapn Quasdag

H Democritus Industrial Robotics (DIR) tpokeral yia tnv

HOVASIKA  POITNTIKA OPAda  RIOUNXAVIKNG EOMTTIOTIKNG OTN

EANGSQ. 16pvpévn To 2018 kal £xoviag @G €5pa TNV =aven ‘
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Bpiokeral LTTO TNV alyiba Tov Anuokpiteiov MavemoTnuioL OpPakng (A.M.©.). ITOxoG
TNG €ival N CLOPUETOXNA KAI N EKTTRPOCMTTNON TNG XWPEAG OTOV HEYAALTEPO SIAYWDVIOUO
POUTTOTIKAG, TO RoboCup, kai TTo
OLYKEKPIUEVA OTNY KATNyopia @Work. ITIC TOEIC CUUMETOXEG TNG EXEI KATAKTACEI TNV 6N,
TNV 9n KAl TNV 4n 6£0N TTAYKOOWIWS, AVTIOTOIXA, KABWC Kal hia S1Iakpion.

Augmented Reality Workshop

To Epyaomnpio MIKTAC MpayuatikOTNTAG Kal  AIKTOOKEVTQIKWY XLOTNUATWY TOUL
TUAMATOG HAEKTOOAOYWY MNXaVIKGV KAl MNXavik®V YTTOAOYIOTWY TOL MavermoTnuiov
ALTIKNG Makeboviag siopyavavel Workshop pe Béua Tny erravénuévn TTpayuaTikoTnTa.
To Workshop atmoTeAel pia ebKaAIPIA YIA TOLG COPPETEXOVTES VA SNUIOLEYACOLY Wi AR
Epapuoyn pe TNV xpnon NG pnxavng maixvidicov Unity 3D kal tov Vuforia kar va
e€epELVACOLV TIG SLVATOTNTEC TNG ETTALENUEVNG TTOAYUATIKOTNTAG.

Nepiypapn Ouadag

To EpyaoThplo MIKTAG MNpaypaTikoTNTAg Kall
AIKTOOKEVTPIKGV YLOTNUATWYV TOL TUAUATOG
HAeKTOOAOYWYV MnNXavikwV Kal MNXaAvIK@V YTTOAOYIOTWV
TNG TMOALTEXVIKNG IXOANC ToL [lAVEMmOTNUIOL AULTIKAG

Makeboviag 16p0VONKe TO 2022 KAl KAADTITEl TIG EQELVNTIKEG
Kal SI6AKTIKEG AVAYKEG OTO YVWOTIKO QVTIKEIUEVO TNG
HIKTAG  TTOAYMATIKOTNTAG KAl TV  SIKTOOKEVTPIKWV
OLOTNUATWYV O YEVIKA Kal €8IKG Oeuata ocuvagrn de Ta SISAKTIKA KAl £pELVNTIKA
QVTIKEIPEVA TOV.

OI LTINEETIEG TTOL TTAPEXEI TO EQYACTNPIO €ival:

- AvamTuEN TTOALUECIKGYV £PpapPoYwV AR/VR/MR

- MNpoocapuooTikég Poég Bivieo — AR /VR (Adaptive Video / Adaptive AR VR
Streaming)

- AvamTouén KIVNT@V EQAPUOYWV

- Katavoun ®opTiov og AcLppaTta Aiktua (Load Balancing in Wireless Networks)

- AAYOPIOUOI TIMOAOYNONG YIA TN CLOPMETOXN OTIG AYOPEG NAEKTPIKNG EVEQYEIAG

- OxnuarTika siktva 5G

- AA\YOPIBUOI XPOVOTIPOYPAUMATIOUOL 08 acLPPATA SiKTLA

- ANYOPIBUOI CLVEPYATIKNG TIPOCWPEIVAG ATTOBNKELONG KAl CLVETTEIAG TNG cache

- Mnxaviki Mabnon

- NeLPWVIKA AIKTLA KAI EPAPUOYES EIKOVAG

- 'Eumreipa XuotApaTta YTooThpIENg ATTOQACEWY

- ANYOPIOUOI CLVEPYATIKNG TTPOCWPEIVAG ATTOBNKELONG KAl CLVETTEIAG TNG cache
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YOUPETEXEIG OTO Maykoouio KotreAAo avTovopwy Drones. KaBe ¢paon Tou Tovpvovd

Next-Gen Pilots: Al-Enhanced Drones in Action

TepINaUPAvel SIAPOPETIKO ay@Vvioua. PTAVEIG OTOV TEAIKO KAl AVAKOIVAWVETAI TTWG TO
maixviél Tov Ba Sie€axBei cival To «Drone LaserTagyn. @EAeIG va TTPWTOTLTTACEIG KAl
EKTTAISEVEIG TO Drone ooL va eKTEAE KIVATEIC TTOL Ba AIPVISIACOLY TOV AVTITTAAO COUL.
Tov OKEPTECAI VA O KLVNYQAEL, Aiyo TTPIV O PTACEl KAl UE TO XPOVO VA CLPPIKVWVETA,
Kavelg eéva BeauaTtikd backflip kal Ppickecal Tiow ToL. TO XPOVOUETPO OTAPATA KAl
yiveoal TpwT1aBANTAG TOoL Maykoopiov KutréAAoL!

To workshop auTO ATTOTEAEI UIA EI0AYWYN OTNV EVIOXLTIKA HABNON KAl TN QOPTTOTIKN.
Xpnoiyotroicvtag Python, ©a eAéyEouue 10 Drone kal ©6a TTPOCOUOICOLPE TNV
Kivnon oto Webots. To workshop 6a mmapouvoidoel n vrrooudda TnG RAS, Icarus Flying
Team.

Nepiypapn Ouadag

To RAS eival @oIirnTikr) opada POPTIOTIKAG KAl QLTOUATICHOUL KAl
LOTTAYETAI OTO QOITNTIKO TTapdpTnuUa Tou |EEE (Institute of
Electrical and Electronics Engineers) tou EGvikob MeTcoOpiov
MoAvTexveiov. H opdada éxer SVO evepyd projects, TO
Autonomous Driving Vehicle kai 10 Autonomous Delivery
Drone, &ve TIAPAAANAG  LAOTTOIEI KAl  TO  EKTTAISELTIKO

mooypauua RAS ACADEMY vyia apxdploug @oITnTéG TToL

BEAOLY va aoxoAnNBoLV e TN POUTTIOTIKN. To RAS €KTOC TV GANWV TTOAYUATOTIOE
EKONADOEIC KAl wWorkshops €vad CULPMETEXEI O€ SIAYWVIOUOVS TTAYKOOUIOL EUREAEING.
YIKOTTOG PAC €ival va €UTTVELOOLHPE TOLG POITNTEG VA SNUIOLPYNCOLV. AiVOLUE TNV
SLVATOTNTA VA AVATITUXOOLV I6E€C KAI TEXVOYVWOIA TTOAL TTIO TTRIV ATTO TNV €iI0AY®YN
oTNV ayopd £pyaaciag.

Phishing Attacks: Behind the Screens

AkohouvBeiote TNV Ouada Ethical Hacking tou Computer Society Tou ®oItnTIKOL
NapaptAuatog IEEE Tou EBVIKOL MeTooPiou MoAuTeEXvVEIOL CE €va CLVAPTIACTIKO
workshop pe TiTAO " Phishing Attacks: Behind the Screens'. Ao tnv PaButepn
KATAvONon TOL TG Ol KAKOROLAOI §PACTEC PAG ££QTTATOLV NAEKTOOVIKG UEXQ! TNV
EKMAONON TNG TEXVIKAC TTAELPAG TWV KLPEPVOETIBETEWY phishing, avTtd To workshop
OaG TTAPEXEl TIPAKTIKEG YVWOEIS YIA ALTO TToL cLPPRAIvVE "TIoW ATTo TIC 0OOVES", TOCO
TGV EYKANUATIWV, OCO KAl TV ETTAYYEAUATIQV TTOL TOLG KATATTOAEUOLV.
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Neplypapn Ouadag

To Computer Society Chapter Tou IEEE NTUA Student Branch
meplAauPavel  opddeg  yia  Machine Learning, Software
Development, Competitive Programming, Ethical Hacking,
Quantum Computing kaBwg kai Blockchain. Y1Oxog pag civail
n TEootyyion SIapopwV TOUEWY TNG NMANPOPOPIKAG, YECA aATTO

OLUUETOXN O¢ SIAYWVIOUOLGS, KAl ekTEAEON projects. ETol pag
SIVETAI N ELKAIPIA VA EPAPPOCOLUE TIC BePENTIKESG YVWOEIS TNG OXOANG TTAVW O€
hands on epappoyeg, KABWS Kal va aviaAAdfovpe aTTOWEIS KAl VA YVWPEICOLUE
avepwTToLG peE TO 610 TMABOG pe eudg. MapaAAnAa, peoca amod TNV opyavwon
S1apopwVv workshop Kal opINIV, TTPOCTIABoLUE va PoIPAlOPACTE TIC YVWOEIG TTOL
ATTOKTOLWE pJE OAN TN POITNTIKA KOIVOTNTA.

Eqpapuoyn TnAeuerpiag pe C++ xpnoiyomoiwdvrag 1o Qt Creator kai Tov
HIKPOEAEYKTI) ESP32

Ye AQLTO TO €pyaoTnPIo, Ba &efovue OTOLC CLUUMETEXOVTEG TIC PACIKEC ApPXES ToL Qf
Creator, éva TTOAD 10XLPO KAl POVTEPVO TTEPIBAAAOY avaATITLENG TTOL XPNCIUOTIOIEI TN
YAWOOQO TTPOYPAUUATIONOL C++, OTTOL Ba Yivel hIa €I0aywYr OTO T €ival TNAEUETPIA,
Ba pdbouvv va mpoypapuatiovy PaAacikoLsg aloBnTNPeg ot C, XPNOIUOTTOIOVTAG TO
mepIPAAOV avamTuéng Arduino ce cuvdévacopd pe éva ESP32 kal T¢éAog, B©a ToLg
pEpoLUE o€ ermapn e TN Pdaon Sedopévwyv TnG Google, 1o Firebase. O oTOX0g TOL
goyaoTnpiov eival va oouvéudoe KABe TITLXN ATTO ALTA TIOL  AvVAPEPONKAV
TTOONYOLHEVWG, YIA VA SNUIOLPYNCEN £va AeyOUEVO "OLOTNUA TNAEUETPIAG”, TTOL
OTTOI0CENTTOTE UTTOPEI VO avatTtapdyel o€ éva PaBuo kal va 1o Sokiudoel {vtava, yadi
pag.

Neplypagpn Oudadag

H REM-IHU (Racing Electric Motorsports-International Hellenic /
University), eival n yovn EAANVIKY opdda TToL aoXOAEiTal JE TIG ~
NAEKTOOKIVNTEG  AYWVIOTIKEG — PNXAVES. Alaywviletal  oTov

TTaykoouio  Silaywvioud Motostudent, oTnv kaTtnyopia ToUL p.

Electric. MOAIOTQ TN TTepacuévn 0elOV KATAPEPE VA KATAKTAOEI

TN 121N 6¢0n OTN CLVOAIKN PaBuoloyia (amo TIC 45 CLVOAKKG

OuAdeC TNG KATNYOPIAG) KATOPOWVOVTAG VA TEQUATIOE TOV Ve

TEANIKO aywva otn 101N 8éon. AtroTeAeital ammd 35 péAn Ta otToia

XWPEICOVTal O€ TIEPICTOTEPES LTTOOUASES PE KABE Wia, apuodia oTov avAaAoyo TOUEQ.
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H Democritus Racing Team, eival pia ouada Formula Student n omoia emmevével otnv

Yvornuara Mmrarapicdv og HAekTpika Oxnuara

NAEKTOOKIVNON. MECA Ao TNV TTPOCTIABEId TNG, AVATITOCCEl TTPONYHEVA CLOTAUATA
UTTATAPIWV KAl TEXVOAOYIEG SIAXEIPIONG TOLG YIA TA AYWVIOTIKA TNG OXAUATA.

ANG TTOC AEITOLPYOLV AKPIRWS ALTA TA CLCTAPATA PTTATAPIWY; MG EAEYXOLUE TNV
KATAOTAOCT TOLG KAl TIPAYMATOTTOIOVLUE TN pOETION ToLG; Kal TTg Slac@aiilovue TNV
ACPAAEIG TOLC KATA TNV AeIToLPYIA; AKOUN KAl N ETTIAOYN TGV LAIKWY KAl O OXESIAOUOC
TOL OCULOTAPATOG UTTATAPIOV ATTAITOLY  EEEISIKELUEVEG YVOEIC KAl TIPOCOXN OTN
AETITOUEPEIQ.

To workshop pag 6a amavinoe e OAQ ALTA TA EPWTAUATA. OA £EETACOLUE TTWG
AEITOLPYOLV TA NAEKTPIKA povoBéoia Tov Formula Student, aAAd kal TTAG avTth N
TExVOAOYia epappodleTal oTnV aAvToKivnToRIopNXavia oAuEpa. Méoa ammd TTPAKTIKA
TTapadeiyuaTa Kal

EUTTEQIOTATMEVEG OLINTACEIG, Oa QATTOKTNCETE I OAOKANPWMEVN E€KOVA TNG
TEXVOAOYIAG TV PTTATAPIWY KAl TV CLOTNUATWY TOLG.

Kar @uoikd, &ev Ba Aeipel 0 XpOVOG VIa £pWTNCES Kal oulnTACEIG, WOTE VA
SIELKPIVIOTOLYV OAEC Ol ATTOPIEC TAG OXETIKA WE TNV TEXVOAOYIQ TV PUTTATAPIWV KAl TOV
KOouo Tou Formula Student.

Nepiypapn Ouadag

H Democritus Racing Team amoTeAel TNV gpevvnTikn Oudda N A
TOL Anuokpiteiov MavemoTnuiov ©pPakng, N otoia oxedialel ml
KAl  KATaokeLadel AYWVIOTIKA JOVOBEoIa  oxXAUATA  TNG FORMULA STUDENT TEAM
Katnyopiag «Formula Studenty, TTOOKEIUEVOL VA CLUETEXEI O€

AlgBveic  @oITNTIKOLC  SIAYWVIOUOLS  TWV  OUWVLU®Y

SIOPYAVOEWY. XTO TTAPEABOV éxel SiaywvioTel otny ITaAia

(2017, 2019 kar 2023), otnv OAAavéia (2021) OmTou KATEKTNOE TNV 6N B¢on, oTnNV
KpooarTia (2022) kai otnv Toegxia (2023) omou katagepe va mape Tnv 1n 6éon oTo
aywvioua Tou Business Plan Presentation pe 1o §e0TEpO TNG NAEKTPIKO POVOBETIO TNV
«Odvoaoeian. Kbplog oToXog TNG opAdag eival n evioxuon kal Tpowdnon TV adiv
TOL Engineering kair Touv Motosport, PETAgL Twv POoITNTWV TOL ANUOKPITEIOL, N
ATTOKTNON YVWOEWY KAl TIOOKTIKAG EUTIEINIAC YIA Ta PEAN TNG opAdAG Kal N oLVEEDH
TOLG WE TNV PIopNXavia kKal TNV EMIXEIENUATIKA KoIvoTNTa. H opdda Aeitovpyei uTTo TNV
alyiba Tou A.N.O. kal LTTO TNV ETTPRAEYN TOL ETTICTNHOVIKA LTTELOVLVOL K. MTTOTCAPEN
MavteAn, KaBnynt 1ou Tunuatog M.ILA., kal cuvepyadletal Aueca Pe To EpyaoThplo
MnxavoAoyikob IxedlaopoL, MeDilab. H &Spa 1ng opddag Ppioketal oTnV
MNavemoTtnuiobToAn MPOKAT, Kripio Mpapuateiag MMA, Baoihiocong ogiag 12 otnv
=AvOn. MaBeTe TTELICCOTEPA YIA TNV opdda oTo lob.ee/drt.
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Power Supply Circuit

Research & Development of Robotic Exoskeleton System | Make your own

To Workshop e€TTIKEVTP@VETAI OTNV AVAALON TOL RACIKOVL KLKAWUATOG TPOPOSOTIAG
TOL POUTTIOTIKOL €EWOKEAETOL, Sivoviag Tnv SuvaToTNTA OTOLG CULPUETEXOVTEG VA
BICOCOLY pia atTOALTN hands-on euTTEIPIa CLVAPPIOAOYNONG TOL KLKAWUATOG ALTOL.
Emiong, ©a Toug 506¢i N eukalpia va SOKIUACOLY TIG YVWOEIG TOLG OTNV TTPAEN PE TNV
TTANEN KaBodnynon HEA®Y TNG OpAda pag, ATTOKTWVTAC €£OIKEiON aAANG Kal
KATAVOWVTAG O€ RABOC TNV TTPAKTIK TOL £PAPUOYN. Mg TNV PONBEIA TOL KLKAWDUATOG
avToL, Ba cuvlnNTNBOLY PACIKA NAEKTPIKA KAl NAEKTOOVIKA OTOIXEIA TOL £EWOTKEAETOL KAl
Oa avaAuBboLV TTEPICOOTEQES TITLXEC YLPW ATTO TO project TNG oudadag. Téhog, Ba
TToaypaToTToiNGei £MideIEN AeITOLPYIAG EVOC TUNHUATOS TOL POPTTOTIKOL £EWOKEAETOL

pe akpadavtn amodefn o1 EeKIvVTAg ammo TO PNdév Evag PNXAVIKOG PTTopE va
SNUIoLPYNOE LIKPA BaLuATA.

Nepiypapn Ouadag
H opada HERMES aroteAei TN

HEYAALTEPN €OELVNTIKN oudada H E R ME S TE aflh

poItnTwyv oTnv EAAGSa oTov Touea

TNG  POJTIOTIKAC  YIa IOTPIKEG

£EPAPMPOYEC KAl Aeitovpyel LTTO TNV alyiba Touv [MavemoTnuiov Gecocaliag (MO).
Yoykekpigéva, n Oupdada HERMES aoxoAeitar pe tnv avammouén evog TANPWG
AEITOLPYIKOL POUTTOTIKOL £EWOKEAETOL YIA ATOPA WE KAKWON VWTIAiov pueAoy (SCI),
TTAPEXOVTAG TOLG TN dLvATOTNTA VA EKTTANPWVOLY PACIKEG KABNUEPIVEG AVAYKEG.
YTOXOC TNG €ival va cLPPETAO)E OTOV SIEBVN SIAYWVIOUO

CYBATHLON 2024 oto aywviopa "Exoskeleton Race" onuaTtodotwvtag tnv mpwTn
EAANVIKN) CLUPETOXN. Me TNV LTTOOTNPIEN TOL TUNUATOC HAEKTPOAOYWY MNXAVIKWDV &
MnxavikaVv YTToAOYIOTQV ToL MO, N opdda HERMES mmpoxwpd Suvapika TTpog Tn
BeATicOON KAl TNV TEXVOAOYIKN AvATITLEN.

MNepioocoTEQEG TTANPOPOPIES: hitps://linktr.ee/hermesteam
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Cloud TnAepetpia & 5G: H Xvvéeoiuornta tng Centaurus Racing

H Centaurus Racing xpnoIUoTTOIEl Eva COOTNPA TNAEUETOIAC PE PACN TIC TTAEOV TREVTL
LTTNEECIEG cloud o CLVELACUO PE TNV 5N YeVIA SIKTOLOL KIVNTAG TNAEPWVIAG YIa vVa
TTIETOXEl pia YPAYOPEN, €UTTIOTN KAl XWEIG TOTIKOLG TIEQIOPICUOLS OLVEECN ME TO
povobBioio.

Ma TOLG OKOTTOLG TNG OPAdAG £xovpe KATaoTaAA&el oTnyv xpnon Tov Grafana Live wg
10 Dashboard mov Ba el oTo cloud, o¢ éva Python script mov 6a oTéAvel Ta Sedopéva
ammd TO ALTOKIVNTO OTO VEPOG, Kal oTo telegraf mouv kaTd TMPoOCEyyIon avalaupavel
TNV METATPOTIN TV SOUWY §e50UEVV ATTO TNV WiA TTAQTPOPUA OTNV AAAN.

Y10 workshop 6a Aapete pia Pacikn 166a yia TNV AEITOLPYIA KAl TOV CLVTOVICUO ALTOL
TOL OIKOOLOTAUATOG. ATTO TNV TTAPAUETPOTIOINON ToL telegraf, TNV cuvTagn Tou script
oe python péxpr TNV popgomoinon Tou dashboard pe Ta Sedopéva TTOL HPOAIG
ANPONKav.

Nepiypapn Oudadag

H Centaurus Racing Team armoteAei opada
CENTAURUS

ToL  [lavemoTnuiov  OecoaAiag  TTOL

oLoTAONKe TO 2009 aATTO TTEOTITLXIAKOVLG RACING
POITNTEG  TOL  TUAWATOG  MNXavoAoywv

Mnxavikev kal €6 Kal 15 xpOvia aoXOA&iTal Ye TOV OXESIACUO KAl TNV KATACKELN
HOVOBECIV ALTOKIVATWY TOTTOL Formula. H opdda kabe xpovo AauPavel pyépog oTo
MEYOALTEQO POITNTIKO SIAYWVIOUO TTAYKOOUIWGS, Tov Formula Student. Méxpl oTIyUNG
EXEl CLUMETAOXEN O€ 22 SIAYWVIOUOLS Pe 9 SIAQOPETIKA PoVOBETIA. IKOTIOG TNG Eival N
ouvexNG €EEAIEN TOL POVOBECIOL PREATIOVOVTAG TOV TPOTIO UEAETNG TWV KOPWATIQV
KABwG Kal N €EENIEN TV TEXVOAOYIQV.

CubeSat Hands-On Workshop

To workshop amevBuveral e AToua TTOL BEAOLY va €EEPELVNCOLY TOV TOPEQ TOL
SIA0TAPATOC KAl TOV POAO evOg space engineer. O CUUUETEXOVTEG Ba &xouv TNV
£LKAIPIA VA €10axB0oLV OTIC PACIKEG £VVOIEG AEITOLPYIAG EVOC SOPLPOPOL ATTO TA PEAN
NG opddacg SpaceDot. @a xpelaoTel va CLVAPPOAOYATOLY TOV SIKO TOLG SOPLPOPO
KAl VA TOV AEITOLPYNOOLY O€ SIAPOPA TEVAPIA TNG ATTOCTOANG TOL.
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Neplypapn Ouadag

H SpaceDot evar wia un

KEQSOOKOTTIKN, €0EAOVTIKN Kal @

SIETTIOTNUOVIKA  POITNTIK  opdda,

oL  vmooTneiletal ammo 1O

APIOCTOTEAEIO MavemoTthuIo

@ecooalovikng (AMO). H oudda 15pvBnke Tov Agkéupplo Tov 2020 Kal atTToTeAEITal ATTO
TTEPICCOTEPOLS ATTO 40 POITNTEG ATTO TO AMNO Kal AAAQ TTAVETTICTAUIA € OAN TNV
EANGSa kal TNV ELP@TIN. ITOXOC WAG eival va avoifovue To SQOUO YIA KAIVOTOUO
£0ELVA O€ SIACTNUIKEG EQAPPOYEG. MNMpooTTaBoLuE va LTTOCTNEIEOLUE EVEQYAD WOTE O
XWPEOG VA gival To TIPOOCITOC YIA TNV ELPEEIA ETTICTNUOVIKN KAl aKkadnudikr) koivoTnTta
KABWG Kal yia To €0pL KOIVO. TNa va TO TTETOXOLUE ALTO, PAG opPilel YIa PINOCO®Ia
AVOIXTAG TIPOCPRacNG, avoIxToL KWéIKa. ‘'OAa Ta ATTOTEAECUATA TOUL TIEIPAUATOG, O
KWSIKAG, TA OXNUATIKA OTOIXEIQ KAl Ol YVWOEIG TTOL ATTOKTABNKAV gival SIa6éaiua yia
XpNon amo omolovénToTe. MIoTELOLUE KAl ETTEVELOLE OTIC SLVATOTNTEG TNG EAANGSAG
va amoTeAETEl BepUoKOITIOa SIACTNUIKAG £pevvad. ' auTO emMSIOKOLYE TNV TTPOO0S0
TNG SIACTNUIKNAG MNXAVIKNG OTN XWPEA HAG MECW TNC OPYAVWONG EKTTAISELTIKWV
5pACTNPIOTATWY KAl TNG SIELPLVONG TWV OXECEWV TTAVETTIOTNWIOL KAl Rlopunxaviag,
BonBwvTtag TapdAAnAa oTnv iSpvon TOL TEWTOL AIACTNUIKOL IVOTITOLTOL OTN
@eocoalovikn.

Keeping you on track (!)

OENEIC va aoXOANBeIiG pe TNV auTovoun odnynon aAia Sev &peig amd 1oL va
Eekivnoelg; EtToiuaoov, yiati gpxopaoTte oto XOHMMY 15!

H VROOM ocov eToipace 10 workshop 1Tou 6a oou o€l TNV ELKAIPIA VA EKTTAISEVTEIG
TO ALTOKIVNTO COU... VA PEVEI OTIG AWPISEG.

O1 ocLUPETEXOVTEG OTO workshop B6a xwploToLV e ouadeg kal Ba avamTuEovy TOLG
OAYOPIBUOLE EVTOTTIOHUOL KAl AKOAOLONONG AWPEISAG YIA CLYKEKPIUEVEC CLVONKES
Spopouv ue xpnon Jupiter Notebook kai xprion Tov Google Colab service. Iuvenm®g,
TO JOVO TTOL Ba XPEIAOTE VA EXETE €ival TO AQTITOTT OAG KAl €VAG EVEQYOS AOYAPIACUOG
Google.

O1 TaxLTEPOI Kal TTIO AKEIREIC aAyopIiBuol Ba £xoLV TNV ELKAIPIA VA SOKIUACOLY TO
ATTOTEAECUA TOLG OTO OxNUA TNG VROOM e cuvOnkeg Tou diaywviopoL Bosch Future
Mobility Challenge.
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Nepiypapn Ouadag

H opdda pag 16pVv6nke 1O 2020 OTO APICTOTEAEIO

MNavemoTAuIo ©ecoaAoVIKNG KAl ALTH TN OTIYMUN ATTOTEAEITAI

amo 18 TTPOTITLXIAKOLS POITNTEC MNXAVIKWY KAl 2 MEVTOPEG,

TTOL TTPOEPXOVTAI ATTO TTAVETTIOTAUIA OANG TNG EAAGSAG.

H VROOM eTTIKEVTPVETAI OTNY AVATITLEN ADCEWY ALTOVOUNG

obnynong yia oxAuaTta KAPJakag. AuThv TNV TePiodo,

OULMMETEXOLME -YIO TETAPTN OLVEXN POPA- OTO Bosch Future

Mobility Challenge mou Slopyavavel To Bosch Engineering Center oto Cluj Napoca
TNG Poupaviag. ATTOTEQOG OTOXOC MAG &ival N TPowONoN TNG £PELVAC YIA TNV
ALTOVOUN 08YNON OTOV AKASNUAIKO XWPEO.

Mpoowmikn Hyeoia: AvakKaADTITOVTAG TO TP YIAd va OTOXELOW OTO ALPIO

O kaBEvag atmo eUAG EXEl WIa SIAPOPETIKN EIKOVA KATA VOUL OTAV AKOLEl TN AEEN NYETNG
N nyeoia. MmopoLUE OAOI WOTOCO VA AVAYVWEICOLPE KATTOIA ATTO TA XAPAKTNEIOTIKA
MIOC NYETIKAC TTaPOoLoIag Otav TNV PAETTOLUE O€ PIA OPASA ATOPWYV, E&iTE ALTO
ovupaivel o Eva TTEQIPAANNOV pyaTiag, ae I ABANTIKA opada, o€ PIa ETTIKN TTEQITTETEIQ
TTOL TTEPIYPAPETAlI OE £va PIPAIO Talvia ) cepd. Mg ALTA TNV ATTOCTACN HAG gival
€EOKOAO VA avayvwpiooLpe TO TIOIOI €ival, TA SLVATA TOLG XAPAKTNEIOTIKA, TIG
AdLVAPIEG TTOL TTIPETEI VA SOLAEWYOLY YIA VA LTTEQVIKAOOLY KABWC Kal TO T
TEECRELOLY, TI KLVNYOLV Kal TI poRoLivVTAl.

‘OTav WOTOCO O PAKOG OTPEPETAI TTIPOG £UAC CLVEISNTOTTIOIOVUE TIWS ATTAITEITAI HIA
emmitrovn kal Siapkng Siadikacia e€gpevbvnong Kal avabBewENnong YIA VA UTTOPECOLUE
VA £XOLUE E0TW MIA PIKEN TTEQIYPAPN TV TTAPATIAV®. To SIKO pag RiRAio, ypapeTtal
KABnuepIiva kal avaypa@eral ye KABe pag amogacn Kal medén. MTope va unv
gxovpe TNV dvvaToTnTa va EAvVAYPAWOULWE TIC TTOONYOLUEVEG CENISEC, OPWC EXOLUE
HEYAAN ETTIOEON YIA TO TI BA YPAPTE OTNV ETTOPEVN.

Méoa amo avto 1o Soft Skills Workshop pe Béua 1n MpoowTik Hyeoia (Personal
Leadership) , 6a TTPOCTTABNCOLYE VA AVAKTACOLHE TN KLEIOTNTA TTOL EXOLME OTNV
IOTOPIa PAg, Ba avaloylioToOLWE TTOL PPICKOUACTE ALTA TN OTIYPN, TTOL BEAOLUE Va
BPIOKOUAOTE OTO TEAOG TOL ETTOUEVOL WAGC KEPAACQIOL KAl BA KAVOULUE TO TTPWTO PAG
BAua TTPOG ALTA TN KATELOLVON.
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Neplypapn Ouadag

H EESTEC c¢ivar &vag pn TIOANTIKOG, HN KEPSOOKOTIIKOG

OPYAVIOUOG YIa POITNTEG HAEKTPOAOYWY MnNXAVIK@V KAl

EmoTAung YmoAoyioTav (EECS) o€ TTavemoTthuid, IVOTITOOTA eeg-t'ec
KAl TEXVIKEG OXOAEC OTnV ELPWTIN TTOL ATTOVEUEl TITLXIO

LNXQVIKOD. LC Xanthi
ITOXOG €ival N TTPowBNOoN KAl AvamTuén SleBvaov eTTagV Kal

N aviailhayn 16ev JeTald Twv @oitnTv Tov EECS. O

OVAAOYOG ETTITLUYXAVEI TOV OTOXO TOL PECE TNG PEATICOONG TWV TEXVIKWV YVWOEWY TV
@oITnT@V EECS, eicdyovTdag Toug oTn Blopnxavia Kal OTo eKTTAISELTIKO CLOTNUA AAARDV
XWPWV.

H TotTIKr) emTPOTI ZAvONng 16pLONKE TO 2010 ATTO POITNTEC TNG OXOANG HAEKTPOAOY WV
MnxavikoVv kal Mnxavikev YTTOAOYIOTGV TOL AnpoKPITeEIoL MNavermoTnuioL @PAakng.

How to: Design a PCB

AvakaAOWTe TN SLVAPN Kal TNV €AeLBEPIA TNG SnuIoLEYIAG TNG SIKAGC Cag LTTOSOUNG
VEPOULG. EiTe €i0TE €0ACITEXVNG, PAVATIKOG TEXVOAOYIAC, SIAXEIPIOTAG OUASAG PpOITNTROV
€iITe PEANOVTIKOG ETTIXEIONUATIAG TTOL ETTIOLUE VO AVAAGREI TOV EAEYXO TWV SeSOUEVRV
TOL, ALTO TO €PYACTAPIO ¢eival OXeSIAOUEVO yia €0AG. MdaBete Ta PACIKA TNG
avTo-PIAo&eviag, ammo TN dnuiovpyia Tov SIKOL CAG SIAKOUIOTH €WG TNV AVATITLEN
EPAPUOYWDV OTIWG SIAKOMIOTEC NAEKTOOVIKOU TAXLOSPOWEIOL, ATTOBNKELON APXEIWY KAl
EQYQAEid oLVEQPYAOCIAG. ATIOKTNOTE TIPOKTIKEG YVOEIC YId TNV ACPAAEId TOL
ALTO-PIANOEEVOLEVOL TTEPIBAANOVTOG KAl TNV ATTOTEAECUATIKN Siaxeipior) Tov. KavTe 1o

TTEWTO PAUA TTPOGC TNV WNPIaKN Kuplapxial

Neplypagpn Oudadag

To DMA (Democritus Mechatronics &
Automation) eivar pia @oirnTikny oudda oTO
MavemoTAuio  AnuokpITog  ©pdkng  TTOL
eomialetal ot MnyxavoAoyia  kal  Tov

ALTOUATIOMO. 16pVONKE TOV MApETIO TOL 2022, LE

KOpIO OTOXO TNG opadac TNV TIPowBNon avadLOUEVWY  TEXVOAOYIV OTO
TTAVETIOTNUIAKO TTEPIBAANOV, OTIWC PaiveTal ATTO TO £PYO TOLG OXeSIAJOVTAG Eva
avTovopo Drone avixvebong TTopKaylas. To DMA CUUUETEXEl EVEQPYQ OE POITNTIKOVLG
SlaywviopoLg drone, kepdilovTag CLVEXWG ONUAVTIKEC SIAKPICEIC.
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Mola eival Ta TpwTa PAUATa TTOL BA XEEIAOTEl va KAVEIG yia va eviaxbeig otnv

JOINING THE INDUSTRY 101

Blounxavia; Ma @uoika n énuiovpyia TOoL SikoL couv CV kal n Slaxeipion
SIATTPAYHATELOEWY KATA TNV SIAPKEIA TV CLVEVTELEEWV YIA TTOPOCANYN.

Av gival TpAyuaTta 1ou o€ evalapEPOLY Kal Ba NBeAeg va e€aoknaoelg, TOTE ALTO TO
workshop €ival yia oeva, KaBws Ba PABoLUE TTWS VA PTIAXVOLUE Eva BIOYPAPIKO TTOL
va Eexwpilel aANG Ba euPaBLVOLUE KAl O€ TEXVIKEG SIATTOAYUATELONG, XPNOIWES VIO TIC
S1APOPESG OLVEVTELEEIG.

Agv ©a PEVOLPE OPWC POVO OTO BEWENTIKO KOPWATI, KOBWGS KATA TN SIQPKEIC TOL
workshop 6a dnuiovpynooLPE Ta PIOYPAPIKG CAC KAl OTN CLVEXEID BA SOKIUACTOLV
Ta SIATTEAYPATELTIKG skill cag kKATw ATd TTPOCOUOIWTEIC TTPAYUATIKWY CLVEVTELEEWY
yla TpdcAnyn, Ye TNV kabobriynon amo Negotiations Experts.

Nepiypapn Ouadag

Qc  Qornmkd  MNapdptnua |[EEE oT0  Anpokpitelo
MNavemoTtuio ©pPAakNg OTOXOG HAC E&ival va TTAPEXOLUE
OTOLGC QOITNTEC TIPOCOETEC ELKAIPIEC YIA  aAKAdNUAIKN,
TEXVOAOYIKN KAl ETTAYYEAUATIKN EEENIEN.

ETACIEG eKTTAISELTIKEG KAl  TEXVIKEG OPASEG, OMINES  YIa
ETTIKAIPA BEPATA TOL KAASOL PAg, SIASIKTLAKA CEUIVAPIA YIa

KABe TopEéa Kal evllagépoy, eKTTAISELOEIC KAl EpyaAcTAPIA,

ekTTalbeLTIKG  Taibla,  KABWC KAl CLUPPETOXN — O€

SIAYWVIOUOLG  TEXVOAOYIAG, EPELVAC KAl KAIVOTOWIAG  €ival  HEPIKEG aATTO  TIG
5pACTNPIOTNTEG PAG.AvVATITLEN

Ta PéAN pAG PTTOPOLY VA ETMTUXOLV TTOAAEG YVAOEIG OTN Bewpia KAl Pe TTPAKTIKN
pABNoN. MTTOPOLY VA PEATICOOOLY TNV KATACTACH) TOLG KAl PECW EUAG PUTTOPOLY Va
KAVOLV Ta OVEIPG TOLG TTPAYMATIKOTNTA.

Arduino Applications in Biomedicine

H mmapouvoiaon avth eoTialetal otn xpnon Arduino oe epapPoYEG TTOL OXeTICovTal UE
TIC €MOTAPES TNG PIOAOYIAG KAl TNG IATPIKNAG. ITNV E£TTOXN TTOL N TEXVOAOYIC EXEl EI0AXOE
yla Ta KAAQ OTIG {WEC PAG, Ol KAIVOTOWIEG TTOL UTTOPEI VA TTIOOCQEPE! OTIC ETTIOTAWES
{wNG Kal LYEIAG gival AUETENTEG. LKOTTOC ALTOL TO Workshop eival va PeAeTNOel TG
pUTTOPOLWE Va agfloTroiNcoLPE TA Arduino WOTE VA TIPOKLWOULYV TTPWTOTTIOPES 16E€G KAl
£EPAPPOYEC WNPIAKNG, NAEKTOOVIKAG LYEIAG KAl £EDELVAG.
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Neplypapn Ouadag
To |IEEE Engineering in Medicine and Biology Society

(EMBS) amotehei TN peyahotepn  61EBvng  kovotnTa ** IEEENTUA
pNxavikwyv BioiaTpikng kal To EMBS tou IEEE NTUA SB = EMBS
gival éva mapdptnua NG 81EBvolg KoIvoTNTAG ALTAG .-m:-;:-m-;-'-Medfu'ﬂe”mwm"”f

o070 EBVIKO MeToOBIo MoAuTeEXVEIO Kal TO £PYO TOUL eival

KaBapda  eBeAOVTIKO. ATIOTEAEITAl  aTTO  €BEAOVTEG,

TTOOTITUXIAKOLG  POITNTEG HAEKTPOAOYWY MNXavikwy,

Epapuoouéveoy MaBnuaTikwy kal PLCIKWV EMoTnuV, MNxavoAOywyv Mnxavikwy Kal
laTpIKNG. MEow opINIY, workshops kal projects emToyxavel va evnUEQPWOTEl TOLG
POITNTEG, AANG KAl OCOLG evliagEépovTal, Yia TIG eEEAIEEIC TNS IaTPIKNAG Kal TNG BioAoyiag
HE TNV EQAPHOYN VEWDV TEXVOAOYIQV, va HETAdwoel TNV oAoéva kal avfavouevn
EMOTNUOVIKA YVWOoNn OTov KAAGS0, va &woel £peBiouata oToug gOoITNTEC YIa TnV
avamnTuén evelaQEPOVTOG YIA TNV ETTICTAUIN TNG BIOIATPIKAG Kal, TEAOG, VA eVIOXVLOEl TNV
ouvepyaoia PETAEL pPNXAVIKWY, ETMICTNUOV@Y KAl IATPWY PE OTOXO TNV KAALTEQN KAl
ATTOTEAECUATIKOTEPN ETHALON TWV CLVOETWYV TIPORANUATWV Kal TN PeATiOoN NéN
LOTTAPXOVTWYV TEXVIKQV KAl EEOTTAICUV.

ETaipeieg
Exploring the Power of Wind and Solar: The impact of Rodopi on Green Energy

H Rodopi 6&ic€dyel eUTTEQIOTATWPEVES TEXVIKEGC SPACTNEIOTNTEG OXETIKA MPE  TIC
SLVATOTNTEG KAl TA OPEAN TNG AIOAIKNG KAl NAIAKNG £VEQYEIAG. ALTO LTTOYPAUICEl TOV
POAO TNC Rodopi oTOV OXeSIACUO TOL PEANOVTOG TNG PICIUNG EVEQYEIQG.

Nepiypapn Eraipeiag
E€epevvnoTe TOV TTOIKINOUOPPO KOOHO TNG RODORPI,

OTTOL N TeEXVOAOYiaQ, N TeXxvoyvwaoia Kal TO TveLUA

KQAIVOTOMIAG aTTOTEAOLV TIC KATELOLVTNPIEG APXEG. H

TEXVOYVOIQ JAG  ekTeiveTal aQmmo TNV TTApAywyn

e€apTNUATY TTEQLYIWY POTOPA £€WG TN CLVIAPENON

AVELOYEVVNTOIV KAl TNV KATAOKELN KAl CLVTHEPNON

PWTOROATAIKGWY CLOTNUATWY. TO TNOTOTIOINUEVO ATTO TNV

GWO ekTTalbeLTIKO PAG KEVTPO eKTTAISEVEI EI6IKOVC EVTOG

KAl €KTOG £50AC, VR PAPIVAPOLUE PETAANIKEG KATAOKELEG Kal e€QPTAPATA OTN SIKNA
paG aibovoa APUOROANG Kal ETTIOTPWONG.
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Identity and Access Management

To Identity and Access Management, yiaTi eival onuavTiko, TTOIA €ival TA OPEAN TOL
KAl TTOIOG O POAOG TOL OTOV TOPEQ TNG KLPEPVOATPAAEIDG.

Nepiypapn Etaipeiag
H Oracle, pe $50 &io. 1lipo (Mdiog 2023), Tavw ammo

164.000 epyalopévoug, 20.000 ocvvepyarteg, 430.000

TTEAATEG KAl TTapovaia oe 175 xwpeg, vTTooTNPICEl YIa

TAV® Ao CapAavia  XPOVvIa,  EMXEIPNCES KAl ORACLE
OPYQAVIOUOLG KABE PeyeBoOLS OTO TAEISI TOL YWNPIAKOL

yetTaoxnuaTiopob Toug. To Oracle Cloud Tapéxel pia

TTANPN  OOLITA  EVOTTIOINUEVAY  EQAPUOYWY  YIA  TIG

MNwAnoceg, Ttv  E€uominpétnon, 710  Marketing, 10O

AVOPOTIVO  ALVAUIKO, Ta XENUATOOIKOVOUIKA, TNV

EpobiaoTikny AAvoida kal Tnv Mapaywyr, KaBwg Kal LWNAAG ALTOPATOTIOINCONG KAl
ACPAAEIAG Se0TEPNS YeVIAG vLTTodoun cloud cuumepAapPavouévng Tng Oracle
Autonomous Database. EmmitTAtoV, TTAPEXEI OLUPOLAELTIKEG  LTTNPETIEC,
XPNUATOSOTNON, TEXVIKN LTTOCTAPIEN KAl eKTTAiSeLON.

High Potential Career

Noco high potential candidate cical kar ToOco kaAd éxeig Siapacel yia 10 high
potential; Y& autd TO workshop ©a kataAdaPeigc T onuaivel va eical PéENOC TNG
Archirodon wg HAekToOAOYOG Mnxavikog, T onuaivel EPC eTaipeia kal Epyo aAAa kal
TTOIEG €ival Ol SIAPOPEG BETEIG TTOL UTTOPEIC VA EXEIS EVTOC TOL OPYAVIOUOL OVTAG
HAeKTOOAOYOG MNxaviKOG. EmimmAcov, B6a avriAngBeic OT1 o HAekTpoAOYoI XpeialovTal
éva diverse skillset yia va yivouv emToxnuévol eTTayyeAUaTieG!

Y€ TIEPIMEVOLE VA PAG AKOVLOEIC KAI VA PWTACEIG OTI BEAEIG va pdBeig, OxI HOVO yia TNV
Archirodon aQAAQ Kal yia TNV KAPIEQQ TTOL BEAEIC va

ammokthoeig! See you therel

Nepiypapn Etaipeiag
H Archirodon cival évag TTOALEOVIKOG KATAOKELATTIKOG

OUINOG, HE IoTOPIa 65 €TV Kal TTave amd 350 épya Q} ARCHIRODON
MEYOANG KAUaGKAg, Ta OToia  €xel LAOTIOINCE O€

TEQICOOTEPEG ATTO 30 XWPEG.

AvVaAQUPBAVOVTAG TeXVIKA €oya KABe TOTTOL KAl

TTOALTTIAOKOTNTAG ("turnkey-EPC") katéxel nyeTikn ©éon
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OTOLG TOUEIC TWV Aluevikwyv, TMapdkTiv Kal Biounxavikwv Epywyv, Evépyeiag kal
YTToS0ouV.

Me mavew amd 10.000 epyalouevoug kal 6.000 ebikd kKal TTADTA PnxavAuara,
QVTATTOKPIVETAI OTIC TTIO ATTAITNTIKEG AVAYKES KABE £E0YOU.

H eSpa Ppiokerar otnvy OAavéia Kal SpACTNEIOTTIOIEITAl O TTOANEG TTEPIOXES, KLPIWS
oTn Méon AvatoAn, Tn Bopeio Appikn kal TNy EAAGSQ. EXxovTag onuavTiKoOLG TTEAATEC
o1mws ol NEOM, Red Sea Global, ADNOC, DP World.

Creating our future grid

O AAMHE kal n Aiebbovon Epevvag TexvoAoyiag kal AvamTuéng  avIarokpivovTal
OTOV HETAOXNUATIOUO TWV OLYXPOVWYV CLOTNUATWY EVEQPYEIAG COUPWVA UE TIC
OLYXPOVEG TTOOKANCEIG

Nepiypapn Eraipeiag
O Ave€apTNTOG AIaXeIPIOTAGC METAPOPAG HAEKTPIKAG

L\

Evépyeiag (AAMHE) A.E. cuoTtdaénke cOUPmva pe 1o N. e:e Oépqe
. . P4

4001/2011 kar o©¢ oLUuopPpwon pe TNV  Obnyia ANEAPTHTOS

2009/72/EK 1Tnc EvpwmaikAc Evwong, pe okotod va

AVOAGREl TO KABAKOVTA TOL AIGXEIPIOTA TOL EAANVIKOUL

YLOTAPATOG MeTapopdg HAekTpIKNG Evépyeiag (EZMHE).

