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I[TPETCEOATEJI HA KOHOEPEHIIMJATA

Huxkona Jbyuies

I[TOTIIPETCEJATEJIM HA KOH®EPEHIINJATA
ITerto HenenkoBcku u ['opan CTojaHOBCKH

OPI'AHU3ATOPHU

ETAMW - 3npyxenue 3a Enextponuka, TenekomyHukanuu, ABromaTuka u
Nudopmaruka Ha Peny6nuka CeBepna Makenonuja

DakynTeT 3a eNEKTPOTEXHUKA U HHPOPMALUCKN TEXHOJIOTHH Ha Y HUBEP3HUTETOT ,,CB.
Kupun u Meroauj* Bo Ckorje, Pennyoiuka CeBepna Makeonuja

ITOYECEH OJJbOP
Huxkona JankynoBcku
Camo KopyHoBcku
Imre J. Rudas

Frank Allgoewer
Mogens Blanke

A. Talha Dinibutun
Rolf Isermann
Stephen Kahne

Vladislav Y. Rutkovsky
Kevin Warwick

Janan Zaytoon
Ji-Feng Zhang

Jbyruo Konapes

Jleonun ['pueB

Jbymuo ITaHOBCKH

Tommucnas IlexoB
Axkcenrtu I'pHapos
Jlnnjana ["aBpuioBcka
I'eopru JlumupoBcku
Mune CtaHKOBCKH
Metoauja KammioBcku
Tatjana Konemuiescka-
I'yrynoscka

Pexrop Ha YKHUM Ckormje C. Makenonuja

Pektop na YKJIO butona C. Makenonuja
[Topanemien pextop Ha Obuda University YHrapuja
[Tpercenaren Ha IFAC, llItyTrrapt, ['epmanuja
[Touecen npodecop Ha TeXHUIKUOT YHUBEP3UTET BO
JIunrou, Jlancka

ITopanewen pexrop Ha Jloryc YHUBEP3UTETOT BO
Hctanbyn, Typuja

[Touecen npodecop Ha TeXHUYKUOT YHUBEPIUTET BO
Hapmurran, I'epmanuja

ITopanemen npercenaren Ha IFAC, Aeponayr.
VYuusepsutet Bo ®enukc, CAJL

Pycka akagemuja Ha HaykuTe, MockBa, Pycuja
[Topanemnien 3ameHuK npopektop Ha KoBenTpu
VYuusepsuterot, O6enunero Kpancteo

[Topanemen nperenaten Ha IFAC, Pemc, ®pannuja
PakoBoauten Ha IHCTUTYTOT 3a HAYKH 32 CUCTEMH,
CAS, Ilexunr, Knna

MakenoHcka akajieMuja Ha HAyKUTE U YMETHOCTHUTE,
Cxomje, C.Makenonuja

MakenoHcka akajeMuja Ha HAyKUTE U YMETHOCTHUTE,
Cxomje, C.Makenonuja

®EUT Ckomj, C. Makenonuja

OEUT C. Makenonuja

@OEUT C. Makenonuja

®EUT Ckomje C. Makenonuja
®EUT Ckomje, DOU Typuwuja
®EUT Ckomje C. Makenonuja
®EUT Ckomje C. Makenonuja
®EUT Ckomje C. Makenonuja
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ITPOI'PAMCKHU OJJ5OP

Antuk JI. — E® Hum Cp6uja
Bacunecka JI. — ASU CA/]
Chitkushev L. — BU CAJ]

Domenica Di Benedetto M. — ULA
Hranmja

Karam L. — ASU CAJl

Leon-Garcia A. — UT Kananma
Papageorgiou M. — CANIA TI'puuja
[Tenresbyrocku I1. — IBM Research CA /]
Perunicic (Drazenovic) B. — ASA buX
[Tonnoscku I1. — AAU Jlancka

Prasad R. — Aarhus /lancka

Sasiadek J. — CU Kanana
Credanoscka A. — LU ObenuneTo
Kpanctro

Tzanova S. — TUS byrapuja
Ileposcku C. — 1JS Cnosenuja

Jozsef K. Tar — Yuusepsurer O0ya
VYurapuja

Abousleman G. — ASU CA/]
Akyokus S. — DOU Typuwuja
I'mnoBcka M. — ®EUT Ckonje PCM
Hagues JI. - DUUHKU Ckomje PCM
HeckoBcku C. — T® butona PCM
Janescku T. — ®EUT Ckonje PCM
Joprymecku Jb. — THO Xonanauja
Kapayunos Jb. — ®EUT Cxomnje PCM
Kadeyucku B. — DEUT Ckomnje PCM
Jlazapescka E. — ®EUT Ckomje PCM
Ojnecka Jlatkocka B. — ®EUT Ckomnje
PCM

Craspos /JI. - PEUT Cxkomnje PCM
Kyxap A. — ®EUT Ckomnje PCM
Ednymesa /. - PEUT Ckomje PCM
Henxoscku JI. - ®EUT Ckonje PCM
l'opecku X. — DEUT Ckonje PCM
Jakumoscku I'. — ®EUT Cxkomje PCM
Hayuncku I'. — ®EUT Ckomje PCM
Mapxkoscka JlumurpoBcka M. — DEUT
Ckonje PCM

Mapkoscku b. — ®EUT Cxomje PCM
I[Tejocku C. — ®EUT Cxkomje PCM
PakoBuk B. — ®EUT Ckomje PCM
Kapranos T. - ®EUT Ckonje PCM
I'epazoB b. — ®EUT Cxkomje PCM
Anpnosa B. — ®EUT Ckomje PCM
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ATtanacoBa C. — ®EUT Ckonje PCM
[ymunocku T. — DEUT Ckomje PCM
Jlatkocku I1. — ®EUT Ckomje PCM
Koxkonancku XK. — ®EUT Ckomje PCM
Cpbunoscka M. — ®EUT Ckormje PCM
Jumues B. — DEUT Ckomje PCM
Jlomkoscka C. — PUHKU Ckomje PCM
Mutposcku L. — T® butona PCM
Myproscku H. — LIV T IlIBencka
HemkoBuk A. — ET® Cp6uja

Pale P. — FER XpBarcka

[Tepuk 3. — E® CpOuja

[TonoBcku b. — ®EUT Ckomje PCM
Susmann P. — NUARI CA ]

Schares L. — IBM Research CA /]
Cnacescka X. — @EUT Ckomnje PCM
Crankoscku T. — Men.®@ Ckonje PCM
CrojanoB I'. — AUP ®pannuja
Crojanorcku T. — Evolve Information
Services ABcTpanuja

TerntoB A. — ®EUT Ckomje PCM
I'aBposcku L. — PEUT Cxkomje PCM
Koces J. — ®DEUT Ckomnje PCM
Xayujcku M. — BAH byrapuja
Xayu-Benkos 3. — ®EUT Ckomje PCM
Angnpeescku L. — @TY Oxpung PCM
ATtanacoBcku B. — ®EUT Ckomje PCM
Anxoscka H. — ®UHKU Ckomje PCM
bornanocku M. — B. Akagemuja Cxomje
PCM

lNanoscku 3. — EY Cxomje PCM
Topresuk JI. — PUHKU Ckomje PCM
3npaskoBa K. — ®DUHKU Ckomnje PCM
Hsanoscku 3. — PEUT Ckomje PCM
Jonescku U. — ®UKT burtona PCM
Kanajyucku C. — ®UHKU Ckonje PCM
KocroB M. — T® butona PCM
Kpassercku U. — voiceINTERconnect
GmbH I'epmanuja