IKOTTOG ToL AAMHE €ival n Aeitovpyia, cuvTpnon Kai

avamTuén Tov EIMHE woTe va diac@aliletal o epodiacuog TNG XWPEAG HE NAEKTOIKNA
EVEQYEIQ E TOOTTO ACPAAN, ATTOSOTIKO KAl AfIOTTIOTO.

Introduction to Web Development with Django

Overview: Welcome to our workshop on building dynamic web applications with
Django! In this hands-on session, we will guide you through the creation of a
Locallibrary app, following the acclaimed Django Tutorial Parts 1 to é from the
Mozilla Developer Network (MDN). Whether you're new to web development or
looking to deepen your Django skills, this workshop will equip you with the knowledge
to create powerful web applications.

What You'll Learn:

1. Intfroduction to Django:

- Overview of Django and its role in web development.

- Understanding the Model-View-Template (MVT) design pattern.

2. Setting Up Your Development Environment:

- Installing Django and creating a new project.

47



F

- Exploring the project structure and configuration.

3. Creating Models and Database Interaction:

- Defining models for our Locallibrary app (Books, Authors, Genres, etc.).

- Implementing database interactions for storing and retrieving data.

4. Building Views and Templates:

- Creating views to handle requests and render responses.

- Designing dynamic templates for displaying data to users.

Who Should Attend:

- Beginners interested in web development with Python.

- Developers looking to enhance their skills with Django.

- Tech enthusiasts curious about building dynamic web applications.

Requirements:

- Basic knowledge of Python (variables, loops, functions, etc.).

- Familiarity with HTML and CSS (recommended).

- Laptop with Docker, Git and a terminal installed (installation instructions will be
provided if needed).

GitHub Repository: You will have access to our workshop's GitHub repository, where
you can find the complete code for the Locallibrary app. This repository will also
contain additional resources, such as helpful guides and references.

Docker Image: To streamline your development process, we have prepared a
Docker image with all the necessary dependencies pre-installed. By using this Docker
image, you'll have a ready-to-use environment for running the Locallibrary app.
Instructions on how to pull and use the Docker image will be provided during the
workshop.

Quiz through Kahoot: At the end of the workshop, we will have an interactive quiz on
Kahoot based on the concepts covered during the session. Test your knowledge and
compete with other participants for the top spot! The winner of the quiz will receive
an exciting prize.

Workshop Format: This workshop will be interactive and practical. You'll follow along
with the instructor, receive hands-on exercises, and have the opporfunity to ask
questions throughout the session. By the end of the workshop, you'll have a
functional Locallibrary app and the skills to continue exploring Django on your own.
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Nepiypagn Eraipsiag

H Yodeck Digital Signage eival pia amo TIG TaxLTEQA

QVATITOOOOUEVEG  ETAINEIEG  OTOV  TEXVOAOYIKO  KAQSO.

EmTpémel  oTtoug  users  TNG  va avePalovv, va

TTooyPAUUATICOLY KAl VA EAEYXOLV ATTOPAKPLOWEVA TO

TTIEQIEXOMEVO TTOL EUPAVIleTAl OTIC WYNPIAKEG 0BOVEG TOLG,

Ot KOTAOTAWATA, YPAPEia, QgpoSEOUId, €0TIATOPIA N YOdeCk
OTTOL  AANOL  6PACTNEIOTTOIOLVTAI Ol  TTIEAATEG  TNG.

Eomnidloviag oTtnv amAoTNTa Kal TNV €LKOAIA xpnong,

eELTTNPETEI ETTIXEIPNTEIGC OAWV TWV €6WV KAl OPYAVIOUOLS aveEapTATWS peEYEOBOLG,
EXOVTAC WG OTOXO TNV SIELKOALVON TNG ETTIKOIVRVIAG KAl TNV TTPOWHONCN TTROIOVTWY
KQl LTTNEETIWV.

Xri§ovrag MoAeig Na 'OAovg

Exete OKepTEl e TTOCA €UTTOSIA £OXOVTAI QVTIUETWTTOlI KABNUEPIVA AVOPWTIOl [E
avarnpia {ovtag oe Pia TTOAN; MoTedETe OTI e TN PoONBEIa TNG TEXVOAOYIAG UTTOPEITE
va XTIOETE VEEG TTOAEIG O OTToieG Ba eival TTPOCPRACIUEG T€ OAOLG; LTO CLYKEKPIUEVO
workshop, SIdpKelag 75 AeTT@y, Ba KAVOLPE £va TTPWTO PAUA WOTE VA ETTIADCOLUE
HEQIKA aTTO TA PACIKA TTOORANMATA TTOOCRACIUOTNTAG OTIC CUYXPOVEG TTOAEIG KAl VA
BEATIOOOLUE TNV EUTTEINIA TV AVOPWTIWV PE avatnEia. Me Tn CLUPETOXN cag, Ba
£pyaOTEITE aKOAOLOWVTAG TN PeBodoAoyia SCRUM, pia uEBodo Touv XxPNCIPOTIOIoLY Ol
opadeg NG OTS OTNV £pyaadia TOLG. ZLYKEKPIPEVA, APOL XWPIOTEITE OE PIKOES

opadeg, Ba kKANOEiTE VO OKEPTEITE SNUIOLEYIKA YIA VA LAOTIOINCETE TIC TEXVOAOYIKEG
AOOEIC 0AG, TIG OTTOIEC Ba TTAPOLOIATETE PE TIPOCOPOINTEIS. MPOTKAAOLUE OAOLG KAl
OAEG TOLC POITNTES KAl POITATPIES, TTOL EXOLY TTABOC HE TNV TeXVOAOYia Kal BEAOLY va
OLVEICPEPOLY PE KAIVOTOMES ADTEIC OTNV KOIVWVIA, VA SNAWCOLY CUUUETOXN OTO
workshop NG OTS. YTTApxel TTEPIOPICUEVOSC apIBUOC Beoewy kal Ba TnEnBei ceipa
TTEOTEPAIOTNTAC. KATA TN CLUPETOXN OAG, UTTOPEITE VA XPNOIUOTIOINCETE TTOOQIPETIKA
T0 smartphone 1 10 laptop ocag. EioTe €Toipol va xTioovpe TTOAEIG TTOL Ba cival
TTPOCPRACIUEG T& OAOLG; LAG TTEPIPEVOLE!

Nepiypagn Eraipsiag
H OTS, cival pia eAANVIKA €TAIpEI, TTOL SPACTNPEIOTTOIEITAI

oTov Touea Tou software development. Me 30 xpovia
euTTEIpIaC Kal e€elSikeLONG, €XEl LAOTTOINCEN PE ATTOALTN

EMTLXIO HEPIKA QMO TA MO ONUAviika EOBvikd ‘Epya
WI’](DIOKOL') METOO’XI’]UOTIOUOD. Smart technology » Better world
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H OTS afomoivrag tnv 30xpovn euTTeEipia TNG Kal eTTeVOLOVTAG OCLVEXWS OTNV
avanTuén vEwv TTPOIOVTWY, EXxel avadelxOei wg pia alloTTioTn ETAIPEIA PE TTPOIOVTA KAl
LTTNEECIEG LYNANG TTOIOTNTAG. MNMAPAANAG SIa6ETEl TN PPECKASA KAl TNV KAIVOTOWIa
uiag start-up, Aavodpovriag ocuvexwe véa state-of-the-art mmpoiovra, Eemepvoovtag
OLVEXWG TIG TTPOCEOKIES TRV TTEAATWYV TNG.

O pPOAOG TOL NAEKTPOAOYOL UNXAVIKOL OTNV oVYXPOoVvn Biounxavia

O TOpEAG 5PACTNEIOTNTAG TOL NAEKTPOAOYOL PNXAVIKOL ATAV TTAVTOTE ATTO TIG TTIO
TAXEWS €EEAICOOUEVOLS OTOV TOUED TNG PNXAVIKNG. ATTO TOV TOUED LWNAWYV TACEWY,
EVEQYEIAG, TTANPOPOPIKAG, NAEKTOOVIKGV KAl POUTTIOTIKNG, O eEEAIEIC eival adIAKOTTEG.
ALTO YiveTal akOpa TTo evlliagépoy OTav epappodleTal otTnv TTPAEN KAl Ot PeYAANn
KAiuaka oTnv Blopnxavia.

Mécw 10TOPIKNG avadpopng, Ba doLue pe TTapadeiypyata TS exel PETARANOE N
ATTAITOVUEVN YVWON TOL NAEKTOPOAOYOL HUNXAVIKOL aATTO TNV ETTOXN TWV AVAAOYIKWV
PLOUIOTV £WG TNV ETTOXN TNG TEXVNTAG VONUOOULVN, TI EXEl WEiVEl i8I0 Kal TTOIEG gival Ol
TTPOKANCEIG TNG CLYXPEOVNG BIOUNXAVIAG.

Nepiypagn Eraipsiag
H EABAA atmoTeAel TOV TOPED EAAONG AAOLUIVIOL TNG

ElvalHalcor A.E.  (ELHA:ATH), 1nc «kopu@aiag

BIOUNXAVIAC GAOLUIVIOL KAl XAAKOV TTAYKOOUIWS HE [ @ ELVAL
IoXLPEN TAPAYWYIKA Paon 15 €pyooTACIOKWYV n Rolling progress
HOVAdWY, TexvoAoyia alxunG Kal oTabegpr) TTapouvaia

o€ TTEPIooOTEPEC ammo 90 xwpeg. H Elval SiaBérter 50

XPOVIO  TEXVOYVWOIag oOTnv  €AAon KAl OTnv

AvaKLKAWON AAOLUIVIOL, oxedialovrtag Kal

KATaoKeLAloVTAG KAIVOTOUEG AVLCEIG, eV  TTAPAAANAG  dnuiovpyel  afloTmoTeg
OLVEQPYQCTIEC T OANO TOV KOOWHO. TO EKTETAUEVO KAl EEATOMIKELHEVO XAPTOPLACGKIO
TTPOIOVTWV €ELTTNPETE TIG AYOPEG CLOKELATIAG, PETAPOPWY, ALTOKIVNTORIOUNXAVIAG,
BépuavonG-YOENG-KAILATIOUOL, S§OUNCNG KAI KATACKELAY, EVEQYEIAG KAl PIOUNXAVIKGOV
AYyopwWV. MECW oLvexwy EmevéLOEWY O¢ €pevva, avamTuln, KavoTouia Kal
S100£TOVTAG €0WTEQIKO KéEvTpo TexvoAoyiag, €mevoébOLUE O AVOPWTIIVO SLVAUIKO HE
ownAN e€elbikevon Kal Texvoyvwaoia, oTnv LTTELOLYN TTAPAYWYN KAl OTNV TTPOCTACIA
TOL TIEPIBAANOVTOG, OTNPEICOVTAG TN HWETARACN OTNV KAIUATIKA OLSETEPLOTNTA KAl TN
OULUPOAN TOL AAOLUIVIOL OTNV KLKAIKF OIKOVOWIQ.
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EAaTe padi pag oe éva evbLVaUWTIKO gpyacThpio de TiTAo "Unlocking Success:

Unlocking Success: Mastering Interviews, LinkedIn, and CVs for Candidates

Mastering Interviews, Linkedln, and CVs for Candidates", ommov 6a efetdcovpe Ta
Baoika €pyaAeia Kkal OTPATNYIKEG YA va PonBrnoouue TOLG LTTOYNPIOLS va
Slamrpéwovy oto Tagidl avalAtnong epyaociac. Aouth n SiladpacTikh cuvedpia Oa
TTOOOQEPEl AVEKTIUNTEG TTANPOPOPIEC OXETIKA PE TN SNUIoLPYIA PIOYPAPIKWY TTOL
Eexwpilovy, TN PReATioToTrOiNON TV TIPOPIA ToL LinkedIin yia TNV TPOCGEAKLON
OTTAAANAGV TTPOCANWPEWY KAl TNV EKPABNON TEXVIKWY CLVEVTELEEWY YIA VA APNOETE
pIa JOVIUN eVTOTTON. ALTO TO €pyacTnplo B6a cag €EOTTAICEl e TIG YVWOEIC KAl TIG
SeE10TNTEC TTOL ATTAITOLVTAI YIA VA TTAONYNBEITE OTNV AVTAYWVIOTIK) ayopd £pyaciacg
HE QLTOTTETTOIONON Kal OlyoLvpld. Mn XACETE ALTA TNV eLKAIPIA VA EEKAEISWOTETE TIC
SLVATOTNTEG CAG KAl va avePATETE TNV KAPIEPA 0ag oTa byn!

Nepiypagn Etaipsiag
H Cenergy Holdings cival pia eTaipeia XapTopLAAKIoL, PE
£6pa 1O BéAyIO, elonyuévn TOCO oTO Euronext BpugeAlcov

000 KAl OTO XpnuaTtioThplo ABnvay (ATHEX). H eTaipeia CENERGY

eTevOLEl O€ KOPLPAIES RIOUNXAVIKEG eTalREIEG Kal eOTIALE!

otV avfavopevn Taykoopia {ntnon vyia PETapopdag HoLDb I NGS

EVEQYEIAG, AVAVEWOIUWY TTNYWV EVEQYEIAC KAl PETAS00NG

Sedopévarv. To xaptopuAdkio TG Cenergy Holdings O ¥R | @S
amoteAeital amd TN IwAnvovpyeia Kopivbou kal Tnv 7

EANANVIKA  KaAbia, Svo  TTPWTOTTOPES  eAANVIKEG  eTaIpieG ot SLVAPIKG
AVATITOUOCOPEVOLG KAGS0LC OTIWG ALTOI TNG EVEQPYEIAS, TWV KATAOKELGV KAl TWV
TNAETTIKOIVAVIWV. ME ONUAVTIKN EUTIEIDIA OTNV LAOTIOINCN €YWYV PEYAANG KAIMOKAG
TTAYKOOMIWG KAl EVTOVN €0TIACN OTNV IKAVOTIOINON TV TTEAATWYV, Ol £TAINEIEC BEPEITAl
OTI £XOLV NYETIKO POAO OTOLG AVTIOTOIXOLG TOMEIG TOLG.

Energy Markets

"Ti oxeéon éxel N TP Je TNV evépyela; Mg LTTOAOYIZETAl TO KOOTOG TTAPAYWYNS TNG
NAEKTPIKNG evEéPyelag; Mg Aemovpyel n evepyelakn ayopd; Mg vrooTtnpilel TNV
EVEQYEIQKN MeTAPacn; MMoia eival n oLVECPOPA TOL QLOIKOL AEPIOL KAl TNG
amoBnkevong evépyeliag; Moiog eival 0 POAOG KAl N ATTOCTOAR TOL NAEKTPOAOYOL
HUNXAVIKOL; AVOPWTTOI | AAYOPIOUOI;

ITOXOG TOoL workshop cival va 6woel £va TEQIYPAUUA TWV EVEQYEIAKWY AYOPWY,
eyxopIv Kalr Slebvayv, kal va avabdeifel Tov KOPPIKO POAO TOL  NAEKTPOAOYOL
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pNXavikoL o€ évav e€AIPETIKA SLVAUIKO KAl TAXEWS WMETARAANOPEVO KAGSO, O OTT0IOG
KaBopilel TO TAQICIO TNG EVEPYEIOKNG METARAONG O€ TOTTKA AAAG KAl TTAYKOOUIO
KAiyaka."

Nepiypagn Etaipsiag

O HPQON  §paoctnpiotrolEital otV TTAPAYWYH,

TTOOMNBEIQ KAl EUTTOPIA NAEKTPIKNG EVEQYEIAS, KABWS KAl

oTNV TTPOMNBEIa KAl EUTTOPIA PLOIKOL AEPIOL OTNV /."/i HPQN
EANGSa. 'ExovTag EekivAoel TN AciTovpyia Tou 1o 2000, o 1|

HPQON avnkel otov ‘Ouiho TEK TEPNA, Tov nyétn otnv

TTAPAYWYN EVEQYEIAC ATTO CLUPATIKEG KAI AVAVEWOCIUES

mNyég (AME) otnv EAAGSa. O HPQON Atav o TpwTog

ISITIKOC OUIAOG TTOL SPACTNPIOTTOINONKE OTNYV EAANVIKA

ATTEAELOEPWHEVN AYOPA NAEKTOIKAG EVEQYEIAG, KABWG KAl O TTPWTOC ISITIKOC OUINOG
TTOL §PACTNEIOTTIOINONKE OTNV Ayopd @ULOIKOL agpiov oTnv EAAGSa. O HPQON
KOTOOKELAOE KAl AEITOLPEYE  PE  ETMTLOXIA  TOV  TIPWTO  ISIRTIKO  OTABUO
NAEKTOOTTAPAYWYNG HE PLOIKO AEPIO OTNV EAAGSa attd 1o 2004.

Agile dynamics: The product owner's compass

H peBodoloyia Agile éxel avadeixBei wg PIa JETAOXNUATIOTIKN TTOOCEYYIoON OTN
Slaxeipion Epyou, SivovTag £u@pacn OTNY TTPOCAPPOCTIKOTNTA, TN CLVEQYATIA KAl TNV
ETTAVAANTITIKA avaTtTuén. LTov TTVPAVA TNG, To Agile TTpowOEi Eva SLVAUIKO
TTEPIPAAAOV OTTOL Ol OUASES UTTOPOLY VA AVTATTIOKPIBOLY YPHyopa OTIC AAANAYEC OTIG
QTTAITNOEIG KAl OTIG TIPOTEPAIOTNTEG TRV EVOIAPEPOUEVV.

KevTpIkOG pOAOG OTNV ETTITLXIA TV £pYwV Agile gival 0 pOAOG TOL KATOXOL TTPOIOVTOG.
AEITOLPYWVTAG WG CLVEECUOG LETAEL TWV EVSIAPEPQOUEVWY KAl TNG OUASAG
avanTuéng, o Katoxog Mpoiovtog sdiladpauaTilel KevTPIKO POAO OTOV KABOPICUO KAl
TNV IEQAPXNON TOL AVEKTEAECTOL TTPOIOVTOG, Slac@aAioviag OTI N opada eoTIAlel
oTNV TTAPOXN MEYIOTNG aiag pe KABe emavainyn.
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Nepiypapn Eraipeiag
H Netcompany-Intrasoft eival pia kopupaia

ELPWTTAIKN ETAIPEIA OTOV TOPEQ TWV LTTNPETIWV

MANPOPOPIKAC KAl ETTIKOIVGVIQV, TTAREXOVTAG

OANOKANPWMPEVEG ADCEIC, TTPOIOVTA KAl LTTNEECIES

TTANPOPOPIKNG LWNANG TTOIOTNTAC OTNV EvpwTTaikn Netcompany
‘Evwon, Ymoupyeia kal Anuodociovg Opyaviopous o€

€OVIKO emimed0, XpNUATOOIKOVOUIKG I§pLuaTa,

TNAETTIKOIVGVIAKOLG OpYAVICHOUG, UEYOAEG

ETTIXEIPNTEIG TOL I8ITIKOL TOUEQ.

H Netcompany-Intrasoft 15p00nke 1o 1996 amd Tnv Intfracom Holdings Kai rapépeive
HEAOG TOL OpiAov pExel Tov OkTwPREIo ToL 2021. ATTO To NoéuPRpio Touv 2021, n
Netcompany-Intrasoft €yive yéhog Tng Netcompany Group, yia etaipeia
TTANPOPOPIKNG, N oTToia 1I6pVLBNKE TO 2000 Kal £xel TNV £6pa TNG oTnV Kotreyxayn. H
Netcompany atmoTeAE TNV TTIO YPNYOPEd AVATITOCCOUEVN KAl KERSOPOOA ETAIREIA
TTANPOPOPIKNG OTIG OKAVSIVARIKEG XWPES, N OTTOIA £XOVTAG PEYAAN EUTTEIQIA KAl UAKOA
ETTIXEIONOIAKN YVWON, TTAPEXEI OTPATNYIKEC KAIVOTOUES AVCEIC UE OKOTTO vVa
EKTTANPGVOLY TOLG ETTIXEIPNUATIKOLG OTOXOULG.

H Netcompany-Intrasoft ammaoyxoAei mepiccoTepovs ammo 3,200 eTayyeAuaTie LWNANG
£€e16iKeLONG PE APIOTEG TEXVIKEC YVOTEIG KAl S£EIOTNTEG, OI OTTOIOI EKTTOOCWTTOLY 50
SIAPOPETIKEG €OVIKOTNTEG Kal KaTéExoLV 30 YAWOOTEG. Me £5pa To AoLEeUROLPYO, EXEl
PLOIKA TTAPOLOIA PECW YPAPEIWY, LTTOKATACTNHATWY Kal BLYATPIKWY o€ 10 XWPES
(BEAyIO, KOTTPOG, Aavia, EANGSa, lopdavia, Aovéeupovpyo, Povuavia, NOTIoO Appikn,
Hvoopéva ApaPika EpipaTta kal AUgEPIKN).

Let's talk Al with EY Greece

"M pmropei To Al kai To Gen Al va aAAafouv SLVAIKG TN AMWN ATTOPACEWDY KAl TTWG
PTTOPEI ALTO VA 08NYAOEl O £vav VEO KOOUO YIA TIC ETTIXEIPNOEIC (2;

1€ IQ ETTOXN OLVEXQV TEXVOAOYIKQV eEENIEEV KAl SESOUEVQY, gival YeyovOog OTI TO Al
kal To GenAl 1raifouv KOPIo POAO OTN Siaxeipion KAl TNV KATAvONoN TV
TTANEOPOPIWY. MG PTTOPOLY ALTA TA EPYAAEIa va PEpoLV "emavaocTaon™ oTov
TEOTTO AEITOLPYIAG TRV ETTIXEIPNTEWY; Apaye To Al kal To GenAl gival éva trend 1 Ba
PEOOLV HIA VEQ TTPAYHATIKOTATA OTIC ETTIXEIPNHOEIS %7 ;

ALTA KI GANG TTOAG Ba ocvlNTACOLE YECA ATTO TO SIASPACTIKO workshop TnG EY
EANGSOC oTO eTivO XOHMMY, e Tov Avtoovn ApPRavitakn, Director oto Technology
Consulting, va Bpiokeral otnv Z4ven via va polpaoTe ooa xpeddletal va Eépete B3
The exceptional EY experience. It's yours to build."
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Nepiypagn Eraipsiag

XTnV EY, oKOTTOG pag eival n dnuiovpyia evog KAALTEQOL

£0YQACIAKOL KOTUOUL, TTAPAYOVTAG PAKPOTTPOBeoun aia

YIQ TOLC TTEAATEG PAG, TOLG AVOPWTTOLG PAG KAl TNV

KOIV@Via, KAl OIKOSOPWVTAG EUTTIOTOCLVN OTIC

KEPAAQIAYOPEG. EY
AloTTolvTag Ta dedouéva Kal TNV TEXVOAoYia, Ol

TTOALCULVOETIKEC OPASEG PAG, O TIEPICCOTEPES ATTO 150

XWEEG, OIKOSOPOLY TNV EUTTIOTOCLVN PECK TNG

S1I00PANIONG TNG KAANG AEITOLPYIAG TV ETTIXEIPNTEWY KAl

BonBoLV TOLG TTEAATEG PAG VA AvaATITLXOOLYV, VA LETACXNUATIOTOLY KAl va
AEITOLPYNOOLY ATTOTEAECUATIKOTEQA. MEC W TWV EAEYKTIKGWYV, LOURBOLAELTIKWY, NOUIKGWV
Kal POPOAOYIK@V YTTNEETIWY PAC, KABWGS KAl HECW TWV LOUPOLAELTIKWY YTTNEETIOV
ETaIpIKAG LTPATNYIKAG KAl TLVAAAAY YV, OI OJASEG TNG EY BETOLY KAADTEPEG EQWTNTEIG,
yla va KATaAN&oLV O€ VEEG ATTAVTNOEIG OTA TTEPITTAOKA {NTAWATA TTOL AVTIUETWTTICEI O
KOOWOG JaG ONuePQ.
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€miBeonN,.

2) 'Eva aAyopIBuIKO TTPORANUA, ATTAO OTNV TTERIYPAPN, Ba TTRETEl va ALBEi. @a TTPETTE
va avamtoxBei AAyOpIBUOG TTOL Ba TO EMMAVEI UE OO YiVETAI PIKQOTEQO KOOTOC.
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Development of a Modular Prototype One Channel
Encephalograph
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Abstract—The electroencephalograph is the predominant
instrument for measuring brain electrical activity in a
non-invasive way, i.e. the electroencephalogram. Thus, it is
generally used in a clinical setting. Alpha waves, signals in the
8-13 hertz frequency range of the electroencephalogram, are
also of particular importance, as they are related both to
human health and to the quality of life of the individual. For
this reason, there is a trend towards personalization of portable
electroencephalogram devices.In this work, a complete solution
for alpha wave recording is presented. Compared to other
works, a prototype device is presented, where emphasis is
placed on low cost, modularity of construction, through
amplifier and analog to digital converter (ADC), and
acquisition of exclusively alpha waves, using a digital filter
executed on a microcontroller system.

Keywords—electroencephalogram, FEEG, alpha waves,
microcontroller, digital filter
L. INTRODUCTION

In the paper, a modular prototype for a single-channel
encephalograph is developed and analyzed, with a focus on
the significance of alpha waves in brain function and health.
The methodology of encephalography, techniques for brain
signal acquisition, types of electrodes, and their advantages
and disadvantages are covered. Comparisons are made with
existing EEG devices, and the circuit design and component
selection are explored. After theoretical discussions, the
design, testing, and programming of the prototype are
detailed, followed by the presentation of actual EEG alpha
wave measurements. The performance of the prototype is
evaluated, and suggestions for future improvements are
made.

A. Methods

The methodology involved a comprehensive literature
review using scientific publications and online articles,

primarily focusing on "EEG measurements" and
"electroencephalography" to understand EEG's
fundamentals. The research extended to electrode

technology, prioritizing existing, efficient solutions over
new, unproven methods, using Google Scholar for sourcing
information.

II. THEORETICAL PART

A. EEG

The EEG is a non-invasive brain imaging technique
capturing the collective electrical activity of neuronal
populations, significantly influenced by neurons' electric
and magnetic fields [1]. It utilizes electrodes for recording
from various locations, capturing the brain's rhythmic
activity. Due to signal attenuation and spatial smoothing by
scalp tissue [3], EEG primarily measures synchronous brain
activity across large brain areas. The technique highlights
the critical role of pyramidal cortical neurons, arranged to

generate detectable electric fields, emphasizing that EEG
represents a subset of brain electrical activity, with different
oscillations indicating varying neuron population sizes [1].

B. EEG Recording

EEG recordings utilize standardized positioning
systems, notably the 10-20 system [3], to ensure consistent
electrode placement relative to key anatomical landmarks,
optimizing the spatial resolution of brain activity
measurements. This setup, fundamental for capturing
reliable EEG data, is complemented by various electrode
referencing schemes to mitigate potential distortions and
enhance signal clarity. Among these, unipolar and bipolar
references are distinguished based on their approach to
capturing brain potentials, each with unique advantages in
specific research or clinical contexts, thereby informing the
choice of configuration for accurate EEG analysis [4].

C. EEG Relaxation Rhythms

Spontaneous EEG frequency and its amplitude range in
healthy brains. Brain rhythms that have different frequency
ranges are also associated with different functions [2].
Particularly alpha waves, are known for indicating relaxed
wakefulness and have applications in studying various
psychological phenomena and mental states [3]. The
importance of EEG in neurology [4] and the specific
significance of alpha waves in mental health, concentration
[5], and personality traits are notable. This way, alpha waves
have potential in therapeutic and self-improvement contexts
through neurofeedback[6] and meditation practices [7].

D. EEG Electrodes

EEG electrodes are categorized into active and passive
types, differing mainly in their connection and signal
amplification methods [3]. There are three types based on
how they bridge the gap between the electrode and the skin:
gel-based (wet), water-based (wet), and dry electrodes, each
with specific advantages and challenges, particularly
regarding noise reduction, comfort, and signal robustness
[3]. Gel-based electrodes are preferred for their
noise-reducing properties, while dry electrodes are valued
for their convenience despite their susceptibility to motion
noise [8], [9]. The choice of electrode affects the EEG signal
quality and participant comfort.

E. Noise

Because the EEG signal is small in amplitude, special
care must be taken to separate it from potential noise.
Potential sources of noise with their respective frequencies
can be identified:

1. Noise from cables and electrical system parts (DC):
0 Hz.

2. Muscle noise: 0-200 Hz[10] and mainly at 20-35
Hz [11].
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3. Noise of movement, breathing, sweat, heartbeat:
0-1.2 Hz[10], [11].

4. Electromagnetic
(ambient-grid-supply):
Greece) [11].

5. Motion and EM field noise: 0-16 Hz [12].

interference noise
50 Hz (for sources in

F. Instrumentation Amplifier

Based on what has been discussed in the previous
chapters, some specifications for the amplifier to be used for
each EEG signal channel will be defined.

e High input resistance (>100 MQ [13]), so as to
reduce the influence of electrode resistance.

e Low low-frequency noise (<2 uV (p-p) 1-10 Hz
recommendation of ECRI without this necessarily
being limiting [13]) and simultaneous high gain (in
the 8-13 hertz frequencies of alpha waves).

e High CMRR, to reject a common signal since the
received signal will be differential (over 100 dB at
60 hertz [13])

e Good enough voltage range in combination with its
supply, so that there is good signal resolution
(Input at 20-200 uV as mentioned above in the
chapter "EEG relaxation rates").

e In more practical matters ideally an In-Amp with
low power consumption and at the same time small
size would be desirable so that it can be useful in
small portable systems.

e The nV/\/ﬁ noise will not affect the low
frequencies under consideration as much.

Of course, there is no "manual" for choosing the right
amplifier, so online research on the internet and specifically
articles and suggestions from well-known IC manufacturers
had to be done. After a lot of research, the following
specifications emerged.

It will be required:

e High CMRR, as the changing common signal must
be avoided as much as possible.

e Minimum noise 1-10 hertz, since the measured
waves fall within this frequency range.

As a second priority it would be desirable for the IC to have:

e Low cost, since the manufacturing is done with a
limited budget

e Low consumption, because this would enable
future configuration in a portable device.

The availability of the chip from local suppliers also
played a role in the final selection.

G. ADC

To digitize the EEG signal for further processing, an
analog-to-digital converter (ADC) is required, with a
minimum sampling rate determined by the Nyquist-Shannon
theorem to avoid aliasing. This theorem suggests a sampling
frequency at least twice the highest signal frequency of
interest. In practice, oversampling is often recommended to
ensure a more accurate representation of the signal, despite
potentially increasing the noise in the output [14], [15].
Oversampling also allows for digital filtering, which can be
advantageous in terms of noise reduction and system
compactness, despite the introduction of a time delay in
signal processing.

The criteria by which the ADC IC was sought are.

High resolution
High sampling rate
Low noise

e 2 channel
H. Filtering

In EEG signal processing, emphasis is needed for a
careful selection of sampling frequency to prevent aliasing,
based on the Nyquist-Shannon theorem. It is suggested that
a minimum rate of 10 samples per second for the alpha
wave frequency range (8-13 hertz) is used, but oversampling
is recommended (10-20 times the Nyquist rate) for
improved real-time processing and digital filtering.
Bandpass filtering is proposed to isolate the desired signal
range, with options for both digital and analog
implementations. The goal is to enhance signal clarity by
efficiently removing noise, using a combination of
oversampling, undersampling, and specific filters like
moving average [16] and recursive (IIR) filters for noise
within the signal frequency range.

1. Digital Processing System

In terms of options for digital signal processing there are

3 main options available.

e  Microcontroller

e DSP (Digital Signal Processor)

e FPGA

Because the signal is of relatively low frequency, and

therefore the required sampling will not exceed hertz, the
speed that the FPGA would give is unnecessary.
Furthermore, the digital filters that will be designed next
justify the use of a DSP, but can also be implemented in a
general purpose system such as a microcontroller. A
microcontroller system is also usually contained in a
development board which offers ease of system
development as it contains a voltage regulator,
accompanying electronics for proper microcircuit operation
and additional Modules-circuits such as flash memory or
Bluetooth. Regarding the code development environment,
several models of microcontroller development boards
support Arduino, which speeds up the development of the
accompanying software considerably. This will also be a
selection factor in the final decision on the digital
processing system.

J. IC selection

Before selecting filters for EEG signal processing, it's
crucial to determine the frequencies that will be encountered
during ADC sampling and to consider any built-in filters in
the ADC. The compatibility between the chosen
instrumentation amplifier and ADC, such as channel-voltage
levels, is also essential. Additionally, while aiming to keep
manufacturing costs low with a 1-channel setup for the main
alpha wave sampling point, the option for a 2-channel
differential input system is explored for greater flexibility.
Immediate chip availability significantly influences chip
selection, noting the unavailability of the INA828 amplifier
and AD7177-2 ADC at the time of the thesis preparation.
Options like the ADS1298 offer a more compact design by
integrating all analog processing and conversion, but this
paper focuses on using separate modules for maximum
flexibility. This selection process highlights that designing
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the system was not a linear journey, considering various
factors to balance cost, availability, and performance.

K. Work Comparison

In comparing the proposed EEG device with commercial
and non-commercial alternatives, portability and personal
use are emphasized. After comparing several devices,
differences in sensor number, LSB resolution, frequency
range, sample rate, and electrode type were found. The
proposed work's advantages include a unique digital filter
running locally on a microcontroller, superior discriminative
capability due to a 24-bit ADC, and cost-effectiveness with
a material cost not exceeding 70 Euros. Its modularity and
the use of commercially available ICs offer flexibility and
ease of modification. Unlike other works, digital filtering
was preferred, reducing system complexity and cost while
improving timing response, despite increasing noise.

I11. EXPERIMENTAL PART

A. Layout and Materials

Initially, the whole design was done in LTSPICE.
Implementation was done on a breadboard with SOIC to
DIP case boards for the ICs. However, later on, the design
was moved to KiCad in order to have it manufactured in a
PCB. This version can be shown in Fig 1.

B. Electrode Selection

Standard electrocardiograph electrodes, which rely on
mechanical contact, were chosen for their ease of
connection either through a crocodile clip or a soldered
single-strand cable. This is also due to the fact that they are
composed of Ag/AgCl,the same type as the EEG electrodes,
but are less costly. These electrodes can be used wet (with
conductive gel) or dry, but wet application was selected.
Placement followed the 10-20 system, with the signal
electrode at position O1 (above the ear towards the back of
the head), the reference electrode behind the left ear, and the
ground electrode behind the right ear, without special skin
preparation.

C. Final Component Selection

Regarding the considerations for the power supply,
instrumentation amplifier, and analog-to-digital converter
(ADC) within the EEG device,a +- 3.3Volts power supply
(regulated) for both the amplifier and ADC was chosen for
compatibility and to prevent signal saturation. The selection
of the INA2128U is justified by its high gain, low noise, and
differential ~ operation  capabilities.  Similarly, the
MCP3562R-E/ST was chosen for its precision, differential
operation, and internal reference voltage, resulting in high
accuracy.ESP32 was chosen for its ease of development
capabilities.

Fig.1. General Schematic of device’s circuit in KiCad.

D. SPI

SPI communication between the MCP3562R ADC and
ESP32 was used for transferring the data. Internal settings
were adjusted through command byte formulation and
register manipulation. Continuous data collection mode was
chosen to avoid interruptions.Challenges encountered in
establishing SPI communication for accurate data transfer
and signal processing were mainly found in voltage
compatibility between components.

Getting into more detail, the setup for SPI
communication between the microcontroller and ADC
employs the Arduino SPI library, configuring PINs for
input, output, and chip select (CS) initiation. SPI
communication is established with a 1 Mhz speed,
MSB-first data format, and SPI mode 0,0. Registers are
initialized to set desired settings, with command bytes
formulated to specify actions like read or write. For reliable
data exchange, the CS is toggled low with a brief delay.
Data from the ADC is continuously streamed, utilizing a
custom function to transfer 32-bit packets in 8-bit chunks
via SPI transfer. This bidirectional process ensures that each
24-bit information packet, received in a sign-extended
32-bit format, is correctly ordered according to the most
significant bytes first, using logical shifts to assemble the
final result. This method runs indefinitely in a loop,
facilitating the ongoing acquisition of pipelined data in a
structured and efficient manner.

E. Setbacks

Representation differences between float and long types
in data handling, cause a potential loss of 1 bit of
information when converting from 24 bits given by ADC to
the 23-bit Mantissa in float, though this loss is minimal in
impact. It should also be noted that the actual data refresh
rate is lower than the ADC's sampling rate (4800 Hz), at 129
Hz, due to processing time required for serial printing and
data reading via SPI, impacting the digital filter's operation
frequency. This reduced refresh rate still allows for an
uncorrupted signal within the target frequency range, and
also for a bandpass filter that filters out noise outside the
8-13 hertz interest area.

IV. REsuLTS

BandPass Filter was shown to be in the range desired,
both in a simulation setting and real laboratory setting. For
its design, Python code (Python script) [18] that finds the
coefficients for the digital implementation of a Butterworth
filter was used. These coefficients were later used in C code
to create the final filter.

Response of [7.5, 12.5] Hz Band-Pass Filter of Order 2
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Fig.2. Response of a 2nd order bandpass digital Butterworth

filter in the range frequencies 7.5 to 12.5 hertz.
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Fig.4. Filter response for input signal artificially generated noise.

The system developed for detecting alpha brain waves
also functions as a bio-amplifier, capable of capturing other
bio-signals such as ECG. The focus was initially on heart
signal measurements to verify the system's correct
functionality, given the recognizability and periodicity of
ECG waveforms. Figure 5 confirms the functionality of the
device through ECG.

Regarding EEG observations, measurements with closed
eyes have increased EEG signal amplitude compared to
open eyes, validating the “closed eyes” test [2] , according
to theory and the device operation. Without additional gel,
the signal's maximum amplitude displayed is approximately
0.84 millivolts , inferred as 0.84 microvolts
pre-amplification. With added gel and closed eyes, the
amplitude reaches about 14 millivolts , suggesting an
original signal strength closer to expected values. The
waveform shapes, though varying, are deemed within
acceptable limits due to the digital filter's broad frequency
range. The presence of noise in the 8-13 Hertz range,
despite the digital filter, indicates the challenge of achieving
complete noise cut-off.

Fig.5.
unfiltered real electrocardiogram signal is shown in blue, while
the signal passing through the 8-13 Hz filter is shown in red.

Representation on the Arduino serial monitor.The

E: ® @ ® o

Fig.6. Computer display of real alpha wave measurements, after
passing through digital filter 8-13 Hz and made with eyes open
(extra gel).

Fig.7.

Computer display of real alpha wave measurements, after
passing through digital filter 8-13 Hz and made with eyes closed
(extra gel).

V. Future WoRrk

Future enhancements for an EEG device would be
focused on noise reduction, signal amplification, and
practical usability improvements. Transitioning to PCB
layouts, improving electrode-skin contact, and possibly
incorporating an electrode-skin impedance measurement
system would be the first steps in this endeavor. The
potential use of a DrivenRightLeg [17] circuit for better
noise rejection and options for digital filtering to remove
noise within the target frequency range should also be
explored. Additionally, the development of a portable device
incorporating data storage, transmission capabilities, and a
battery management system for energy efficiency would
expand on the possibilities of the proposed device.
Verification of the system through experiments in controlled
environments is also considered essential for validating its
effectiveness.
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ABSTRACT

The continuous increase of global temperatures along with
the more intense and frequent weather phenomena e.g., torna-
does, floodings, and wildfires, are expected to have a greater
impact on many crops’ yields, thus resulting in a significant
rise in global hunger. Rice crop falls into that category, be-
ing one of the most weather-affected crops. According to the
Food and Agriculture Organisation (FAO) of the United Na-
tions, it produces staple food for at least four billion people;
that is more than half of the world’s population. Given this,
all interested parties should be aware at any time of the exact
spatial distribution of the area under rice cultivation in their
region of interest. For this research, we utilized radar and
optical data from Sentinel-1 and Sentinel-2 satellites respec-
tively, to deploy a hybrid classical-quantum neural network
that is able to classify the input data into rice and non-rice
areas, hence providing a very powerful tool to all aforemen-
tioned stakeholders. This model was then used and evalu-
ated in the context of the EY Open Science Data Challenge
2023, where our team participated. The challenge considered
the An Giang province in the Mekong Delta in Vietnam as
the area of interest. The presented model achieved a f1 score
equal to 0.985, which was ranked among the best scores in the
competition. Our findings demonstrate the potential arising
from the use of quantum computing along with preprocessed
satellite data for the monitoring and tracing of rice crops.

Index Terms— Quantum computing, satellite data, crop
identification, vegetation indices, machine learning

1. INTRODUCTION

In recent years there has been a simultaneous rapid increase
in the world’s population and an equally rapid destruction of
the environment. The growth of the world population implies
greater production of waste, greater consumption of energy
and water in order to meet basic needs, and of course, greater
demand for food production. Yet, this has proven to be quite
challenging given the rise of global temperatures and the ap-
pearance of extreme weather phenomena, which in turn re-
sults in the rise of global hunger.

This vicious circle, and the problems associated with it,
are what the global scientific community is trying to address.
One of the proposed solutions is the optimization of agri-
cultural crops in order to produce a greater supply of food
and at the same time, minimize the impact on the environ-
ment. Among the most important scientific fields that have
focused on resolving this problem is the field of Data Analy-
sis and Machine Learning (ML) [1,2]. The aim is to inspect,
clean, transform, and model data in order to discover useful
information, draw educated conclusions as well to support all
decision-making.

We deploy a hybrid classical-quantum neural network
(CQNN) [3] to classify geographic coordinates as rice and
non-rice areas. The corresponding data were obtained from
the Sentinel-1 and Sentinel-2 satellites [4,5] as part of the
EY Open Science Data Challenge 2023 [6]. To evaluate the
classification results we utilized a benchmark dataset, that
our team developed and achieved an f1 score equal to 1.0 in
the EY Open Science Data Challenge. The aforementioned
dataset ranked among the top performing in the challenge and
has been produced by utilizing Scikit-learn’s Support Vec-
tor Classifier (SVC) [7]. We showed that our hybrid CQNN
was able to outperform similarly structured classical NNs
by comparing the corresponding results. It also managed to
perform better by requiring less training iterations. Finally,
we compared the produced results of the hybrid CQNN with
other classical classification models, where in most cases, the
hybrid CQNN managed to achieve a better f1 score.

2. DATA ANALYSIS

The dataset used to train our model consists of data obtained
from two of the Copernicus project satellites, namely the
Sentinel-1 and Sentinel-2 satellites. The collected data com-
prise the years 2021-2022. These data are available to the
public through Microsoft’s Planetary Computer portal [8].

2.1. Sentinel-1 Data

We used Sentinel-1 to extract Vertical-Vertical polarization
(VV) and Vertical-Horizontal polarization (VH) band data
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Fig. 1. The An Giang province in the Mekong Delta in Viet-
nam. This area consists of three central districts (Chau Phu,
Chau Thanh and Thoai Son). Source: EY Data Challenge
2023 [6].

for our area of interest. These polarization bands express the
value of polarization between the transmitted and received
radar signal on Sentinel-1 [9]. Radar data are also able to
penetrate through the clouds, thus helping us to attain the
band values with minimal atmospheric attenuation. These
data were radiometrically terrain corrected, meaning that all
the geometric distortions included were corrected and the
misleading influence of topography on backscatter values
was removed.

2.2. Sentinel-2 Data

We utilized Sentinel-2 to acquire the red, green, blue, red-
edge, and near-infrared optical spectral bands’ data for our
area of interest. We also obtained information concerning
the scene classification (SCL) band of the Sentinel-2 and
then used it to filter the spectral bands’ data from the cloud-
affected measurements. We then used statistical combinations
of these “filtered” spectral bands to create several vegetation
indices, as can be seen in Fig 2 (red-colored bars).

2.3. Data Processing

As can be seen in Fig. 2, VH and VV are the most statisti-
cally important features of our dataset. Yet, our model’s accu-
racy by only including the polarization bands in our dataset,
fluctuated around 0.85. To improve the performance we con-
sidered the utilization of the vegetation indices created using
Sentinel-2 data, as additional features. That said, only the
normalized difference vegetation index (NDVI) [10,11], dif-
ference vegetation index (DVI) [10], and modified simple ra-
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Fig. 2. Features importance plot.

tio index (MSR) [10] were included in our training dataset,
alongside VV and VH polarization bands, as they were the
ones that contributed the most on our model’s overall perfor-
mance. Although some indices seem to be more statistically
important than others, e.g. the ratio vegetation index (RVI)
[10], our tests showed that when they were used in combi-
nation with other features produced worse results. Thus, we
did not take them into consideration. To further increase our
model’s performance we applied a 3x3 bounding box, around
the existing latitude and longitude positions in our dataset and
then extracted the feature values for each central point, as
shown in Fig.3. The means of those points’ feature values
were then utilized as the aforementioned positions’ feature
values. In data analysis, this bounding box is known as the
central point’s Moore neighborhood [12]. Moreover, by uti-
lizing such a bounding box we also achieved to filter the in-
herent variations present in our radar data, i.e., the “speckle”
effect. We normalized all the data points in our dataset with
the use of Scikit-learn’s MaxAbsScaler class [3]. To train and
validate our model we utilized a dataset consisting of 600 data
points where we considered an 80/20 % split respectively. We
tested our model’s accuracy using a dataset of 150 data points.

3. MODEL USED

Our model consists of a classical and a quantum part, hence
the name “Hybrid Classical-Quantum Neural Network”. To
implement the Hybrid CQNN, we introduced a two qubits pa-
rameterized quantum circuit before the output layer by utiliz-
ing the one-hot data encoding for the quantum circuit output.
The quantum circuit was implemented using qiskit [13] and
acts as a quantum layer for the hybrid CQNN, as presented
in Fig.4. The circuit consists of two sub-circuits, namely the
feature mapping circuit and the ansatz. The feature mapping
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Fig. 3. 3x3 bounding box (Moore neighbourhood).

circuit is responsible for appropriately mapping the input data
into the 2-qubit state space [14], where we utilized the ZZFea-
tureMap circuit, repeated two times, as presented in Fig.5.
Similarly, the ansatz is responsible for properly classifying
the input data into their corresponding classes. As presented
in Fig.6, we chose RealAmplitudes 2-local circuit with full
entanglement structure, repeated once, as our ansatz.

Regarding the classical part of our model, after several
tests, we proceeded with the structures shown in Table 1. It
consists of an input layer of 5 neurons along with multiple
densely-connected hidden layers, with different numbers of
neurons, and an output layer. For the hidden and output lay-
ers we utilized the Rectified Linear Unit function (ReLU) and
the sigmoid function as the activation functions accordingly.
Last, the Adaptive Moment Estimation (ADAM) optimizer
[15], with a learning rate equal to 0.005, was utilized to opti-
mize the training parameters of both our classical and quan-
tum layers.

4. RESULTS

To evaluate the performance of the NNs we used the f1 metric,
described in Eq. (1). We used the dataset we created for the
EY Open Science Data Challenge 2023, which has been pro-
duced by Scikit-learn’s Support Vector Classifier (SVC) and
achieved a f1 score equal to 1.0, as the benchmark dataset. We
compared the median f1 score of the hybrid CQNN5s with sim-
ilarly structured classical NNs and we present the results in
Table 1. In some cases, during the test, the hybrid CQNN im-
plementations managed to achieve a f1 score equal to 0.9950.
Similarly, we compared the best median f1 score of the hy-
brid CQNNs with other well-known classical models we im-
plemented and we present the results in Table 2.
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T W (D
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(tp+fp) (tp+fn)
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Fig. 4. Hybrid CQNN structure.
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Fig. 5. ZZFeatureMap circuit .

Fig. 6. RealAmplitudes 2-local circuit.
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Where: n is the number of classified data, ¢ is the actual
outcome (either 1 or 0), y is the output (prediction) of the
classifier, #p is the number of the “true positive” samples, i.e.,
samples classified correctly to the 2nd class, fp is the number
of the “false positive” samples, ¢r is the number of the “true
negative” samples, i.e., samples classified correctly to the 1st
class and fn is the number of the “false negative” samples.

Table 1. Classical and Hybrid Multi-layer NN comparison

NN Layers Classical NN Hybrid CQNN
Structure f1 score f1 score
5,8,4,2.1 0.9738 0.9782

5,8,2,1 0.9692 0.9852
5,4,2,1 0.9619 0.9817

Table 2. Classical models and Hybrid CQNN comparison

Model Parameters f1 score
Hybrid CQNN 4-layers structure 0.9852
LGBM boosting_type="dart’ 0.9804
AdaBoost algorithm="SAMME’ 0.9804
Random Forest criterion="entropy’ 0.9709
K-Nearest Neighbors n_neighbors=10 0.9852
XGboost objective="binary:logistic’  0.9612

MLP Classifier solver="lbfgs’ 0.9901

We can observe that the utilization of the quantum layer
within our model’s classical structure has enhanced its per-
formance. Not only, our hybrid model has outperformed its
corresponding classical model for every layer structure tested,
but it was also able to achieve one of the highest fl scores
among all other classical models it was tested against.

5. CONCLUSION

By looking at all the models and all the processes that were
mentioned above, some conclusions can be drawn about the
performance of each one. Starting with the comparison be-
tween the classical models and the hybrid ones, it is easy to
say that the hybrid ones are equally as good as some of the
classic models tested. It is also worth mentioning that our hy-
brid CQNN performs better with a fewer number of classical
layers, because of the existence of the quantum layer. Thus,
less time and parameters are required to be trained.

Of course, there is a lot of work to be done in the future,
in order to improve even more the hybrid model and gain an
even better fl score than the ones mentioned above. By fur-
ther utilizing the advantage gained from the quantum layer,
it is possible to achieve higher performance, by adding more

quantum layers in the structure, or even by forming a purely
quantum NN.

REFERENCES

[1] D.B. Nguyen and W. Wagner, “European rice cropland map-
ping with Sentinel-1 data: The Mediterranean region case
study,” ”Water, MDPI, doi: 10.3390/w9060392, 2017.

[2] B. Bauer-Marschallinger et al., “Toward global soil moisture
monitoring with Sentinel-1: Harnessing assets and overcom-
ing obstacles,” ”IEEE Transactions on Geoscience and Remote
Sensing, IEEE, doi: 10.1109/TGRS.2018.2858004, 2018.

[3] Copernicus  programme: The Sentinel-1  mission
https://sentinel.esa.int/web/sentinel/missions/sentinel- 1

[4] Copernicus  programme: The Sentinel-2  mission
https://sentinel.esa.int/web/sentinel/missions/sentinel-2

[5] N. Schetakis, D. Aghamalyan, P. Griffin, and M. Boguslavsky,
“Review of some existing QML frameworks and novel hybrid
classical-quantum neural networks realising binary classifica-
tion for the noisy datasets,” ”Scientific Reports, Nature Pub-
lishing Group UK London, doi: 10.1038/s41598-022-14876-6,
2022.

[6] EY Open Science Data 2023

https://challenge.ey.com/

Challenge

[7] scikit-learn: machine learning in Python — scikit-learn 1.2.2
documentation https://scikit-learn.org/stable

[8] Microsoft Planetary Computer: A Planetary Computer for a
Sustainable Future https://planetarycomputer.microsoft.com/

[9] A. Rosenqvist, and B. Killough, “A Layman’s Interpre-
tation Guide to L-band and C-band Synthetic Aper-
ture Radar data,” “Committee on Earth Observation
Satellites: ~ Washington, DC, USA [online] Available:
ceos.org/ard/files/Laymans_SAR _Interpretation_Guide
-2.0.pdf, 2018.

[10] A. Bannari et al, “A review of vegetation indices,’
“Remote sensing reviews, Taylor & Francis, doi:
10.1080/02757259509532298, 2009.

[11] A.R. Huete, “Vegetation indices, remote sensing and forest
monitoring,” "Geography Compass, Wiley Online Library, doi:
10.1111/5.1749-8198.2012.00507 .x, 2012.

[12] Dmitry A. Zaitsev, “A generalized neighborhood for cellu-
lar automata,” “Theoretical Computer Science, Elsevier, doi:
10.1016/j.tcs.2016.11.002, 2017.

[13] Qiskit. Open-source quantum development https://qiskit.org/

[14] V. Havlicek et al., “Supervised learning with quantum-
enhanced feature spaces,” “Nature, Nature Publishing Group
UK London, doi: 10.1038/s41586-019-0980-2, 2019.

[15] PyTorch https://www.pytorch.org

74


https://doi.org/10.3390/w9060392
http://dx.doi.org/10.1109/TGRS.2018.2858004
https://sentinel.esa.int/web/sentinel/missions/sentinel-1
https://sentinel.esa.int/web/sentinel/missions/sentinel-2
http://dx.doi.org/10.1038/s41598-022-14876-6
https://challenge.ey.com/
https://scikit-learn.org/stable
https://planetarycomputer.microsoft.com/
https://ceos.org/document_management/SEO/DataCube/Laymans_SAR_Interpretation_Guide_2.0.pdf
https://ceos.org/document_management/SEO/DataCube/Laymans_SAR_Interpretation_Guide_2.0.pdf
https://ceos.org/document_management/SEO/DataCube/Laymans_SAR_Interpretation_Guide_2.0.pdf
https://doi.org/10.1080/02757259509532298
 https://doi.org/10.1111/j.1749-8198.2012.00507.x
https://doi.org/10.1016/j.tcs.2016.11.002
https://qiskit.org/
https://doi.org/10.1038/s41586-019-0980-2
https://www.pytorch.org

Mia Teyvikny Ectiolopevnc MikpoKopaTikng
YnepOepuioc Mécwm XTpdUATOC X0VEYODS
Peduoartoc, Baciopévou Xe Xwpikd EmAoyucéc
Emoedavetec.

Oopdc Aortiic®, Anumitpioc Apvaovtoylov®, Tedpytog Tpydmovioc®, kar F'edmpylog A. Kvprakov®

OTpMpo Hiektpordymv Mnyavikdv ko Miyavikév Yroloyiotdv, Anpokpiteto Iavemotiuo Opdxne, GR-67100, EXLdda
(daltzistom@gmail.com, darnaout@ee.duth.gr, gkyriac@ee.duth.gr)

@Arizona State University, Electrical, Computer and Energy Engineering, Tempe, AZ, USA (gtrichop@asu.edu)

Lepiinyn—O oxomés tnc mapovoac epyacios civar o
oYE0IAGUOS piag GVeTOLYIaS 16YVPd  GVSEVYUEVWY  dimolwy
(Tightly Coupled Dipole Array, TCDA), wg aktwvofolnti yia
epapuoyl eotialopevns pikporxvuatikls vmeplepuios ora 915
MHz. H overoyio tpopodotovusvy ue wkardlinia peduara
(pdoerg kat mldtn), e6Tidel 6¢ Evay Kapkviko oyxo. EmOountog
oTOY0S eival N emitevdn Aeitovpyios mopouolas ue avtlj Evos
AQUPIKVPTOV  PaKoV, Etol aoete va lattwlsi 1 gupadvien
devtepevovedy  Kkniidwv Oépuavens (Secondary Hotspots),
HELDOVOVTAS TAPAIINA0 TV TOKVOTHTAS 16YDOS GTHY ETLPAVELQL
THS GVGTOLYIOG KOl TOVS EVOIIUEGOVS 16TOVGS. AVTd, UTTOPOLY va
emtevyBovy arxtivofolavras Ty emBounTy 1640 0m0 PEYALVTEPY
EMPAVEID KAl KATELOVYVOVTAS THV TPOS TNV TEPLOYN TOV
Kapxvikot oykov. H extiunon twv peopudtov Tpopodocios
akolovl¢i pia uéodo, n omoia Exel 1o avalvbei ko facilerar
o610 Ocdpyua tys avrerpernrétyras (Reciprocity Theorem)[2].
Ta amoteiécuata civar evOappovTikd 6€ 0,TL aPopd Ty ypHon
THG GYEO1ALOUEVIG GVGTOLLIAG VIO TV EPAPUOYI] UIKPOKVUATIKHG
vreplepuiog.

Aéerg kleroi—YrepOepuia, Eotiacny, TCDAS, CSAs

|. EIZArQra

H mopovca epyacio avopépetor o€ pio  TEXVIKN
UIKPOKVLOTIKNG VrepBeppiog yio v Bepameior KAPKIVIKOV
oykav. O TpOTAPYIKOS CKOTOG TV EPUPLOYDV vITepBepiog,
glval 1 CLYKEVTPMGN TG NAEKTPOLOYVNTIKNG 1GYV0C OTOV
OYKO  JlTNPOVTAG  TOPAAANAQ  TOVG  LYLES  16TOVG
avemnpeactovs. Avtd 0dnyel otnv advEnon g Oeppokpaciog
(T>40°C), n omoio éyel WG OMOTELEGHA TV KOTUGTPOPT TV
KapKiK@v kuttdpov. Eyxovv mpaypotomrombel éva chvoro
EPYOCLDV, Ol O0moleg avoeEPOVIOL OE  OLUPOPETIKOVG
axtwvofoAntég vmepBeppiag, [1]-[3]. TIpdopateg peréteg
g&etalovv ypnomn evariacopevov AC poyvntikod mediov Kot
vavocopatwiov (Nanoparticles), pe otoxo v emlektikn
0éppovon tov kepkvikdv oykmv [4], [5].

Mio moAld vmooydpevn péBodoc eotioong, m omoio
TOPOVCIACTNKE GE TPOTNYOVLEVT] EPYOACIO TOL EPYOGTNPIOL
[2], Baciletar oto Bedpnpa g avtiotpentoTog. H pdon i
N xpovikn kabBvotépnon Hetasld TV PELHAT®V SIEYEPOTG TOV
dimodhwv pmopel vo extyundel, amd to omotEAEopATA TG
mpocopoimwong  piog  10e0tNG,  OOKIMOOTIKNG  TNYNGS,
TomofeTnNpUévg OT0  KEVIPO  TOL  KOPKLVIKOD  OYKOU.
[Tpokepévov n suotoyio va eoTidlel 6TOV KOpPKIVIKO dYKO Ta.
AmOpOiTTO PEVLOTO TPOPOJOGTNG, Ba Tpémet va akoAlovBovv
TIG cuUTANPOROTIKEG Pdoels. [Tapd To yeyovog 6T 1 eotioom
eneTeDYON, 1 NAEKTPOUAYVITIKY 1oY0G YOp® amd TNV Kepaia
frav axpaio avénuévn. H dmapén 1660 vyning 1oyvog etvat
mOavov vo odnynoel o€ PAAPN TOV YEITOVIKGOVY 1] EVOLAUECHY
VYELDV 1GTOV.

v mopodoa epyacio mopovctdletar pio evogyOpUevn
Aon oto mopomdve mpoPAnua, n omola Pacileton omnv
xpNon piog cvotoryiog, mov pieitor TNV Aettovpyic. TOV
AUPIKVPTOV POKOD, EMTPETOVTAG TNV E0TION TNG LOYVOS GE
éva  ovykekpyévo  onueio, dompdvtog  mapdAAnAa
avETOPOLG TOL  evdldpecovg  Proroywkovg otods.  To
HUKPOKVUOTIKO (GOSVVOUO TOV OUOIKKDPTOL (POKOVD, 7OV
mapovctaleTal, oyeddotnke PACEL TOV GTPOUATOS GLVEYOVG
peoporog  tov  Wheeler  (Wheeler’s  Current  Sheet)
EMTPEMOVTOG OTNV GLOTOLYIN VO KATOAGPEL TNV HeyaADTEP
duvaty emedveln, oto ooua, [6]. H mpocéyyion avth
eEaocpoliler, OTL M amottovpevn, yw v Oéppaven Tov
KOPKIVIKOD OYKOV, 10Y0G EKTEUMETOL OO TNV UEYAADTEP
duvat emEAve. XVVETMOG, 1 TUKVOTNTA 1oYV0G UTOPEL va
dwatnpn el og eninedo yopnAdTEPO AMd EKEIVO, TO OTTOTO Eivarl
mBavov va PAdyel tovg evildpesovg vyieic ProAoyucovg
16TOVG,.

To otpopa peopatog ov Wheeler, anotedel Bewpntich
GLGTOY 0, EMOUEVMG 1] VAOTTOINGT TG GTNV TaPOoLGO, EPYAGial
Baciletatl oty Tpocéyyion T@v 1oxvpd cuievyHévev dimolmv
(TCDAS). Mia Bactkn TpdkAnon oTig EQuPHOYES E0TINCTG O
KAPKIVIKOOG Oykovg oyetiletal pe v vmapén OAOV Tov
TESOKDY GLUVICTOCHV (KovTvo edio), o avtifeon pe Tig
EPAPUOYEG, Ol OTOIEG OVAPEPOVIOL OTIS OTAOTOWUEVES
GLVIOTMGCEG TOV EMined®Vv Kupdtov (Hakpvd medio). Qg ek
ToVTOL 1 Kepaia Ba mpémet va dieyeipel OAEG TIG GUVIGTMOEG
Tov wediov, 6tav avtd givar duvotov. o Tov Adyo ovtd og
perdoviikry epyocioc  Bo  oyedootel  plo  ovotoryio
SloTAVPOVUEVOY KOl EMIKOAVTTOMEVOYV  Simol@V,
TEPUVKAOUEVOV OO  €va  HETOAAKO emimedo  yelmong,
axorovBdvTag Tic apyég oyedacpon, Tov £8ece o Munk, [7].
Mio mepiocdtepo  LVTOGYOUEVY TOTOAOYiDL QPOpPd TNV
TPOGEYYIoN ToV cuveXoLG pevpatog Tov Wheeler, pe woyvpd
ovlevypéveg opbBoyovikée tomwuéveg kepoieg  (Tightly
Coupled Patch Arrays, TCPAS), 6mov to pgbpa Tpog Tov 16T0
0o avadvetor péoo amd oAdKANPN TV emEaveln, [8].

Xy L
Movtého ZOHOTOG MG CTPOUOTOTOMUEVO KOAVIPO, EVOAV GOALPIKO OYKO Kot
v cvototyio 1oyupd culevypévev dimorov, L1=1 cm, L2=6.5 cm, L3=1.5
cm, L4=2.5cm kou L5=7.15mm.

To ovvolikd TPOGOUOOVUEVO HOVTELO, OTOTEAOVEVO OmO TO

75


mailto:daltzistom@gmail.com
mailto:darnaout@ee.duth.gr
mailto:gkyriac@ee.duth.gr

Il. MONTEAO ZQMATOX

O Broroyikds 1616¢ Tpocopoidvetol oto CST studio, wg
£V0. OTPOUOTOTOMUEVO KLAVIPIKO  avTtikeipevo (Xy. 1),
pnkovg L=14cm kot cuvorkng axtivag R=9cm. To povtélo
amoteAgitol and Tpio S0QOPETIKG CTPOUATE AVOPOTIVOL
16700. O KOpKIVIKOS OYKOG avOTOPIGTOTOL OC GOAIPO aKTIV
r=2.5cm kot tonoBeteital og Tuyaio BEon, 6T0 E0MOTEPIKO TOL
OTPONATOS HVikoy 1otov. [ TG mpocopoudoels, mov
axolovBovv 1 ceaipa £xel tomobetnOel og amdoTacn d=3.5
cm. Téhog, avti Tov GTPOUOTOG VEPOD, TOV YPNCILOTOLETOL
oLVNB®C, évo AemTO GTPAOUA 1OTPIKNG GIAKOVNG ToTtobeTeiTON
peta&d Tng ovotoying Kot Tov OEPUATOS, TPOKEWEVOL VO
avéndei n o0CevEn ™G NAEKTPOLAYVNTIKNG 10YVOG LETAED TNG
GLOTOLYI0G KAl TOV COUATOS. Ot NAEKTPOHAYVNTIKES 1010TNTES
KGBe opoyevovg otpdpatog napatifevtol otov mivaka I, [9].

I1l. TIPOTEINOMENH XYXTOIXIA IZXYPA XYZEYTMENQN
AIITIOAQN

To otpdpa pedpotog Tov Wheeler givar pun Bempntikn ko
MPOKTIKG, U1 VAOTOMGIUN GLGTO(l0 UIKP®OV  dimoAmv,
tomofeTNpévoy o€ [IKPY  OmOOTACN  HETOED  TOVG
tonofetnuévoy  mavew  omd  éva  emimedbo  PMC
(avoryroxvkiopa). O Munk [6] mpocéyyioe 10 oTpOUL
pedpotog tov Wheeler, ypnoyonoidvtog £ve HETOAAKO
eminedo yeiwong (Bpoyvkvukimue) cg omodctoon Ao/4 amd o
eninedo g ovotoyyiag. H tpomomoinon avtr| enétpeye otov
Munk vo dnuovpynoel 1o omOapUiTNTO OVOLYTOKOKAMLLO
akpPdg KGtw omd to emimedo TV dimoiwv. Qotdco 1M
TAPOVCio. TOV EMMESOV Yel®ONG EMOPE OMUOVTIIKE oTNV
GUUTEPLPOPA TNG OVTIOTAONG €10000V TV GTOWEIMY TG
ovototylog. ZuyKekpiéva GTig YOUNAOTEPES GLYVOTNTES, TO

eninedo yeiowong mpocHétel oy avtictaon 6660V TV
otoyeiov plo  EMOYOYIK GCLVIOTOGW, TPOKOAMVTOG
onuovtikn vroPaduen tov gvpovg Ldvng Asttovpyiag Tng
ovototyioc. ['a vo avipetoniost to Tpofinua ovtd, o Munk
TPOTEWVE TNV EI00YDYN ETKOAVYNG LETAED TOV YELTOVIKOV
dimodav (yopnTikd Poptio og cepd pe ta dimola) [7], Mdonn
omoio vioBeTeiTan Kot otV Topovoa Epyacia.

Onwg gatvetal oto Xy. 1 ta dimora givar Tomofetnuéva
mapdAAnAa oto povadwnio dudvvopo tov  alyovdiov,
oynuotiovrag Khelotovg daktuAiovg, ot onoiot TepikAeiovy
TO KLAWVOPIKS poviédo tov copatoc. Ta dimola TumdvovTot
o€ éva Aemtd SAeKTPIKO vVdoTpopa (Ztpodpa 6, £=3.5 kot
tand=0.0027). Kdbe oxélog tov SimoAov TLTMOVETOL OF
SWQOPETIKT EMPAVEID. TOV VTOGTPAOUATOS TO UNKOG TOV
dimodov eivar 1=3.017cm mpoxewévov M ovotoryion vo
TOPOVGLILEL TOV TPADTO GLVIOVICUO CePdg mepimov ool
915MHz. EmmAéov, 10 €MKOALRTOLEVO UNKOS TMOV
yerrovik®v dimodwv mpokvmter Ot givor S=0.35 cm 7
S/1=0.116 n ocvvolikf doun mepucheieton amd 10 Eminedo
velwong oe amdotacn h=7.29cm and 10 eminedo NG
GuoToyiog.

TTIINAKAZ L. HAEKTPOMAI'NHTIKEE IAIOTHTEX (ZXETIKH
ATHAEKTPIKH XTAGEPA KAI APQEA ATQI'IMOTHTA) KAGE
XTPOMATO: TOY BIOAOI'IKOY ANTIKEIMENOY.

YAko Ttpodpa L & cert (S/mM)
Aéppa 1 41.3 0.827
Mvug 2 55 0.948
Oo16 3 12.4 0.145
Kapkwikog Oykog 4 56 0.92
Totpikn Ztukovn 5 7.1 0

(o)

(B)

()

Yy. 2. Hhextpko nedio mapaydpevo, amd v diéyepon g eEotepikng ovotoryiog 45 dimorav ((o) kot (y)) ko 65 dimoiwv ((b) xat (8)). Ta mhdtn twv pgopdtov
Tpoodooiog axorovbovv: (a),(B) T katavoun tov S mopapétpwv, kat (y),(8) opboywvikn katavour.
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IV. AIIOTEAEZIMATA

Ta pedpoto tpogodociog twv Simolwv G ocvototying
nmpocdilopilovial pe v ypnon Kio 100 TNG-OOKILOOTIKNG
myNS. v mpocopoiworn avth, éva dimoro (apBudc 0)
mapdAnio otov tomkd GEova Y (tovtileton pe v
alpovflokn dtévbuvon @) kol CLVTOVIGUEVO GE GLYVOTNTO
915MHz, tomobfeteitor 610 KEVTIPO TOV KOUPKIVIKOD OYKOV.
Tavtoypova, to dimora g eEmTepPKng  ovoTorying
mapapévouy teppatiopéva. H edon 1 ypovikn kabvotépnon,
OV €I0AYETAL OTO MAEKTPOUAYVNTIKO KOpa e&outiog g
S14d06NG TOL, Ad TO KEVIPO TOL KOPKIVIKOD OYKOL HEXPL TO.
dimoda g e&mTepikig suaToyiag, Stapésov Tov avBpdmvou
10100, pumopei e0KoAn vao. ekTiunOel te pio NAEKTPOLOYVITIKTY
TPOGOUOIWGT Kol TPOKVTTEL AILd TNV PAGT TOV TUPAUETPOV
okédaong arg(Sio). O paoelg Twv peupdToy Tpopodociog Twv
dimodwv, mpocdopilovtar tedkd pe Baon To Bedpnua g
OVTIOTPENTOTNTAG. Z€ O,TL OPOPd TO TAATN TOV PEVUATMOV
TpoPodociog, otV mapovca epyocio e&etdlovtal, V0
Swpopetikég  mepmtOoelg:  mWAATn oo pe  TIg
KOVOVIKOTOUUEVES TIHEG TOV TAATAOV TOV S TOPOUETPOV KO
mAdtn oo pe v povéda. Emumdéov, kdBe pio amd Tig
TOPATAV®  KOTOVOUEG  peLUATOS  e@apupoletal g VO
ovototyieg, 5 duktvriov pe 9 kot 13 alypovblokd dimora Kot
ovvolkd N=45 kot N=65 crotyeia, avtictoyo. Xtov mivaka
Il divovton yo k6Oe pio omd Tig eEeTaldpeveg TEPIMTOGEIG: M
GUVOMKN 16YOG Pstimulated, WOV d1€Y€ipEL TO GVOTNHA, 1 1GYVG
PAccepted, N 0moial TeAkd amodidetor oto dimoia eEantiog Tmv
avoKAGGEDY GTO S1GKEVO TPOPOSOGInG TOLG Kol 0 AGYOG
PAccepted/ Pstimulated TV 300 IGX{)(DV-

ITINAKAZX II. ITINAKAS TIMON [£XYOE ANA EEETAZOMENH
TEPIITQZH
ZATEI)GC;(;QV Koravopn PSEi\'}q\u/?ted PA(«\:;:\e,p)led P accepted Pstimutated
S-Topaperpot 421 31 0.74
® Movadwio 225 14.8 0.66
S-Topaperpot 4.23 3.088 0.73
% Movaduaio 325 18.89 0.58

Y10 ZXy. 2 mapovoldlovial TO OTOTEAECUATO  TMV
NAEKTPOLOYVITIKOV TPOGOUOIDCEDY. XTO LY. 200 KOl GTO X.
2B mapovoialetar to niektpicd medio, mov dieyeipeTal 6TO
€0MTEPIKO TNG doung, 6tav ot cvototyieg N=45 katr N=65
otolyeiov, avtiotoyd, TPOEOSOTOVVTAL, e TAATN PELUATOV
foa pe o kavovikomompéva TAdt tov S-Tlopopétpav Kot
GUUTANPOUATIKEG PACELS. XTO XY, 2y Kot O amewovileTal To
nAekTpiKod medio, TO 0mOi0 JEYEIPETOL GTO EC0MTEPIKO TNG
dopng, Otov ot ovotoryieg N=45 kot N=65 ortoyeimv,
avTiGTOY(O, TPOPOSOTOVVTAL, [LE TANTN PELUAT®V {00 LE TNV
HOVAO0 KOl GUUTATPOUATIKEG PAGELG.

Inuewwveral, 6Tl og kébe pio and TIC TPOAVOPEPOUEVES
TEPMTOGELG, YPNOOTOLEITOL SULPOPETIKN KAILAKO, V1oL TV
APOUOTIKY OTEIKOVION TOV amotedecpdtov. [Hapatnpdviog
kaveic Tov mivaka I, avtilapfdveror Tog n woyvg, 1 onoia
amodidetat ota dimola, TPog oKTVOPOANON dlapEpEL og Kabe
nepintwon. Aappdvovtag de vrdyy, 6TL N 10YOG o KAOE
onpeio g doUNG, ®G €K TOHTOV KOl GTO OMEID, TOV AVTY
peylotonoteitan,  €ivor  ovéAoyn TOL  TETPAYOVOL  TOL
NAexTpikod mediov, Tov epeaviletal oto onueio gkeivo [10],
Y0 TOV DTOAOYIGUO T®V UEYIOTOV NG KAIpaKaG Yo Kabe
nepinTmon ypnoylonoteital n oxéon:

P accepted, new (1)

Emax, new max

Paccepted

Qg Baon avaeopdg Bewpeitor ) Tpocopoimon, Tng omoiog
To. anotelécpata, mapovoialovial oto Xy. 2a. Emopévag,
oV oyéon 1 G Paccepted cUHPOAILETAL M 160YOC, M omoia
omodideTal oTol OimoAC OTNV MEPITTOON TOv XY 20, ®G
P Accepted, New SO POALLETOL 1) 15)OC, TOL AMOSidETAL GTOL dimOAQ
og k0Be pio omd TG VIOAOTEG TEPMTAOCELS KOl OC Emax, M
péyotn T NG KA{LOKOG TOL MAEKTPKOV TEdIOL OTNV
TEPINTOOT TOL ZY. 20.. ENUEIDVETAL, TOG Y10L TNV KAILOKO TOV
2. 2am khMpoxa emdéyetan avbaipeta, pe povn tpovmdheon,
vV KOVOTOMTIKY],  OTTIKY| avamapdoTao) TV
OTOTEAEGUATOV.

Y10 Xy. 2, o€ KB pia omd Tig e&eTalOUEVES TEPITTMOELS,
mapatnpel kaveig v Omapén 5 TEPoYdV LEYIGTOTOIN OGS TOV
nAektpikov mediov. H npd epoaviletol 6to £00TEPIKO NG
WTPIKNG CIAKOVIG Kot 1 Tapovsio TG eivat avapevopevn,
aeoy oMV meployn  ekeivn, eivar  tomobeTnuévn 1
Seyepouevn eEotepikny ocvotoyio. Me ACB xar O
ovpPoriCovtal ot vmoAoteg TéGTEPLG KNAIdEG, Ol 0moieg
eppavifoviar o100 eocwTEPKO  TOL  Proroykod  16T0Y.
FUYKEKPIUEVA, TOPOTNPDOVTIC TO Xy, 2 PAEmel kaveig, O0TL N
KnAda A eppavifetor oty meployn Leta&d Tov dEPLTOG Kot
TOV MLiKoD 16700 Kal amoteAel dgvutepevovoa, Un emxtBount
KnAda Béppavons. H knAida B, eppaviletor oto somtepikd
TOV TPOG GTOYELOT KOPKIVIKOD OYKOV KOl OmMOTEAEL TNV
emBopun knAida Béppavong. H kniida C, tapovoidletat oto
€0MTEPIKO TOL MWV o€ onueio, to omoio Ppioketar og
peyordtepo Pébog omd TOvV KOPKIWVIKO OYKO KOl omoTelel
devtepevovoa, un embounty knAida Béppavone. Téhog, M
knAida O, mn omoia emiong amotehel dgvtepghovoa, N
emBounTn KnAida Béppavong, eppavifetol Kovtd 610 KEVIPO
7oV Plodoykod 167100, 6T0 €0WTEPIKO TOV octov. H dmapén
OTO £0MTEPIKO TNG SOUNG, TECTGHPWV UEYIOTOV NAEKTPLKOD
nediov, elvar mBavov vo ogeiketol oty O1€yepon LOVO
pvOudv TEZ. MéMota to molamhd péyiota vIodnAdvouy,
ott o pubuog avtdg givar avotepng taéng. Mia mpog
depedivrion AHom tov TpoPApaTog avTol gival 1 glcaymYn
npochetmv dimoAwv, TapdAAniav otov dEova Z e 6Komd TV
d1éyepon kot TMZ poOucv.

Mio axopo onUovTIKY TopoTnpenon £xel vo KEvel Le To
oynuo ¢ knAidag B, mov eppavifetal 610 e0®TEPKO TOL
KapKvikoO oykov. aivetat, 0Tt T0 EVIOvo NAEKTPIKO 1edio
mepucheier M1 oynuotiler 1o Weatd dimolo, TO omoio
APNOUOTOONKE MG 00T TNYT|. ZVUTEPAIVEL, AOUTOV KAVEIG
OTL 1 E0OTEPIKT Wt TNYN Ba Tpémet va kataiapdavel 6Go
TO SUVOTOV HEYOAVTEPO WLEPOG TOV KOAPKIVIKOL OYKOL T
Wavikd vo givol KoToveunuévn 6 auTov.

Zuykpivovtog Kavelg onTikd To. 0moTEAESUATO TOPATNPETL
OTL TOGO Y1 TNV TEPITTOOT], TOL TA, TAATT TPOPOSOGING Etvarl
ioa e T0. KOvOVIKOmompueve TAdtn tov S topapétpov (Zy.
20, Kol ) 0G0 Kol OTNV TEPITTOON TOV HOVASIOI®V TANTMOV
(Zyx. 2y kou 8), 6TL  avEnon tov aplOpov TV dimoAmv amd
N=45 (Zy. 20 xary) og N=65 (Zy. 2 ko 6) 0dnyei o€ oYeTIKN
eEopdAvvon g emBountg knAidog 0€ppavong B. Erutdéov,
mapatnpel Kavelg 0Tt 1 KNASEG OTIG TEPWTTMOGCELS OTOL TO.
7TAaTn Tpogodoaciog sivar povadiaia (Xy. 2y Kot d) 1o cHVOAO
TOV KNABOV PAiVETOL VO KOUTVADVEL TEPIGCOTEPO YOP® OO
TOV KOPKIVIKO OYKO Kol 01 HguTEPEHOVOES KNALdES BEpavang
A xot C katohopfavouy HiKkpOTePn EMQAVELN, GE GYECT LE
avtég tov Xy, 20 ko PB. Téhog, otmv mepimtmoon Tov
niektpikod mediov Tov Xy, 28 M knAideg A wor C
KATAAQUPAVOVY  LIKPOTEPT] EMPAVEIDL GE OYECT UE TIG
avtiotoyeg knAidec v Xy. 2a,p,y.
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‘Eva emmiéov Pétpo cOYKPIONG TOV OTOTEAECUATOV TIC
mapovcas epyaciog, €ivar o Adyog TG TUKVOTNTOAS 16YVOG
kabe devtepgbovoag knAidag (A,C ko O), mpog TNV
mokvoTNTO 16Y00¢ TG emBuuntig knAidog B, o onolog pmopet
va mpooeyylotel and tov Adyo Rig (i=A, C, O) 1ov
TETPAYOVOV TOV LETPMV TOV AVTIGTOL(®V NAEKTPIKOV Tedi®V
o€ AoyaptOpukn Kipoko. Oa wpémetl va onpelodel 6Tt 6Komog
glvar M Kotd 10 duvatov pelmon Tov AdyOv avT®OV. XToV
nivaka 11 mapovcidloviar  avolvtikd ot TéEG, OV
TPOEKLYOV Yo KABE TEPITTOOT).

SVYKPIVOVTOG TI TEPUTTAOCELS, TOV 1) KOTOVOUT TAATOV
axorovfel to TAdtn tov S-Tlopapétpov yio N=45 kot N=65
dimoda, TopoTnpEl KOVEIS, TMOG 01 SIUPOPEG GE 0,TL APOPE TOVG
AOYOUG 1oyYV0G dev glval ONUOVTIKEG. ZVYKEKPLEVA 0 AOYOG
Rag mapapével 6tabepog kat og 1oAd YN 6TaOUN, 0 AOYOG
Rce pewdveron xatd 0.02dB pe v avénon tov ctoygiov,
evdd 0 Moyoc Rop pewdveton katd 0.16dB. H avtictoynm
GUYKPIOT Yoo TIG MOVOOloHEG KOTOVOUES, mapovotalet
evdlapépov. Evd n avénon tev otoyeiov odnyel oe apeintéa
avénon tov Adyov Rag katd 0.04 dB, ot Adoyor Reg kot Rog,
mapovolalovy onuavtiky peiwon katd 1.33 dB ko 3.07 dB
avtictoyya. Xvykpivoviog de Tov AOYoug TUKVOTNTOG 10Y00G
Yo TIG dVO JOPOPETIKEG KATAVOUEG, TAPATNPEL KOVELS, OTL 1
povadiaio Katavoun toco oty mepintwon tov N=45, 660 kot
oV mepintoon Tov N=65 Jdimolwnv, Tapovctdlel supavmg
KOADTEPT ovumEPIPOpE amd TNV avrtictoyn, TV S-
Hoapapétpov.

TTIINAKAZX IIL. AOITOI ITYKNOTHTAE [EXYOZ KHAIAQN

ApBudg

Zroyelov Kazovopn

Kn\idai | AdyogRig (dB)

>

5.17
-4.96

S-TlapapeTpot

-7.81
3.65

45

-4.53
-8.08

Movadwio

517
-4.98

S-TlapapeTpot

-1.97
3.69

65

Movadwio -5.86

Ol O » O O » Of Oof » O O

-11.15

V. MEAAONTIKH EPTrAzIA

Ta evBoppuvtikd, o€ 0,TL 0QOPA TNV €0TINOT OTOV
KOPKIVIKO OYKO OTOTEAEGLOTO TNG TOPOVGOG EPEVVITIKNG
epyaciog, OmoTELOVV EVOLoa Yo pio GEPE HEAAOVIIK®DV
peAET®V pe okomd Vv Peitioor Tng cvotoyiog oxLpa
ovlevypévav dimolwv, mov mpotdbnke. e ovt TV
katevBovon Ba perembei m ypnon dwctavpoduevev
dimod®v, ®G OOKIHAOTIKY TNy OTO E0MTEPIKO TOV
KOPKIVIKOO OYKOV, TPOKEEVOL va emtevyfel 1 diéyepon
KUKMKGE  TOA®UEVOL  ONUHOTOS, KOTAGTOON, 1 Omoid
1ooduvapel pe €va amAd SiTolo oTPEPOUEVO GE LLio, TOWT TOV
KAPKIVIKOO OyKov. Agdopévov 0Tt T0 NAEKTPIKO Tedio, Tov
mapdyetor amd TV eEMTEPIKY ovotoyion OTAV OV
TPOPOJSOTEITAL LE PEVLOTO TPOPOSOGING GUUTANPOUOTIKOV

0aoenv, oynuatifel To 1deatod dimoro, avopéveTol OTL T Ay
TOV @ace@v omd éva otpepopevo Oimoro Ba Exel g
OmOTELEG LA TV KAALYT pio KUKAMKTG TOUNG TOV KOPKIVIKOD
oyKov.

e debtepn avdivon givar kpioo va peletndet n xpnon
plog eEmtepikng cvotoryiag, | omoia va divel Tv dvvatdTta
déyepong niektpkov mediov, mapdAiniov 1660 G TPOG TO
alyovBoxd Svocuo @ 060 KAl ®G TPOG TOV AEOVA Z TNG
doung. ‘Etot, eivan duvatn ) 81éyepon pudumv tomov TE? kan
TM?Z, o1 omoiot avapévetal vo. GUPBEAOLY GTOV TEPLOPITHO
mG 10YV0G OTO ECMTEPIKO TOL KAPKVIKOL Oykov. Ot
MPOTEWVOLEVES  oLOTOYKIEG  aopovv  pia  cvototyio
SLOTAVPOVUEVOV KOl ETIKOAVTTOUEVOV SITOA®V Kot pio
ovotoyio wyvpd cvlevypéveav opHOYOVIKOV TUTOUEVOV
Kepawv. Xe kbfe pio amd TG TOpaTdve TEPMTOCELS gival
omopaitmm M xpnon OwcTopodUEVOV  JITOA®V  GTO
E0MTEPIKO TOV KAPKIVIKOV OYKOV.

VI. ZYMIIEPAZIMATA

21V Tapovca epyacio Tpoteivetal Lo cuototyio 1oyvpd
ovlevyuévaov dimorwv, pe okomd v Odnuovpyio &vog
UIKPOKDUOTIKOD  1G0JVDVOLOD  TOV  OUQIKLPTOL  (POKOD,
TPOKEWEVOD 0vTd vo  ypnowonombel oe  epapproyég
pikpokvpatikng vrepBeppiog. EmmAéov, pelemnke 1
EQAPUOYN SLOPOPETIKMDY KOTAVOLDY TAUTOV, Y10 TO PEVUATOL
tpogodociog TV dimoAwv. To omotelécpoto TV
NAEKTPOLOYVITIKOV TPOCOLOIOGEMV gtvorl evBappuvTiKd o€
0,TL aQOpd TNV €0TIOGCT TNG 0YXV0G GTOV KOPKWVIKO OYKO.
Qo1600, M EUEAVIOT  EVIOVEOV  OELTEPELOLCOV, LN
emBupnTOV KNAd®V 610 €0MTEPIKO TOL PloAoykov 16TV,
kaBdg kot M YmapEn €viovov mMAEKTPKOV mediov otV
EMPAVELN TOTOBETNONG TG CLGTOYIOG, KATASEKVOOUV TNV
avayKkn Yo TEPETAip® dlepevvNGT TOV BENATOG.
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Tepilnyn— H mapovoa epyocia agopd to cyedrocpé Kot ™
PehticTomoinon plog S0punNg EMKOEB0VS OVOIKTOD OLOUEOVIKOD
Kopotodnyov yio 0sppuki katdhvon 6ykov pe pikpoxvporo. H
Ospomeio.  ovTh €ivol YVOOT] KOl G HIKPOKVROTIKI
Osppokardioon (MicroWave Ablation-MWA). Méypt otiypng
&xer avorToyfel o wouihia kepardv Yoo MWA. Qe61660, 01
TEPLOCOTEPES A0 AVTES TIC KEPaieg 0€ pmopovy va eréyEovv pe
okpifela TV €oticon TOV NAEKTPOROYVITIKOV TEFIOV KO KATE
ovvénela Tov 7ediov Oeppokpocioag mwov  mapdyovv pe
omotérecpa TNV OEPROVON VO EMEKTEIVETOL KAl 6TOVG VLYLElg
167T00G. G €K TOVTOV, 1| TPATI KUIVOTORIO 7TOV TTPOTEIVETAN
€00 sgivar M ypfon MG EAMKOEWDOVG OOMNAS  GVOIKTOV
0p1oaEoVIKOY KURaTodnyov mov Oa giéyyer TNV Katavopny Tng
gvamoTiOépevng  mhektpopoyvnTikiyg wyvos. ‘Etcl,  Oa
EMTUYYAVETAL 1] OAOKANPOTIKY] KOTUGTPOPN] TOV OYKOL Mg
Myétepn PrLGPN otov mepifaiiovia vyu] 16T6. AvTod YiveTan
puOnilovrac/airalovrag katdiinia TNV omwbéoTOON TOV
onepadv. Me autév Tov Tpémo TO medio Oeppokpociog
nepropileTtar 6TIS O0GTAGES TOV KOPKIVIKOL Oykov. H
dgVTEP KOVOTORIO 0.POPE TNV TPOGUPUOYH] TOV OLUCTAGEOV
TOV OVOIKTOD KVRATOONY0V, TOGO TOV PIKOVS TOV HOVOTOLOV
060 KOl TOV oTEPAOV 610 péyedog TOUL OYKOL, pécm PG
TEPLOTPOPIKIG Kiviiong. O petaforés avTég amorTovy Ko pia
OVTOTTPOGAPROLONEVT] TPOCAPIOYT] TNS UVTICTUONS ELGOIOV GTO
opoagoviké TPoPodocias. Avtd emitvyydvetor pe ypron &vog
TUROTOS OMOAEOVIKOD 7OV TEPLEXEL MAEKTPIKG eheyyopevo
pepponiektpukoé PVDF.

Aéée1g-Kietdrd — douny e1koeldovs avoikTov opoasovikov
KOUATOONY0V, MIKPOKVUATIKY Ocpuorardivon, apifuds Kar byog
OTEPODY, OYKOS

[. EIZAror”

O kapkivog givar po acBévela oty onoia opiopéva and ta
KOTTOPA TOV GOMOTOS OVOTTOGOoOVTOL aveEEAEyKTa Kol
eEamhdvovtar oe GAla pépn Tov copotos. Mmopel va
Eexvnoel 6yedOV Omd OTOVONTOTE GTO AVOPMOTIVO GMLLO, TO
omoio  omoteAeital  omd  TPIGEKATOMUVPLO  KOTTOPO.
Yrdpyovv nepiosodtepot amd 100 tomor Kapkivov. Zvvifmg
ovopdlovtar amd TO Opyova 1 TOVG 1GTOVG  OTOL
oynurotilovtoar ot kapkivo. To 2022, vmoroyiotmkav 20
EKOTOHUOPLO.  VEEG  TEPWMTAOOCELS  Kopkivov kot 9,7
ekoToppopte.  Bdvato. O ektiudpevog  oplpodg TV
avOpdnv mov enélnoav yio S ypovia PETE T S10YVOOT TOV
kapkivov Ntav 53,5 exotoppvpre. Ilepimov 1 otovg 5
avOpdTOVG avarTHcGoVY Kapkivo otn o1 Tovg, mepimov |
otoug 9 avdpeg kot 1 otig 12 yvvaikeg mebaivovv amd
vooo [1].