Kynakos A. — ®UHKU Ckonje PCM
Omnonocka-I'arocka JI. - ®EUT Ckomje
PCM

[Topjazocku M. — ®EUT Cxkomje PCM
Panesa K. — ®EUT Ckomnje PCM
Camak C. — Muxkpocawm IIpunen PCM
Credanoscku J. — JIT Ctpexeso butona
PCM
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TamkoBcku J[. — PEUT Ckomje PCM Jambrosi¢ K. — FER 3arpe6
Tpajanos JI. - PUHKU Cxkomje PCM Babic Z. - ETFBL buX
Tpajkosuk B. — DUHKU Ckomje PCM Cernak M. — Logitech I1IBajuapuja
VYrroBeku 3. — YI'J] llItunn PCM Ciric D. — E® Cpbuja
Oununoscka C. — ®UHKU Ckomje PCM  Pombo N. — UBI I[Moptyranuja
Yopoer U. — PUUHKU Ckomje PCM Joshua E. — Univ. Malta Maira
Pucrecku A. — ®EUT Cxomnje PCM Braeken A. — Vrije Universiteit Brussel,
JoBuunk C. — ET® Cpbuja INDI benruja
Hemuk B. — ®TH Cpbwuja Dobre C. — UPB Pomanua
Xpucroscku J[. — M® CrnoBenunja Spinsante S. — UPM Hranuja
Villavicencio F. — ObEN CA ] Grguric A. — Ericsson Nikola Tesla
Garcia N. — UBI ITopryranuja XpBarcka
Goleva R. — NBU Byrapuja Velez Lapao L. — Universidade NOVA
Jumutposcku Y. — ®UHKU, Ckomje de Lisboa IToptyranuja
PCM Podobnik V. — Univ. Zagreb XpBatcka
Maunapos I". - ®UHKU, Ckormje PCM Jakumocku K. — ®OH VYHusep3urer
Mihaescu C. — UC Pomanuja Xanu-Benkosa Canesa K. — ®EUT
Naccari M. — BBC O6eaunero Kpancteo  Ckomje PCM
Cosovic M. — ETF buX I'eroscka — 3ajkoBa C. — ®EUT Cxkomje
[TerpoBuk U. — BUIIIEP Cp0Ouja PCM
Garner P. — Idiap IlIBajmapuja Hacrecka C. — AEK Ckomje PCM

Szaszak G. — BME Vurapuja

OPI'AHU3ALIMCKHN OABOP

Kokonancku XKusko- ®EUT, Ckomje C. Makenonuja (IIpercenaren)
CpbunosckaMape - ®EUT, Ckomnje C. Makenonuja
MapxosckaMapuja - DEUT, Ckonje C. Makenonuja

Kuxescka Emminja - ®PEUT, Cromje C. Makenonuja

[Tonnocka Mapuja- ®EUT, Ckomje C. Makenonuja

Craspos Jlymko - DEUT, Ckomje C. Makenonuja

Haywuncku [N'opjan- ®EUT, Ckomje C. Makenonuja

Benkoscku bonan- ®EUT, Ckonje C. Makenonuja

[Iymunocku Tomucnas- ®EUT, Ckomje C. Makenonuja
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ETAI 2021
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CONFERENCE CHAIRMAN

Nikola Ljusev

CONFERENCE VICE CHAIRMEN
Peco Nikolovski and Goran Stojanovski

ORGANIZERS

ETAI - Society for Electronics, Telecommunications, Automatics and Informatics of the
Republic of North Macedonia

Faculty of Electrical Engineering and Information Technologies at “Ss. Cyril and Methodius
University” in Skopje, Republic of North Macedonia

HONORARY COMMITTEE

Nikola Jankulovski
SashoKorunovski
Ninoslav Marina

Imre J. Rudas
Frank Allgoewer
Mogens Blanke

A. Talha Dinibutun
Rolf Isermann
Stephen Kahne

Vladislav Y. Rutkovsky
Kevin Warwick

Janan Zaytoon
Ji-Feng Zhang
Ljupco Kocarev
Leonid Grchev
Momchilo Bogdanov
Ljupcho Panovski
Boris Spasenovski
Tomislav Dzekov
Aksenti Grnarov
Liljana Gavrilovska
Georgi Dimirovski
Mile Stankovski
Metodija Kamilovski

Tatjana Kolemishevska-
Gugulovska

Rector of UKIM Skopje N. Macedonia
Rector of UKLO Bitola N. Macedonia

Rector of St. Apostol Paul University, Ohrid
N.Macedonia
Former Rector of Obuda University, Budapest Hungary