2116 uéPEG Hag, £xovv ovamtuydel TANOdpa TEYVIKMOV Y10, TN
Oepomeia Tov Kopkivov. Ot Oepomeieg Yy TOov Kopkivo
neplapPavovuv tig Oepaneieg:

i. TOTIKOV EAEYYOV, OTMG 1M YEWPOVPYIKN eméUPacn, M
aktivofepameio, 1 Ogppukn  kotdlvoom e
POSOGVYVOTNTES, e KpokOpaTa 1 pe laser kot 1
KPLOYELPOVPYIKT,

il. GUGTNHATIKOV EAEYYOL, OTTMG M ynpeobepameia, 1
avocobepameio Kot 1 evookpvikng Bepameia, Kot

1. TIG VTOGTNPIKTIKEG, OTMG M TOPOYN YOXOAOYIKNG
KOl GLUPBOVAEVTIKNG VITOGTNPIENG.

Xe MOAAEC TeEPIMTOGELS Epaprdletal cuvdvacTiky Bepameio
OT®G Yo TOPAOELYO. XEWPOVPYIKN EMEUPACT UETA Oomd
aktivobepameio 1 ynueobepansio. H emioyn g
Oeponeiog Paciletar og mohAovg mapdyovteg. Kanowol amd
avtovg givat n B€om, To péyebog Tov Gykov, TO 16TOPIKS TOV
acbevodc, o 1tOmMOG, TO OTAGO KoL TO  YEVETIKA
YLOPOKTNPIOTIKAE TOV KopKivov, ot mOuvEG TapeEVEPYELES TG
Oepameiag, M MAkio Kol M KoTAoTOON NG VLYEIOG TOL
acBevole, ot kivduvor ko o 0péAN kéOe OepamevTIKNG
EMAOYNG Kol TO0 KOGTOG TG Oepameiog.

H Ogpuikn xotdAvon etvor o evorioxtiky pébodog
Ocpamelog TV  TPOTOEUPEOVICOUEVOV 1 UETOCTOUTIKOV
KOpKVIKOV  Oykov. Ot pébodotr Oepuikng  katdivong
TPOKOAOVY GTOV 1010 gite Tomikny Oéppavorn (mhve omd
50°C) eite Tomky Wo&n (kbtw and -40°C). Tomikd, o TpOTOg
€QapLOYNG TV HeBdd@v Beppiknig KoTdAlvong meplopfavet
évav kabetfpa, 0 omoiog elcdyeTal e KaBodynomn LoTptkng
amewoviong péso otov 1616 mov vooel (Zynuo 1). Ta
KOTTOpO. TOL 16TOV 7oL TEepPdAlovy  TOV  KoBETH P
vekpovovtat. H katdlvon veomldopotog pmopel va
mpoypatonomnfel €lte AOTOPOCKOTIKA €lte HECHO UG
LKPNG YEPOVPYIKNG TOUNG 0T0 déppa. o va etvor emituyng
po Begpamevtiky péBodoc katdAvong oOykov, Oa mpémet
OMOKANPOG 0 Oykog ki emmAéov éva ekatootd (lcm)
TePIPAALOVTOG VY100G 16T00 v vtofAnBodv og katdAvon

(2].
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2y 1. Awdwooio katdivong oykov [3].

M vrmokatnyopia g Oepuikig koatdlvong etvor 1
pcpokvpatiky Beppokatdivon (MWA). H MWA etvan 1
mo mpdogatn eEEMEN oTOvV TOUEN TNG agaipeons OyKov.
Xpnowonotel 1t Beppodtnra  omd v gvépyewn
UIKPOKVUATOV Y10, TN HoVAT®ON TOV KAPKIVIKOV KUTTAP®OV.
Me v «kaBodnynon amewdviong (LVTOAOYIOTIKNG 1
HOYVNTIKNAG TOHOYpapiag N vrepiy®v) eviomiletal o yKog.
Katd v enéppaon pia pukpoaovikn kepoio l0GyETOL 6TO
Boloywd 1016 ko tomobeteiton omevbeiog otov dyko. H
aKTvoPoAicc WOV  EKMEUMETOL  OmO TN YEVVATPLL
UIKPOKVUATOV, HECH TNG KEPAING AmOpPPOQATOL OO TOV
10td Ko odnyel otn BEpUovon TOV KOPKIVIKGOV KLTTAP®V.
AOY® TV €yyevOV 1I0THATOV TOL MAEKTPOUOYVNTIKOD
KOHaTOC, 1 cvokeLvn de yperaletat va yelwbel amotpémovrag
£101 10 TPOPANU TV gyKavpdtov yeiwong [4]. H evépyewa
piKpokvpdtov mov  epappoletar otov  OyKo  mTpoKoAel
TOAGVTOOT Kol TEPIOTPOPT] T®V Hopiov TOov  VEPOD.
Amotéleopa n Béppaveon og Beprokpacio apketd VYNAN Yo
VO TPOKOAEGEL KLTTAPIKO OBAvoto pécwm VEKP®ONG-TNENG.
o 1o A0Yy0o avtd, o1 GUYVOTNTEG OTIG OTOoiEg EPUPHOLETOL
glval Ko o1 GVYVOTNTES GLVTOVIGHOV TV HOPIWV TOV VEPOD.
YUYKEKPLUEVE, YPNCILOTOOVVTIOL EVPEWMS Ol CLYVOTNTES
915MHz «xot 2.45GHz [5]. O o16)x0¢ to0 MWA etvan va
avénost  Oeppokpaciocs Tov avemBOunTov 16TOV GTOVG
50°C 6mov To KOPKIVIKA KOTTOPO KOTOoTpEQOovTol [6,7].
Tavtoypova Opwg mpémer va Swnpnbel m  petafoin
Beppoxpaciag otov vy 1010 KATO Oamnd 1°C yw vo pnv
TPoKANBoHV Pn-avtiotpentéc petoforés. Apevog, n MWA
glvar po ehdyoto emepfotikn pEOOSOC Yo TNV TOMIKN
Oepameio ovpumaydv OyKov. AQeTépov Umopsl emiong va
EVIOYVGEL TIG EMOPACELS OPICUEVOV — OVTIKOPKIVIKOV
QOPUAK®OV 1 VO OVTIKOTOOTAoEL CcLpPatikég nebddovg
Bepamneiog (axtvobepaneia, ynuetodepaneio) Tpoceépovtog
XOUNAOTEPO KOOTOG KOl ALYOTEPES TOPEVEPYELES YO TOV
acBevi. AkOun, oe cOYKPIOT HE TN XEWPOVPYIKN eménPaon,
n MWA cvvdéetarl pe Myotepeg ETUTAOKEG Kot IKPOTEPO
xpovo amoxkotdotacns. O ypdvog epappoyng eivar moAd
pkpog (10-20 Aemtd) ko dev kwvdvveder n Lon oL
acBevoic kobmg n Oéppavon eivol TOomK) Kot 1 eXidpaom
g dev emekteivetat. Téhog, 1 MWA eivar pa apketd
amAn, AGQOANG KOl OTOTEAECUOTIKY €MA0YN Oepameiag yia
OPIGUEVOLS  TOTOVG  KOPKIVOL OTOC GTO GLKAOTL, GTO
TOYKPEAG, GTO HOCTO K.O. OAAG KOl GE 10TOVG HE LYNMAN
ovvBetn  mMAeKTpK] aviiotaon Om®G O  TMVEDUOVOC.
Xpnotpomoteiton cuyva yio ) Oepameio pkpdv OyK®v Tov
Bpiokovtar oe  mepoyéc mov  givar  dUGKOAO  va

mpoomeEASTOOY 1 OVOKOAQ
emépPaon [4].

EMOELOVTIOL  YEPOVPYIKN

FevviTpLO PKPOKUPATWY

|i.\ﬁ ‘ \ |
v

A -
v . KaBetripag R

=y )
U ‘W / QyKog rfimatog | |

i 1Y
il )

n KR B Y

TOU GYKOU ToU fjratog

2y. 2. Mwpoxvpotikn Oeppokatdivon [8].

Mo Wovikn kepoio opeidel vo pmopel vor emTOHYEL VYNAN
amOd00T OTN UETAO0ON EVEPYELNG, YOUMAN ETEUPOTIKOTITO
6T0VG  0obevelg KOl OVOUEVOUEVO GYEDI0  KOTOAVONG
(néyebog ko oynua). I'a 10 okond avtod, Exovv oyedrachel
minBdpa kepoaidv yio m MWA [9]. Ta Poacwd oyéduo
APOPOVV  LLOVOTIOAIKEG, OUMOMKEG Kepaieg KoL  KEPOIEG
oylopng (aming, OwmAng). Avtég ot Kepaieg, AOY® TOV
PEVUATOV Olappong TOL TpokvITOVY gfoutiog MG UM
1GOPPOTNUEVNG SOUNG TOVG, gReavifovv avtioTpopn (Tpog
0. miow) 0épuavon kard unkog tov d&ovd tovg. To
amotéleopo etvarl va dnpovpynoovy {dveg apoaipeons oe
GYNMO KOUNTN, Ot oToieg dev givar emBupntég €101KA v o1
oyKkot givar opaipwkol 1 eAlewyoedeis. ‘Exel mpotabel o
mowKiMo.  oyediov Yoo T Pertioon TV 1O0TATOV
akTvoPfolriag TV Kepautdv (Zynpo 3) ypNOLLOTOLOVTOG
choke, sleeve, cap or balun [10-14]. Axoun, oe pepkég amd
QVTEG TPOCTIOETOL £VaG PETAGYNUATIOTNG 1] VO SIKTOMLO-T
vy ™ Peitiwon ¢ omddoong G  kepaiog (Mo
OTOTEAEGULATIKT HETAOOGT) 10YVOGC). TOYOG OA®V OVTOV TV
oyxedimv givar 1 Peltictonoinon ¢ anddoong MWA ot
Oepameio dS1aPopwV dYK®V.

«) Movénoho e ————
B) Ainoko |
- Oéppavan
¥) Ixwopng ) Tpos T piow
&) TPLaOVIKO MOVOTIOND  S——

P —_—t——
£) MOVOTIONO HE ChOke —  —
'—l%
Choke Awdtepn
ot) Alroho Le sleeve —7 - Bépuavon
T npog Ta niow

Blain M etal. Cardiovase, In

) Movomnoho pe Sutho choke

H Acikeoz etal. ISAP (2015)

Yy. 3. Baowd oyéda kepoumv [15,16].

H emhoyn ¢ doung €AKoE000¢ OVOIKTOD OUOAEOVIKO
Kopotodnyol (Zynua 5) dev etvon Toyoio, Kabdg onpovpyel
1660 a&OoVIKEG 060 Kol EYKAPGIEC TOADGELS TOV NAEKTPIKOD
nediov. EmmAéov, n dopn tov Kvpotodnyod meplopilel 1o
medio KLPIOG OTO E0MTEPIKO TMV OMEPDOV KOl HE YPNOM
KATAAANA®@V ~ Sl100TAcE®V  €YEL MG OMOTELEGUO  TLO
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opodpopeN Katavopun tediov (kdAvyn Kol KoTooTpoen Tov
oykov pe peyohvtepn  okpifela). Ocov  agopd v
TPOCOPUOYN TNG Kepaiag oTn ypoppy tpopodocioc, £xet
nmpootelel évog opoafovikdg petacynpatiotg A4y
Beitioon g amddoong katdivong. Axoun, pvOuilovtog
KATAAANAQ TNV omdGTOsT], T GTPOPN Kol TOV 0plOpd Tov
onepmv egaleipetar  avtiotpoen 0épuaven. Emmiéov, 1
dopn avtn TaydevEL TO NAEKTPOUAYVITIKO eSO avipesa
OTIG OTEIPEG U UTOPOVTOAG VO SLOPVYEL EKTOG TOV OYKOV,
YEYOVOG TOAD ONUOVTIKO €WKE 0 TEPUTTMOGEL; OTOL O
O0yKog givatl TOAD Kovtd ota apoedpa ayyeio. Téhog, Ommg
éxel avapepbel ko mponyovpévemg, 1 MWA eivan pia
pnéBodog Oepamneiag mov Pooileror oy kabodnyovpevn
ATEKOVIGT. LVVETMS, O TPOTEWVOUEVOS EQPUPLOCTIS UTOPEl
vao. eVOLAIKOGEUTEPIKAEIGEL TOV GTOYELOUEVO OYKO GTO
E0MTEPIKO TMV OMEPAV HELOVOVIOS TO GOAALO TOV
TPOKVTTEL omd TO Yeplot vrd TV Kabodnynon g
TeYVIKNG  amewovions. To  oamotéleopo  eivor  OTL
APNOOTOLOVTIOS aVTOV TOV €@apuoct N MWA yiveton
acQaAiéotepn Oepameion  ywoo TNV KOTOTOAEUNGY  TOV

Kapxivov.
i . > ? 4 i !
HoBECMKEG Yl Q: + BinAextpikol v
MovémoAo ‘ i g |

Xy. 4. Opoa&ovikd povomoro.

II. YAIKA KAI ME®OAOI

A. Movtélo Kepaiog

lNo dwdeppikn  epappoyn ocvvRbwog YPNCLOTOLOVVTOL
NUAKOUTTO OHOOEOVIKG KOADOL AOY® TNG KLAWVOPIKNG
TOVG YEMUETPIOG TOL H1EVKOADVEL TV ECAYMOYT TOVG HEGH
6€ GKOUTTOVG KOOETNPEG. AKOWUT, TO AMOUOKPLUGUEVO GKPO
ToVg Umopel va tpomomoindel €0KOAN Yo TNV EVOOUAT®OON
pog kepaiog. Ot kepaieg PKPOKVUATOV ivol oYedIOCHEVEG
va toupdlovv pe évav dkapnto kabetipa (Zynuo 4)
TOPEYOVTOG  TPOCTAGIO, UNYOVIKY  oTofegpdTnTo Ko
Bertidvouv ™ cdlevén 1oy00¢ 6TOV 16TO.

2y. 5. Aopn elkoedoig avolktoh opoa&ovikod KuLoTodnyov.

Apykd, n ovyvotnta Asttovpylog g owTagng emiéydnke
va givor F=915MHz 81611 givar pio amd T1g GUYVOTNTEG OTIG
omoieg o POpLO. TOL vEPOL TAPOVSLALOVY TN UEYOAVTEPT
amoppoonon. H cvyvétnra kabopilel t0 pAKog KOUOTOG
péco oto VAKO Tov OyKov. e por dinAektpiky otabepd
&=60 To uNKog KVOpOTOG Eivan kg:)»o/\/60:4.23cm.
Inuetmtéov 0Tl E181KA 6TO LOVTEAD Ol PMOTELVOL KPOGGOi GTO
cvvtovicpd éxovv péyedog A/2. Emopévog, T 915MHz
glvar KoTtdAAnAa yioo 6ykovg pecaiov 1 peydiov peyéboug
4.23cm mov TPEMEL VO KOADTTOVIOL OO £VOV KPOGGO

cuvtoviopov. o pikpovg dykovg pmopet va ypnoiomom el
n ovyvomta 2.45GHz. Yotepa, emiéydnke 10 KoAdd0
TPoPodociag va €xel YOPAKTINPOTIKY avtictaon Zy=50Q.
‘Emeita, éywve 0 VTOAOYIGHOG TOV E0MTEPIKOL KOL TOV
eEmTEPKOL aymyol kabdg Kol Tov pMKovg g Tyns. Na
onpewdel 6TL TO PAKOG TOL LOVOTTOAOV OPIOTIKE APYIKL VL
glvar Ag/4 yw vo emtevyBel  cvvtoviopog  GELPAGS.
YVVTOVIGHOG OEPAG EREOVICETOL OTAV TO TPOYLLATIKO LEPOG
mg ayoyidmrag yivetoar péyloto. Zmpeudvetar OTL 0
ouvtoviopdg mpémer va damot®wbel otV ayoyyotnta
€10000V e avapopd 6Tovg aKpodEKTeS TG Kepaiag (onpeio
OmoL avolysl 0 KLPaTodNYdc) Kot avtr mpocdiopiletar Le
mv 1exvikn amogpupdntiong (de-embedding). H dadikacio
avt mePLAUPAVEL HETOTOTIGN TOL EMUTEOOL OVAPOPIS
OTOVG  OKPOOEKTEC NG Kepoailag (oTNV  aovvéxel Tng
ypopuuns-kepaiag) €tor mote vo gEoybel m T g
avtioTtaong oto Qoptio 1 omoio TavTileTor He TV TN NG
avtiotaong €16600v agov givar povobvpo [17-19]. Av dev
ovopuPel ovvtoviopdg tote yivetow ek véov pvBUIoN TOL
UKOVG TOV LOVOTOAOL HEXPL VO EMLTEVYDEL GLVTOVIOUOC.
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Zyx. 6. ZUVTOVIGHOG SopuNG EAMKOEIB0VG OVOLKTOD OHOOEOVIKOD KUUOTOSYOD
e 4 omeipeg extevopeves g aovikd pikog 12mm.

20=500

Xx. 7. Amo-gpfamtion  doung  €AK0ed00G  avVOIKTOL  OHOAEOVIKOD
KOpHOTodN 0D e 4 omeipes.

y. 8. Amo-gufantion oto yaptn Smith [17].

‘Emeita, Ady® TOL OTL 0L S-TOapApETpOL dev mapovoidlovy
woavoromtikn T (mpéner Sgp<-10dB), epoppoletor m
Sdwdkacia g mpooappoyng. O Adyog mov yivetan givot yo
va emrevyBel péylotn petapopd oyxvog and v Tnyn oty
Kepaio. ZUVenmg, £vag LeTacynUaTIoT S Ag/4 tomobeteital
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AVALESO GTO (OPTIO KOl GTNV TNyn dNAAT avALESH GTOV
0YKO (KPOJEKTEG LOVOTTOAOV) KUL GTNV TNYT TPOPOSOGIaS.

Opoagovikd

< > &

—

MeTaoynuatioTig

Yyuig Lotog

Zyx. 9. Aopn gMkogldo0g avotktol opoa&ovikov kupatodnyobd oto CST.

A@obd TpoéKETaL  ylo. PETAOYNUOTIOT] Ag/4, TOTE AVTOG
GUUTEPLPEPETAL OGOV OVIICTPOYENG — avTioTOoNG e
QMOTEAEGLO. O €V GEPA GUVTOVIGUOS TOL HOVOTOAOL GTO
dpa TG KepaLog Vo LETATPATEL GE TOPUAAANAO GUVTOVIGUO
otV €icodo Tov petacynuotiom Ag/4 (Zxmua 10).

EE R 1

:“_}

Zyx. 10. o) Metdfaon oto K€vipo tov YAapTn Smith ywo Tpocappoyn ot
50Q pe ™ TpocHkn Tov petooynpotiot Ag/4 [17].
B) Zopmepupopd Tov LETACYNUOTIOT Ag/4 OC OVTIGTPOPENG OVTIGTACTC.

B.  Ymoloyioukég Teyvirég
O oyedcpog Kot 1 vAomoinon g SopNng EAKOEB01g
AVOIKTOV OpO0EOVIKOD KLUOTOONYOV £ywve pe i Pondeia
tov MATLAB kot tov CST Microwave Studio (CST). H
aAAAemtidpacn peTAED MAEKTPOLOYVNTIKOV TEediOV Kol
Beppikmv emdpacemv, cuvndog avieTomileTor pEcm evog
cuvdvacpol aplfuntikedv teyvikdv. To CST ypnoylomotel
Yo T0 oKOmO OVTO U0 TPOGEYYIOT TOAVPVOIKNG, OTOv O
NAEKTPOUAYVNTIKOG EMAVTNG KOt O Ogppikdc emAVTNG
aAlniocvvdéovtal.  Avt m oblevén emupémet v
aglomoinon g oyV0c oL SLUYEETOL OO TOV KLULATOONYO
o610 TePPAlAOV HéGO, @G Oeppukny myn mwov diver v
katavoun g Oeppokpaciog. Ilpoxeévon va AvBodv ot
efloboelg  tov Maxwell  yuo mAexTpopoyvnrTikég
npocopowwcels, 10 CST ypnowyomoel v TEXVIKN
nemepacpévng  ohokipoong  (FIT, Finite Internal
Technique). Xt cvvéyela, Yoo vo ¥EPLOTEL TN HETOQOPH
Beppomrag kot to Oeppikd  @awopevo, o  Oeppikde
mpocopowwtg tov CST Adver ) Sopopwr eficwon
duryvong Bepuodtrag Kot Tpocsdiopilel T Beplokpaciokm
Katavopn. Xta Plodoywd péca avtr ovopdletor e&icwon

BroBepudtmrag Tov Pennes mov mepthapfavel ektdg amd
Beppicn ayoydmra, v €WK) OBeppoxmpnTikdTNTa, TN
petafoikn Beppotnta Kot ™ Oéppavon | YHEN Aoy pong
aipotog. O emotng meptrapfavetl ) poopon KaTdAANAov
OpIIK@OV CLVONK®V Y10, T1] HOVTEAOTOINGN TNG OTOYOYNS
BeppotrTag, TG HeTaPopdas Beppotntog, aktvoPforiog kot
AoV Bepuikdv emdpdoemy ot Olemapn HeTagd TOv
KOUATOON YOV KOl TOV YOP® LOTAOV. XTOV TOPUKAT® TIVOKO
Qaivovtal ol MAEKTPIKEG KOl ot Oeppikéc 1010TNTEG TOL
VYOUG 10ToV (Tayd €viepo) KOl &VOG COULPIKOL OYKOL
Swpétpov 3cm mov givol EVOOUATOUEVOS GE OLTOV 0T
ocuyvomta 915MHz, ot omoieg 6Oa ewcayBodv oTIg
TPOAVOPEPOUEVES EEICADOELS.

TABLE L. HAEKTPIKEX KAI @EPMIKES IAIOTHTEE TAXEOX ENTEPOY
KAI OTKOY XTH £YXNOTHTA 915MHZ
TTapapetpor ITaxv Evtepo ‘Oykog
Ixetkn 57 60
Suanepatotnra ()
Hlextpkn 1.09 0.67
ayoywpotta (S/m)
Oepliky) ayoypotyTa 0.54 0.54
(W/(m*K))
Eibwkn) 3655 3655
BeppoxwpnTmkOTNTA
[/(kg*K)]
Mukvétyta (kg*m3) 1088 1088

III. ATIOTEAEZIMATA KAI 2XYZHTHZH

Apyikd, viomomOnke N ewoay®yn €vOG HOVOTOAOL GTOV
oyko. To mopokdtem oynuo, Oelyver TG 1000epuikég
KOUTOAEG.

Zy. 11. IooBeppukég kopmdres Yoo LOVOTOLO.

Onwg gaivetal omd to oyuo 11, n doun tov povomdrov d¢
Umopel Vo €0TIACEVTEPLOPIGEL TO MAEKTPOUAYVITIKO TTedi0
(evépyewr) €vidc TOL  OYKOL. ATAMVETOL KOl GTOV
nepPdAiovta 1616 pe amotélecpa va OeppovOel Kot o vymg
1070G. H Aon oto mpdPfAnpa avtod givor va PBpebdei pia dopn
N omoio Oyl HOVO Vo, Umopel vo Teplopicel Ty avénomn g
Oeppokpaciog aAAd Kol vo Kaigl KovomomTikd tov OyKo.
Mo tétolo doun Bo pmopovoe vo gival 0 €MKOEONG
avoOIKTOG Opoa&oVIKOG KLUATOONYOG 0 omoilog €oTialel To
nmedio kot v amoppopovpevn evépyeia (SAR) evtdg tov
oTEPOV OOV PpickeTal 0 OYKOG.

Yiomombnke, Aowmdv, mn doun EMKOEWOVS  OVOIKTOD
opoa&ovViKoy Kupatodnyol £xovtog okoAovdnoet To Prjpoto
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OV TEPLYPAPNKAY  OVOALTIKG Topamdve. To oyfuo 6
deiyvel 6TL  doun ovvtovilel oty emBounty cvyvotTa
(915MHz), evo ta oynpato 12 kot 13 delyvovy v emitevnén
TPOCOPUOYNG Ot Ypouu tpoodociog Re(Zi)=Zy. Xto
onpeio avtd ailel va toviotel OTL yloo TV emitevén Tov
EMBVUNTOL UMOTEAEGHOTOG (KAWLLO HOVO TOL OYKOV Kot Oyl
VY00GS 16TOV), 1 OOGTACN Kol O Oppdg TOV GIEPOV
Kab®OG Kot 0 aptudg TOV GTPOP®OV TOV oTePdV Oa Tpémel
va glval 0pKETE GLYKEKPLLEVOL.

2-Parameters [Real Part]

Impedarce [ Ghm

05 06 07 08 [oass 1 11 12 13 14 15
Frequency / GHz

Yy. 12. Emitevén mpocappoyng Sopng eMKOE500g avotkTod oLoaEoviKoD
KOULOTOONYOoL pe 4 omeipeg eKTEVOEVES 6 aEOVIKO pnkog 12mm.

S-Pasameters [Magntude]

-
o
8
10
12
6 B —— :
Bos o8 o7 o8 om v 12 ) Vi 1
Feauency | Gz
Y. 13. S mopdpetpor Jopng  €AKOEWB0DE  OVOIKTOD  OHOOEOVIKOD

Kupotodnyov e 4 omeipeg Kot vyog 12mm.

¥t ovvépewn, emAvbnkav ot €EloMCES  TOV
nAektpopayvntikod mediov kot T@v Oepukdv Tpofinudtov
(e&iowon Probeppomtag tov Pennes). Ta oynuata 6 kot 7
deiyvouv tov pulud edwng amoppdéenong (SAR) kot Tig
1600epLUKEG KAUTOAES GE 2 S10GTAGELS.

Yy. 14. SAR dopung eMKog300g avotkToy OLONEOVIKOD KVpatodnyoy e 4
oneipeg eKTEWVOLEVEG G€ 0EOVIKO punkog 12mm.

>10 oynua 15 eatvetor n opotdpopen Katavoun tov tediov
Oepuokpaciog (ceapikn Lovn katdivong). H amdtoun
petafoin g Bepprokpaciog Kot o1 oreipeg OV TEPIKAEIOVLY
m Covn katdivong Kot moydebovv 10 OepHOKPUTIOKO
medi0 001 YOOV GTO KAYIHO HOVO TOL OYKOL EVD aVTIOETMG
dev kaiyetor kaBoAov vymg 1otdéc. Movo M 1e0beppukn
Oeppokpacio tov 38°C @aivetar 0Tt e&épyston eKTOC TOV
dykov oAMG ovTd dev eivan mpdPAnpo kabdg otovg 38°C
éyovpe  gumoper  Kotdotoon. [ Bgppokpooieg
peyokdtepec tov 42°C  vmdpyovv  awénpéve moGooTd
KvnTikdmTog evEOpmV Kot ThoavoTnTo KIvnTiKNng VEKP®ONG.
A 1o oynua 15 eaivetor n 1600eppkny Beppokpacio Tmv
42°C n omoia Ppioketar evidg oL GyKOL. Tvvembg, dev
VILapyeL Kivouvog PAEPNS vyEI®V KVTTAP®V GAAG aKkOUN Kot

va eleiye Ayo 1 1w000eppchy eppokpasio tav 42°C de Oa
VIAPXE TPOPANUO. S1OTL OTIS TEPIGGOTEPES TMEPUTTOCELS
Katyeton 0AOKANPOG 0 OYKog OAAG Kot emumAéov 1em vy1ohg
16700 (Tepldmdplo acealreiog). Enopévamg, sivatl 1davikn kot
Yo Oykovg mOAD Kovtd og ao@opa ayyeic O6mov TO
nepfdplo acpareiog eival TOAD pikpo M AvOTOPKTO.

Xy. 15. IooBeppucég kapmvieg SOUNAG EAKOEWBOVG AVOIKTOD OHONEOVIKOD
KOROTOdNY0D e 4 oTeipeg eKTEVOpEVES OE aEOoVIKO unKkog 12mm.

Noa onpetwdei 61 OAEG 01 TPOGOUOUDGELS EYIVOV Y10 YPOVIKO
Suompa 10 Aemtdv 660 dtapkei dnAadn Kot 1 Bepomeio.

IV. ZYMIIEPAZIMATA

YUVOTTIKA, OTNV TOPOTAVE® EPYOCIO. TOPOVCIACTNKE 1
eMKoedNg doun avolkToh Opoa&oVIKOD KLUATOONYOD Yid
BeAltiotonoinon g HKpoKLpHOTIKNG Oeppokatdivong. H
doun avt epovilel OmOTEAEGLATIKN ATOd00T] 16YV0G LE TN
xpNon evog petacynpatiot) Agi4 (enitevén TpocapLoyng).
E&oleiper v  avtiotpoen 0Oéppovon kot  dnpuovpyel
cpapikés Cmveg agaipeong (opotopopeion tov  mEdiovL
Oepurokpaciog). EAéyyer mv KOTOVOUN ™mg
nAeKTpOpOYVNTIKNG 1o00g pe Aydtepn/kapio BAGPN otov
vy w016 (“healthy tissue sparing”) kot meplopilev/mayidevet
t0 medlo Oeppokpaciog €viog TOV  SOCTUACE®V  TOV
KapKwvikod Oykov. Emtvyydvetor mo omdtoun petafoin
mg  Oeppokpaciog evtég Kot €KTOG TOL  OYKOL L€
AmOTEAESHO. VO UV Koiyetar LYMg  10tds.  Akoun,
puOuilovtag To PNKOG TOL HOVOTOAOL KOl TO VYOG TV
onelpwv Topéyxetor eveM&ion GOV 0pOpE OTOL GYNLLOTOL
{ovne agaipeong (EMEYOEd), COUIPIKA, KOIMVOEIN).
Télog, o0 eQoppootmg uMmopel va  eykhwPicel  Tov
GTOYEVOUEVO OYKO KOL VOL TOV KAWEL.
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Steering Prediction for Self-driving Cars with
Event-based Vision
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Abstract—Event Cameras are biologically inspired sensors
that respond to sudden brightness changes in a scene. They are
distinguished by their high dynamic range, high temporal
resolution, low power consumption, and high bandwidth,
allowing each pixel to respond asynchronously and
independently. The goal of this paper is to investigate the
capability of predicting the steering angle of a car with event-
based and frame-based cameras. Towards this direction, a
fusion scheme is proposed to tackle the limitations of both types
regarding different illumination conditions.

Keywords—event sensors, steering angle, deep learning, end-
to-end learning, fusion

I. INTRODUCTION

Event Cameras, also known as Dynamic Vision Sensors
(DVY), are synchronous vision sensors inspired by the biology
of the human eye that respond to local changes in brightness.
In contrast to conventional Frame-based Cameras, which
capture a scene at fixed time intervals, Event Cameras respond
to brightness changes independently and asynchronously. In
particular, each pixel gets activated and transmits data, known
as events, only in case where brightness exceeds a certain
threshold value. Otherwise, it remains idle [3]. The advantages
they possess over traditional cameras are:

e High temporal resolution: they detect brightness
changes in a scene with a frequency of IMHz, i.e. with
microsecond resolution [1]. It ensures accurate motion
detection and reduces blur in the image.

e High dynamic range (HDR): they capture a wide range
of brightness with HDR of 140dB (in contrast to
frame-based cameras which have limited HDR of
60dB) [1]. It limits the overexposure and underexpose
of a scene, making it ideal for gathering information in
very high or low light conditions.

e Low power consumption [2]: pixels are activated only
during a brightness change in the scene. It limits
redundant information, significantly reducing the
amount of data required to transmit and process.

e Low latency: all pixels operate independently and
asynchronously, therefore there is no required
intercommunication time, resulting in real-time
response. In particular, the latency observed is on the
order of microseconds [1].

e High pixel bandwidth: high rate of event generation for
each individual pixel, on the order of KHz [1].

All the above highlight the importance of using the DVS
sensor in autonomous driving applications, where the
autonomous vehicle is exposed to uncontrolled lighting
conditions, possibly characterized by overexposure or
underexposure. This paper attempts to predict the steering

Lazaros Tsochatzidis
Department of Electrical and Computer
Engineering
Democritus University of Thrace
Xanthi, Greece
Itsochat@ee.duth.gr

loannis Pratikakis
Department of Electrical and Computer
Engineering
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angle of such an autonomous vehicle, from a regression point
of view, using data from a DAVIS sensor composed of APS
(Asynchronous Pixel Sensor) and DVS pixel, which provide
us with conventional grayscale frames and events,
respectively, as shown in Fig. 1.

Overall, it makes the following contributions:

e Propose a fusion architecture of frame-based and
event-based data after a thorough investigation of two
different fusion schemes.

e Conducts an analysis of performance in different light
conditions depending on the time of day, to investigate
the advantages and shortcomings of each sensor type.

The rest of the paper is organized as follows. Section II
reviews related work and the state-of-the-art architectures of
the problem. Section III describes the proposed methodology
and architectures. Section IV analyzes the results of all the
experiments conducted. Finally, Section V serves as the
conclusion.

II. RELATED WORK

The first attempt to apply Neural Networks to autonomous
navigation was done with ALVINN [4]. It was composed of a
shallow back-propagation network, and it predicted actions
directly from images. Even though the network performed
poorly, it demonstrated the potential of Neural Networks in
autonomous driving, marking the beginning of a series of
important research projects.

In [5] and [6] similar end-to-end networks are introduced,
namely DAVE-2 and PilotNet, designed for the task of
steering angle prediction. The training data for the two models
consisted of a sequence of time-stamped videos, synchronized
with the steering angle recorded by a human driver. The
objective was to directly detect useful road features, thereby
predicting the vehicle’s steering angle without human
intervention. While both models were capable of
distinguishing important road features, the steering angle
prediction was accurate only in relatively uncomplicated
driving scenarios.

In [3], the authors leveraged the different types of data
generated by a DA VIS sensor as input to a ResNet50 network,
aiming to fulfill the regression task of steering angle
prediction. The input data encompassed grayscale images,
event histograms, and grayscale difference images. Through a
series of experiments, the study demonstrated the superiority
of event-based images over the rest of the image types, with a
significant variation in performance observed across different
lightning conditions within the scene.

In [7] a ResNet32 network is employed, featuring a two-
channel input for event data and grayscale frames, for training.
The objective was to address the steering angle prediction
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derived from the DVS+APS fusion framework. The
experimental results showed that merging DVS and APS
information better explains the variation of steering angles
under all lighting conditions, as the two types of inputs operate
complementaryly.

In [8], the authors aimed to accurately predict the steering
angle under adverse weather conditions where lane lines may
not be visible. This was achieved by using a front-facing color
camera combined with LIDAR sensor data. The first
architecture that was presented consisted of two models based
on the PilotNet network, which were merged following the
principle of intermediate fusion. The second network
consisted of two parallel dual-model architectures: the
gateway sub-network for reliability evaluation and the sub-
network for angle prediction. The proposed models showed
great results in adverse weather conditions. However, several
challenges arose, especially in adverse lighting conditions.

In [9], the authors proposed the employment of a
convolutional decoder-encoder architecture for predicting the
steering angle of an autonomous vehicle. The fundamental
concept of the proposed architecture involves the
incorporation of self-attention layers in order to seamlessly
integrate and fuse color frame images and event data. This
model exhibited excellent results in a variety of datasets,
including the Davis Driving Dataset.

III. METHODOLOGY

Motivated by these insights, this paper attempts to predict
the steering angle of an Autonomous Vehicle utilizing a
DAVIS sensor, composed of APS and DVS pixels. To
facilitate the implementation of modern Computer Vision
algorithms, the event input data are subjected to pre-
processing in order to convert them into a compatible
representation, and to synchronize the two types of input.
Subsequently, the processed data are fed into the proposed
Deep Learning Networks for training. This process is
characterized as a regression task, as a continuous output
variable, the steering angle, is predicted from the input.

A. Event Representation

Event Cameras consist of independent and asynchronous
pixels x,=(xy,t,) that respond to changes in light intensity AL:

AL (%40, i) =L (Xt -L (X, ti-Aty ) (0

The output of those changes is called an event, and it’s
denoted as follows:

ek:(xkatkspk) (2)

where x; represents the address of the pixel where the
change occurred, t; indicates the time of the change, and p,
the polarity of the change. Polarity is defined as the sign of
change. In the case of an increase in brightness, the polarity is
positive (+1), while in the case of a decrease, it is negative
(-1). An event is triggered at the exact moment that AL
exceeds the contrast threshold +C>0:

AL(katk):ka (3)

Given the asynchronous and unconventional nature of
event data, it is important to process the data into a format that
aligns with the state-of-the-art computer vision methods. For
this study, the selected representation is 2D histograms,
commonly referred to as event frames. These histograms
accumulate events at constant intervals T=50ms, effectively

DVS Frames

APS Frames

61

e S

Fig. 1. APS and DVS frames for different illumination scenarios, with
depicted real and predicted steering angles.

converting the inherently asynchronous events into event
frames synchronized frames by the APS sensor. Each event
frame consists of two distinct histograms for positive and
negative events, stored in different channels to prevent
information loss due to the simultaneous presence of events
with opposite polarity in the same pixel.

e Histogram for positive events, with polarity p;, = +1:
h+ (X:}’): S(X'Xk:y_yk) (4)

t€T,p,=+1
e Histogram for negative events, with polarity p;, = —1:
Ney= Y () 5)

lkET,pk=—1

Each histogram contains the coordinates of the events with
the corresponding polarity p, for all time intervals T.

B. Pre-processing

The input data are subjected to normalization to enhance
the reliability of the training, as recommended in [3]. In the
dataset’s video recordings, a prevalent occurrence of straight
roads with an angle of range [—5°, +5°] is observed, which
leads to regression bias. For that reason, while training, only
30% of these angles are utilized.

e Due to the vehicle being idle for long periods of time,
frames characterized by speeds less than or equal to
20km/are omitted from consideration.

e Qutlier detection is conducted by computing the
percentiles of each video recording.

e Steering angles are normalized in the range [0, 1] for
faster and more efficient network training.

e The dataset’s video recordings are divided into
sequential, non-overlapping sequences that are
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Fig. 2. Fusion Architecture, (a) Intermediate Fusion, (b) Intermediate Fusion
+ Identity Block

(a) Intermediate Fusion

alternatively assigned to the training and testing
subsets. Training sequences correspond to 40s and the
testing sequences to 20s.

C. Single-Input Architecture

As DAVIS sensors capture events and grayscale frames
simultaneously, their integration in experimental procedures
allows networks to be trained for both APS and DVS input
types. Consequently, single-input architectures are employed
with the purpose of highlighting the advantages of event
cameras over frame-based cameras [3]. During the training
process, the input image with an initial size of 346 x 260 is
resized to 200 x 200 and augmented by applying random
transformations of shift, rotation, and scaling. The augmented
data is then fed into a ResNet50 network, with weight values
initialized by ImageNet. The structure of ResNet’s residual

blocks allows for features from lower-level layers to be
embedded deeper into the network, thereby effectively
enhancing performance. The validation is set at 10% of the
training set, and the optimizer selected is Adam with an initial
weight of 0.001 and a decay rate of 0.0004. Finally, it is worth
noting that since the steering angles may represent more than
one-wheel turn, the output of the regression task implemented
is adjusted to the angle range [-180°, +180°] to indicate the
steering angle of the vehicle, and not the wheel turning angle.

D. Fusion Architectures

In Section I the advantages of Event Cameras are
discussed. Nonetheless, alongside those benefits, Event
Cameras exhibit some disadvantages, with one of the most
prominent being the loss of information during stationary
traffic situations. Therefore, fusing the data of the DAVIS
sensor will enable each data type to act in a complementary
manner to provide information in scenarios where one of the
sources lacks.

Two architectures are investigated for the fusion of the
two different types of data. The first architecture, depicted in
Fig. 2 (a), is a straightforward intermediate fusion approach.
Each input type is trained using a ResNet50 network with
parameters similar to those presented in Section III.C. The
final feature map obtained after the last identity block of each
network is selected as the input for the fusion model, after
passing through an Average Pooling layer for further
parameter reduction. The fusion layers are followed by two
Fully Connected Layers responsible for predicting the
regression value, the steering angle.

The second architecture, depicted in Fig. 2 (b), implements
data fusion, followed by an identity block. In particular,
ResNet50 and ResNet34 networks are utilized for the training
of frame-based and event-based data independently. The final
feature maps of each sub-network are concatenated and then
forwarded for further training to an identity block, inspired
by Residual Neural Networks. Therefore, a new
representation that comprises both input types is fed further
into the network. Finally, the output of the identity block
passes through an Average Pooling layer and Fully
Connected layer to extract the steering angle.

E. Performance Metrics

For the evaluation of the network’s performance, the
following performance metrics are used:
e Root Mean Squared Error (RMSE): it calculates the
variation of the predicted from the real values.

(6)

Higher model accuracy is observed for RMSE values
closer to zero.

e Explained Variance (EVA): it assesses the percentage
of change in the variance of the predicted values
relative to the real values.

Var(§-y)
EVA=1-———F= 7
Var(y) @
EVA values lie in the range [-1, +1], with higher value
indicating higher prediction accuracy.
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IV. EXPERIMENTS

A. Datasets

All experiments were conducted using the following

large-scale datasets:

e DAVIS Driving Dataset 2017 (DDD17) [10]: it is the
first end-to-end dataset recorded by a DAVIS sensor
that includes labeled data such as the steering wheel
angle and the vehicle’s speed. It consists of 12 hours
of driving in different weather and illumination
conditions on the roads of Germany and Switzerland.
The DAVIS sensor used has resolution a 346 x 260,
dynamic range 120dB and APS output 50fps.

e DAVIS Driving Dataset 2020 (DDD20) [7]: it is an
end-to-end learning that functions as an expansion of
the DDDI17 dataset, adding 39 hours of driving
scenarios recorded with a DAVIS346 sensor on the
roads of Los Angeles and San Diego.

B. Experiment Environment

The computer system on which the experiments were
conducted has the following characteristics: Processor:
Intel(R) Core(TM) i7-5820K CPU @ 3.30GHz, RAM:
32GB, Graphics Card: GP102 [GeForce GTX 1080Ti],
Operating System: Ubuntu 18.04 LTS version with CUDA
Version 11.8.

For the experimentes the following libraries and packages
were utilized: Python 2.7.18 for data pre-processing, and
Python 3.6.14 for network training, TensorFlow-GPU 1.11.0,
Keras 2.1.6, OpenCV-Python 3.4.2, OpenXC 0.15.0, H5py
2.8.0

C. Single-input Architecure Results

The subsequent experiment implemented the ResNet50
network for independent training of APS and DVS data
inputs. The network underwent training for 200 epochs using
the two available datasets, DDD17 and DDD20.

As observed in Table I, the performance of the DVS
sensor surpasses that of the APS sensor across all conducted
experiments, with the highest EVA recorded at 0.826 for the
DDD20 dataset. Those results confirm the hypothesis that
employing a sensor with asynchronous and independent
pixels is more effective in autonomous driving applications.

In addition, although the two distinct datasets are not
directly comparable, the higher accuracy rate of the DDD20
could be attributed to the fact that an end-to-end learning
network is trained better for larger-scale datasets. The
abundance of data in various scenarios allows the network to
develop more generalized and adaptable training skills,
thereby enhancing its performance and responsiveness to new
challenges.

Finally, Table II illustrates the outcomes of the single
input network across different illumination scenarios. The
two datasets are divided into three subsets: day, evening, and
night subsets, and the network is evaluated in each one of
them. As expected, the DVS sensor, recognized for its high
dynamic range provides more precise predictions across all
subsets.

D. Fusion Architectures Results

During this experiment the fusion architectures proposed
in Section III.D are implemented for 200 epochs. During
concatenations, the feature map vectors are doubled. For that

TABLE L. SINGLE INPUT ARCHITECTURES
APS DVS
Dataset
EVA RMSE EVA RMSE
DDD17 0.523 6.20° 0.818 3.97°
DDD20 0.403 9.26° 0.826 4.99°
TABLEII. SINGLE INPUT NETWORK - DIFFERENT ILLUMINATION
SCENARIOS
Day subset
Dataset APS DVS
EVA RMS EVA RMS
0.597 3.37° 0.788 2.44°
bDD17 improvement 0.191 0.93°
0.375 9.08° 0.823 4.80°
DDD20 improvement 0.448 4.28°
Evening subset
Dataset APS DVS
EVvA RMS EVA RMS
0.572 5.36° 0.853 3.14°
DDD17 improvement 0.281 2.22°
0.375 9.08° 0.797 6.37°
DDD20 improvement 0.515 5.65°
Night subset
Dataset APS DVS
EvA RMS EVA RMS
0.526 5.20° 0.846 | 2.96°
DDD17 improvement 0.320 2.24°
0.705 8.34° 0.872 5.49°
DDD20 improvement 0.167 | 2.85°

reason, both architectures, Simple Fusion, and Identity Block
Fusion, are tested for 1024 and 2048 parameters on the
Pooling layer to determine which one enhances the accuracy
of the network.

When using ResNet50 as the backbone network, as
demonstrated in Table III, the deeper fusion architecture
(Identity Block Fusion) leads to better results compared to the
Simple Fusion architecture, with the EVA metric value equal
to 0.781 and the RMSE to 4.36°.

However, this performance degrades when the network’s
parameters are increased, using a Fully Connected Layer with
a size of 2048. To reduce the computational cost of the
network, the above experiments are implemented with the
slightly shallower ResNet34 as the backbone network. As a
result, there is a significant enhancement in prediction results
when Identity Block Fusion is selected as architecture, with
EVA reaching the value of 0.842 and RMSE 3.70°, thereby
establishing it as the most effective network. The steering
angle predictions are further improved when training the
model on the DDD20 dataset, with an increase of 0.06 EVA,
as shown in Table IV.

The augmented performance achieved through the
Identity Block Fusion architecture transcends in all
illumination scenarios, as notable improvement is observed
in both accuracy metrics, EVA and RMSE, when compared
to the results of the single-input architectures outlined in
Table II.

Finally, Fig 5 illustrates the high accuracy of the steering
angle prediction within both datasets when utilizing the
Identity Block Fusion architecture, compared to the actual
steering angles recorded during the driving sessions.
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TABLE III. FUSION ARCHITECTURE RESULTS, WITH RESNET50
Model FCL: 1024 FCL: 2048
. Dataset
Architecture EvA RMSE EvA RMSE
Simple DDDI7 | 0774 | 443° | 0803 | 4.14°
Fusion
Identity DDDI7 | 0781 | 436" | 0761 | 455°
Block Fusion

TABLEIV. FUSION ARCHITECTURE RESULTS, WITH RESNET34
Model FCL: 1024
. Dataset

Architecture EVA RMSE
Simple DDDI7 | 0823 | 3.89°
Fusion
Identity .

Block Fusion DDD17 0.842 3.70
Identity o

Block Fusion DDD20 0.848 4.69

TABLE VL COMPARISON OF PROPOSED ARCHITECTURES WITH STATE-

OF-THE-ART METHODS

Dataset
DDD17 DDD20

APS
Data

Event
Data

Model EVA RMSE

Maqueda

etal.3] |~ v v *

0.826 4.10°

Yuhuang

etal. [7] * v

0.668 6.53°

etal. [7] 0.881 4.13

v
Yuhuang v v
v

Munir et v

2l [9] 2.98

Single
Input x
(DVS)

<
AN
x

0.818 3.97°

Single
Input x v x v
(DVS)

0.826 4.99°

Simple
Fusion
v v x
(ResNet3 v
4)

0.823 3.89°

TABLE V. IDENTITY BLOCK FUSION NETWORK FOR DIFFERENT
ILLUMINATION SCENARIOS (RESNET34)
Day subset Evening subset Night subset
Dataset
EVA RMSE EVA RMSE EVA RMSE
DDD17 0.805 2.43° 0.893 2.79° 0.860 2.9°
DDD20 0.846 4.60° 0.772 6.82° 0.887 5.21°

Identity
Block
Fusion v v v x
(ResNet3
4)

0.842 3.70°

V. CONCLUSIONS

The fundamental operating principles of Event Cameras,
characterized by the independent and asynchronous
responses of each pixel to changes in brightness, stand in
contrast to the fixed intervals frame captures of conventional
cameras. This unique mechanism helps Event cameras to
achieve superior performance in the context of predicting the
steering angle of an autonomous vehicle and allows them to
overcome the limited capabilities standard cameras have and
the difficulties of accurately predicting the steering angle,
especially in dynamic lighting environments and fast-moving
scenarios. All the above are confirmed by the experiments
conducted during this thesis, as significant improvement is
observed during training on the DDD17 with performance
increases of up to 0.295 EVA and 2.23° RMSE. Moreover,
even better predictions are observed when training on an even
larger dataset, the DDD20, in which a greater variety of
driving scenarios are included, which benefit deep
architecture and in particular architectures based on end-to-
end learning. Specifically, performance of up to 0.423 EVA
and 4.27° RMSE is observed.

In addition, the fusion of Event camera and Frame-based
camera data demonstrated the potential to achieve further
improvement in the accuracy of steering angle prediction.
The fusion exploits the complementary advantages of both
data types, namely the ability of Frame-based cameras to
provide information about the structure of a scene, and the
ability of Event cameras to capture rapid changes and
variations in brightness. The architectures proposed in this
study elevate network performance, with standout results
achieved by this architecture based on the identity block-
based fusion using the ResNet34 as the backbone network.
This approach yields performance gains compared to training
solely on the data of a DVS sensor, with improvement of up
t0 0.016 EVA and 0.27° RMSE with the DDD17 dataset, and
0.848 EVA and 4.69° RMSE with the DDD20.

The architectures proposed for predicting the steering

Identity
Block
Fusion v v x v
(ResNet3
4)

0.848 4.69°

() DDD17

Fusion
ils

Feel and Pralctoe Sasing

A

Fusion

Fig. 3. Predicted and real steering angle Identity Block Network
(ResNet34), for the DDD17 and DDD20 datasets respectively.

angle of an autonomous vehicle yield results comparable
to the state-of-the-art methods, as stated in Table VI.
Nevertheless, there are prospects of further improvement,
as more specialized fusion techniques based on
transformer models can be considered. An additional
possible direction for this task is to fuse different
combinations of sensors they can work in a
complementary way, such as Dynamic Vision Sensors
and LIDAR sensors.

All source codes of this project can be found in the
following GitHub repository:
https://github.com/elkleis/steering_angle _event data
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Abstract—This paper introduces a method for music chord
classification using Vision Transformers (ViT) and Chroma Fea-
tures, applying image processing techniques to music analysis. By
leveraging Vision Transformers, the study explores their effec-
tiveness in identifying chords from chromagram representations,
derived via the Constant-Q Transform (CQT). This approach
allows the model to utilize self-attention mechanisms, crucial
for recognizing complex harmonic relationships in music. The
findings demonstrate the model’s high accuracy in chord classi-
fication and highlight the potential of attention-based models for
music information retrieval.

Index Terms—Vision Transformer, Attention, Chord Recogni-
tion, Deep Learning, Neural Networks, Constant-Q Transform.

I. INTRODUCTION

At its core, a chord is an amalgamation of pitches that, when
played together, produce a harmonic sound. Chromagrams
are often used in the fields of music information retrieval
(MIR) and audio signal processing to identify chords, keys,
and harmonic progressions in recorded music. A chromagram
is essentially a histogram or a two-dimensional array, where
one dimension corresponds to time and the other to the twelve
pitch classes. Each cell in the array indicates the presence
and intensity of a particular pitch class at a given time [1].
This representation allows for the analysis of musical harmony
without being tied to specific octaves, making it particularly
useful for tasks, including chord recognition [2]-[4], key
detection [5], [6] and genre classification [7].

A. Chord Recognition

Chord recognition and chord classification algorithms have
undergone significant evolution over the years, transitioning
from the use of Hidden Markov Models (HMMs) [8], [9] to
Long Short-Term Memory networks (LSTMs) [10], and most
recently, to Transformers [2]. This progression underscores
a broader trend in the field of music information retrieval,
where sophisticated models are continually being developed
to better capture the intricacies of musical content. Traditional
deep learning models, such as Convolutional Neural Networks
(CNNs) [11], Recurrent Neural Networks (RNNs) [12], and
LSTMs [13] have been extensively employed to analyze
information extracted from the frequency domain, particularly
focusing on features, such as Mel-Spectrograms and Chroma

Features. These features are pivotal in understanding the
harmonic and melodic content of music.

The recent shift towards Transformer models marks a sig-
nificant departure from previous approaches. Transformers,
renowned for their effectiveness in natural language processing
tasks, leverage Attention and Self-Attention mechanisms to
model relationships in data without regard to their input
sequence [14]. This paper delves into the novel application of
Transformers in music analysis, particularly in the extraction
and interpretation of patterns within chroma features. Chroma
features, which represent the intensity of the twelve different
pitch classes regardless of the octave in which they occur,
are inherently visual and pattern-rich, making them suitable
for analysis with models originally designed for processing
images and text.

II. RELATED WORK

A. The Transformer model

The Transformer model is a groundbreaking architecture
in the field of sequence transduction models, primarily used
for tasks such as machine translation. This model is unique
because it completely eschews recurrent and convolutional
layers, relying instead on an attention mechanism to process
data. The attention mechanism, specifically the multi-head
attention, allows the model to focus on different parts of the
input sequence simultaneously, enabling it to capture complex
dependencies and relationships within the data [14].

One of the key innovations of the Transformer is its use
of self-attention, or intra-attention, where inputs are related to
each other within a single sequence. This approach is highly
efficient, allowing for more parallelization during training
and reducing the amount of time needed to train the model
significantly. The architecture of the Transformer consists of
an encoder and a decoder, each composed of a stack of
layers that include multi-head attention mechanisms and point-
wise, fully connected layers. Positional encodings are added
to the input embeddings to give the model information about
the order of the sequence, as the model lacks recurrence or
convolution that would naturally encode sequence order [14].
The complete model architecture is shown in Fig. 1.
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Fig. 1. Model overview of the Transformer architecture [14].

B. Vision Transformer

The Vision Transformer (ViT) represents a pivotal shift
in applying the transformer architecture, traditionally used
in NLP tasks, directly to images for classification tasks. By
treating an image as a sequence of fixed-size patches (akin
to words in a sentence), ViT adopts a minimalistic approach
that forgoes conventional convolutional networks. Each im-
age patch is linearly embedded, combined with positional
embeddings, and processed through a standard Transformer
encoder and MLP layers, as shown in Fig. 2. This method has
shown remarkable results when the model is pre-trained on
large datasets and then fine-tuned on smaller tasks, achieving
state-of-the-art performance across various image recognition
benchmarks [15].

ViT’s architecture is relatively simple and scalable, uti-
lizing a series of Transformer blocks that comprise multi-
head self-attention and MLP layers, with layer normalization
and residual connections. It introduces an additional learnable
“classification token” to the sequence of patch embeddings for
the purpose of image classification. The model variants range
in size from “Base” to "Huge,” with varying layers, hidden
sizes, MLP sizes, and attention heads, catering to different
computational budgets and performance needs [15].

Vision Transformer (ViT)

MLP
Head

[ Transformer Encoder

!
[

* Extra learnable ' R R
[class] embedding Linear Projection of Flattened Patches ]

SEE N N B B
ﬁ@g—»@il%%%@%“

Fig. 2. Model overview of the Vision Transformer architecture [15].

Crucially, ViT demonstrates that large-scale training can
overcome the lack of inductive biases inherent in Transform-
ers, such as translation equivariance and locality, which are
prevalent in CNNs.

C. UniDrop

Transformers, due to their over-parameterization, often face
overfitting issues. While many works focus on architectural
improvements or external knowledge integration, these gen-
erally come with increased computational costs or resource
demands. Addressing this, Wu et al. [16] introduced UniDrop,
a unified approach that incorporates three distinct levels of
dropout techniques: feature dropout, structure dropout, and
data dropout. Each technique targets different aspects of the
model to prevent overfitting and improve robustness, theo-
retically supported by the authors’ analysis on regularization
perspectives [16].

Feature dropout is applied to hidden representations within
the network, while structure dropout aims at dropping entire
substructures or components from the model. Data dropout,
differing from the former two, operates at the input data
level by randomly dropping out tokens in an input sequence.
Through extensive experimentation on neural machine trans-
lation and text classification benchmark datasets, UniDrop
shows significant improvements. For instance, it achieves
around a 1.5 BLEU score improvement on IWSLT14 transla-
tion tasks and better classification accuracy even when using a
strong pre-trained model like ROBERTa as the backbone [16].

III. PROPOSED METHODOLOGY
A. Dataset Structure

Chord recognition and transcription technology continues to
evolve, driven by advances in machine learning algorithms,
signal processing techniques, and the availability of large,
annotated music datasets. In our study, we harnessed only
the Beatles dataset, which consist of label files that list the
chord type, start time, and finish time [17]. Additionally,
similar datasets, such as Isophonics (featuring compositions

93



by Queen, Carole King, Zweieck) [18], Robbie Williams [19]
and the USPop2002 dataset [20], could be utilized for com-
parative analysis. It is worth noting that these datasets are
devoid of audio files due to stringent copyright regulations.
Consequently, we traced the audio data from internet music
services. Notably, the audio files available on these platforms
do not always precisely correspond to the songs listed in the
datasets. As a result, minor deviations were observed in the
chord start times between the label files and the audio record-
ings. To mitigate this misalignment, manual intervention was
imperative. Our intervention primarily involved meticulously
aligning the labels with the corresponding timestamps in the
audio files. In certain instances, a few ”"No chord” labels were
added or removed to maintain consistency and accuracy in the
synchronization process.

B. Data Pre-processing

In the detailed process of music signal processing for chord
recognition and classification, each audio sample underwent
pre-processing at a sampling rate of 44,100 Hz, which is the
standard rate for high-quality .flac audio files. This preliminary
step ensured the retention of the full audio quality during anal-
ysis. The next stage involved the application of the Constant
Q Transform (CQT), a technique preferred for its ability to
provide a geometric representation of the frequency spectrum,
which aligns closely with the musical theory of pitches and
octaves. The CQT effectively condenses the information across
all octaves into a singular octave frame, utilizing 36 bins to
ensure a detailed resolution of 3 bins per semitone, thereby
capturing the nuances of harmonic content with precision.
To further refine the chroma features derived from the CQT,
an enhancement process was initiated aimed at isolating the
harmonic components of the audio signal. This crucial step
involved the separation of harmonic elements from percussive
sounds, employing a strategy that introduces a wide margin
to distinguish between these components effectively. Such a
distinction is vital for focusing on the melodic and harmonic
aspects of the music, which are essential for accurate chord
recognition. Following the isolation of harmonic content, a
sophisticated non-local filtering approach was applied to elim-
inate residual noise from the signal. This advanced filtering
technique is adept at identifying and removing sparse additive
noise, thereby enhancing the clarity and purity of the chroma
features. The effectiveness of non-local filtering lies in its
ability to preserve the essential characteristics of the music
while discarding irrelevant noise, thus significantly improving
the quality of the features for subsequent analysis. The final
step in the pre-processing pipeline involved the application
of a horizontal median filter. This filter serves to smooth out
local discontinuities and transient noises that could potentially
disrupt the continuity of the chroma features. By suppressing
these irregularities, the horizontal median filter ensures a
more stable and consistent representation of the audio signal’s
harmonic structure. This stabilization is particularly beneficial
for the accurate classification and recognition of chords, as

it minimizes the impact of abrupt changes and noise on the
feature set.

C. Chord Arrangement

In our paper, we narrowed the scope to focus on the
analysis and classification of tetrads, chords composed of
four distinct notes. This decision was driven by the aim to
concentrate on a specific segment of chord complexity, which
includes a wide variety of chord types but is manageable
in scope for detailed analysis. The selection criteria led to
the inclusion of 217 distinct chords, categorized according
to 12 semitones across various chord types, including major
(maj), minor (min), diminished (dim), augmented (aug), sus-
pended fourth (sus4), suspended second (sus2), major seventh
(maj7), dominant seventh (7), major ninth without the seventh
(maj(9)), augmented seventh (aug(7)), minor seventh (min(7)),
minor-major seventh (min7), minor ninth without the seventh
(min(9)), diminished seventh (dim(7)), half-diminished sev-
enth (hdim(7)), suspended fourth seventh (sus4(7)), suspended
fourth flat seventh (sus4(b7)), and diminished seventh (dim7),
along with a category for instances where no chord is dis-
cernible ("No Chord”) [21].

The rationale for excluding chords that incorporate addi-
tional tones beyond the four-note structure or feature bass
notes was to maintain a consistent framework for analysis,
thereby avoiding the complications that arise from the vast
diversity and infrequent occurrence of such extended chords.
Despite the comprehensive nature of our chord selection, it’s
important to acknowledge that the distribution of these chords
in musical compositions is inherently uneven. This imbalance
is reflected in our final dataset, where the occurrence rates
of specific chords vary significantly. Such disparities are a
common challenge in the field of music information retrieval,
as they can influence the performance of classification algo-
rithms.

Initially, an exhaustive search through the .lab files yielded
a comprehensive collection of 407 distinct chords. The first
phase of elimination targeted the reduction of the dataset
to only include tetrads, chords composed of four notes.
Subsequently, the second elimination phase addressed the
redundancy within the dataset caused by the presence of
chords with different names but identical harmonic structures.
This phenomenon often arises due to the various naming
conventions and theoretical frameworks in music theory that
can lead to different notational representations for the same
chord. The final phase of elimination was implemented with a
specific focus on the methodological integrity of the machine
learning process to be applied—specifically, 5-fold stratified
cross-validation. To ensure the viability of this statistical tech-
nique, which is designed to evaluate the model’s performance
in a manner that is both rigorous and generalisable, it was
necessary to exclude chords that appeared less than five times
within the dataset. Consequently, the dataset was narrowed
down to a total of 85 distinct chords.

We propose a novel approach to musical chord recognition
by implementing the common Vision Transformer architec-
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TABLE I
ACCURACY OF CUSTOM VISION TRANSFORMER WITH NO CLASS WEIGHTS

MLP Size Patch Size  Accuracy Top-5 Accuracy
[2048, 1024] 15 0.7926 0.9558
[2048, 1024] 20 0.7927 0.9542
[2048, 1024] 25 0.7984 0.9569
[1024, 512] 15 0.7894 0.9545
[1024, 512] 20 0.7937 0.9564
[1024, 512] 25 0.7962 0.9562

ture, augmented with the UniDrop technique, to enhance the
performance of image-based chord classification tasks.

IV. TRAINING & RESULTS

In our study, the methodology diverges from traditional
approaches that rely on chord time segments for analysis, such
as the weighted chord symbol recall metric commonly used
in music information retrieval [2]. This shift in methodology
stems from our unique approach to chord classification, which
conceptualizes chromagrams not as time-series data but as
visual representations. Given this perspective, the evaluation
of our model’s performance necessitates metrics aligned with
the principles of image classification rather than those tailored
to temporal segmentation.

To assess the efficacy of our chord recognition model,
we employ two primary metrics: classification accuracy and
classification top-5 accuracy. Classification accuracy measures
the proportion of total predictions that the model classifies
correctly. However, acknowledging the complexity of chord
recognition, certain chords share similar harmonic features and
may be easily confused. By considering the top K predictions,
we can evaluate the model’s performance in a manner that
more accurately reflects the subtleties of musical analysis.

In our study, we utilized Python 3.9 via Google Co-
lab and experimented with two different vision transformer
(ViT) architectures for chord classification: a custom-designed
ViT [16], [22] and a pre-trained model, both trained for 100
epochs. We opted for Sparse Categorical Cross-Entropy as
the cost function and used the Adam optimizer. The custom
ViT model was subject to extensive hyperparameter tuning,
focusing on four key areas: the number of Transformer Layers
(set equal with 12), Number of Heads (set equal with 16) in the
Multi-Head Attention mechanism, the size of the Multilayer
Perceptron (MLP), and the patch size for input chromagrams.

The custom Vision Transformer (ViT) is configured to
accept input images of size 150 x 150 pixels, with the pixel
values normalized within the range [—1, 1]. It operates with a
batch size of 256 and is designed to work with or without class
weights. Conversely, the pre-trained ViT is designed to process
input images of size 128 x 128 pixels, also with pixel values
normalized to the range [—1,1]. This model uses a smaller
batch size of 64 and can similarly be configured to function
with or without class weights.

Before we delve into the analysis of our results, it is
crucial to acknowledge some limitations we had to contend

TABLE II
ACCURACY OF CUSTOM VISION TRANSFORMER WITH CLASS WEIGHTS

MLP Size Patch Size  Accuracy Top-5 Accuracy
[2048, 1024] 15 0.7700 0.9500
[2048, 1024] 20 0.7475 0.9472
[2048, 1024] 25 0.7590 0.9509
[1024, 512] 15 0.7611 0.9533
[1024, 512] 20 0.7179 0.9458
[1024, 512] 25 0.7300 0.9482
TABLE III

ACCURACY OF PRE-TRAINED VISION TRANSFORMER

Accuracy Top-5 Accuracy
With no class weights 0.7339 0.9330
With class weights 0.2466 0.6215

with. The data do not represent the entirety of music, but
rather reflect the distribution of the datasets we utilized,
leading to a significant constraint in the volume of available
data. Consequently, the networks we developed exhibit a
bias towards chords that appear more frequently. In cases
of extreme class imbalance, our study found that applying
class weights actually reduced accuracy, as shown in Tables
I, IT and III. This suggests that for highly imbalanced data,
class weights may not be the optimal approach and other
methods should be considered to improve model performance.
Additionally, the dataset employed in our study comprises
approximately 12,400 images, which constitutes a relatively
modest subset compared to the voluminous datasets typically
associated with the training or fine-tuning of Transformer
models [15]. However, It is noteworthy to mention that despite
the challenges posed by class imbalance, the Top-5 accuracy
metric achieved an impressive 95%. This outcome indicates a
high degree of model proficiency in correctly identifying the
true class within its top five predictions, suggesting that the
model has effectively captured the underlying patterns in the
data to a significant extent.

The insights derived from Tables I and II indicate that an
increase in the patch size, which leads to the utilization of
smaller patch sequences, results in an enhancement of model
accuracy. Furthermore, the implementation of smaller MLP
sizes subsequent to the Transformer encoder also contributes to
an uptick in accuracy. This trend suggests a correlation where
the employment of simpler and less complex ViT network
configurations tends to yield more favorable outcomes. In
terms of accuracy evaluation, despite the relatively limited size
of our dataset, the custom Vision Transformer (ViT) model
demonstrated superior performance compared to both the pre-
trained ViT model and the results reported by Park et al. [2]
in the tetrads chord category. This achievement is particularly
notable given that Park et al.’s study benefited from a larger
dataset, augmented with additional data from Isophonics [18]
and other sources [19], [20].
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V. CONCLUSIONS

In our study, we have successfully applied the Constant-
Q Transform (CQT) to generate chromagram representations
from audio segments for chord recognition and classification,
with the Vision Transformer (ViT) model proving particularly
effective in identifying harmonic the contextual relationships
intrinsic to the harmonic structure of the music. The ViT’s self-
attention mechanisms and UniDrop’s dropout techniques were
instrumental in this success, demonstrating that such architec-
tures can be adapted beyond traditional image processing tasks
to analyze complex musical data. This reinforces the potential
of attention-based models in music information retrieval.

For future work, we aim to integrate advanced music source
separation techniques to refine our input data processing for
the Constant-Q Transform and chromagram analyses. This
methodological enhancement will allow us to isolate specific
instrumental tracks from the composite audio mix, thereby
eliminating elements such as vocal tracks and percussion,
which may have a minimal impact on the determination of
musical chords compared to instruments like the bass guitar.
By selectively focusing on the instrumental components most
pertinent to chord recognition, we anticipate a significant
improvement in the accuracy and efficiency of our feature
extraction processes.
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Abstract— Several EU directives and legislations are
promoting the widespread penetration of Photovoltaics (PVs)
and Electric Vehicles (EVs) at Low Voltage (LV) Distribution
Networks (DNs) aiming to address the climate change and to
decarbonize the transport sector. However, the non-scheduled
high penetration of EVs results in increased power losses and
power quality issues in DNs. This paper, examines several
scenarios regarding the EVs’ time-of-arrival under a normal
probability distribution. Then, the impact of uncontrolled EV
charging is evaluated, using a typical LV DN as a case study and
including real power demand data for the residences and the
technical characteristics for the EVs. In order to deal with the
issues raised in the DN, this paper suggests a simple way to
define the critical nodes for PV in order to improve the voltage
profile and reduce power losses. The results indicate that
residential PV installation on critical nodes could have a huge
impact on the non-scheduled charging of the EVs.

Keywords—  electrical vehicle, distribution network, power
quality, normal distribution, penetration, photovoltaic

. INTRODUCTION

High electricity prices as a result of the power supply
instability affect the prosperity of the citizens while the
problem might be more intense due to the increasing Electric
Vehicle (EV) penetration in the transportation sector. This
new type of electric load is expected to burden the residential
installations since the charging station infrastructure is not
evolving as expected in many countries, thus, the majority of
the EVs is expected to charge in residential installations
causing energy consumption increase and power demand
peaks for Low Voltage (LV) networks due to EVs charging
overlaps. Conventional transportation is one of the most
significant factors contributing to carbon emissions increase
and this trend will be up to 60% by 2050 [1]. The European
Union (EU) in its attempt to reduce CO2 emission, proposes
to replace the traditional vehicle with EVs, which are more
eco-friendly independent to fossil fuel. Given the substantial
rise in fossil fuel prices over the past two years, many
countries are grappling with the challenge of adapting to this
new economic reality. For this reason, the EU has signed
“Green Deal” agreement with the main goal to achieve gas
emission reduction by 55% and 100%, by 2030 and 2050
respectively [6]. Despite the advantages of electromobility,
the uncertainties related to EVs time-of-arrival along with
uncontrolled charging could strain Distribution Networks
(DNs) and pose several challenges related to power quality,
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reliability issues and stability problems for the grid. More
specifically, uncontrolled EV charging could cause
congestion in network lines, increased power losses, peak
demands and unbalanced voltage profile. In order to assess
these effects, several studies have been implemented. For
example, the work in [3] elaborated the minimization of
power losses and the decarbonization of transportation in
both LV and Medium-Voltage (MV) DNs, using a two-stage
EV charging planning and applying the Network
Reconfiguration (NR) scheme. In addition, the authors in [5]
investigate the problem of increased power losses and voltage
quality in DN due to the EV penetration in DNs. The propose
an optimized EV charging schedule under EV time-of-arrival
consideration, by taking into account both G2V and V2G
power transactions between the EVs and the DN. Another
similar study is presented in [6], which examines the effects
of charging EVs on Phuentsholing's DN under two different
penetration levels. It is anticipated that different penetration
levels of EVs could lead to significant changes in power
flows along transmission and distribution lines. Meanwhile,
the authors in [4] and [7] examine high penetration of both
EVs and PVs in DNs and assess their impact on the
operational characteristics of the grid. They study the impact
of PVs and EVs concluding that high PV penetration could
cause overvoltage issues in the DN while the increased and
uncontrolled EV charging could yield intense voltage drops.
This is because it is high possible to have EV charging in
different time periods form PV power generation; in such
cases peak demands and congestion issues are expected.
According to [8] high PV and EV penetration could cause DN
congestion both in short long-term horizons and in turn
jeopardize the equipment, affect the grid’s efficiency, with
impacts on the market as well.

In this paper, the impact of uncontrolled penetration of
EVs in a LV DN is investigated in terms of power losses,
voltage profile and loading of lines in the DN. In order to
improve grid congestions, PVs with specific characteristics at
depicted critical nodes are installed and their impact is
evaluated. Thus, the rest of this paper is organized as follows:
Section Il presents the examined DN, the characteristics of
the EVs, the distribution of EVs’ time-of-arrival under 14
examined scenarios. Section IllI- A shows the main
simulation results regarding the impact of EVs’ charging
without PV penetration, while Section IllI- B presents the
results with PV penetration. Finally, Section V is devoted to
conclusion.
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Il. METHODOLOGY

A. EV time of arrival

One of the most aspects regarding the impact of EV
penetration on DNs is the assessment of the EVs time-of-
arrival. The utilized methodology in this paper is applied to a
LV DN and requires as inputs the time-of-arrival, the EVs’
State of Charge (SoC) and the technical of EVs, i.e., battery
capacity and charger’s rate.

Due to the residential profile of the examined DN it is
assumed that the possible EVs time-of-arrival ranges from
12:00 to 18:00. The time-of-arrival depends on the driver’s
behavior or household characteristics, the mobility data and
the charging rate assumption. The selected interval regarding
the EVs’ time-of-arrival is verified by studies [9] and [3]. In
[9] several aspects related with the EV charging in DNs are
presented. More specifically, the authors in [9] examine the
additional power demand by EVs for different days and
respective load profiles. The probability concerning the time-
of-arrival is considered different between workdays and
weekends. Also, this work presents some data for EV time-
of-arrival depending on the type of EVs, charger rate,
charging location, and user preferences. Another important
parameter which determines the time-of-arrival is related to
demographic characteristics. For example, it differs, if
someone is unemployed, fulltime or parttime worker, or
homemaker. Based on these data, the analysis in [9]
concluded that the time-of-arrival for EVs varies between
12:00-18:00 and follows the nominal distribution.

This time period has been also confirmed by the data analysis
conducted by Adaptive Charging Network Portal [10].

B. Case Study

The analysis in this paper aims to examine the penetration
of EVs in a LV DN, by evaluating its impact on the
operational characteristics of the network, i.e., power losses,
voltage profile and loading of lines.

To this end, a real LV DN with 109 nodes i.e., 108
residences, is examined. In Fig. 1 the DN layout is presented,;
the network comprises of three (3) feeders and several short
laterals. The technical characteristics of the network,

including lines’ length and impedance could be found in [4].
Power flow simulations have been performed in DigSilent©
software package. Real load demand values for each node-
household with a time-step of 1lhr spanning a 1-year
timeframe were available.

e

Fig. 1. Low Voltage Distribution Network.

For the case study in this work a winter sunny day has
been selected due to high load demand. Also, it was assumed
that each residence can have only one EV and the penetration
rate of EVs is set at 100%, meaning that all houses are
expected to have exactly one EV. The characteristics of EVs
are taken from real EV models and refer to the capacity of
EV’s battery and charging rate. In Table I the values of these
characteristics are presented.

TABLE |. CHARACTERISTICS OF DIFFERENT EV’S TYPE
Types of | capacity of EV’s Charging Number of
EVs battery(kWh) capacity (kW) | EVs

1 25 6,6 22
2 36 72 16
3 33 74 17
4 28 7 18
5 42 7,7 5
6 40 6,6 12
7 75 74 2
8 100 10 1
9 60 72 3
10 95 9,6 2
11 80 74 1
12 71 72 1
13 64 7 6
14 50 16,5 1
15 78 11 1

C. Examined Scenarios

Aiming to evaluate the impact of the time-of-arrival of the
EVs to the operational characteristics of the DN, 14 scenarios
were examined under different normal distribution
parameters that affect the time-of-arrival of the EVs. An
important assumption is that each EV starts its charging
exactly upon arrival and continues until full charging. Thus,
no charging scheduling is applied in this work. The
differences among these 14 scenarios refer to the different
values for the mean value x and the standard deviation o when
the normal distribution has been applied to define the time-
of-arrival for each EV. Table Il shows analytically these
values for each scenario. As observed in Table Il, x ranges
between 12:00- 18:00 (incremental step is 1) to coincide with
the findings presented earlier regarding the expected time-of-
arrival for EVs.

TABLE Il. SIMULATION’S SCENARIOS
Scenarios Mean time u Standard deviation

(4
Sc#t 1 12:00 2
Sc# 2 12:00 3
Sc# 3 13:00 2
Sct 4 13:00 3
Sc# 5 14:00 2
Sc# 6 14:00 3
Sc# 7 15:00 2
Sc# 8 15:00 3
Sc#9 16:00 2
Sc#10 16:00 3
Sc# 11 17:00 2
Sc#12 17:00 3
Sc#13 18:00 2
Sc#l14 18:00 3

The difference between o=2 and o0=3 defines the range
within which most of the EVs are most probably expected to
arrive at the home charging installation for charging. The
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range [-0, +o] around u defines a timeframe with 68%
probability for an EV to arrive at its respective residence for
charging. For example, in Sc#1 with 4=12 and 6=2 the time-
of-arrival with 68% probability lies between 10:00 to 14:00.
On the other hand, in Sc#2, with 4=12 and ¢=3 the respective
range lies from 9:00 to 15:00. Figure 2 presents the number
of EVs arrived for charging during the examined day for all
14 scenarios.

Number of EV
A
om
-
!
B
e w—
o ———

1:00
00

Fig. 2. Number of EVs for all examined scenarios at each hour of the day.

In order to define the time for the charging of each EV,
it is necessary to know the SoC when the EV arrives in the
respective residence for charging. We define a typical range
of SoC at the arrival time between 20% to 50% while we
consider that each EV can return in its residence once during
the day. So, for each of the 14 scenarios, the SoC value for an
EV upon its arrival has been set randomly between 20%-50%
under normal distribution again. The time needed for each EV
to be fully charged was computed by the expression in (1).

SoC
1_SoC

X 100 (1)

t= Carbattery Car_charger

where:
t = time of full charge
Carygrrery = capacity of EV’s battery (KWh)
Cargparger= Charging capacity (kW)
SoC = State of Charge

Based on the resulted time by (1) and the charging rate
of the EV, the demand curve of the residence is reformed to
consider the additional load resulted by the EV charging. For
instance, the consumption of residence 1 is 0.154kWh from
16:00 to 17:00. EV 1 is expected to return for charging at
16:00. The capacity of EV’s battery is 25 kWh and the SoC
upon arrival is randomly set to 33%. Also, according to Table
| the charging rate of the EV model in this residence is 6.6
KW. As a result, this EV needs 2.5 hours in order to be fully
charged (SoC=100%) while the consumption of residence 1
changes to 6.754kWh from 16:00 to 17:00.

In this way, the power curves for all nodes-residences are
reshaped and then the power flow analysis is performed. The
simulations in this work concern only Battery Electric
Vehicles (BEV) but Plug in Hybrid Electric Vehicles (PHEV)
could also be considered.

The applied methodology in this paper is summarized in
the flowchart presented in Fig.3.

Read Data
Bulld Network

Pr

daily load demand

from each household
(1-NF imestep)

network technical
charactenistics

Y

EV time of amrival and SOC
uncenainties considered
under normal disstribution

EV characteristics
1.battery capacity(kWh)
2.charging rate(kw) - Pev

EV penetration

Calculate charging
duration At

y

power demand for
t-> t+4At = Pr+Pey

Load Flow Analysis ‘ \

for 24 hours

power demand = Pr

A4

Fig. 3. Flowchart of the proposed methodology.
I1l. SIMULATION RESULTS
A. Penetration without PV

In this subsection, the results derived by the simulations
for the EVs’ charging are presented in order to highlight the
impact of EVs penetration when considered as additional load
to the DN. Also, based on the results, we can depict the nodes
which undergo severe voltage drops due to EV charging.
Firstly, in Fig.4 we present the power losses of the LV DN
for the examined 14 scenarios for a time period of one day.
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Daily Energy Lo

Fig. 4. Daily Energy Losses at each scenario without PV penetration

In Fig. 4, Sc#1,2 and 3 present the highest power losses,
for the day examined. All the other scenarios have
approximately the same magnitude for power losses except
from Sc#10 which shows a slightly increased value compared
to the others. In addition, Sc#14 presents the lowest power
losses; this scenario has =18 and ¢=3. Generally, the power
losses depend on the load profile, the time-of-arrival, the SoC
and therefore the duration of charging. In Sc#14, the power
losses are decreased as the time period defined by [-0, +a] is
from 15:00 to 21:00. During this period the load demand of
the residences is low, thus the power losses are not so intense
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as in the other scenarios. In addition, an important
observation among the 14 scenarios is that under c=3 power
losses are lower than 6=2, because the distribution of time-
of-arrival for EVs, especially regarding the time frame
defined by [-o, +o], is spread within a longer time period.

Furthermore, in all scenarios, the voltage profiles of the
LV DN have been assessed. However, in this paper, only the
color maps for Sc#1,2,13 and 14 are presented. Fig.5 presents
the voltage profiles for Sc#1 and 2 (same =12, 6=2 and =3
respectively).
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Fig. 5. LV DN voltage profile for a) Sc#1 and b) Sc#2

Based on the findings in Fig. 5, we could conclude that the
network operates within normal voltage limits, i.e., between
400V and 380V from 00:00 to 10:00. This is expected as
during the evening hours the load demand is low. On the other
hand, intense voltage drops are observed from 11:00 to 20:00
which depend on the total number of EVs, the SoC and
charging ratio for each EV. Also, Sc#2 with ¢=3 presents to
experience less undervoltage issues as the charging time of the
EVs is distributed in a longer time period and therefore the
total demand shows less demand peaks.
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Fig. 6. LV DN voltage profile for a) Sc#13 and b) Sc#14

From Fig. 6, it becomes evident that for Sc#13 and 14 the
DN experiences intense voltage drops during afternoon hours.
In these scenarios, u equals with 18 for both of them while 6=2
and 0=3 respectively, indicating that the EVs will arrive at
home stations with 68% probability between 16:00 and 21:00.
Consequently, the load demand will increase during that
period time.

In summary, it is observed from the color maps in Figs. 5
and 6 the far end nodes, i.e., nodes 107 and 108, experience
voltage drops under the threshold of 380 V for the longest time
of the day while the most intense voltage drop could reach the
value of 344 V. Finally, it is obvious that the non-scheduling
time-of-arrival of EVs can cause significant problems in
networks, i.e., increased power losses and poor voltage
profile.

In Figs. 7 and 8, the impact on lines’ loading in the LV DN
is presented for the 24 hours period under study. We have
chosen to present 2 lines from the upstream part of the DN
because these lines constitute branches with high carrying
current.
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Fig. 7. Boxplot of current of line 67 for 14 scenarios

Fig. 7 presents the boxplots of the current values for line
67 for all examined scenarios. Based on the results in Fig.7
we observe that the high current values range between 300
and 350A in half of the scenarios. In the remaining scenarios,
current values up to 380A are noticed (Sc#1,2,3,7,10). For
example, in Sc#l, 25% of the observations refer t the lowest
current values, i.e., 50-60A, 50% of the values belong to the
range 60 to 300A and the other 25% present high values that
lay between 300-360A. Also, only Sc#9 shows an outliner
value which equals to 400A.
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In addition, Fig. 8 displays the boxplots of current values
for line 35. The maximum current value in this line is lower
than the respective one of line 67. More specifically, in Sc#1,
25% of the current values range between 40-50A, while 50%
range between 50-250A; the remaining 25% present high
values up to 340A. Nevertheless, Sc#6 differs from the
others, as 50% of current ranges lay between 60 -140A and
25% of between 140-250A. In Sc#6,7 and 11 outlier values
are present. In Sc#7 the maximum current value is equal to
350A while in Sc#11 it reaches 370A.

Finally, in Figs. 7 and 8 is observed that Sc#1,2 and 3
share similar boxplots and have the highest value of currents
except for the scenarios which display outliers.

B. Penetration with PV

In this section, the problem of reducing power losses
caused by the unscheduled charging of EVs is faced based on
depicting critical nodes for PV installation. One approach in
this direction could refer to PV installation at each node of
the DN. However, this approach could refer to high PV
penetration related to possible overvoltage, especially during
the midday when the power production of the PV is high.

Thus, in this paper, the installation of PVs in critical nodes
is examined. As critical nodes we consider the nodes with the
lowest voltage value magnitude. These nodes are highly
possible to be the far end nodes, such as nodes 109 and 108.
In order to decide on the level of criticality for the DN nodes,
the first 25 nodes with the lowest voltage magnitude in each
scenario are selected. In addition, the frequency of
appearance for each of these 25 nodes in all 14 scenarios is
compared and counted. Critical node is considered the node j
for which the frequency of appearance t in 14 scenarios is
greater than or equal to 7. In total, 15 nodes were present
more than 7 times in 14 scenarios. Although the analysis here
concerns one day the same concept for depicting the critical
nodes throughout the whole year could also be applied. Also,
the flowchart of this approach for selecting the critical nodes
presented in Fig.9.

According to the recent subsidized program "PV in Roof"
for the installation of domestic PV, the maximum rated power
for each domestic installation has been set at 10.8 kW. Based
on this, the maximum possible value for each PV installation
at the critical nodes was also set to 10.8 kW. We examined 3
different cases regarding the siting and sizing of the PV
systems at the critical nodes which are presented as follows:

a) Installation of 1 PV 10.8kW at 15 critical nodes

b) Installation of 1 PV 10.8kW at first 8 critical nodes
c) Installation of 1 PV 8kW at 15 critical nodes
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Fig. 9. Flowchart of critical nodes selecting
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In Fig. 10, the daily power losses for the 14 scenarios
regarding each one of the cases with PV penetration
compared to the base case without PV penetration are shown.
The results in Fig.10 present the alteration in power losses for
the DN (reduction in most cases) due to PV installation to the
critical nodes.
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Fig. 10. Daily Energy Losses at each senmario with and without PV
penetration.

Case A (10.8kW at 15 critical nodes) decreases the
power losses in most of the 14 scenarios but in the last three
scenarios, power losses are increased compared to the basic
case without PV system. Cases B and C decrease the daily
power losses in most of the 14 scenarios; though in some of
them the power losses remain almost equal as in the basic
case without PV penetration. However, case B consistently
yields lower power losses in respect to the base case. Based

101



on the results in Fig.10 case B seems to perform better in
respect to the others.

Figs. 11 and 12 present the voltage profiles of the 14
scenarios for cases A and B respectively. The presented
results concern simulations for a winter day, with PV
production anticipated during morning and afternnon hours
(7:00-16:00). The improvement in undervoltage issues due to
PV penetration for the 15 critical nodes is presented in Fig.11.
More specifically, the values of undervoltages fluctuate
around 350V, lasting for 9 hours, compared to the case
without PV penetration where the worst undervoltage is
approximately 344V with 11 hours duration. However, in
Case A, overvoltages occur during morning hours, ranging
from 410V to 430V, lasting from 7:00 until 13:00. On the
other hand, in Case B, as depicted in Fig. 12, overvoltages
ranging from 410V to 420V, seem to last from 7:00 until
11:00. In addition, the worst undervlotages remain at 350V,
but their duration is reduced to 8 hours. In Fig. 13, the voltage
profile for Case C is depicted, which is similar to Case B.
There are no changes regarding undervoltages, while
overvoltages reach 420V which appear for longer durations.
However, Case C enables more residences to install PV
system, under similar voltage profile with Case B. Finally, it
is concluded that case B presents better voltage profile than
case Aand C.
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Fig. 11. LV DN voltage profile for SC#14 by Case A with PV penetration.
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Fig. 13. LV DN voltage profile for SC#14 by Case C with PV penetration

IV. CONCLUSION

In this paper, the impact of EV penetration in DNs under
non-scheduled charging is presenting. The raised issues
regarding voltage quality and power losses are addressed with
the installation of PV systems in critical nodes. However,
high PV production during periods of low demand may lead
to undesirable overvoltage, while EV charging during periods
of high demand could cause severe voltage drops. Thus, it is
important to depict the most critical nodes for PV installation
and assess their impact on the operational characteristics of
the DN. According to the results of the proposed
methodology it seems when the arrival-time of EVs ranges
within 12:00-18:00, coinciding with high demand periods, it
could cause issues related to increased power losses and
voltage profile issues. Based on the examined scenarios,
under both EV penetration and PV installation on critical
nodes for the DN, it becomes evident that power losses and
undervoltage issues are both mitigated.
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[Ipotewvopevn MebBoooroyia Xyeotacuod Gidtpwov
2tafepnc Xpovikne KabBvotépnong Oudoog '
Aixtoa Atopopemwonc Aéoung otnv Zovn FR3.

Xotln XoapoAopmio

Anpoxpiteto Iavemoto Opaxkng
Tpnpa Hiektpoldoyov Mnyavikdv kot
Mnyavikev H'Y

Chatzicharalampia@gmail.com

Hlepiinyn—H  mapovoo  epyocio  EMKEVIPOVETOL  GTOV
GYEOAGUO PIATPOV 6TAOEPNS YPOVIKIG KAOVOTEPNONG OPEO0G YIa
olkTve  SpbpEMONg  OfoUNG  GUOTOYLOV  KEPULADV OV
Aertovpyodv ety {dvn svyvotitov FR3 (7-24 GHz), setidlovrtag
ot0 gopog (oOvng tov 7-16 GHzjypnowomowdvrog ypoppés
peTa@opds wor otedéym (stubs). Ta oidtpa pe  otadepi)
KoOvoTépnon opddog mapovolalovy LMTIKY onpocio Yo TNV
eEacpalon oxpifslag otnv kaBodfynon g déoung KoL 6TV
yopun gotiacn. H pebodoroyio oyedracpod mov mpoteiveron
APNOOTTOIEL  OTOKAEIOTIKG  ypoappés  peTaQoplas Ko
ovvroviopéve oterléym. H ovvolwki) perétn omookomd otnv
TOPOYN| TANPOPOPLAV GYETIKA NE TIS AMUPUITNTES GYEOOOTIKEG
EKTIUNGELS, TS TPOKMGES Kou Tovg ovppifacpods mov
oyeTICOVTaL NE TOV GYESLUGIO OVTOV TOV TUTTOV PIATPOV.

Aééerg Kieioiai— Muwkpokopatikd @iktpa, Ttabepi ypovua
KoOvetépnon opadoc, Yrepevpseia {dvn cuyvotitov (7-16 GHz),
OTEAEYN, HIKPOTUIVIOKES YPORNES  HETOPOPAS, QUIVOPEVO
otpéfroong déoung.

I. EIZArQru

Yy caipa Tov Siktomv 5G, oAl Kot TOV PEALOVTIKOV
dwtoav 6G, N {dvn ocvyvoritov Twv 7-24 GHZ, yvoot kot
oG FR3  egpepoavifer amoapdpuddec evkoupieg oAl Kot
mpokinoelg. To  extetapévo  €Opog  Codvng Kot T
YOPOKTNPIOTIKG 7OV TOPOLCIALOVY 0L LVYNAEG GUYVOTNTEG
enupémovy  eEopeTIKA  ypryopovg  puBuovg  petddoomng
dedopévev Kol TEVOAOYiEG  EMIKOWMVIOV  YOUNMANG
kaBvotépnong, KaAdTTOVTOG TV cuveXdS ov&avopevn {itnon
Y10 EPAPLOYES KOL VINPEGIEG TOV OTOUTOVV EXAVENUEVO 0POC
govne.

v Haykéowa Aldokeyn Tnremkowoviov (World
Radiocommunication Conference-WRC-2019) 10 2019,
eykpiOnke 10 ynoopa 245, mpoteivovtag Ot or Aebveig
Kuwntég Tniemikowovieg (IMT) Ba pmopodoav evdeyopévmc
VoL XpNOLHLOTOGoLVY T0 gVpog Lmvng 7.025-7.125 GHz

Kabnyntg 'edpyrog Kvplaxov

Anpoxpiteo [avemotipo Opdxng
Tunua Hiektpoldyov Mnyavikodv kot
Mnyavikev H'Y

gkyriac@ee.duth.gr

nayKooping, v neployn 6.425-7.025 GHz yw v Iepoyn 1
(Evpdnn) xar 10-10.5 GHz yw v Ilepoyn 2 (Apepwn).
Avtol 01 KavoViool, OVCLAGTIKA GNULAVOLY TNV YPNoT CVTHS
™mg Cdvng ouvyvotHTOV Yo TNV Agltovpyio  acLpUATOV
ocvomudtov 5G kot 6G. H {dvn FR3 Tapovcidlel to
onuavtikd mAgovektpoto évavtt g FR1 (410 MHz - 7125
MHz), o6t mepopPdvel  apkeTéG U KOTOVEUNUEVES
OLYVOTNTES YO TNV VIOGTHPIEN VOGS guPHTEPOL, OGOV APOPA
t0 gvupog Ldvng, kavoiov. Emmdéov, oe cvykplon pe v

Lovn ovyvotitov FR2 (52.6 GHz-71 GHz), ta cvomuoata
nov Aettovpyovv oty Ldvn FR3 mapovcidlovv pkpotepeg
e&aobevioelg Kol T0 KOGTOG VAOTOINGNG TOVE EIVOL GNULOVTIKG
piKpOTEPO.

Qotdco, M mAMpNg aélomoinon TV SVVATOTHTOV TOV
edopatog FR3 omoartel eEelypéveg teyvikéc Sapdpemong
déoung ywo T Peiticromoinomn g S1dd0oNG TOV CUATOG, THY
gvioyvon g KAALYNG KOl TOV PETPLOCHO TOV TOPELBOADY GE
TUKVA 0oTikd meptBdiiovta. E&attiog g avaykng yw 6Ao
Kot o devpvpévo evpn LdVNG, Ol TEYVIKES SLOUOPPOOTG
déounc pe @aocfétec dev elval TALOV AMOTEAECUATIKEG KOl
TEYVIKEG LE EI00YMYN EMMESOV YPOVIKOV KOBLGTEPGEDV
elvan amapoitnres.

Il. OAINOMENO XTPEBAQIHE AEXMHE

O xavovikomowmpuévog  mapdyovtag ovotoryiag  piog
YPOUUIKNG  OLOTOWIOG  KEPOUIDV  TOPOLGIAleTaL otV
E&iowon (1):
sin (N g)
AF,(Y) = —5= 1
N>

Omov n petofint P, ovoud@tdt OYETIKN QAaon peTa&d

Tov  otoyeiov mov amaptilovy TV cvoToio Kot
napovaidletar otnv E&icwon (2):
Y =kdcosH +a 2

Qc N ovpPorileton o opbudc tov kepawv, K 0
Kopoatapduoc, d n amdotoon petald Tov otoyEinv, wg 6 N
yovia mopatipnong, n omoia vroloyiletol cVUPOVO LE TOV
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a&ova tov omoio gival tomoBetmuéva ta otoyeio (cuvnBmg
a&ovoac-z) kol g a N dpopd ehong ueTald TOV oToLEIMVY.
Ymv Ewova (1) mopovoidletar pio ypoppkn ocvotovyio 4
KEPOLDV.

| X Va

/":’:\a
4—(1»4—(L»’>b—>
J
e o @' e 1z
+——rt———Pp4+——>
d d d
Ewova 1: Xvotoyio kepaidv 4 otoryeimv.

O mopdyovtag cvotoyyiog Tapovctalel LOVAdIKO HEYIGTO,
omv yovia mapatnpnong émov 1 E&icwon (2) undeviletar,
dnradn woydet 6t P=0.

n(v3)
sin| N+
2 _ 1

li =
¥ vy 3)

Amd v E&icwon (3) mpokvmtel To €£1¢:

P = kdcosd + a = +2mn =

A
6,, = cos™! [E (—a+ Zm?r)] )

To povadikd péyieto mapovotdleral dtav m=0, eropévag 1
E&iowon (4) amoxtd tv pope1:

A
_ -10_
O = cos (zm) (5)

Omov Om eivar M yovia mopompnong ywo P=0. And v
E&lomaon (5), yivetan ovtiinmtd Ot 1 yovio ot mepovctdlet
gEapmon and v ovyvotta, kabdg évag mapdyoviog g
elomong eivatl to pnkog kopotog A. I'a cvotHpato e pHikpd
gopn Ldvng, pe tov €leyyo ™G AcNg TG TPOPOdOGiag Tng
kepaiog pmopel vo eheyyBel 0 mpooavatolMopds Tov LeyioTov
otov yopo. H ddwacio avty pmopei vo viomombei pe
amhobg Qaolfétes. v nepintoon OU®G Tov To gVpog {dVING
TOV ONUATOG eival peyddo, M e&dptnon amd TV cvyvoTNTA
dnpovpyet TpofAnpata onv petddoon tov ofpatog. Kabog
1N GLYVOTNTA TOV ONUATOV TOL £POPLOLOVTAL GTI GuoTOLYiN
Kepalidv petofdrietor, petafdAlovior emiong ot GYETIKEG
Spopég eaong petald Tov onudtov amd To  ddpopa
otoygeio ¢ kepaiag. Avti 1 HETOPOA TV S0POPOV PAoTG
TPOKOAEL TNV amOKAION NG KVPWG OEOUNG TNG GLOTOUYING
Kepoidv  omd v mpoPremduevn  katevbvvon G of
SapopeTikég ovyvotntes. Xtnv Ewova (2) moapovoidaletal to
powopevo otpéfrwong 6éoung (beam squint).

Alapopdwaon Aéopung os Tuotipata MeydAou EUpouc Zwvng

Ewcova 2: davopevo Zrpéfrwong AEoung o€ cuoTolyieg
KEPALDV HE PEYAAO gVPOG {DVng Aettovpyiag.

TNo mv e&dietyn t0v @awopévov ™G otpéfrmong g
déoung, ot paociBéteg aviikadiotavtatl amd ototyeior otabepng
yxpovikng kabvotépnong. ‘Eotw 61t éva petadidopsvo onfua
katagddvel og pie cvotoyion N KepaldV, HE GUYKEKPILEVN
yovia pécntoons 8. H andotaon petasd tov otoyegiov Oa
npokarécel kabvotepnoels oy Suadoon, mov e&aptdvTol
and v yovio mpoécmtmonc. H dwpopd ¢dong mov Ba
nwpokAnBel, pmopei va avaybel oe {pa dwpopdsg dpodpov,
péom g E&icwong (6), oe cvvdvacud pe v Ewova (3):

dry

Bs 493

4,93

4,?1,

ANAAA

Ewova 3: Mia cuetotyio kepoldv Kot pe KOKKIVO
ovpporiletar to pétwmo pdong.

H dwpopd pdong pe v omoia Ba @tdoet k6Oe otoryeio,
diverar and v E&icmwon (6):
A®; = —kAR; (6)

Omov 4R; = idsin8s, n omoio amoteAel Kot TNV dtopopd
dpopov. H E&iowon (6), avayetor og eEng:
Ap, = —kidsin®, (7

Ano v E&lowon (7), tpokdmrel 0TL 1 S1opopd ¢phong

petaé&d Tov oTOLKEIOV | KOl TOL ApEcmS EXOUEVOV, i+1 Oa sivar
ion pe:
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Ad,, | — A®, = kdsiné, 8
Ouong:

2 2nf

Apa n E&icwon (8), petacynuariCetoar otnv e€ng popen:

wd 9)

INo vo mapapével otabep 1 YoVio TPOGAVATOAIGHOD, 1)
pdon v otoyeinv mov anaptilovv v cvotoyio Tpémel va
eppavifet  ovadoywkny  oyxéon  pe MV ovyvoOTNTO.
Soupevo pe avtd 1o YopakTnploTkd, Edyetor  E&locmon
(10):

Ad = constant - w (10)

KobBdg otov  oyedwopnd tov  oiltpov  avtov  Oa
XPNOWOoTomBovV HOVO HIKPOTAVIAKES YPAUUES KOt OTEAEYT,
N oxéon mov amodidel TNV SloPOpAs GAong HeTaEL TOL
ONUOTOG £16030V Kot TOL GNUATOG ££600V €vOG CNUATOS OV
Sudidetat Sapécon HoG YPOUUNG HETAPOPAS, TapPOLGLALETOL
otV E&lowon (11):

Ad = —fl (11)

Onov | givar to pAKog TG YPappng UeToeopds kol B n
otafepd duadoong. To onua dadidetot HEGH TG YPOUUNG, LE
TayvTnTo 1 omoia ivar ion pe TV TavTTA OULAdOG:

dw (12)
v g = d_
B

H ypovikn koabvotépnon mov €164ayeTol amd Th YPOUUN

petopopdc tapovoialetol otnv E&lowon (13):

~ (13)

ty =

1od@)  dae)

v dw dw

g

Yvvdvalovrog tig E&omoeig (2) xat (13), n amotrroduevn
¥PoviKn Kabvotépnon ya v opbf oTpoP1 Tov peyicTov oe
ovykekpyévn  yovio (6tav  W=0), mopovcidletar otV
E&icwon (14):

(14)

ty =

d(a#) d(kdcosf) cos@
Cde  de  2f,

Apa, yvopilovtog v yovie mov m déoun mpémel va
oTpaPel Kot e SESOUEVT KEVTPIKT) GLYVOTNTA AELTOVPYIG TOV
ovotuotog (fc), pmopel va vmoloywotel 1 amortovpevn
otafepn ypovikn Kabvotépnon opdadoc.

I1l. TIPOTEINOMENH ME®OAOTIA XXEAIASMOY
ZONOITEPATON OIATPON

H m=potewopevn peBodoroyio  oyedlacpod  @iltpov
otafepnc ypovikng kabvotépnong Paciletar otov cuvévacud

dvo vapyovodv pebodoroyimdv, and toug D.M Pozar [4] ko
Matthaei et al [5]. Apywd, apod vroroyiotel | amopaitntn
eMBYIOTN YPOVIKY KoBLOTEPNON, YO GULYKEKPLUEVT]) GTPOON
déoung amd v Eicwon (14), omv ovvéyewn axolovbel
VIOAOYIGHOG TOL aplfiov TV cTolyeivwv mov amaptifovv To

Covomepatd @iltpo.
H ypovikr| xoBvotépnon oto péco tov e€Opovs Lmdvng
diverar and v E&icwon (15) [5]:
2ew,’

tap = ( )t’dn
GJZ - (Ul

Q¢ 1 ka1 ®2 copPforilovtat ot aKTVIKEG, 6Te 0DO AKPO, TOV
gvpovg Ldvng ovyvotnteg, ®1° ovpPoriletar m cvyvotnTa
OTOKOTNG TOV AVTIGTOL(OV TPOTVLIOV YAUNAOTEPOTOD PIATpOV
Kat ’go cvpPoriletar 1 ypoviky KabvoTtépnor, HETPOVUEVT GE
SEVTEPOLETTO TOV TTPATVTIOL YOUNAOTTEPATOV PidTpov. [t TNV
OULYKEKPLUEVT SlodKasie, TPEMEL TPMTOV VAL VIOAOYIOTEL 1|
xpovikn kabvotépnon g, péow g E&lcmwaong (16) [5]:

tha = (EEQ::EE)t
do = do
2wy’

(15)

(16)

Omov ®1’=1 Y10 t0 PoéTLVNO YAPNAOTEPOTO QiATpO. XTNV
OULVEYEW, Yo TNV €0pecn Tov apldUov TOV GTOLEl®V TOV
oiltpov mpénel va cvvdvaotel n E&lowon (17) [5], pe tov
ITivaka 1 [5]:

t’d[] =G, an

Omov Chn elvar ouvvieheotég oot pe TNV (povVIKy
KaBvoTépnorn OpAdog ot OeVLTEPOAENTA, OTAV 1 OKTWVIKY
ouyvomta ®’ teivel oto undév. Ot ovvieleotés avtol
napovstalovtor otov [Mivaka 1.

IMivaxag 1: Xvvtedeotég Cn, avdroyo pe to TAR00¢ TV
otoyeiv Tov PIATpOvL.

n Cn n ('j'ill
1 1.00 9 5.76
2 1.41 10 6.39
3 2.00 11 7.03
4 2.61 12 7.66
5 3.24 13 8.30
6 3.86 14 8.93
7 4,49 15 9.57
8 5.13

Znv mAEloyneia TV TEPUTTOCE®Y, 1 Tiun Tov t’dy dev Ba
givar ion akpifmg pe v avrtictoyn T tov Cp, oArd Oa
Bploketar evdudpeco o€ 000 TWEG OULVIEAECTAV, TOL
avTIoToYovV o€ OlPOopPeTIKd  aplBud  otoyeiov. Znv
mepintoon avth, €lvor otV guyépel Tov oYEdNOT VO
emiééel pe molov appd otoryeiov Bo oyedidioet To KOKAMUA
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Tov. XtV mepintoon ovth, T0 €0pog {dVNG mpémel va
petapindei coppova pe v E&lcwon (18) [S]:
20, 'ty
(Uz - wl =

tao (18)

To emdpevo Prua, etvar n gdpeon TOV TWOV TOV oToXEI®OV
OV TPOTLTOV YaunromepaTol eiktpov, and tov Ilivaka 2, o
omnoiog diveton amd Tov D.M Pozar [4].

[Mivaxog 2: Tiég ototyeimwv TpdTLIOL YOUNAOTEPATOV
eiktpov yio pidtpa eninedng ypovikng kabvotépnong [4]
81 82 83 84 8s 86 87 88 8o 810 21

2.0000 1.0000

1.5774 04226 1.0000

1.2550 05528 0.1922 1.0000

1.0598 05116 03181 01104 1.0000

09303 04577 03312 02090 00718 1.0000

0.8377 04116 03158 02364 0.1480 0.0505 1.0000

0.7677 03744 02944 02378 0.1778 0.1104 0.0375 1.0000

0.7125 03446 02735 02297 0.1867 0.1387 0.0855 0.0289 1.0000

0.6678 03203 0.2547 02184 0.1859 0.1506 0.1111 0.0682 0.0230 1.0000
0.6305 03002 0.2384 02066 0.1808 0.1539 0.1240 00911 0.0557 0.0187 1.0000

=

T T T R S P

-
o

To mpdtLIo YOUNAOTEPATO TTPETEL VO, LETUCYNUOTIOTEL GTO
{nrovpevo L{ovomepatd. To mpdTo GTOYXEID GTOV GYESIAOUO
amd TOPAAANAO TUKVOTH Ba LETACYNUATIOTEL G TapAAANLO
ovvtoviopévo LC, ocuvdedepévo mapdiinia. Ov tég tov
otoyeiwv divovtat pécw Tov E&icdoemv (19) kot (20):

L 9,20 (19)
kshune — —,
Aw,
Gy (20)
kshunt = ZD;‘_’ICU
c

H petapint) A ovoudletar kKAacpotikd evpog {dvng Kot
vroloyileton o¢ e&nc:
w,

c
AvTtiotoiymg, T0 gV oElpd cLVOEdEUEVO TTNVIO TOV TPOTLTTOL
YopunAomepatov, Bo petacynuotiotel o évo gv ogpd
ovvtovicpévo LC,cuvdedepévo 6 oelpd, LLe YOPNTIKOTNTO Kot
avtenaywyn mov vroloyiloviar and 11 E&omoeig (22) xou
(23).
L Z 0d k (22)
kseries A ]

A (23)

c; —_—
wcgkz[]

kserias —

E&attiag Tov vynAdv cvyvotitov Asttovpyiog, dev eivot
EQIKTOC 0 OYEdIOONOG He ovykevipouéva otoyeia. o tov

AOYO  oVTO,  YPNOCLUOTOOVVTOL  GUVTOVICUEVO  GTEAEXM,
ouvdedeuévo  TapdAAnAa, kabmg ot oyedwopoi mov Ha
aKoAovOncovv oV TAsoyneio TV OTEAEXDV

XPNOOTOIOVV HUKPOTOVIOKE GTEAEYN, T OTTOi0. LAOTOLOHVTOL
povo o¢ mapdAinia. Ta Lovomepatd Giktpo VAOTOOVVTOL [E
oteMéyn unKovg Ag/d. H yopoktnpiotikny oviictoon Tov
TAPIAINAOV OTEAEYOVE, TOL TPOKLATEL OO TO TOPIAANAQ

oLVOEdEUEVO Kat TAPAAANAO CUVTOVIGUEVO KOKA®MA, diveTal
an6 v E&lcwon 24:

__" (24)

4'(1):: C k

Ta oe ocepd LC, 1o omoio eivar cuvdedepéva ce oepd,
petatpémovton o mapdAinia LC, cuvdedepéva ev mopariim,
LE TV (PNOT| HETACYNHUATICTAV, SNANOT YPOUUDY LETOPOPIS
pe pnKog Agld. Ov petaoynuatiotés avtoi cvpPdilovy kot
OTOV QUGIKO SloY®PIoHO peTal&d TV otoyyginy. Ot véeg Tiég
TOV GLYKEVIPOUEVOY oTolyeiov vmoloyifovtar amd Tig
E&oboeig (25) kot (26):

ZDS‘

L’kﬁhﬂ.‘?.‘z = Z% Cy series (25)
c' _ Lr'\:,ss?'r;ss (26)
kshunt ZS

Metd Vv OAOKANP®OOT TNG HETOTPOTNG, 1| YOPAKTNPLOTIKN
avtiotaon Tov TOPIAANAOL  PPoyLUKLVKAOUEVOL GTEAEXOVG
vroAoyiletar and v E&icwon (24).

IV. TIPOZOMOIQZEIZ

H =npocopoioon mov 6o moapovciuotel og vty v
gpyacio. a@opd évo @IATPO TOV €lGAYEL EAYIOTN YPOVIKN
kaBvotépnon 47.245 ps, vy otpoen déoung otig 90 poipec,
010 gVupog Lavng 7-16 GHz. Zopewva pe v pebodoroyia, Ba
xpewoTel Eva IATpo debtepng TAENG, e TO OTEAEXN TOL VO
£YOUV YOPOKTNPLOTIKEG OVTIoTACEL {oeg pe 22.60 Q kot 84.29
Q. To otéheyog pe YopokTNpoTikny oavtictaon 22.60 Q
emAéyOnke vo eival akTVIKG, S10TL TO OKTIVIKA OTEAEYN
TPOGEEPOLY  VPVL®VIKOTNTA Kol €ivol 100VIKG Yo TNV
nepinTmon GTov N YOPAKTNPIOTIKY avTicToon givol pikpn Kot
vrapyel afefatdtra yoo 0 onueio €16660V TOL GTEAELOVG
oV Ypoppn egattiog Tov peydAov mAdToug.

H mpocopoioon éywve pe diniektpikd otpodpoa Rogers-
4003C, pe dmAektpwkn otabepd oyediacpod 3.55, mayog
0.508 mm kot epamntopévn anoiewdv 0.0027. To axtvikd
otéheyoc, avti Bpayvkukiopévon pe pikog Ag/4, viomomonke
®G AVOYTOKVKA®UEVO pe PAKOG Agl2, 10Tt 1 vAomoinom
Bpoyvkuklopévon amartel molamiég yeuwoeic. To layout tng
TPocopoimong mapovsidlovtal oty Ewodva (4).

Emumpocheta, otic dokiaddoeic-T, éywvav eykomég ue
oKOTO TNV PeATimon TOV aCLVEXEIDY Kol TNV HEI®ON TOV
avakAdoeswv. Xty Ewdova (5) mapovoidletor 1 amdkpion tov
eiltpov (mapauetpog S21).

Emudéov, 1o yeyovdg 0Tl T0 @iATpo dev mapovctalet
amokonmn 6to onueio Twv -3dB oto dkpa Tov gdpovg (Mg
dev amotelel €vdelén mpoPAnpatikod oyediacpod. O Wavikog
oyedluopdc evog oiktpov otabepng ypovikng Kabvotépnong
Ba 10 Kabiotovoe ohomepatd @iktpo. To kVPlO pEANLO GTOV
oyxedloopd eivar 1 emmeddTTOL GTNV OTOKPLOT, 1 Omoia EYEL
emtevyOel Yo éva onpovTikd TR Tov £6povg (dvng. Xy
Ewodva (6), mapovctdlovtor ol mapapetpol Sii(pe pmie) ko
S22 (pe pol) tov pidtpov.
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Ewoéva 4: Layout tov @iltpov dedtepng tdéng, viomomuévo
UE OKTIVIKG Kot OPOIOHOPQO, GTEAEYT|

S21

—

5

7 9 11 13 15 16
Frequency (GHz)

Ewova 5: Andkpion Sz1 tov @iktpov

S11 522

7 9 11 13 15 16
Frequency (GHz)

Ewova 6: [Topdpetpor Si1 Kat Sp

Y1ig Ewoveg (7) xa (8), mapovoidovtor ta amoTte G HoTa yio
™V XPOVIKN KaBLoTEPNOT OLAdOG.

GROUP DELAY
200
180
160
140
120
- m5:
100 rﬂfﬂ GHz 1215 GHz
47.84 ps 478 ps
80 \ f
\ \\ | /a/
\'-\.A-—-\- ‘\\ |
60 — \ [ B
e S W Y PN S

40
7 9 11 13 15 16
Frequency (GHz)

Ewova 7: Kabvotépnon Opddog oto evpog 7-16 GHz

GROUP DELAY
200
180
160
140
120
- ms
100 ;'E,d_m GHz 12.15 GHz
47 .84 ps 47.8ps
80 T 7
60 p \ / i
. | 4_[3_____r—é——
40
8.5 10.5 12.5 14.5

Frequency (GHz)

Ewova 8: Kabvotépnon opddog oto gvpog 8.5-14.5 GHz

Téhog, omnv Ewdva (7), mapotnpeitar 6ti vmdpyetl omoxiion
oV ¥povikn kafvotépnon ota dkpa Tov gvpovg {Ovng. v
Ewova 8, yivetar aviiinmtd 6t 6100 pé€ca Tov gvpovg {dvng
(mepinmov 8.5-14.5 GHz) nm ypovikn xabvotépnon opddog
epeavilel onpovtikn enmedotnta. e Kabe mepintmon, yiverot
avTANTTd OTL 0 GTOXOC Yo, EAGYIOT XPOVIKN kabvoTtépnon
ion pe 47.245 ps éxel emttevybel. Emopévac, npémnel va yivel
oLUP1Bacuog Yo ToV oYedAGHO, OTL 1] ¥POVIKY KabBvoTépnon
dev Bo gppavilel enmeddtnTa. o€ 6A0 TO €0POg {DVNG, AN
07O HEYOADTEPO TUNO ALTOV.

V. ZYMIIEPAZIMATA KAI MEAAONTIKH EPT'AXIA

Yy gpyacia avtn, TpaypoToromnke avaivon yo pio
npotewvopevn PEBodo GyedOCHOY KOl TPOGOUOI®OT €VOG
@iATpoV devTEPNG TAENG, e emimedn ypovikn kKabvotépnon
0nadog, Yo E100YWOYN EAAYIOTNG YPOVIKNG KaBLoTEPNONG
47.245 ps. O oxondg oxedloorod Tov GIATPoV avTov, givat
N xpNomn Tov g diktvo Sapopemong déoung oty {dvn
ovyvotitov 7-16 GHz. Ao 11 TpOCOUOIOGEIS TPOKVTTEL
OTL M YPOoVIKN KabvoTtépnon epeavifel emmeddtnta o€ Eva
onuovTikd Tunpa tov gvpovg Ldvng. e ovtiv TV
katevBuvon, 1o enduevo Prpo sival  mepartépo Pertioon
mg emmeddtrag oto {nroduevo gbpog (dvng kot m
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(9]

Beitioon tov mapapétpov Si1 Kot Sy Akoun, ival epiktod
VO GYEOLOGTOVV QIATPO LEYOADTEPTG TAENG Yo TNV emitevén
HEYOAVTEPOV YPOVIKOV Kabvotepnoemv, To. omoio OHmG
amotodV  GUVOLAGHO TUT®V OTeEAEYDV (Yo TOPAdELY L
GUVOLOGHO  WKPOTOWVIOK®DY — OTEAEYMV KOl  OTEAEYMV
opoeminedov  Kvpatodnyov), efoutiog TG OVAYKNG
VAOTOINOTG LEYAADTEP®V YAPUKTNPLOTIKMV AVTIICTACEDV.
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Abstract—This document presents the work of Democritus
Industrial Robotics (DIR), a start-up team currently focused on
the RoboCup@Work League. It describes the route the team
took to overcome and solve the league’s challenges. Furthermore
it is a guide for anyone that wants to use ROS for AMRs, since
we have tried a lot of different approaches and noted down only
the ones that worked.

Index Terms—RoboCup@Work, DIR, LRA, ROS, SLAM,
AMCL, move_base, YOLOv4, RViz, Fusion 360, Flexbe, Re-
alSense, Manipulation, WidowXL, IMU, Noise Filtering, AMR

I. OUR WORK
A. Autonomous Navigation & Mapping

The Autonomous Navigation (or simply Navigation)
sub-team’s purpose is to map Talos’ environment, merge the
sensors’ measurements, and use localisation and autonomous
navigation algorithms to accurately measure the robot’s
position, find the optimal path to a desired destination and
guide the robot there. The navigation system is based on
the ROS navigation stack. The following paragraphs are a
description of the main components that constitute navigation
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and are used in the same order as they are presented.

LiDARs: In a Laser Imaging, Detection, and Ranging
(LiDAR or Lidar) system, laser beams are emitted from a
rapidly firing source. These beams travel to the environment,
in which a robot may move, and reflect on surfaces like
wooden obstacles, walls and workstations. Then, the reflected
beams return to the lidar sensor, where they are recorded.
A lidar system measures the time it takes for an emitted
beam to travel to an obstacle and back. That time is used
to calculate the distance between the lidar sensor and the
obstacle. The working principle of a lidar system is similar
to that of a radar or a sonar. The difference between them is
the type of wave that is used. Radar systems use radiowaves
or microwaves, sonar systems use sound waves, and lidars
use laser beams. TALOS has two lidar sensors.

Merger: Each one of TALOS’ lidars publishes in its ROS
own topic. An open source ROS node called “ira_laser_tools”
is used to merge these topics into a single one.

LiDAR Noise Filtering: Lidar echo signals are easily
contaminated by noise, which severely affects the retrieval
accuracy and the effective detection range of the lidar system.
Close proximity noise (noise relevant to an area < 1.5m
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around the robot) has been the culprit of many issues the
team has faced. This is why, DIR created a range filter
algorithm which calculates the median of a region, defined
by a number of rays, and then checks if any element of that
region deviates more than 20% from the median. In that
case, this element is replaced by another. The new element
is located in an extreme distance from the robot (e.g. 10m).
The output of this filter is published in a ROS topic and used
when needed.

Mapping: For navigation to take place, a description of
the environment is required. Mapping is the process where
the robot explores the environment (oftentimes manually) and
constructs a corresponding 2D map. Simultaneous Localisation
and Mapping (SLAM) algorithms, like gmapping, are used.
SLAM is able to produce a map -in pgm format- using the
Lidars’ laser scans. GNU Image Manipulator (GIMP) is, also,
used to correct mistakes made by SLAM.

Sensor Fusion and Extended Kalman Filter (EKF): In
dynamic and competitive environments, ensuring precise and
agile navigation is paramount. To achieve this, integrating data
from multiple sensors to offset the limitations of individual
sensors is essential. This section outlines a system that fuses
data from an Inertial Measurement Unit (IMU) and wheel
odometry using an Extended Kalman Filter within the Robot
Operating System (ROS) framework, aiming for enhanced
navigation accuracy.

An Inertial Measurement Unit (IMU) is a critical
sensor in robotics, providing vital information about the
robot’s orientation, angular velocity, and linear acceleration.
Consisting of a combination of accelerometers, gyroscopes,
and sometimes magnetometers, IMUs help in estimating the
robot’s pose and movements relative to its starting position.
DIR uses an Arduino Nano 33 BLE, which has a built-in
LSMODS1 IMU. This is a 9-axis IMU that comprises of a
3-axis magnetometer, a 3-axis accelerometer and a 3-axis
gyroscope. These values, however, do not directly provide
information about the robot’s position and orientation, which
need to be derived. Specifically, DIR is interested in the x,y
coordinates, and the z-axis angle of the robot, in the 2D
plain, which are derived from the IMU’s measurements with
mathematical equations. In ROS, the IMU data is published
on the /imu topic, utilising the sensor msgs/Imu message
type. This message includes comprehensive details such as
the orientation (expressed as quaternion components X, y, z,
w), orientation covariance, angular velocity, angular velocity
covariance, linear acceleration, and linear acceleration
covariance.

Wheel odometry involves estimating the robot’s pose and
velocity based on the rotation of its wheels. This method
is particularly useful for robots navigating on relatively flat
and non-slippery surfaces, where the wheel rotations can be
accurately translated into movements in space. In ROS, wheel
odometry data is published on the nav_msgs/Odometry
message, which is published on the /odom_topic. This
message provides the robot’s pose, which comprises its
position and orientation, alongside its twist, capturing both

its linear and angular velocity, all within a specified frame of
reference. Similar to the IMU data, the odometry message
also includes covariance matrices for the pose and twist,
reflecting the uncertainty of these measurements.

However, despite their utility, both IMU and wheel
odometry sensors are subject to noise and inaccuracies that
can introduce significant errors in pose estimation over time.
This inherent noise underscores the necessity for a more
advanced method to fuse these data streams effectively,
thereby enhancing the reliability and accuracy of the robot’s
navigation system. For these reasons, the members of the
Navigation sub-team have chosen to employ the Extended
Kalman Filter (EKF), which is a statistical filter that operates
recursively in a prediction and update block.

More specific, in Talos’ case, the state is expressed as
the position (xy), (y;) and orientation (yaw,) in a specified
reference frame. The state prediction step is fundamentally
dependent on the IMU data, which provide the control
vector, at a frequency of 104 Hz, and is consisted of the
linear velocity (v;) and angular velocity (w;). Among the
various models available, the Constant Turn Rate and Velocity
(CTRV) motion model has been selected for its efficacy in
capturing the dynamics of vehicular motion. The update
phase of the EKF relies on odometry data, serving as the
measurement vector to correct the predicted state. This
odometry data, which includes the robot’s pose (x:), (y¢),
(yawy) is sampled at a frequency of 15 Hz. By integrating
these measurements, the EKF refines its state estimate,
improving the accuracy of the robot’s perceived position and
orientation.

Adaptive Monte Carlo Localisation (AMCL):Now that
we possess the map and a good estimation of the robot’s
pose, we can run the localisation algorithm. Localisation
means the robot must accurately infer it is located in the map
and our algorithm of choice for this purpose is AMCL. As
its name suggests, Adaptive Monte Carlo Localisation uses
random sampling of the so-called particles (i.e. points in the
map, with pose information, that the robot could be located
at) to adapt the assumption of where the robot is located.
AMCL takes as input the pre-scanned map, the current
LiDAR measurements, the current EKF pose measurement
and outputs the assumed location (and orientation) on the
map based on the available sampled particles. It does this by
figuring out which of the available particles match the current
measurements. The estimation is improved progressively,
meaning that the algorithm hones in on the true location of the
robot as it moves around and observes more of its surrounding
environment. We can execute the AMCL algorithm for either
the static case -where the map is unchanged- or the dynamic
case -where dynamic elements have been introduced inside
the map like a new obstacle-.

Autonomous navigation needs to know three things: 1) its
environment 2) its position in the environment 3) how it will
move in one place to another. In order to achieve: 1) Firstly the
map previously generated, is provided 2) then localization is
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launched, the preffered algorithm is AMCL (Adaptive Monte
Carlo Localization) 3) finally the move_base is launched to
produce the optimal global & local path that avoid static
obstacles. The global path is produced by navfn algorithm
and the local by the base_local_planner. The importance of
having a significant number of elements in the environment is
enormous, otherwise the robot will not do proper localization
and its belief in where it locates, will be constantly fluctuating.

Another innovative development by the team is the creation
of a ROS wrapper for the IMU, which is publicly available at!.
The team accomplished this by utilizing the LSM303DLHC
Python libraries provided by Adafruit [7] and leveraging
their expertise in 12C protocols. The inspiration for this ROS
wrapper stemmed from OOQOyindamola’s Ism9ds1_ros_python
repository [8].

B. Manipulation

The Arm Manipulation (or Arm) sub-team’s purpose is to
programme the robot arm (or manipulator), so that it goes to
an object’s initial position, it grabs the object and gets it to
its desired position.

The robot arm which has been chosen is the WidowXL
Robot Arm Kit. This decision was based on several factors,
such as: the cost, the maximum reach, the total payload etc.
Up to the point of ordering, tests were made on a simulation,
based on a step CAD file of the arm. Since the documentation
for the WidowXL was deficient, customising and manually
creating the URDF model and the Movelt! configuration of
the arm was necessary. The motion of the arm is controlled
through the move group python interface. More specifically,
it receives a Pose Goal (x,y,z coordinates and orientation) for
the end effector from the camera attached to the manipulator.
By using inverse kinematics, the move_group plans a
collision-free path to the object. Finally, the manipulator
executes the planned motion in order to grasp the target and
place it to the desired place.

In the immediate future, DIR plans to replace the WidowXL
arm with the MyCobot 320 M5 arm by Elephant Robotics.
This will address several technical problems the team has had.

C. Vision

The Vision sub-team’s purpose is to train a computer
vision model, which recognises every object that has to
be recognised according to the RoboCup@Work rulebook,
and pass the necessary information to Navigation or Arm
packages.

The approach utilises a combination of deep learning
techniques, traditional computer vision methods, and
integration with the Robot Operating System (ROS) to
achieve robust performance. Initially, a Deep Neural Network
architecture based on YOLOv4, with the Darknet backbone,

Thttps://github.com/sendrosath/lsm303dlhc_ros

is trained, on an extended dataset, to recognise the objects
of interest, yielding satisfactory results with an average
Intersection over Union (IoU) of 79.64% and mean Average
Precision (mAP) of 98.97%, at an IoU Threshold of 50%.
Additionally, traditional computer vision approaches are
employed to address challenges such as object orientation,
cavity detection, and barrier tape localisation, with ongoing
efforts to enhance their reliability. Furthermore, a barrier
tape localisation algorithm, utilising OpenCV and point
cloud filtering, is developed and integrated into the common
costmap, in order to facilitate obstacle avoidance during
robot navigation. In pursuit of performance enhancement,
our team is currently testing YOLOvVS and YOLOVS models
for deployment on the Jetson Xavier AGX platform. This
endeavour aims to leverage the computational power and
energy efficiency of the Jetson Xavier AGX to achieve
real-time object detection with minimal latency, thereby
augmenting the autonomy and responsiveness of the robotic
system. Through rigorous testing, optimisation, and integration
efforts, we strive to advance the capabilities of our computer
vision system, ultimately enhancing the competitiveness of
our team in the RoboCup@Work competition.

Fig. 1. YOLOvV4 Predictions

Additionally, traditional computer vision approaches are
implemented to solve the problems of object orientation,
cavity and barrier tape detection and are currently working
on making them more reliable.

To solve the barrier detection problem: 1) Firstly image
taken is transformed into bird’s eye view, 2) then converted the
RGB image to HSV values, 3) run colour detection algorithms,
4) converted the image to grayscale and run edge detection
algorithms, 5) finally combined the colour and edge detection
and drew a bounding box around the barrier tape
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D. State Machine

The robot’s behavior is dictated by the state machine
overview shown in Fig. 2 The team went with a simple
approach, trying to set a modular framework that satisfies the
basic requirements of the underlying tasks but at the same
time allows room for future improvements. The final behavior
is split into five main sub-behaviors that communicate required
information with each other:

1) The Inmitialization behavior. Responsible for receiving
the map, alongside with its semantic information and
localizing the robot on it. In the future, this behavior can
also acquire a “discovery” feature that allows the robot
to explore and map an unknown environment, gathering
semantic information as it moves.

2) The Task Planner. Receives the generated tasks from
the referee box and optimizes their order of execution
using A* graph-based search. It is also responsible for
prioritizing the manipulation of objects in the pick and
place pipeline.

3) The Navigation behavior, which is essentially an im-
plementation of the move_base functionality of ROS’s
AMCL package.

4) The Vision stack; consisting of a set of states calling ac-
tions/ services that implement tasks such as object/ cavity
detection and are callable by their respective clients.

5) The Manipulation behavior, which receives input from
the Vision stack and with the help of Movelt! controls
the robotic arm to manipulate the requested objects.

1]

Fig. 2. Overview of the state machine framework.

The general goal for the state machine is to create a
robust robot behavior that is not prone to failures by adding
error handling capabilities and task re-routing. However, as of
the conception of this paper no such functionality has been
included for demonstration. The above implementation was
achieved in FlexBe.

E. Simulation

Using the Unity game engine and Fusion360 as the main
CAD program, the team successfully integrated the robot
into a simulation virtual environment. This allowed for a
comprehensive virtual simulation of the robot’s operations.
The project utilized packages for ROS integration, compris-
ing a set of component-level tutorials demonstrating how to
establish communication between ROS and Unity, supported

within Unity. Additionally, a URDF importer was downloaded
to the project. The setup of the simulation scene included
the implementation of main and minimap cameras, akin to
those found in a third-person shooter game. When model-
ing a robot in simulation, various components need to be
considered, including visual meshes, collision meshes, and
physical properties. Visual meshes are crucial for rendering
the robot realistically, while collision meshes are essential
for calculating collisions between the robot’s “links” and
other objects in the environment. These meshes are typically
less complex than visual meshes to ensure faster collision-
checking, as it can be computationally intensive. Furthermore,
accurate simulation of physical properties such as inertia,
contact coefficients, and joint dynamics is vital for realistic
physics simulation. This includes computing how forces on the
robot’s links lead to changes in the robot’s state, such as pose,
velocity, or acceleration. Fortunately, the ROS development
workflow provides a standardized way of describing all these
properties through the Universal Robot Description Format
(URDF). URDF files, which are XML files, allow for the
specification of visual, collision, and physical properties in
a human-readable markup language. Additionally, URDF files
can include mesh files for defining complex geometries.

Fig. 3. TALOS in Unity

Both the navigation and manipulation stacks are imple-
mented in order to work inside a gazebo simulation as you
can see in the following snapshots:

Fig. 4. Environment in gazebo
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Fig. 5. Launching move_base along with AMCL

Fig. 6. Placing

Fig. 7. Watching
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on a smaller scale. This is firmly considered a crucial step,
as prototyping is of great importance in product engineering,
and especially in innovative design. Having tested several
algorithms, the team proceeded with the design, construction,
and programming of the final robotic platform, which is the
main topic of this paper.

DIR consists of the following three (3) departments: Pro-
gramming, Construction, and Marketing.

III. TEAM

More information about the team structure and its members
can be found at our website https://dir.com.gt/

REFERENCES

[1] Codd-Downey, R., Mojiri Forooshani, P., Speers, A., Wang, H., &
Jenkin, M. From ROS to unity: Leveraging robot and virtual environment
middleware for immersive teleoperation. (2014)

[2] Nikita Vaneev: Building a virtual environment in Unity based on a
robot’s perception. University of Twente, Netherlands (2018)

[3] Zhirong Zhou, Dengxin Hua, Yufeng Wang, Qing Yan, Shichun Li, Yan
Li, Hongwei Wang, Improvement of the signal to noise ratio of Lidar
echo signal based on wavelet de-noising technique, Optics and Lasers
in Engineering, Volume 51, Issue 8, 2013, Pages 961-966, ISSN 0143-
8166, https://doi.org/10.1016/j.optlaseng.2013.02.011.

[4] Unity Blog, https://blog.unity.com/technology/
robotics-simulation-in-unity-is-as-easy-as-1-2-3. (Nov 2020)

[5] Github, https://github.com/Unity-Technologies/Unity-Robotics-Hub.

[6] “navigation - ROS Wiki” http://wiki.ros.org/navigation (accessed Mar.
10, 2022)

[71 "LSM303 Accelerometer + Compass Breakout,” Adafruit Learning
System. https://learn.adafruit.com/Ism303-accelerometer-slash-compass-
breakout/python-circuitpython (accessed Mar. 10, 2022)

[8] OOyindamola/lsm9ds1_ros_python. 2020. Accessed: Mar. 10, 2022.
[Online]. Available: https://github.com/OOyindamola/Ism9ds1_ros_-
python

113



System Design of an X-Band Multistage High
Power Amplifier with Electronically Controlled
Output Power

Konstantinos Kermanidis, Dimitris Arnaoutoglou, Georgios Kyriacou

Abstract—In this letter, the system design of an X-Band
multistage high power amplifier is reported. After a thorough
investigation of different candidate designs, utilizing both
commercial off-the-shelf (COTS) components and in-house
designed circuits with different combinations and order, the
final system architecture was chosen. The results show that the
proposed system provides a stable 27 dBm output power,
operating in the frequency range from 8 to 8.5 GHz, with the
input power varying from -60 dBm to -15 dBm.

Keywords—Multistage High Power Amplifier (MHPA),
Automatic Gain Control (AGC), AGC Algorithm, X-Band, VSS.

1. INTRODUCTION

The growing interest in the use of satellites in the
telecommunications market, especially in modern era where
new ways to achieve high data transfer speeds are sought.
The reason is simple: the interconnection of any device
wherever it is with the internet as defined by the Internet of
Things (IoT). For this purpose, there is a need for the design
and development of very high speed satellite
communications (Very High Throughput Satellites, VHTS).

At the system level, this means an increase in the number
of devices and thus requires a reduction in the dimensions of
the transceiver circuits. The ultimate aim is to reduce the
total mass and volume, achieving better thermal control and
reliable operation in the space environment. So one of the
most  important, yet highly power consuming
telecommunication’s subsystem (about 75-85%) is the high
power amplifier, [1]. The benefit of a Microwave Monolithic
Integrated Circuit (MMIC) is the small footprint compared to
a traditional travelling wave Tube (TWT). Furthermore, with
today's data, their cost is significantly lower than tubes due to
their mass production and its performance is significantly
increased. However, the power levels at the output have not
reached, yet, the levels of TWTs, especially at high
frequencies (millimeter waves) where in the best cases they
are just a few tens of Watts, [2].

In addition, wideband amplifiers are needed to achieve
high data rates as demanded from 5G. The signals usually
have a QPSK, QAM or OFDM digital modulation schemes
which occupy a large bandwidth, especially in the case of
OFDM, and leads to the appearance of an envelope. Phase
and Amplitude distortions are likely to be observed due to
the non-linear behavior of the amplifiers. For this reason, it is
necessary to operate them in the linear region (back-off),
with degraded efficiency compared to saturation point. At the
same time, the high performance of the device is also
required, as the smaller the device the greater the thermal
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losses, which lead to various problems especially in the
space environment where thermal management is of great
importance, [3].

The X-Band frequency range has been allocated solely
for naval, military and governmental use. X-Band radar is
indispensable for naval operations including the searching
and tracking of surface targets, while X-Band
communication antenna systems provide internet access for
operational and crew usage. Furthermore, X-Band
frequencies are resilient to rain fade and signal problems
caused by other adverse weather conditions. The operating
frequency range of the reported system (8 to 8.5 GHz) refers
to the downlink signal path, of the satellite’s transponder.

The following section consists of a review of the
system’s specifications, the methodology that was followed
to design the multistage high power amplifier, an analysis of
the AGC loop and the algorithm, and finally the results from
the system level simulations, using the AWR VSS
Simulation Environment.

II. SYSTEM’S SPECIFICATIONS AND GENERAL
METHODOLOGY

The final and optimized block diagram of the X-band
system is presented in Figure 1. The system’s architecture
consists of four (4) LNAs and one (1) MPA need to be used,
in order for the RF chain to exhibit sufficient gain that
enables the output power to be at the desired levels.
Specifically, a power level of at least 27 dBm is needed,
while the minimum expected input power level will be
approximately -60 dBm, and so the total gain of the low
power section has to be 87 dB.

At the same time, the system input has a dynamic range
of 45 dB, and therefore the maximum input power level is
-15 dBm. For this reason, variable attenuator stages are
added to the system, which with proper control, via a
microcontroller, manage to compensate for the difference
that occurs between the various input power levels. The
variable attenuators are part of the Automatic Gain Control
(AGC) subsystem. Therefore, theoretically, the required
adjustable gain is 45+IL dB, where IL is the minimum
insertion loss introduced by the microwave circuit. A
dynamic range of this magnitude cannot be implemented
with a commercial VVA. Therefore, the adjustable gain can
be accomplished, exploiting VVAs, each one having a
dynamic range of 22.5+IL dB, which will be controlled via a
microcontroller, thus enabling the system to operate with
constant output power.
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Figure 1: X-band Block Diagram Architecture of Low Power Section.

A challenge in this approach is to mitigate the high noise
figure of the system. This phenomenon is caused by the high
attenuation introduced from the two VVAs, that are
necessarily placed in the early stages of the system, when the
input power level is -15 dBm. The aim is to modify the
architecture in order to limit the noise figure as much as
possible. For this reason, due to the system limitations, one
extra VVA (same part) must be introduced in the layout. The
scope is to split the variable attenuation into three VVAs,
thus decreasing their effect in the total noise figure.

Fixed attenuators are placed to improve the matching
between the active parts (standing wave choke), and also
assist with keeping each amplifier’s output power below the
1dB gain compression point. If any mismatches are present,
unwanted reflections may occur and cause degradation of the
system’s operation. The VVAs are implemented utilizing
active elements (GaAs MESFETS), and due to the bad
matching, the decision to include attenuation pads between
the LNA and VVA blocks, was forced. Specifically, the
LNA has maximum return loss values S;; = —7.93 dB and
S,, = —13.4dB, while the VVA presents S;; = —9.5dB
andS,, = —11.2 dB under maximum attenuation operation.
This led to the decision of adding a 1 dB fixed attenuator in
the VVA’s input and a 2 dB fixed attenuator in the VVA’s
output. On top of that, copper patches are placed about the
RF transmission lines, that interconnect the components, for
tuning during the board evaluation lab process. The equalizer

that was designed has S11,S22 < =17 dB | and the MPA has

S11 £-9.95dB , thus it was decided that a fixed attenuator
before or after the equalizer isn’t necessary. Finally, a 2 dB
fixed attenuator was placed in the system’s output to offer
extra isolation between this PCB and the next, which would
have a high power amplifier as its first RF block. Attenuation
pads are an easy solution to the issue, instead of designing
matching networks for each one of the components. The
main disadvantage of this choice is the insertion of additional
losses, so more amplifiers are needed to compensate them.

The directional coupler will transfer a sample RF signal
from the system to the peak detectors, which will convert the
RF signal into DC voltage and feed it to the microcontroller.

Finally, because of the gain variance the cascaded
amplifiers experience, a (positive) gain slope equalizer has
been added to the system.

The coupler and the detector in combination work as a
feedback network for the AGC loop. In the next section of
this article, the operational principle of the system
responsible for the automatic gain control, will be presented
in combination with an algorithm flowchart, that explains the
microcontroller’s programming approach.

It should be mentioned that the choice of the coupling
factor was based on the graphs provided in the detector’s
datasheet, regarding the detected power. The coupler was
designed using the microwave office [2] design and
simulation environment. It is generally desired to have large
coupling values minimizing the insertion loss, but
simultaneously, considering the chosen detector, it becomes
clear that the detector’s RF input power should preferably
be between -8 and 8 dBm.

The coupler, the attenuation pad placed in the system’s
output and the equalizer were designed using microstrip line
technology and KOA microwave resistors, while the LNAs,
the MPA, the VVAs and the detector were COTS
components.

III. AUTOMATIC GAIN CONTROL

The automatic gain control subsystem is utilized to
eliminate the dependency of the system’s RF output power to
frequency and temperature variations. The directional
coupler, preferably with low loss — high coupling
characteristics, takes a sample of the RF signal and directs it
towards the detector. A simplified schematic of the AGC is
presented in Figure 2.

The analog signals, from the detector’s output, are
converted to digital words, through the ADC peripherals of
the MCU. Then, a comparison between the digital word, that
is chosen (pre-calculated) to represent the power detected
level, and an internal digital reference (previously defined) is
then performed, to set the duty cycle of a pulse-width
modulated signal (ePWM Peripheral). The ADC is
configured for continuous conversion. Because of the RF

115



board’s need for multiple voltage variable attenuators
(VVAs), multiple PWM outputs are going to be utilized,
each one of them controlling one specific voltage input of a
VVA. Specifically, 5 PWM outputs are required, since the
first bias voltage of the first VVA stays stable at -5 V.

VWA
Control
Voltages

Figure 2: Automatic Gain Control System

The PWM signal is fed to an external low pass filter
(LPF). PWM signals can be converted into analog signals
using a simple RC type low-pass filter, higher order passive
LPF, or even active LPFs (Operational Amplifiers). The
PWM duty cycle determines the magnitude of the filter’s
output voltage. The PWM frequency determines the amount
of attenuation the filter can produce. When the PWM
frequency is close to the cut-off frequency, the filter
responds quickly, but produces a high amount of ripple in the
output signal. As the distance between the cut-off frequency
and PWM frequency increases, the response time decreases,
but the ripple in the output signal also decreases. Thus, the
design of the LPF (etc. the order of the filter) is critical to the
overall performance. Finally, these voltages will be driven to
the VVAs that will adjust their attenuation accordingly to
enforce a constant power output.

IV. ALGORITHM FLOWCHART

To decrease the computational burden of the
microcontroller, as well as the minimization of some
potential errors, the control algorithm was developed
utilizing a lookup table. The lookup table approach entails
the measurements of the system’s responses under different
control voltages to determine which combination of control
voltage values will lead to the target output power level, with
the smallest possible value for the system’s noise figure. The
drawback of this technique is the need to perform multiple
board measurements to correctly define the required control
voltages, for each VVA. First of all, the exact correlation
between the control voltages and the variable attenuation
must be determined. Then the cascaded gain, leading to the
coupling point must be measured, as well as the detector’s
RF input power level and the DC output voltage it relates to.
Finally, all of the aforementioned measurements must be
repeated under different ambient temperatures (every 10-
15°C). After this process is completed, the (finalized)
Lookup Tables are going to be defined, consisting of the
measured detector’s DC values in correlation to the RF
power level (90 different states) and the necessary

attenuation, VC trl,1-5

It should be noted that, in applications such as this, a
second detected power level is expected from the next

amplification stage. The algorithm in this section, takes the
extra MCU’s input voltages into account.

Figure 3: Algorithm Flowchart.

'AGC Lovkup Tabls (LUT) Assignment
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NO

< NPu-Pad 0548

The algorithm’s flowchart is presented in Figure 3. First
of all, the power up of the microcontroller and all its
initialization procedures takes place. Afterwards, the
detectors’ temperature measurement is read, and the correct
lookup table is chosen. The maximum attenuation state is
selected for the first loop repetition, in order for the RF
power to be below the gain compression region, taking a
possible worst case scenario into account. Then the
detectors’ case temperature value is updated, and so is the
lookup table. If both of the detectors’ output values are close
(taking the expected power difference between them into
account), their detected power levels are compared, and a
mean value is chosen. If one of the detected powers varies
extremely from what is expected, then only the other detector
will be utilized. If their detected powers exhibit greater
variation than expected, but is not extreme, the 1% detector’s
output will be ignored, since the 2™ one takes more RF
blocks into consideration. If the RF power still isn’t at the
expected level, after x amounts of program loops, the 1%
detector will be considered and the 2™ one will be ignored
(considered to be malfunctioning). Finaly, if the difference
between the detected and the expected power is less than 0.5
dB, the loop repeats as is (with the updated temperature and
power measurements), else the digital word from the ADC
gets rounded to the closest from the lookup table, and the
appropriate duty cycle values are entered to the ePWM
peripheral drivers.

V. BLOCK LEVEL SIMULATIONS

The scope is to create a test-bench capable of displaying
the most important metrics of the system such as voltage
standing wave ratio (VSWR), power gain (G), output power
(Pout), noise figure (NF), etc. of the total structure versus the
input power and operation frequency.

In this report, the approach of the look-up table was
followed, with a small number of samples of input power
levels, to validate the operation of the block level
architecture. It is important to include in the analysis the best
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(Pin=-15dBm) and worst case (Pin =—60dBm) of input
power.

As it was mentioned in the previous section of the report,
each VVA has two control voltages. This kind of VVA
cannot be incorporated in VSS because the variable blocks
have only one port for the control signal. For this reason, the
two control voltages were added and then inserted into the

control port Ve =Vei +Vez . With this technique, the
maximum attenuation could be achieved with a control
voltage of V=0V ("™ =0+0) while the minimum
attenuation with —10 V (" = —5 —5),

The blocks of Figure 1, apart from the tone source, are
data-based blocks, derived from the datasheets of each
(COTS) component or exported touchstone files from the
simulations of the (in-house) designed components, to
increase the accuracy of the simulation.

The simulation’s swept parameters are both the
frequency and the input power. The LNA is assumed non-

linear elements considering the PGCiap, OTP3 and NF for the
nominal scenario (Temperature of 25°C) based on the data
sheets. The MPA was simulated as non-linear circuit
yielding only the power compression point as defined in data
sheets while the OIP and the noise figure are not addressed.
Assuming that the operation point will be at least S5dB below
the power compression point 1dB, it is feasible to neglect the
OIP3. In addition, the noise figure will not affect the overall
noise due to the position of the MPA in the cascade
architecture of the low power section.

The numerical results, of the proposed (87dB gain)
amplification system, are going to be presented, utilizing the
VSS’s RF budget analysis. As aforementioned, for the
maximum reduction of the noise figure, there is a need to
apply different control voltage at each VVA, with the aim to
have the first VVA insert the smallest possible attenuation,
the second a little higher and the last one the maximum
possible. The first VVA must insert less attenuation than the
last ones to decrease the overall noise figure. This strategy is
quite common in microwaves systems, where the first
devices are the most impactful, determining the overall noise
figure of the system. However, the selection of voltages
following that methodology makes it more difficult to
formulate an algorithm for the AGC to achieve such
response. So, for that case a look-up table approach seems
more reasonable.

The difficult in this task is located in keeping the LNAs
operate below the saturation point to not distort the signal. It
is expected that the second and third LNAs are more likely to
saturate due to small attenuation. So, a trade-off have to be
established between the noise figure and the output power of
the LNAs.

In the present case, the LNAs would operate as linear as
possible in order not to distort the modulated signal. So, the
output power of the LNAs was targeted to be lower than
14.7dBm (2 dB lower than the output 1dB compression
power) as depicted in Figure 4. In Figure 4, the output
power at each LNA’s output is shown, when the input power
is at its highest value and so the second and third LNAs must
be protected from gain compression. It is observable that the
last LNA (fourth in order) is far below the saturation.
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Figure 4: Input power levels at the output of each LNA
vs frequency, for P, = —15 dBm.

The cascaded noise figure for the worst case scenario
(Pin = —15dBm) versus the frequency is presented in Figure
6, where the maximum noise figure is lower than 3.3dB. This
value is quite good for an amplification system, such as this.
In the best case scenario (Pin = —60 dBm)_the noise figure is
mainly determined from the noise figure of the LNA (around
1.64 dB) due to the low loss behavior of the VVAs as seen in
Figure 9. The noise figure at the output of each component,
at the highest frequency (largest noise figure) is shown in
Figure S for the largest input power (-15 dBm), and in
Figure 10, for the smallest input power (-60 dBm).

From the Figures 7, 11 and 12, it is evident that the
output power is between 27dBm and 27.18 dBm for an input
power of -15, -60 and -35 dBm respectively. Thus, the
design of the equalizer has achieved it purpose. From Figure
8, it becomes clear that the purpose of the control voltages
from the lookup table was that the first and second VVAs
introduce just enough attenuation so that the second and third
LNA still work in the linear region, while the third VVA is
responsible for maintaining the output power at around
27dBm.
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Noise Figure vs Frequency
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Figure 12: Output power vs frequency, for Pin = —37.5 dBm,

The slope of output power at frequency range was
originally negative due to the dispersive characteristics of
the LNAs and VV As, but was stabilized with the addition of
the equalizer. The output power, without the equalizer’s
block, is shown in Figure 13, where the power level
experiences around 0.64 dB of variance.
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Figure 13: Output power vs frequency, for Pin = —37.5 dBm,

without the use of the equalizer.

VI. CONCLUSIONS

In conclusion, the main components of the modern
microwave architecture, that was designed to amplify a
signal by 87 dB, include Low Noise Amplifiers, Medium
Power Amplifiers, Voltage Variable Attenuators, Fixed
Attenuators, a Directional Coupler, a Peak Detector and a
Microcontroller/Microprocessor.

Due to the difficulties and tradeoffs, that were mentioned
in the beginning of this article, there is an added complexity
to the design of the RF board at this frequency band. The
overall block diagram isn’t as compact and
effective/efficient as an RF designer would aim for it to be
since the additional fixed attenuation in combination with
the VVAs and the five (5) MMIC amplifiers seem
counterintuitive.

Nonetheless, those additions are necessary to this
system, which manages to deliver the desired output power
(27dBm), with minimal variance (~0.15dB), and uses only
one MPA (low total current consumption), while
mismatches between any of the active devices are not going
to appear.

Overall, after correctly assessing the importance of each
tradeoff and the consequences each design choice has, as
well as a thorough investigation of the most probable
alternatives and considering the leeway an RF designer has,
it was decided that this (Figure 1) is the block diagram of
the RF board that should be designed. The next steps (future
work), are the following:

* Design and EM/Thermal simulations of the complete
RF board.

* Testing the designed PCB in the lab.
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Abstract—There is an ever increasing need for computing due
to the rise of big data and artificial intelligence applications. The
utilization of bio-inspired and quantum-based methodologies is
showing considerable potential in the advancement of innovative
circuits and systems. These systems have the potential to address
a broader range of challenges and enhance existing solutions.
The performance of the von Neumann architecture, which has
been widely used for many years, is currently being impeded
by physical constraints. Consequently, new computing architec-
tures, supported by innovative materials and circuit devices, are
beginning to emerge and provide encouraging outcomes. As a
result, in this paper the inherent advantageous characteristics of
memristive nanocircuits based on emergent memristor devices for
memory storage and computing are presented aiming to showcase
their ability to evolve and accelerate traditional computing
paradigms.

Keywords—Unconventional Computing, Memristors, Oscilla-
tors, Bio-inspired Computing, Quantum Computing

I. INTRODUCTION

A significant portion of contemporary nanotechnology re-
search is dedicated to the identification of appropriate can-
didates for the advancement of transistor technology. The
memristor, a novel two-terminal nanoelectronic device, was
theoretically proposed by Leon Chua almost fifty years ago
and is widely regarded as such [1]. In 2008, the imple-
mentation of this theoretical device became feasible due to
advancements in materials and production techniques, which
facilitated the introduction of nanoscale devices [2]. One of
the notable characteristics that has garnered attention from
researchers is the capacity of the device to adjust its resis-
tance level, known as Memristance, in response to electrical
stimuli applied at its two terminals. This ability to sustain this
resistance level even in the absence of such stimuli establishes
it as a non-volatile memory component. The introduction of
several memristive devices has been facilitated by a wide
range of materials and processes [3]. These devices exhibit
diverse properties, including different ranges of memristance,
switching mechanisms, required voltage levels, and voltage
polarities, among others. Although memristors exhibit vari-
ous characteristics, they generally possess intrinsic properties
such as non-volatile information storage, scalability, decreased
size, and low power consumption. Memristive devices are
predominantly manufactured in the form of Metal-Insulator-
Metal (M I M) architectures [4]-[6]. By enabling compatibility
with existing CMOS fabrication techniques, memristors can be
seamlessly integrated into the back end of the line (BEOL).

The increasing scientific interest in memristors can be
understood by doing a comprehensive literature review, which
highlights the wide range of domains in which memristors
have been effectively utilized. The applications encompass a
wide range of methods, including the utilization of Convolu-
tional [7] and Spiking Neural Networks (SNNs) [8], [9], in-
memory computing memory [10], [11] and logic architecture
[12], as well as other unconventional approaches [13]. This
paper delves into the territories of memristive nanocircuits,
spotlighting their ability to evolve and accelerate traditional
computing paradigms by demonstrating applications in arti-
ficial neural networks, quantum computing, oscillators, NP-
complete problems and in-memory computing.

II. ARTIFICIAL MEMRISTIVE NEURAL NETWORKS

Memristors have been suggested as the electrical counter-
parts of biological synapses. The device can be described as
a resistor with memory. The device’s response is determined
by its entire dynamical history. It exhibits a continuous range
of resistance values, making it well-suited for adjusting the
synaptic weights of artificial neural networks (ANNs). The
artificial neural network (ANN) is a computational model that
draws inspiration from the biological nervous system. It is
designed as a parallel and distributed network consisting of
basic nonlinear processing units. Hardware implementation
(HW) of artificial neural networks (ANNS) is a crucial stage
in achieving circuit-level functionalities that resemble those
of the human brain. The fundamental constituents of artificial
neural networks (ANN5) consist of neurons and synapses, such
as the one shown in Fig. 1. The circuit representation of these
components should primarily be compact in order to facilitate
scaling up to the total number of biological devices (about
10" neurons and 10! synapses in the human brain).

III. CROSSBARS FOR ACCELERATING QUANTUM
COMPUTING SIMULATIONS

Quantum computers can exponentially accelerate the search
of solution in NP-complete problems by exploiting quantum
mechanics, namely superposition and entanglement, enable
massive parallel processing of information [15]. Combining a
memristive circuit capable of accelerating quantum computing
simulations with the aforementioned circuit implementations
of interconnected cells can provide an efficient but also com-
putationally capable hardware. The integration of a memristive
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Fig. 1: (a) Generic implementation scheme for a single-layer
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circuit that can enhance quantum calculations with discussed
circuit implementations of interconnected cells can yield a
hardware system that is both efficient and computationally
proficient. As a result of decoherence, which refers to the
interaction between the environment and the qubits, the basic
unit of information in quantum computers, the quantum state
can undergo uncontrolled changes, leading to the loss of the
stored information in the quantum computer. Consequently,
the process of testing and developing quantum algorithms in
physical quantum computers is not a straightforward task.
This leads to an increasing demand for quantum computing
simulations. The existing classical simulators exhibit a com-
mon limitation, whereby the exponential growth in the number
of qubits results to a significant increase in both execution
time and memory needs. In order to address these limitations,
researchers are investigating innovative memristive devices
that possess the ability to perform quantum calculations and
represent qubit states. By employing memristive crossbar
designs, quantum calculations can be efficiently performed
in parallel, achieving a constant time complexity of O(1)
regardless of the size of the system, while also reducing
hardware complexity. In addition, the memristor crossbars
have a high density, allowing for a greater number of qubits to
be simulated compared to a standard computing device with

Vin

Fig. 2: Crossbar Vector-Matrix Multiplication circuit employed
to perform the operations of quantum gates (adopted from

[16]).

the same die-area. Moreover, the memristor crossbar circuit
exhibits reconfigurability, enabling the implementation of al-
ternative quantum algorithms on the same hardware medium,
while maintaining the reprogrammability characteristic.

The inherent capability of the memristor crossbar to per-
form vector matrix multiplication (VMM) operations has been
widely utilized in the advancement of memristive neuro-
morphic hardware. This hardware incorporates memristors to
represent synaptic weights through the conductance value, as
shown in Fig. 2. The proposed quantum simulator exploits the
VMM principle to conduct quantum computations, simulating
the computational capabilities of quantum computers.

IV. MEMRISTIVE OSCILLATORS

Memristive oscillators are gaining significant attention as a
potential analog computing alternative and a promising area
of research, presenting novel opportunities for the develop-
ment and operation of innovative circuits. These particular
oscillators have the capability to consume minimal power at
nanoscale levels and may be seamlessly incorporated onto
a microchip, hence facilitating a more streamlined and eco-
nomically viable design. They possess promising prospects
in many fields, encompassing signal processing, as well as
non-traditional forms of computing, like neuromorphic [17].
Furthermore, their bio-inspired characteristics render them
well-suited for tackling practical challenges.

A. Memristive Neuromorphic Voltage-Controlled Oscillators

Memristive Neuromorphic Voltage-Controlled Oscillators
(MNVCOs) have the potential to be utilized in the automotive
sector, particularly in distance detecting systems, by inte-
grating signal processing with practical applications. Distance
detection technologies, including ultrasonic sensors, radar sys-
tems, and vision-based techniques, are frequently employed to
aid drivers in maintaining a secure distance from other cars,
and pedestrians, so offering passive safety to the act of driving.

In this application, the MNVCO is integrated into a Voltage-
to-Frequency Converter (VFC) circuit, which can be employed
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Fig. 3: The circuit performing the voltage-to-frequency conver-
sion. The gray region encompasses the MNVCO circuit, while
the purple region the amplification circuit (adopted from [18]).

for the purpose of Voltage-to-Frequency Mapping (VFM). This
process involves the conversion of an analog voltage signal
into a neuromorphic frequency-based output signal due to
the charge and discharge of the capacitor C, providing a
neuromorphic behavior, that correlates with the membrane
voltage dynamics met in biological neurons. Thus, it can
be utilized to activate the driver’s attention as needed. The
Voltage-to-Frequency Converter (VFC) can be engineered
to possess a distinct voltage-to-frequency transfer function,
which establishes the correlation between the input voltage
and the resultant output frequency (Fig. 3). The methodology
facilitates the transformation of continuous analog signals into
distinct frequency signals, enabling convenient processing and
analysis. Prior to implementing a basic VCO using CMOS
technology, multiple studies have been conducted. Neverthe-
less, their primary limitation lies in its distinct frequency
output and intricate construction. The proposed VFM is both
fully analog and neuromorphic, meaning it does not have
distinct output states. The output signal increases in direct
proportion to the supplied input voltage, while also consuming
very little power.

B. Memristive-RC Oscillators for NP-Complete Problems

A distinct subset of the aforementioned intricate issues com-
prises logic puzzles, such as the renowned Japanese Sudoku.
The problem in question can be expressed in multiple forms,
such as a constraint satisfaction or a graph-coloring problem.
As a result, diverse approaches have been employed to find
a suitable solution. However, these techniques’ scalability is
limited by the computational capability of the related algo-
rithms.

Novel electrical hardware techniques have been developed
to offer scalable solutions to complicated NP-Complete prob-
lems, going beyond traditional computers. Unlike traditional
circuits and systems, these innovative circuits and systems take
advantage of the unique properties of memristors. The solution
arises naturally from the dynamics of the proposed approach.

To establish a connection between the Sudoku puzzle and
an electronic circuitry capable of automatically generating a
solution, the memristor-RC oscillator is employed as a Sudoku
cell (V). The entire n X n Sudoku puzzle is composed of a
grid of n x n memristive-RC oscillators, denoted as IV; ;, for

i 7= =
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; % I

J 1
1)) Vs sy -
2 7
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Fig. 4: Interconnections of the described circuit solving a 9x 9
Sudoku puzzle (adopted from [19]).

1,7 = 1,...,n. The oscillators are interconnected by coupling
capacitors in a manner that exclusively connects the Sudoku
cells, which are incapable of possessing identical numbers, in a
direct manner. Therefore, the Vo of one oscillator is directly
linked to every other oscillator in its row, column, and sub-
group through the connection C; ;|i,j = 1,...,n&i # j. Fig.
4 illustrates an abstract depiction of the suggested approach
for the traditional 9 x 9 Sudoku puzzle. A rise in the output
voltage Vopr of an oscillator N; ; leads to a corresponding
increase in the Voyr of a directly connected oscillator Ny, ;.
After this, the voltage across the memristor of the oscillator
Ni,;i is decreased, resulting in a delay in the switching of
the memristor’s state and subsequently causing a delay in the
functioning of N ;. By employing this delay, the suggested
system can effectively isolate the oscillators that are directly
coupled, resulting in a gradual synchronization of the non-
directly connected oscillators. Consequently, the resolution of
the Sudoku puzzle is achieved by the temporal separation of
the oscillators, whereby cells possessing an equal number of
sets K will exhibit simultaneous oscillations.

V. IN-MEMORY COMPUTING CROSSBAR WITH RISC-V
COMPATIBILITY

The von Neumann architecture has been the fundamental ar-
chitecture of the current era of computing systems, facilitating
the execution of instructions stored in memory. Nevertheless,
the ongoing proliferation of data-intensive applications in
recent times has brought attention to the limitations of the
conventional design, specifically the von Neumann bottleneck.
This bottleneck occurs when the processing speed is con-
strained by the bandwidth between the processor and memory.
Furthermore, this bottleneck hinders the power efficiency of
contemporary computing systems as a result of the substantial
energy consumption associated with these data transfers. Con-
sequently, new methodologies can tackle this issue, with in-
memory computing emerging as a viable technique that aims
to mitigate the disparity between the CPU and memory.

This work aims to include a memristor-based in-memory
block into the commonly used RISC-V architecture. This
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Fig. 5: Schematic of a crossbar row and the sense amplifier
used to output the data of the in-memory computing circuit.

is achieved by introducing a customized instruction set and
specialized hardware, taking use of the distinctive charac-
teristics of memristors. Memristors, due to their combined
capacity for information storage and processing within a single
physical device, present a potentially advantageous approach
for overcoming the conventional von Neumann bottleneck.
These components showcase exceptional energy efficiency by
facilitating analog-domain computations solely through the ap-
plication of Kirchhoff’s Law [20], [21]. This integration offers
significant improvements in computational performance and
addresses the issues of memory access latency and bandwidth
limits that are inherent in traditional computer architectures.

This study delved into the essential elements of the de-
sign, specifically focusing on the 1T1R memory cell, the
custom sense amplifier devices, the instruction set, and the
memory controller utilized, depicted in Fig. 5. In conclusion,
a comprehensive examination of a most unfavorable test-
case scenario was undertaken, encompassing the utilization of
alternating AND operations. The primary aim of this analysis
was to showcase the feasibility and reliable state switching
capabilities of the system.

VI. CONCLUSIONS

In this paper, the significant advancements and potential
of memristive nanocircuits across various computing domains
have been highlighted. These circuits are pivotal in address-
ing some of the core challenges in computing, such as the
von Neumann bottleneck, through in-memory computing and
simulation of quantum environments. Additionally, memristive
oscillators demonstrate the broad applicability of this technol-
ogy in enhancing computational efficiency. The integration of
memristive nanocircuits into existing computing architectures
offers a promising approach to overcoming current limitations,
indicating a shift towards more efficient and scalable comput-
ing systems. Future research should focus on optimizing these
circuits for broader applications, ensuring their compatibility
and performance in a wider range of computational tasks.
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H mapovco epyacio mpaypatevetor v ovdAivon kot T
oyedloon TV EMUEPOVS YPOUUIKDOV GUCTOL(IOV KEPULDV PAoNG,
OV OMOTEAOVV TIC £0peG Hiag gupUTEPNS TOAVESPIKNG GLGTOLYIOG,
pe ) Pondeta Tov TPOYPAUUOTOG NAEKTPOUAYVITIKY TPOGOUOTOoNS
CST. Xvykekpuéva, oyedldletor to pepovopévo ototyeio Tav
GLOTOLOV MG EMMESN MWKPOTOVIOKY KEpaia, amd To omoio ot
GuVEYELL LAOTOOUVTOL dVO JITAG GToLYElD Ko OTn GLVEXELD dVO
SLOPOPETIKES YPAUUIKEG GLOTOLYIEG OKTM oTorEimv. Ot cuoTolyieg
OVTEG LEAETOVVTOL G TPOG T1| LETMTIKY TOVG OKTIVOBOANGT] GAAG
Kol Tov EAEYY0-HETOY®YN TG déoung axtivoPforiog, mov yiveton
péow g TPoYodoacio TG ocvotolyiog and évav mivoko Butler.
Téhog, yivetanl pio TPooopoimen TOPOLGIN OVOKANGTPO Kot TO.
OmOTEAECILOTO. GVYKPIvVOVTOL HETaED ToVg 0mdTe gEGyovTOL avaAoYa
GUUTEPACLLOLTCL.

Aééerg  Kleidis—2Lvoroyics  Kepaidv,
Kepaieg, Ilivaxag Butler, Ilolvedpixn Xvororyia

Mikpotoauviakés

1. EIXAT'QIH

Koatd xovova, Eva pepovopévo atoryeio (pio pepovopévn
Kepaia) €yl oxeTikd gvpv Sudypappo axtwvoPfoAlag Kot
mapéyel yoaunAn Kotevbovrikotnra. Qotdoo oe mWOAAEG
EQUPUOYES, OTMG GE EPAPLOYEG POVTAP, EIVOL EMTAKTIKO VO
oxedalovral  kepaieg  vymAg  KatevhuvTIKOTNTAG,
TPOKEYEVOD VO IKALVOTTOLOVVTOL Ol OTTALTHGEL TOV GUGTILLATOG
Y aviyvevon otoymv o€ peydleg amootdoelc. Avtd umopel
va emtevyBel povo pe mv adEnon tov niektpkod peyéhovg
g xepaiag [1].

Extoc and 1 peyébuvon tov QuoIKOV dooTAcE®Y NG
Kepaiog, EVVOAOKTIKOG TPOTOG avénong ™mg
katevBuvTikdoTNTaG  €lval 1 oLYKpOTNON oG SOoUNg
ATOTEAOVUEVNC OTTO TTOAAATAG GTOtYE LD akTivoPoAiog, N omoia
amokaAgitat cuototyia (array) [1].

Mio aitepn  katnyopic.  GOUPOPO®Y  GLGTOLYLDV
AmOTEAOVV 01 TOALEIPIKEG cvototyieg (multifaceted arrays).
¥t wpd€n, amotehodviol omd TOAVESPIKEG EMUPAVEIEG Ol
omoieg TPocopolalovy avtioToryeg KUKAIKES, KUAIVOPIKES 1)
cpapKéG ovotoryies, Omwg ¢@aiveton oy Zynua 1. Ot
TOAVESPIKEG GLOTOLYIEG UTOPOVV VO, KATOUGKELOGTOLV OO
TOAMATAEG YPOLLLKES 1) EMITESEG GVOTOLYiES EVOUEVES LETAED
TOVG, OVTl Y10 fio, KOUTOANETPAVELD TOV OTOLTEL P1d KLPTH
ovotolyio. XVVEn®G, &ival UKOAOTEPES OTI GYESIOGT EVD
TOVTOYPOVO  TOPOLGLALOVV  TOPOUOL  MNAEKTPOLOYVNTIKN
CUUTEPLPOPA  UE TIG KLPTEG OLOTOWIEG TG Omoieg
npooeyyilouv [2].

AnpiTpng Apvoovtoylov
Tunqpa Hiektpodldymv Mnyovik®v Kot
Mnyovikedv Yrnoroyiotmv
Anpoxpiteto [avemotiuo @pbxng
Eévon
darnaout@ee.duth.gr

I'émpylog Kuprokod
Tunpo Hiextpoddymv Mnyavikedv kot
Mnyovikdv Ymoloylotmv
Anpoxpitero [avemotiuo @pdrng
Zavom
gkyriac@gmail.com

2ynpa 1 I'souetpio molvedpiky coeToryios

O Pacwkdc AOYOG mOL OOMYNOCE OTNV EMAOYN TNG
TOAVESPIKNG YEMUETPIOG glvar 1 VKoL VAOTTOINGONG KO 1)
OTTOSOTIKY] GAPMGT) SEGLNG TTOV TOPEYEL T YPOLLLLKT GLGTOLY {0
g kaBe €dpac. [ o cuototyio Teccapmy £3pmv, Bo Tpénet
n déoun va capdvel Evav yaviokd topéa 180°. Omote, apkel
1 €KAOTOTE £0pO VO UTOPEL VO CAPAOVEL EVAV YOVIOKO TOUED,
45°. Mio ypoppiki cvototyio oKTd ototyeimv €xet dvotypa
wofg oybog, mov mpooeyyiletan wg HPBW = 104°/8 =
13°. 'Etot 0 yoviokdg topéag 45° vrepkaidntetor amd Tig
TECOEPELS E0MTEPIKEG OEOUEC oG TETOWG  YPOULKNIG
ovototyiog (6éopeg 2L émg kat 2R), Onw¢ paivetal 6to Zyfua

Q¢ pepovopévo otoyeio mov Bo dopnoel ) cvctotyia,
eMAEYTNKE M Kepaia pukpotaviog (microstrip patch antenna)
mov Qaivetal oto Tyfqpa 2 kot yopaktnpiletor amd Yoapnio
TPOPIA, amAOTNTO Kol YOUNAG KOGTOG KATAGKELNG, OAAG Ko
gveM&la ot ouYVOTNTO GLVIOVIGHOD, GTNV TOAW®GT|, GTO
Surypappo axtvoBoriog kat oty epmédnon [1].

"

2ynua 2 I'swuetpio pixporaviarxijc kepaiog ue EvOetn
Tpopodoaia [1]

Toppovo pe m OBeoplo Yoo TG cvotoyieg, pion mTOAD
ONUAVTIKY] 1310TNTO TOVG €vOl O TPOGOVOTOMOHOS TNG
aKTvoPoliag o€ SOPOPETIKEG YOVieg (YOVIOKT COp®O™N)
ovOAOYOL HE TIG QOCELS TOV PELUATOV HE TO OTOio
tpo@odotovvial. Ot @dcelg avtég eréyyovtar omd éva
TN TIKO SiKTLO TPOPOSOGiaG To 0moio cuVdEeTan amevbeiog
pe TG €w06dovg TV otoyeimv kot omoptifeTor amnd
VPp1OKovg ovlebkteg Ko Qaonbéteg, OT®MG Qoaiverol 6To
Zyniua 3, ko ovopdletan Iivakog Butler. H 60pa 166500
tov Ilivoko Butler mov 0o evepyomonbel xkdbe @opd
EAEYXETOL HE TN GEWPA NG OO MAEKTPIKA EAEYYXOLEVOVG
Swokoémteg SPET.
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2yniua 3 Zynuatiko owaypouua wivarxa Butler 8 e166dwv-
eéoowv (8x8) [3]

Metd ) oyedlocn T®V CLGTOY®Y KOl TOL JiKTLOV
TPOPOSOsCIag TOVE, TO OAOKANPWUEVO GUGTNHO UTOpel va
BeAtioBel mepetaipo pe ™ mpoobnkn avaxiootipo. O
avakiaotpag etvor pio peydAn UETOAMKT EMLPAVELD TOV
Kkatevfhvel TV gvépyelo. TG ovoTolyiag oty embounty
devBuvon eEartiog ™ avaKAAoNS TMV NAEKTPOLAYVITIKOV
Kopdtov oe aywyd. H tomoBétnom avaxiootipo oe
armdotoon Ag/4 Exnua 4) €oceolilel TV 160QAGIKN
GLUPOAN TOL KOLOTOG TOV aKTIVOPOAEITAL 0o TNV KEpaia, e
aUTO0 WOV avoKAdTOL  amd  TO  HETOAMKO  emimedo.
Yvykekpipéva kdOe Stadpopn mTpo ToV avaKAAoTHPA, EIGAYEL
Swpopd paong -90°, evad 1 avakiaon -180°. Etot mpoxvmtel

eaon -360°, onAadn Oetikn ovpPoAny pe to dueca
AKTVOBOAOVEVO KOLLAL.
y @
tj F=—1=g il80

2yijuo 4 Agitovpyia exinedov avakxlacTipa

II. 2XEAIAXH
KEPAIAY

Mio Tomikn Hopen UIKPOTAVIOKTG KEpaiag paiveton 6T
Yyfqpa 2 kot omoteleitonomd to eminedo yeiwong Kot éva
Aentd pETOAAMKO PUALO (Hikpotowvia 1) patch) pe dwaotdoelg
pikovg kot mAdtoug L kot W. To emimedo yeiwomg kot M
pcpotovio dtoywpiloviol omd éva oTPOUN dMAEKTPLKOD
wayovg h Kol OMAEKTPIKNG oTabEpdc &, YVOOTO ©G
vrootpopa (substrate). Meta&d GAAOV INUOPIADY TPOT®V
TPoPodocing, 0 TPOTOG Tov YPNoLHOTOMONKE oIV gpyacia
glvaw 1 évBetn tpogodocia (inset feed) amd pukpotoviaky
ypapuun mAdtoug Wy, mov sioympei oto patch katd Evav
TapAyovTa Yo, Kol SNpovpyei 0o Thevpikéc eyKomég (Zyfua
2).

EIIINTEAHY MIKPOTAINIAKHY

Yougava pe ) Bewpia [1], To puikog L g toviag ivor
1 andotact HeETaEl TOV aKTVOBoAOVGHY oxlou®my #1 kot #2
TPEMEL VO OL0GPOALEL TOV GLVTOVIOUO TNG KePAiog GTOV
kupiopyo pvbpd TMyp, OTOL 1] GLYVOTNTA GUVTOVIGLOV
fr etvon

fTMom ~ ¢ @)

" 2L [€ress

He € va gival 1 TodTNTO TOL POTOG GTOV ELEVBEPO YDPO KO
Erefr M €VEPYOG dMAekTpikh otabepd mov ogeidetar otn
dwppon tov medlov Oomd TIC OKUEG TNG MKPOTOWVIOG
(pavopevo twv kposomv). To mAdtog W elvar 1 didotacn
TOV OKTVOPOAOVGMV CYICUMV TOL EMALYETAL YO TN

Bértiotn anddoon, kKot opileTal £T61 MOTE VO PNV EXTPENETOL
1N déyepon emmAéov puOumv (6nwg Tov TMy,4)

c 2 2

W=—
2fr \Jer 4 1

Eme10m 1 kepaio Agitovpyel og mapdArAnio cuvtovicopd, avtdg
Oa BpiokeTor o GLYVOTHTA OOV TO TPAYLATIKO HEPOG TNG
avtiotaong €6odov Bo givar péyioto. H avtiotaon ovtm
opms, Ba mpénet va mpocdopiotel 6To onpeio TPoPodoGiog
Y = Yo He TV tEYVIKN TNg amogppdntiong (de-embedding)
Kot dtvetan amd v eicmon

1 [ 3)
— P
Ringy=yo) = 2(G, ¥ Gyp) cos (L yo)

omov Gi M TPOYUOATIKY OYOYOTNTO TNG akTvofolodoag
oyloung #1 g pukpotowviog kot G12 1 apofaio TpoyaTiKy
ayOYOTNTO LETAED TV GYIoU®V #]1 Kot #2 .

INo ™ kepaio ™ epyaciog (cuyvotnta Asttovpyiag 2.95
GHz) ypnowonomfnke to vroéotpopo ROGERS4003C [4]
pe & = 3.55 ko 2 = 1.52mm, kot wpoékvoyay HeTE omtd
Beltiotomoinon dwotdcelg L = 26.3mm, W = 33.72mm,
onueio tpopodociog yo = 10.45mm kot TAGTOG YPOLUNG
tpogodociog Wy = 3.42mm nov vroAoyioTNKE GOUPOVA LE
N Beopio TOV HKPOTUVIOK®V YPOLU®OV, Y10 Vo EpeavileTot
YOPOKTNPNOTIKY aviictoon ion pe 50Q. Ou gykomég g
YPOUUNAG VTOAOYIOTNKOY GOHE®VO. LE TNV gpyacia [5], ota
0.258mm.

To ddypoppo aktvoBoliag oto Zyfua 5 ivol apketd
KOVTa 010 BempnTikd avapevopevo, Le Evov KOPLo PLETMTIKO
A0BO pe katevBuviikdmTo ion pe 6.44 dBi kot évav povo
devtepevovta Aofo mpog o wo® Yo yovia ion pe 180° pe
eninedo woatd 14.5dB younidtepo omd TOV KUPO, EVED
ONUEDVETAL PEYAAO Gvotypa HIoNG oyvog ioo pe 93°. Ocov
aQopd ToL VAOAOUTO, JOPOUKTNPLOTIKG, TO TPOKTIKG OTOSEKT,
oplo yo ™ kepaio otn cvyvotta 2.95 GHz opilovtat og
50/vV2 < Real(Zi) < 50/v/2  mov avTioToyel o€
owvteheo™ avéakhaong 1S;1] < —10dB otov cvvtoviops.
[Mopatpeitar oto Zymua 6 6T1 0 CLVTEAESTHG AVAKAMONG
Bploketar ota -29 dB, dpa kpivetor kavomomTikds. Xt0
Zynpa 7, 0 GUVTOVIGUOG TN Kepaiag onpewdveton ota 2.95
GHz yw péyiotm avtiotaon 50Q, mov givarto Pértioto,
®oTOG0 EUPAVICETOL UKPO POVTAGTIKO PHEPOG TO OTOT0 TPEMEL
va e&arerpbei. Téhog, to €bpog (dvng Aettovpyiag PpiokeTan
ota 2.92-2.98 GHz, novyapaktmpiletat apketd otevo (3%).

Farfield Directiviy Abs (Phi=0)

’ — farfied (F=2.95) [1]
0 phi=180

0 Frequency = 2.95 GHz

Man bbe magntude = 6.44 dBi
180 Man lobe drection = 2.0 deg.
Anguiar width (3 dB) = 93.2 deg.
Side lobe level = -14.5 dB

Theta { Degree vs. dBi

2yjua 5 T'swuetpio oyeo10.6uEVIGS ETITEONS HIKPOTAIVAIKI]S
Kepaiag EvOsTig TPpoPodocias (apioTepad) Kal Srdypappa
axtvofoiios (0eéid)
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2ynpa 7 ATosuPonTicuEvo TPOYUATIKG KAl QPOAVTOGTIKO
HEPOS avTIGTAGHS EIGOOOV ETUITEONS UIKPOTAIVIAKNS KEPAIAS

III. 2XEAIAXH KEPAIAX TYIIOY I

Onwg  ¢@dvnke ot mpomyoLuevn  evotnra, N
KoteLBuVTIKOTNTO. KOL TO  AVOlYHo HIONG 1ox00g Tov
VIOAOYIGTNKOV OV €IVOL GE IKOVOTOMTIKG EMImEd Y10, VO,
dwowoloynoovv T ypnowomoinon ¢ emimedng
WIKPOTOWVIOKNG  Kepaiog ¢ HEHOVOUEVO oTOWElD 01N
mpotewoevn cvatotyia. [ tov Adyo avtd mpoteivetan pio
EVOALAKTIKT] dopun ototyeiov mov oamoteleital omd Vo
Kepaieg TPOPOdOTOVpEVEG amd TO 1010 OpoasoviKd KAADI0
50Q (10 omoio GYedAGTNKE COUPDVO. LE T YOPUKTNPIOTIKA
Tov Tpoidvtog [6]) mov Ba ovopaotel Kepaio Tomov T won
patvetor o6to Zynua 8.

O yevikdg kavovag ywr v omdotaon HeTald Tov
otoyelwv o€ p ovotolio. MOTE VO ATOPEVYETOL TO
QavoLEVO TV OYANpdV AoPdv (grating lobes), opiletat g (
)

" )
MAX = 1 + |sin G,

omov 8 n yovia Tov peyiotov oty omoia uropel vo oTpapet
0 KOp1o¢ LoPog. Apov 1 cvatotyia meplopilel ™ déoun povo
610 alovdilo, oTo EMINESO AVOYMONG AMOLTEITAL HETOTIKO
Suypappo  axtwvoPforiog, dpa B, = 6, = 0° mov divel
Aoimax < Ao- AvtiBeta, yio ™ KGAVYN YOVIOKOD TOpé (GO
pe 45°(niadn yoo 22.5° oamdkAion omd TN UETOTIKY
devbuvon) yuo T kéBe €6pa oto alipovblo, mpoxvmTEL
Aazmax < 0.724,.

¥t mpoomdbei va dwatnpnBoldv ot mAevpikoi Aofoi
xounioi, n Péirtiotn omdéotacn petald TOV  onuEi®v
Tpopodociag TV kepadv Ppébnke ot eivar 0.651,. O
TPOTOG e Tov omoio Tomofetovvtal ot 600 Kepaieg Kot 1M
YPOUU  TPOPOSOCiaG OTO VROGTPOUO  ETITPETOVY TN
YPOUKY KoToKOpuen TOAmon. Ilopoatmpel kaveic mmg
VIapyEL pio HeTaTOMION TOV OHO0EOVIKOD KaA®diov amd To
KEVTIPO TNG ovotoyiog KaboTdVTOG To UK TG YPOUUNG
OV KOTOANYOUV OTIG Kepaieg dvica. Avti 1 dopopomoinon
ota pnikn epappoleton ywoti n tpopodocio. otn péon TG
YPOUUNG KoL ETOUEVAG OL IGEC ATOGTAGELG TPOG TL Kepaies Ba

001 Y0000V GTN TPOPOJOGia TV KEPUIDOV e pedpaTo 1310V
TAATOVS Kot Sropopds edong 180°. H mapamdve tomoloyia
TAPAYEL AKPOTVPOSOTIKO S10y PO aKTVOPOAiOG TOV gival
avemBopunTo yio Vv gpappoyn g epyacioc. Etot dowdv pe
™ uetoforn g 0€omg TPOPOSOGING TO PELLOTO TOL
@tévouv oTic Kepaieg etval ta it 0dNYOVTAG 08 LETOMIKY|
aktivofolio. Xt  ovvéyeln mpootifetar 0 SloupEng
Wilkinson yw v enitevén iong diaipeon g 1ox00g OTIC
kepaieg. Qotdéc0 anodeiytnke nwg o dwpétng egattiog g
HETATOMIONG TNG TPOPOSOGIAG TOV EPAPLOCTIKE TOPOTAV®,
Bpiokdtav moAD Kovid otV oktivoPoAodoa TAELPE NG
Kato kepaiog eppavifovtog étot woyvpn ovlevén. Qg Adon,
n doun tov Stoupétn poli pe 10 opoagovikd KaAdS0
petakiviOnkav pokptd amd T KAt Kepaio Kot o pikpn
OmOoTACN £TG1 MOTE VO LILAPYEL £va KEVO TOVAAYIGTOV Sim.
Avt 1 televtaia Kiviion Tpoeavdg emnpedlet T dpopd
oaong petapdirovtdg v and v extbount) tov 180°. I'a
va dopbwbel to cuykekpévo mpoPAnua, mpootifetar
powovopkr]  ypoppn.  Téhog, mopotmpnbnke  peydAo
QOVTOOTIKO HEPOC OV  avtiotacn €wodov 1o omoio
eEovdetepmONKE e TPOGOUPLOYN HE EVO OVOLYTOKVKAMUEVO
piKpotoviakd stub. Znueidvetat 0Tt 1o dIKTLo TPOPOdOGing
Bploketal oto 1010 emimedo pe ™ TVWOUEVN Kepoia, Kot
EMOUEVMC M YPOUUN Kol TO stub emnpedlovy 10 S1dypopLpo
aKTvoBoAiag.

Amd ™ WOpATAPNOT TOV OTOTEAECUATOV OO TEMG TO
Zynua 10 emPePourdveror 1 oot Asttovpyic OA®V TOV
TPOTOTOMCEMV KOl TV EXEPOVS SOUDV TOV GYESLATTNKOV.
To ddypappo aktivoforiog oto Zyfua 8 eivol LETOTIKO, LE
koA ovppetpio, avénuévn katevBovtikdtnra ota 9.6 dBi,
LEWOUEVO AVOLY L OGS 16YVOG OTLG 36° aALG VYN eminedo
T eLPIKOV AoPdv ota -7.8 dB. To vtoroura yopaKTPIeTIKG
™G Kepolog eivol TOAD  KOVTA oTO  WOVIKG, OTMG
emPePfardvetor oand 10 Zysua 9 OMOV O GLVIEAEGTNG
avékioong Ppiocketoar oto -50 dB kot amd v avtictoon
€16000v ot0 Xynua 10 mov Jdeiyvel TEG KOVTA OTIC
BepnTiKég TOL PAVNKAV Kot T KEPAio TNG TPOTYOOUEVNG
evomrog. To amoteAéopata Yo ToV GUVIELESTN avAKAUONG
OmodelkvhoLY TV  EMTUYNG OYedlaom  TOL  SlopéTn
Wilkinson, ev® 1 ovtiotaon €160300 HapTUPG TN KOAN
Aertovpyia tov stub (Re(Z;,) = 50 2,Im(Z;,) = 0).

Farfield Drectiviy Abs (Phi=90)
— farfied (F=2.95) [{
30 phi=270

0
Pi=90 30
g ¥
I \\60

60/ g min
90
Man lobe magntude = 9.6 dBi

180 Man lobe drection = 2.0 deg.
Anguiar width (3 dB) = 363 deg.
Side lobe level = 7.8dB

Theta / Degree vs. dBi

2ynua 8 I'swuetpio Kepaiag Tomov I (apiotepd) kot
owaypapua axtivofoliiag (0eéia)

S Parameters [Magritude in 48]

5 { N N S |
29 2m 2{2%l% 2% 3 3 M 306 38 31
Frequency / GHz

Zyiiua 9 Zovreieotiic aviriaons 1S11| Kepaiag Témov I
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Tables\1D Resuits [Real Part]
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2ynpa 10 Hpoyuatino Kal pavrTacTiKo HEPOS aVTIGTACHS
&16000v Kepaiog Tomov 1

1V. 2XEAIAYH KEPAIAX TYIIOY 11

H oyedioon mg Kepaiog Tomov II mponibe amd v
avaykn anionoinong g Kepaiog Tomov I kabdg kot amd v
avaykn vAomoinong Hiog CUUUETPIKNG O1dtaéng. Xto Zynjua
11 aivovtar 600 emimedeg pKpoToviakég Kepaieg vOetng
TPoPodooiag mov €yovv TeploTpaPel kKatd 90° oe oyéon e
T Tponyovuevn kepaia, AOTE va evepyomoteital | optovTia
ypappkn todwon. H andotaon peta&d tovg £xel koboptotel
va givor 0.654, yio TV KEVTIPIKT cvyvoTITa AETOVpPYiag LE
otoxo v ovénon Mg KotevbuvTikOTToG,  EVD
TpopodoTodvTal amd évav dwpétn woydog tomov T 3dB o
omolog oyedidotnke oduemve pe v epyacio [7]. O
Swpéng pe TN oepd TOv TPoPOdoTEiTAL HE OHOAEOVIKO
KkaA®dd10 50 Q. To pavtacTtikd HEPOG TG AvVTIoTACNS E1GOO0V
avolpeiTol Kol TAAL LLE TPOGAPLOYN HE OVOLYTOKVKAMUEVO
stub, to omoio vt ™ Popd eivart dThod Yo va KatopOdveTon
kaAOTepn ovppetpio. H Kepaio Tomov I anewoviletal oto
Zyfua 11 kol To OMOTEAEGUOTO TOV TPOGOUOIDCEMV
dtvovtar omd to Lynua 11 ¢oc 10 Zynjua 13

Meretovrag g ocvpmepipopd g Kepaiag Tomov 11
pmopel evkola va dwmotdcsl v opdr| Aettovpyia . To
Suypappo axktvoPforiog oto Zynua 11 epgavifet molv
peydAn katevBovrikotnra tov 9.72 dBi tavtdypova pe
KOUNAG eminedo mAgvpikdv AoPdv ota -14.1 dB. Emiong
EMTUYYAVETOL OEOVIKT]  CULUUETPiC  TOV  SloypALUOTOC
axtwvoPforiag Bvoialovtog erdyloto and v amaitnon yio
HiKpd Gvorypa pong woyvog to omoio mpokvmrtel 40.4°. O
oLVTELEOTNG OvaKAaoNG oto Zynua 12 wor m aviiotoon
€10000V 670 gpPaVIlovy oYedOV WOVIKEG TLEG, YEYOVOS TOV
onpaivel emtvy] oyxedioon dwupétn T ko emTONG
TPOCAPLOYY|.

Farfield Directiviy Abs (Phi=90)

— forfeld (F2295) 1]

N =270
L

\ ‘),
B LS 10 Frequency = 295 Gz

15[}'\/ 50 Ma.n lobe magn.mde = 97248
180 Mai bbe drection = 0.0 deg.
Angular vidth (3 d8) = 40.4 deg.
Theta [ Degree vs. dBi Side lobe level = -14.1 68

E 3

2ynua 11 I'swpestpia Kepaiog Tomov 1 (apiotepd) xor
owaypappa axtivofoiiag (0eéia)

s

ide i dB]

55 + : : : : + +
29 202 2q2050es 288 3 302 304 306 108 i
Frequency | GHz

Zyiipa 12 Lovteheotig avaxiaong |S11| Kepaiag Tomov IT

Tables\1D Results [Real Part]

H - 50,0177 —— Mix 1DC
50 RS S A —— Mix 1DC_1

o i | Frequency / GHz | i
29 202 24295096 298 3 302 3.04 306 308 31

2ynjuae 13 MIpaypnotikd Kol QavTaoTIKO PEPOG AVTIoTOONS
€16600v Kepaiag Tomov 11

V. 2XEAIAXH T'PAMMIKHY XYXTOIXIAY TYIIOY 1

210 Zynua 14 paiveton n I'pappuxn Zvototyio Tomov I pe
okT® otoryeion mov viomombnke amd Kepaieg Tomov I e
oaméotacn petad otoyEelmv Ag/2 , Kol TO HETOMIKO
Suypappo aktvofoAlag mov mapdyetat amd T TauTdYPOvVN
TPoPodocio OA®V TV cTotyEimv and 1010 TAdTOg Kot pac,
eved mapdAnio €xel mpoektabel To eminedo yelwong ko
VIOGTPOUOTOG KoTd 50mm.

Elvat epoavig n acovpetpio mov entkpatel otig otdbpeg
TV AoPdV Tov daypappatos (Zyijue 14) mov Bpickovrol
ot +60° kot -60°. ‘Exet emuevyfel  peydin
katevBovtikotnta  ota 17.8 dBi kot o Adyog mAevpikdv
AoBov petofindnke ovykprrkd pe ™ Kepaio Tomov T ko
pewwbnke oto -11.7 dB.

Farfied Drrectivty Abs (Phi=[)
' — farfied (f=2.9

et L] D e
v i/
E g El
=
= £l 4 —
B v El

fes | \ /

‘i‘p ! | el A % 120 Frequency = 295 6tz
il ] @ ‘1;0 Man obe megiude = 17868
E }Fy. aJl 8  Mankbedrecton= 106

F Anquar wath (3d8) = 128 deg.

Theta | Degree vs. dBi Side lobe kvel = 11708

2ynua 14 Ipayyury Zocroyygio Tomov I (apiotepad) kat
HETWTIKO Jraypapua axtivofolios (deéia)

X ovvéxelwn yivetor 1 TPOCOUOION TNG YOVIOKT|
GGP®ONG, TPOPOSOTOVTOG TO. OTOLYEIN TNG GLOTOLING UE TIC
0aoelg peduatog mov mopdyel €vag Bewpntikdc Ilivakog
Butler 8x8, ot onoieg avaeépovtal oty epyocia [8].

Ta amoteréopata TG TPOGOUOIMONG 7OV Jeiyvel O
IMivoxog 1 (mov mepiéyel ™ koatevBuviikdétra D,
devbuvon kOpov Aofod 6y, TO dvorypo poNg 1ox00¢
HPBW, eninedo mlevpikdv Aofdv SLL) kot to Tynqpe 15,
OmOdEIKVOOVY TG T OULOTOI0  OVTATOKPIVETAL OTWG
nwpoPAémel n Bewpio Kot 1 KOPLoL SECUN OTPEPETOL OVALOYOL
pe 1 Ovpa tov wivaka  Butler mov evepyomoeita.
[MopatnpnOnke xotd ™ Tpocopoimon, 6t Kabdg 1 déoun
GTPEPETAL, LELDVETOL 1] KATEVOBVVTIKOTNTA Kot 1010{TEPOL OTN|
MEPIMTOON TOV OKPOIWV dECUNDV, YEPOTEPEVEL CT|LLOVTIKA O
AOYOG TAEVPIK®OY AoPdV omoiog éptace £mg Kot ta -5.8 dB.
To @avdpevo anTd cLVOVTATAL YEVIKOTEPO OTIS GLGTONYIEG
odong kot eivor  BepNTIKG  aVOUEVOUEVO,  APOV
HPBW (8,) = HPBW (8, = 0°)/cos 6, .X11 cvykekpiuévn
mepintoon dev eivar artio TPoPANUATIOUOD 0PoD Ol aKpaiesg
déopeg (4L,3L,3R,4R) d¢ ypetdlovior yioo Tn KOALY™N TOV
YOVIOKOD TOUEN KOl €TG1 Ol AVTIGTOL(EG TPOGOUOIDGELS Y10
TIg déoueg avtéc, dev &yovv a&io Vo TAPOVGLOGTOVY GTIV
gpyooio.
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Thees { Dngpee s

2yjua 15 Awgypapua axtivofolios I paynkiic Xooroyios
Tormov 1 yra evepyomoinon deouwv 2L éwg kai 2R

Ilivaxag 1 Amoteiéocuara yoviokng capwong I papuuixng
2voroyiog Tomov 1

e recaty A 0]

Zynpa 17 Awaypappa axtivofoliios I popuikijs Zvoororyiag
Tormov 11 yia evepyomoinon yia evepyomoinon osoudyv 2L éwg kar
2R

Ilivakas 2 Armoteiéouara yoviaxnys cdapoons Ipapuikic
2veororyiag Torov 11

VI, 2XEAIAYXH T'PAMMIKHY XYXTOIXIAY TYIIOY IT

AxorovBmvtag v 0o Sdwacio yoo ) Tpoappcy
Yvotoyio Tomov I, oyedidleror n Ipappuxr Zvototyio
Tomnov II and Kepaieg Tomov 11, pe eniong amdctaon peta&y
Toug Ay /2.

Y10 XZyfjua 16 6mov QAIVETOL TO PETOMKO Sdypopiio
axtwvoPoliag, mapoatnpeitolr eokola oG €yl emtevydei
peyddn katevBovikdétra oto 18.2 dBi , tavtdypova pe
KOAN cLppETpia Kot YapnAd eninedo TAEVPIKOV AOBOV TOL
vroloyiletan ota -12.4 dBi.

O e ey s )
=

T I Man obe drection = 0.0 deg.
Arguiar with (3 68) = 13.0 deg

Theta / Degree vs. db 5da lobe level = -12.4 B

2ynua 16 I'papuiky Lvetoryio Tomov 1l (mavew) kot
HETOTIKO d1aypapua oktivofolios (katw)

To Zynua 17 amewovilel T mpocopoimon g
YOVIOKNG 6dpwons ¢ cuototyiog pe ) xpnon tov [ivoka
Butler o1 o Ilivakag 2 ovvoyilet to  oplOnutikd
amoteAéopata. Xyoldletar Betikd M wavoTTO NG
ovotolyiog vo datnpel T KaTELOLVTIKOTNTO NG KAODC
mpocavotoriletot o kKOplog AoPos. ITapdopowa pe ) Ipoppixy
Yvototyio Tomov I, éva avemBOunTo yopaxtpioTikd eivor o
aLENUEVOG AOYOG TAELPIKOV AOPdOV Tov gueavifetal oTig
TEPMTOCEIS GTPOPNG TNG SEGUNG OTIC OKpaieg yovieg mov
etavel éog kot ta -10.2 dB, @awodpevo opmg mov eivol
KATESTOAUEVO ovykprtikd pe ™ Ipoppikn Zvoetoryio Tvmov
L.

Ateyeppévn 00pa ITivaka D 6, HPBW SLL
Butler (dBi) ©) ©) (dB) Atgyeppévi 8vpa Tov D 6, HPBW SLL
®vpa 1 (1IR) 17.8 +7 12.9 -11.5 ITivaxo Butler (dBi) @) ©) (dB)
®vpa 4 (2L) 18.1 -22 13.7 -143 ®vpa 1 (IR) 18.2 +7 13.1 -12.6
®vpa. 5 (2R) 18 +21 13.7 -11.3 ®vpa 4 (2L) 17.8 -22 14.1 -11.9
®vpa 8 (1L) 17.9 -8 12.8 -124 ®vpa 5 (2R) 17.9 +22 13.8 -13.8
®vpa 8 (1L) 18.1 -7 13.2 -12.1

VII. TIPOXOMOIQXH ME ANAKAAXTHPA

Mo v viomoinom g TeMKNG TOAVESPIKNG GVGTOLYING,
Ol EMPEPOVG YPOUIKEG GLGTOLYiEG ToTTofeTOVVTOL GE KGO
0K TOL TOAVESPIKOV GYNUOTOG TOV dMNpovpyeital, Om®g
ooivetal 6to Zyrjua 1. Anhadn| kébe cvotoyio Bo wpémetl va
“Kovoundoel’’ og pio okp piog PETAAAKNG TOALESPIKNG
KaTaokeLN g oV o Aettovpyel g unyavikn otpiEn yuo
ovototyio. ADTN 1 KOTOOKELY WITOPEL VO AELTOVPYNCEL GV
€vag avoKAQOTAPOS O 0TOl0¢ HEIDVEL TOV Tio® AoPd TOL
dwypdppotog  oktwvoPoriog.  Tovtdypova pmopel  va
ypnowonomBel éva vrdotpope peToEd TOL  EMTESOV
YEIOONG KOl TOV AVOKAQGTIAPA, TO omoio Ba amoteheiton amod
aEPMOES VAIKO pe diniektpikn otabepd kovid oto 1, evd 10
mayog tov Oa givan Ay/4, yoo Tovg Adyovg ov eEnynOnkay
otV Ewcayoyn.

¥t m@pocopoimon tov  CST, o avakloaotipog
avamapioToTol 0md Evo AETTO PUALO YaAKOD KOl TO APPDOES
VIOGTP®LLO TOV YpnotporomOnke givor o RF2200 amd v
etaipeio GeneralPlastics [9] , pe dinhextpikn otabepd 1.060.
HopdAinio, T0 LVTOCTPOUO Kol TO €mimedo YeimoNg g
kepoiog (ROGERS 4003C) emektetveton kotd emumAiéov
50mm, evd PBpébnke 6t o avakhoompog pali pe To
0QPMOEC VIOCTPOO  AEITOLPYOVV  IKOVOTOMTIKA  OTOV
npoe&éyovv amd ta vdAowTa enineda Katd 25mm.

210 Zynjua 18 poaiveron n Ipoppkn Zvototyio Tomov 11
He TN TPOGHNKT OVOKANGTIPO KOl TO HETOTIKO SL0ypPOLLLO
oktwvoPBolrioc. To avrtiotoyyo dSdypappa aktivofolriog yio
TPOGAVOTOAMGOUO déoung ooivetor oto Zymua 19, ol o
ITivaxag 3 kataypdeel to, apOuntikd amoteréopara. Etvol
oovepn 1 PeAtioon Tov emTESOV TAEVPIK®Y AOPOV Yo TO
HeETOTIKO Odypappo oto Zynua 18, o oyéon pe TG
TPOGOLOIMGELG TOL £YVOV XOPIG ovaKAaoTpa. OempnTiKd,
HE TN oTpoP1| TNG SE0UNG G€ OAO KOl TTO OKpaieg YwVIeS , TO
oowvopevo yepotépevong tov SLL, Ba mpénel va givar mo
€KONAO  OULYKPITIKAL UE TI TPOGOUOUDCES — YOPIG
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AvaKAAGTHPA, APOL AVTOG 001 YEL GTN GLUBOAT TOV KUUATOV
oTn HeTOmIKY KatevBuvon o6mov Tthpa Opwg Pploketal
TAELPIKOG AOPOC. TN TPAEN OudC, amd TN GTIYUN 7oL Ot
déopec 4L,3L,3R,4R dev ypnoyomotodvol yio T TEPInTOON
g epyaociog, o IMivakag 3 deiyvel TG T0 EUVOUEVO dgv
glvat évtovo oTig evildipeses d€01LeS TOV TPOGOUOIMONKAV.

Farfie Drectwiy Abs (Pi=0)

2ynua 18 Epapuoyij averlacrtijpe (apietepd), HETOTIKO
daypappa axtvofolios (deéia)

et Doty e 0] Fat Dy s ()

2yua 19 Awaypappa axtivofoliag Ipauuikiisc Zvetoryioag
Tomov 1 pe avarxlactipa yio. evepyomoinen deoumv 2L éwg Kot
2R

Ilivaxas 3 Amoteiéouara yoviaxns capowons Ipapuikijc
2veroryiag Tomov 11 ue avaxiacrtijpa

Aeyepuévn 6vpa Iivaxo D 6, HPBW SLL

Butler (dBi) ©) ©) (dB)

®vpa 1 (IR) 18.1 +7 13 -12.8

®vpa. 4 (2L) 17.8 221 13.8 -12.3

@bpa 5 (2R) 177 | +22 14.3 -12.1

@vpa 8 (1L) 18.2 -7 12.6 -12.9
VIIL.XYMIIEPAXMATA

YV cvykekplpuévn epyocio peretnOnkav dvo tHmot
KATELOVVTIKOV KEPOLDY KOl Ol YPOUUKEG GUGTOLYIES TOVG
Yo TV OVATTVENG HLOG TOAVESPIKTG CLGTOLYIOG.

Apykd oyedldotnke pio Kepoaio KaBetng méOAmong 1
omoia OpmG Kpinke dVGKOAN GTNV VAOTOINON NG KAODG
OTTOLTOVVTOL TOAALOTAG OTOLXElR Yio TNV avOamTTLEN TNC.
Enionc mapovciale onupoviikn oaccvpetpio Kot vynan
oTaOuUN TAELPIKOV AoPdV oV TEPITT®ON TNG YPNONG TNG
o€ ovototyiog 8 otoyeimv. Amd v dAAn TAgvpd 1 Kepaia
tomov Il pe oplovtia mOAmon eupdvice mo embountd
XOPOKTNPLOTIKG ULEDVOVTOG, Tavtdypova, mv
TOAVTAOKOTNTO TNG OOUNG.

Metd v mpocsHnkn tov avokiaotipa, 1 Ipoppukn
Yvortoyyio I BeAtidbnke akdun nepiocodTEPO YOPIG WLOiTEPO
K6otog kol oaélomoinon emmAéov mOpwV, avEdvoviag T
KOTELOLVTIKOTNTO KOl LEWDVOVTAG TO EMIMESO TAELPIKMV

AoPOvV  oto  petOmKd  Sudypappo  aKTvoPoliag,
vrodeikvoel o Hivaxac 4.

OT®G

Iivarag 4 X0yxpion Loetoryidv »¢ Tpog T0 HETWTIKO
oaypapua axtvofolios

Metonikd didypappa aktvooriog
Yvotoyio D (dBi) | HPBW (°) | SLL (dB)
Tomov 1 17.8 12.8 -11.7
Tomov 11 18.2 13 -12.4
TYmov 11 avaxiactipa 18.3 12.3 -13.3
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Abstract— This paper presents a state-of-the-art system for
environmental monitoring, air quality and detection of forest
fires using sensors. The proposed system can monitor
environmental conditions such as temperature, humidity and
organic compounds. By monitoring these indexes, it can detect
and identify forest fires and their location as well as inform
about the contamination levels of the environment. The solution
is equipped with four sensors that measure the temperature,
humidity, CO, COz, NOx, and Volatile Organic Compounds
(VOCs) which are gases emitted during forest fires. The
proposed system is a versatile solution that can be implemented
in various applications such as Unmanned Aerial Vehicles,
Ground Vehicles and Clusters of Nodes.

Keywords—Environmental Monitoring, 10T, Sensors, Fire
Detection, CO, COz, NOx, Volatile Organic Compounds (VOCs)

I. THE IMPORTANCE OF ENVIRONMENTAL MONITORING IN
FOREST FIRE DETECTION

A. The Importance of Forest Fire Prevention

Forests are critical to the health of our planet and play a
crucial role in sustaining life on Earth. However, their
resilience in recent years is severely threatened by the
prevalence of forest fires. These fires are extremely common
during the summer months when temperatures reach new
heights due to the effects of global warming and human
activities. Forest Fires are considered one of the most severe
disasters that occur throughout the year, which threaten forest
resources, the environment, human and animal lives. During
these, nature and the wellbeing of living organisms is
threatened due to the damage caused by the fire and the
emission of toxic gases [1], [2]. For these reasons Forest Fire
Prevention Departments worldwide are very cautious about
the fires and the effects they have and take measures to
minimize their prevalence and effect.

B. A Modern Approach in Fire Detection

To prevent and detect forest fires, Forest Fire Prevention
Departments take measures such as satellite monitoring,
watch towers, video surveillance and aerial and ground
patrolling.

These conventional methods can assist the situation,
however they have some deficiencies, which a new
method for environmental and air quality monitoring
could further support the situation.

In environmental monitoring, nodes with integrated
sensors and processing units can be deployed in the
monitoring area and collect relevant information
regarding the environment. This data can be processed
and then transferred to the user. For this solution nodes
can be deployed in forests and used to collect information

about the temperature, humidity, and concentration of
compounds such as CO, CO,, NOy, and Volatile Organic
Compounds (VOCs) [1-2]. This data can be sent to
relevant departments which can then assess the situation
better and take the appropriate measures to extinguish the
fire and help in decision making.

II. FOREST FIRE DETECTION BASED ON ENVIRONMENTAL
SENSORS

Most of the fire detection systems nowadays rely on a
variety of passive and active sensors that collect data about
the environment in which they are deployed. These
sensors include:

e Video Cameras. These collect images and detect
smoke during the day and flames during the
night.

e Infrared Cameras. These detect heat fluctuation
due to fire, [3], [4].

e Optical spectrometry that identifies the

characteristics of smoke, [5].

e Clusters of Nodes with Sensors that collect data
regarding the condition of the environment, [6],

(7], [8].

e Airplanes and Unmanned Aerial Vehicles
(UAVs) that monitor the aerial space of the
forest, [9].

o  Satellite Imagery like Copernicus monitors using
various types of cameras from the space.

However, each of those systems has limitations that
requires a more integrated and combined approach to
effectively monitor and act during a fire.

First of all, automatic video surveillance systems require
direct visual line and special condition to install and operate
them in forests, [10]-[12]. Airplanes also are costly moving
systems with limitations in use, [13]-[15]. Satellite imagery
can be inconsistent due to its partial availability, image
resolution, delay in processing the data and it is also largely
impacted by weather conditions, [16], [17]. For example,
clouds and extreme weather conditions absorb parts of the
frequency and spectrum and reduce spectral resolution of
satellite imagery and can drastically reduce accuracy. Also,
most weather sensors today take into consideration
temperature, humidity and wind direction which do not
describe the whole situation. All the current solutions do not
accomplish timely detection and do not account for how the
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changing conditions during the fire affect the environment and
human and animal lives on a physio-chemical level.

A holistic approach requires a system that enables better
and more consistent ground monitoring and allow local
authorities to make better decisions and react in a timelier
manner, accurately and appropriately in the event of a forest
fire. This is accomplished with the implementation of sensors
that allow the monitoring of chemical compounds that are
prevalent during fires. These compounds include CO, CO2,
NOx, and Volatile Organic Compounds (VOCs) which are the
main gases emitted during a forest fire. This data enables
authorities to monitor the environmnetal conditions in the area
and help asess whether people and animals should evacuate
the area. Furtheremore, with the inclusion of temperature and
humidity sensors the proposed solution is able to determine
the location of the fire source. Moreover, such solution need
to have low power consumption and sustainable to the forest
environment. This system can be implemented in various
applications such as nodes that can be installed in forests to
measure air quality or aerial or ground vehicles like UA Vs that
can patrol the area and get samples of data in various locations.

III. SYSTEM DESCRIPTION

The proposed system consists of a temperature and humidity
sensor, a CO and NO, sensor, a CO,, a Volatile Organic
Compound and NOyx sensor and an Arduino Uno
Microcontroller. The exact sensors used are:

e BME280 that is responsible for the temperature and
humidity estimation in the environment and is able
to determine how close to the fire we are by
processing these values.

e MISC-4514 that measures the density of CO and
NO; gasses in ppm (parts per million) which reduce
the ability of blood to carry oxygen and lead to
breathing problems.

e USEQGSEAS82180 to measure the density of CO; in
the atmosphere that not only damages the
environment but also living organisms.

e SGP41-D-R4 which collects data regarding the
change in Volatile Organic Compounds and NOx
which are gases that are produced during fires and
cause eye, nose, throat irritation, headaches and lung
damage.

All the data from the sensors are processed with the Arduino
microcontroller and then fused together for risk assessment.
This is done by observing whether the estimated values
exceed a certain threshold that is considered healthy. All this
data can be crucial for authorities for better and faster
decision making.

IV. System Designing

The PCB incorporates four sub-circuits of the above-
mentioned sensors to monitor key environmental changes
during wildfires.

This PCB boasts a two-layer design, optimizing space
utilization and ensuring efficient routing. A polygon pour was
chosen for ground connections, enhancing stability and
performance. It leverages low-power I2C communication for
efficient data acquisition from three sensors and utilizes an
analog input for the fourth sensor (MISC-4514).

Designed for seamless integration with the Arduino Uno as a
shield for enhanced stability, easy and versatile mounting,
and minimal power consumption.

B
Il
(=]

Fig. 1. Image of the PCB

The PCB design is split into 5 sub-systems.

e The BME280 sub-system consists of the
temperature and humidity sensor as well as two
capacitors that communicate with the VDD and
VDDIO ports of the sensor to regulate the voltage
[Fig. 2].

e The MISC-4514 which consists of the sensor, five
resistors and one MOSFET which creates a short-
circuit with the resistor in parallel that is responsible
for warming up the sensor [Fig. 3].

e The USEQGSEA82180 sub-system consists of the
sensor, two capacitors that regulate the input voltage
and one that communicates with the CAP port [Fig.
4].

e The SGP41-D-R4 sub-system consists of the sensor,
one resistor and one capacitor that regulates the
voltage for the VDD port and one capacitor that
regulates the voltage for the VDDH port [Fig. 5].

e The Arduino Uno ports that are placed on the left
and right side of the PCB are used as a hat to connect
the Arduino ports with the PCB components. There
are also external male-pin ports that enable access to
any unused Arduino port.

Regarding data transfer and communication, the MISC-4514
utilizes analog input for data communication and the other
three sensors communicate using the 12C protocol.

Fig. 2 Image of BME280 Sub-System
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Fig. 5 Image of SGP41-D-R4 Sub-System

V. SYSTEM INTEGRATION AND APPLICATIONS

Due to its versatile nature the proposed system can be applied
to many different applications. The current goal is for it to be
integrated into UAVs which combining optical data with the
system’s sensor data can more accurately calculate the
location of the fire source and give information about the
actual environment conditions. However, it can also be
implemented in ground vehicles or even as a cluster of nodes

which can be installed in forests to continuously monitor the
environmental conditions.

VI. CONCLUSION

The paper presents a novel integrated system for early
detection of wild forest fire as well as an environmental
pollution measurement. The proposed solution consists of
four environmental sensors that measure the temperature,
humidity and air quality and assess the threat to human and
animal lives by comparing the environmental measurements
with healthy indexes.

The system can provide accurate data to key authorities in
order to enable better decision making. The main advantages
of the system is its low cost, versatility, low power
consumption and plethora of sensors that provide
environmental data.
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I. INTRODUCTION

Inclusivity is imperative for any society that
promotes equality and diversity. One billion people, or
15% of the world’s population, experience some form of
disability. Disability comes with its own set of
challenges but the inability to move freely is detrimental
to the physical and mental health of the person. Visually
impaired people, especially, are excluded from many
activities. Obstacles, noise disturbances, and randomly-
placed objects make a simple walk have its own set of
difficulties. Even when walking indoors, head-level and
trip accidents are existent. In recent years, most
developed societies have made progress in the welfare
of blind people. Still, a blind stick, the dominant
mobility aid in markets should be held constantly and
can only detect ground obstacles.

In this work, we propose an innovative, compact, low
cost radar setup whose main purpose is to warn visually
impaired people every time it detects an obstacle in close
distance and thus make every environment, both indoors
and outdoors, more accessible. The compactness of the
system makes it suitable for both classroom
demonstrations and testing, including the evaluation of
the implemented antennas’ performance. To that end, we
intertwine a variety of technologies and measurement
techniques such as radars, flexible on-body antennas,
nanoVNAs, wireless communication, RF energy
harvesting and signal processing, to create a WBAN
(Wireless Body Area Network) able to perform as a
navigation system for the visually impaired.

To convey the concepts in a way that is easy for non-
specialists to understand, the paper is organized as
follows: Firstly, we provide background information
about Frequency Modulated Continuous Wave
(FMCW) radars, scattering parameters (S;;, S,;) and
basic antenna parameters. Then, we showcase how our
system will operate as a FMCW radar using the
nanoVNA as a power source and a measurement
instrument [1]. To improve our system’s battery vitality
and decrease its energy consumption, we implement RF
energy harvesting, and explain thoroughly the way it
supports our design. The mathematical foundation
supporting our system including all signal processing
techniques executed by a Raspberry-Pi and a computer
connected to the nanoVNA, such as direct and inverse
Fast Fourier Transform (FFT and IFFT), follows. Next,
we discuss how our material can be introduced into the
class. Lastly, a bill of materials is given.

I1. DEFINITIONS
A. FEMCW Radar. We will employ a form of repeatable
frequency modulation known as a sawtooth wave to
generate a chirp signal. The term “sawtooth” refers to a
wave whose frequency is linearly increased from a
minimum value (Fmin) up to a maximum value (Fmax),
in a predefined time rate (chirp time “T”). In Fig. 1, the
signal is transmitted from an antenna (red line), travels
up to a target, reflects back and is captured by the
receiving antenna. The received signal (blue line) is a
time shifted by a “At” copy of the transmitted signal. The
constant difference in frequency of the two signals is

called beat frequency (Af or f,). From basic
trigonometry we can see that
fo= = (1)
where B = (Fmax-Fmin). The distance from the target is
R= c*xAt - Up-T-fp (2)
2 2B

where cis the free space light velocity. The distance
accuracy of the calculation, is proportional to the factor

1 .. . .
;- Hence, the precision of the calculations is

proportional to “B”. For example, a bandwidth of 150-
200 MHz corresponds to a precision of around 50cm.

. Frequency domain
1) 4 4 Amp 1

Time domain

.IIIP |__ T :
Fig. 1 Emitted Chirp signal from nanoVNA ([2])

B. S-Parameters. They are frequency domain
quantities that describe the relationships between ports
in an electrical system and relate incident waves to
transmitted or reflected ones. They are used to evaluate
high frequency circuits and are usually measured with
the help of a VNA (Vector Network Analyzer). In a two-
port system, S;; denotes the ratio between the signal
reflected from port 1 over the signal incident to port 1,
while S,, denotes the ratio between the signal arriving
at port 2 over the signal leaving port 1. S, can be linked

to the power transmitted from port 1 to port 2, that is
5'2]2 = Pincident at Port 2 (3)

Pemitted from Port 1
C. S;; and impedance matching. The measured S;, of a
Device Under Test (DUT) connected to the output of a

VNA is related to its impedance by
_ZL=Zy
1= Z1+Zg

(4)
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where Z, is the characteristic impedance of the cable
between the DUT and the nano-VNA and Z; is the
impedance of our load (in our case an antenna). If the
DUT is an antenna, its impedance’s real and imaginary
part variate with frequency. The antenna is tuned at its
“resonance frequency” and thus, the amplitude of S;; is
minimized when the input impedance Z; is matched to
Z,. This can be observed by a deep in VNA'’s frequency
response of S;4.

D. Radiation Efficiency. It is defined as the radiated
power from the antenna over the delivered power to the
antenna. Efficiency is affected by the losses an antenna
can have from the material it is built from. In our case,
it is also affected from the human body it is placed on.

[11. PRACTICAL APPLICATION

A. Main Idea. A blind person moves in a straight
direction and once the radar system comes across an
obstacle it detects its relative position in real time. If the
obstacle is close enough, the user is warned by a sound
whose intensity is dependent on the distance of the
obstacle.

B. Proposed Setup. The arrangement includes: two on-
body antennas, a nanoVNA, a Raspberry-Pi, an RF-
harvesting circuit and an audio system.

Fig. 2 illustrates the arrangement and connections of
the components. The nanoVNA and the Raspberry-Pi
are placed on a personalized belt and the two on-body
antennas (transmitter & receiver) are placed on the
user’s abdomen with an in-between distance of 2A-3A to
minimize possible interference. They are then connected
to the two ports of the nanoVNA with the transmitter
being connected to port 1 and the receiver to port 2. The
nanoVNA is set to perform S,; measurements on a
specific frequency range, while transmitting a chirp
signal with a certain period and bandwidth through port
1 of the radar system. It uses USB port to connect to the
Raspberry-Pi (and to our laptop for demonstration
purposes). The Raspberry-Pi is tasked with processing
the information from the connected nanoVNA and
performs signal processing methods (analyzed in
Section VI) to acquire the relative distance from the
obstacle. Next, it sends an output via Bluetooth to the
connected earphone placed on the user’s ear which is
assisted by an ambient RF energy harvesting system.
The earphone’s output will be controlled by the
Raspberry-Pi, such that as distance decreases the
sound’s intensity increases.

C. Stability. By variating our setup between people and
body positions we will confirm that the system works in
the same way and thus its stability.

IVV. COMPONENTS

A. Resources. For the realization of the proposed work,
antennas will be designed and simulated with the help of
HFSS electromagnetic software. In addition, Keysight
Advanced Design System (ADS) will be employed for
circuit analysis. Matlab Simulink will help tune the

+sound intensity o 1/distance
“bluctaoth conneetion with raspberry pi

=
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Fig. 2 Proposed System

system before building it up. It will also provide
educational material for the in-class demonstration.
Finally, in — house workshop will allow for fabricating
the antenna and circuits.

B. Antennas. Our goal is to design a 2x2 or larger
microstrip patch array operating at 5.8 GHz. Patch
antennas are preferred for their easy fabrication, cost-
effectiveness, and suitability for on-body applications.
We need an array and not a single patch in order to
achieve a beamwidth of less than 45° (achievable by a
2 X 2 patch array according to performed calculations)
aiming to focus the electromagnetic wave on the
obstacle and not the surroundings. From Matlab
Simulink simulations of the system we will define the
maximum allowed beamwidth. High frequency and
wide bandwidth are necessary in order to achieve the
desired resolution from the setup, so we choose to
operate in the 5.725-5.875 GHz ISM band. This
bandwidth (150 MHz) will give us a resolution of the
target’s distance of around 50 cm.

For demonstration and educational purposes we
firstly design the antennas in free space. Because
A=5cm, from basic antenna theory [3] we come up with
an array with less than 7x7 cm? aperture, including
ground plane, if a 2 x 2 microstrip patch array is to be
utilized. The array is fed by a corporate feeding network
which is obtained with the help of ADS. Then, in
simulations, we place the antenna on a phantom
representing the human body and we observe the new
resonance frequency of the antenna. We make slight
changes in the dimensions of the antenna until the array
resonates in the desired frequency. By this procedure we
make the antenna smaller while resonating in the same
frequency achieving thus miniaturization.

C. nanoVNA. It is set to perform S;; and S,
measurements in the ISM band, 5.725-5.875 GHz. To
achieve a satisfactory distance resolution from the data
processing, we will use 512 sweep points for the S,
parameter which will then be forwarded to the
Raspberry-Pi for further processing. We are going to use
the NanoRFE VNAG6000 for two key reasons. First, it is
one of the very few in its category which allows the

measurement of RF signals up to 6 GHz, something
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crucial for our application, as higher frequency requires
small antennas and leads to better distance resolution.
Secondly, it allows for selecting up to 4096 sweep points
and most importantly with a sweep time<0.2s per 100
sweep points [4]. This will give us a sweep(chirp) time
of less than 1 sec (for 512 sweep points), hence alert the
user fast enough to avoid possible accidents .

D. Raspberry-Pl. To calculate the distance of the target,
we need to process the S,; data from the nanoVNA with
a portable high performance device. IFFT should be
executed rapidly so that the system is constantly warning
the wuser. Bluetooth connection should support
earphone’s protocols. A Raspberry Pi-5 [5] with a
processor operating at 2.4 GHz, is preferable, as it
performs the necessary FFT in a few hundred ps and will
allow us to control the earphone remotely via compatible
Bluetooth protocol.

E. Earphone and Rectifying Circuit. The earphone must
meet two fundamental criteria. Firstly, it needs to
support the Bluetooth protocol of the Raspberry-Pi.
Secondly, its energy consumption should be as low as
possible, for continuous use. In order to enhance its
energy efficiency, we will employ an RF energy
harvesting circuit [6]. The system’s basic components
are a rectenna (antenna which receives RF signals) and
a rectifier which is connected to the rectenna through a
matching circuit. The low input rectifier is responsible
for producing a DC voltage output while receiving an
RF signal by the rectenna. At this point, we will interfere
with the earphone’s circuitry and place the terminals of
the output rectifying circuit in series with its battery. By
implementing this approach, the small but steady extra
supply voltage extends the battery’s life. In general,
ambient RF harvesting offers small levels of energy. In
our setup though, the user’s cell phone will be constantly
close to the rectifier. Thus, it can act as a reliable RF
source and the rectifier will be able to produce satisfying
levels of energy.

V. MEASUREMENTS
First, we will calibrate the nanoVNA. The parameters
measured by the nanoVNA are complex numbers. The
phase of these parameters ranges from 0° to +780°. In
order to have accurate phase calculations we have to
define these two boundaries (0° and 780°) for our
system. Also, we need to define the zero reflection point

(Z, = Z,). The nanoVNA has two ports (port 1, port 2),

both of which are used. All available calibrations (open,

load, short, through) are performed.

e First, we calibrate the “open”, by placing the “open”
component in port 1. In this case, as equation (4)
suggests, we anticipate S;; to be equal to 1 with Q°
phase.

e Then we connect the “short” component to port 1 and
calibrate “short”. From equation (4) we anticipate
magnitude of S;;=1 and phase=180°.

e Next, we connect the 50 ohm load to port 1 and
calibrate the “load”. As the input impedance of the

nanoVNA is also 50 ohms, we have almost a perfect

match. This defines the reference input impedance.

e Next, we calibrate “through”, by placing the
respective component among the two ports. This
calibrates the delay of the electrical signal from port
1 to port 2.

e \We save the calibration.

After user calibration, we connect the transmitter Tx
antenna at port 1 and measure the S;, parameter and its
impedance given by the nanoVNA. The receiver
antenna (Rx) can be tested by interchanging ports 1 and
2 and obtain S,, parameter. Naturally, since the two
antennas are identical, S;; and S,, should be virtually
equal. We set a center frequency at 5.8 GHz with a span
of 250 MHz and observe the corresponding value. These
measurements will validate the results found by the
simulation as mentioned in Section IV.B.

Next, we will estimate the radiation efficiency of our
antennas or in other words estimate how well they can
radiate. Radiation efficiency, as defined in Section I1.D,
of Rx and Tx should be very similar (affected slightly by
antenna position) and will be considered equal. In Fig.
3b, radiation efficiency of Tx or Rx antenna can be
calculated as:

— _ Py _ Py
Te2=Te1 = P_l - P_3 (6)

Our radar system along with a metallic parabolic
surface (from an off-the-self parabolic antenna),
operating as a reflector, is sufficient for performing
these calculations (see Fig. 3b). The metallic surface is
placed in front of the user in a distance Ro, in the far
field region which can be calculated as follows:

Far Field Region > (2%2) @)
where d is the array dimension and A the wavelength. In
our case, we select Ro=1m. From geometric optics, we
can obtain the angular placement of the surface that
gives the maximum reception to the Rx.

The described process is based on S,; measurements
via a reflector. The antennas are considered directive
with one main narrow beam while the sidelobes are low
(see Fig. 3a). Antennas have the same orientation, hence
the same polarization which is linear [7]. The distance
of the reflector while it is greater than that required it is
short enough to collect most of the emitted power.
Simulations will serve as an additional verification
factor for our measurements. Since the receiver antenna
can receive some signal directly from the transmitting
antenna due to near field reflections and on body surface
currents, it perturbs S,;. We increase the accuracy of
S,1, via time gating [8]. The lower and upper limits of
the time window are defined by the minimum and
maximum time respectively the signal needs to travel to
the reflector and return. S,; is transformed in time
domain through IFFT. All the values outside the time
window are rejected. The result is then transformed back
to the frequency domain and we obtain corrected value
of S,;. We set the nanoVNA in the fregyency band



5.675-5.925 GHz. P, is given by (see Fig. 3b):
P, :Pin(1'|5121|) (8)
whereas S;; and P;,, are given by the nanoVNA. Equally
P, =P,(1-|S2)) 9)
while free space path loss, (a loss factor due to distance
.. L _Ps (A 2
and wavelength) is given by: —P—j = (ﬁ) (10)
where R = 2*Ro. Then from (3),
s2=Ftr — re2 Py (I=IS5) _ Tes- Po L-U=ISHD) _ 21 (1)

Pin Pr-(I-IS];D) P;-(I-1S71)
So, finally ;=2 (12)

(@) (b)
Fig. 3 (a) RX/TX System with one main lobe (b)
Efficiency Measurement Setup

V1. SIGNAL PROCESSING

This section describes the method used to calculate
the distance of the obstacle. Firstly, as described
previously, time gating will be performed to correct the
S, data measured by the nanoVNA. The received signal
S.(f) is given by multiplying S,;(f) with the
transmitted signal S;(f) (multiplication is done
element-wise using the samples of each signal), since
the transmitted signal is a chirp signal of known
frequency and bandwidth. Then performing IFFT on
S, (f) gives s,.(t) and multiplying this signal with s, (t)
in the time domain leads to a signal which can be written
as the sum of a harmonic term (cosine with constant
frequency) and another chirp signal. A Low Pass Filter
filters out the chirp signal and the beat frequency is
determined by calculating the FFT of the remaining
signal. Lastly, the distance of the object is calculated by
applying equation (2).

VII. CLASSROOM DEMONSTRATION PROCEDURE
This paper intentionally preserves an educational
character that will be reinforced by presenting step by
step the calibration and measurement procedure. Matlab
Simulink will be utilized to model the main idea of the
radar system and the FFT calculations. The developed
model will help to demonstrate the system operation in
class. Electomagnetic analysis will be used for
presenting the array performance. A set of instructions
will accompany the system presentation:
1) Calibrate the nanoVNA (Section V), and place it on
the user, preferably on a belt (Section 111.B), to create
a compact and stable structure.
2) Connect the nanoVNA through a USB cable to your

computer and install NanoVNA Saver to interact and
get readings from a distance.

3) Place on the user two on-body patch arrays and
connect them to the nanoVNAs port’s (Section I11.B)

4) From this point on, depending on the actions you
want to support, either detect obstacles or calculate
antenna parameters, the steps change accordingly:

Navigation system demonstration:

a) Program a Raspberry-Pi to perform the calculations
explained in Section V and place it on the same belt
as the nanoVNA (or close enough to connect them
via USB). NanoVNA Saver works well on the
Raspberry Pi models.

b) Unplug your computer from the nanoVNA and
connect the Raspberry Pi to your nanoVNA (Section
I11.B) to get real-time S,; readings.

c) Connect an earphone via Bluetooth to the Raspberry-
Pi.

d) Place different kinds of obstacles in close distance,
start walking towards them and listen to the warning
sound’s intensity increase while you approach them.

Antenna Parameters Measurement Tool:

a) Place a metallic parabolic surface in front of the user
and perform the experiment presented in Section V to
get the radiation efficiency of the antennas.

b) Read from the computer the impedance of the
antennas and cables and tune the antennas, as
explained in Section (V).

VIII. BILL OF MATERIALS

NanoRFE VNA6000 $790
Raspberry Pi 5 $120
RF Harvesting Circuit Components $80
Earphone $50
Dielectric Substrates (Antennas) $ 150
Parabolic Surface (Antenna) $ 200
TOTAL COST $1390
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