Acting President of the IFAC, Stuttgart, Germany
Emeritus Professor, Tech. Univ. Lyngby, Denmark
Former Rector of Dogus University, Istanbul, Turkey
Emeritus Professor, Tech. Univ. Darmstadt, Germany

Past President of the IFAC, Aeronaut. Univ. Phoenix,
USA
Russian Academy of Science, Moscow, Russia

Former Deputy Vice-Chancellor, Coventry University,
UK
Former President of the IFAC, Reims, France

Director of Systems Science Inst. CAS, Beijing, China
FCSE Skopje N. Macedonia
FEEIT Skopje N. Macedonia
FEEIT Skopje N. Macedonia
FEEIT Skopje N. Macedonia
FEEIT Skopje N. Macedonia
EU Skopje N. Macedonia
USEEU Tetovo N. Macedonia
FEEIT Skopje N. Macedonia
FEEIT Skopje, DOU Turkey
FEIT Skopje N. Macedonia
FEEIT Skopje N. Macedonia
FEEIT Skopje N. Macedonia
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PROGRAM COMMITTEE

Antic D. — EF Serbia

Vasileska D. — ASU USA

Chitkushev L. — BU USA

Domenica Di Benedetto M. — ULA lItaly
Karam L. — ASU USA

Leon-Garcia A. — UT Canada
Papageorgiou M. — CANIA Greece
Pepeljugoski P. — IBM Research USA
Perunicic (Drazenovic) B. — ASA B&H
Popovski P. — AAU Denmark

Prasad R. — Aarhus Denmark
Sasiadek J. — CU Canada

Stefanovska A. — LU UK

Tzanova S. — TUS Bulgaria

Dzeroski S. — IJS Slovenia

Jozsef K. Tar — Obuda University Hungary
Abousleman G. — ASU USA
Akyokus S. — DOU Turkey

Ginovska M. — FEEIT Skopje RNM
Davchev D. — FINKI Skopje RNM
Deskovski S. — TF Bitola RNM
Janevski T.— FEEIT Skopje RNM
Jorgusheski Lj. — TNO Netherlands
Karadzinov Lj. — FEEIT Skopje RNM
Kafedziski V. — FEEIT Skopje RNM
Lazarevska E. — FEEIT Skopje RNM
Ojleska Latkoska VV — FEEIT Skopje RNM
Stavrov D. — FEEIT Skopje RNM
Kuhar A. — FEEIT Skopje RNM
Efniseva D. — FEEIT Skopje RNM
Denkovski D. — FEEIT Skopje RNM
Gjoreski H. — FEEIT Skopje RNM
Jakimovski G. — FEEIT Skopje RNM
Nadzinski G. — FEEIT Skopje RNM
Markovska Dimitrovska M. — FEEIT
Skopje RNM

Markovski B. — FEEIT Skopje RNM
Pejoski S. — FEEIT Skopje RNM
Rakovikj V. — FEEIT Skopje RNM
Kartalov T. — FEEIT Skopje RNM
Gerazov B. — FEEIT Skopje RNM
Andova V. — FEEIT Skopje RNM
Atanasova S. — FEEIT Skopje RNM
Shuminoski T. — FEEIT Skopje RNM
Latkoski P. — FEEIT Skopje RNM
Kokolanski Z. — FEEIT Skopje RNM
Srbinovska M. — FEEIT Skopje RNM
Dimchev V. — FEEIT Skopje RNM
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Loshkovska S. — FINKI Skopje RNM
Mitrovski C. — TF Bitola RNM
Murgovski N. — CUT Sweden
Neshkovic A. — ETF Serbia

Pale P. — FER Croatia

Peric Z. — EF Serbia

Popovski B. — FEEIT Skopje RNM
Susmann P. — NUARI USA

Schares L. — IBM Research USA
Spasevska H. — FEEIT Skopje RNM
Stankovski T. — FM Skopje RNM
Stojanov G. — AUP France
Stojanovski T. — Evolve Information
Services Australia

Tentov A. — FEEIT Skopje RNM
Gavrovski C. — FEEIT Skopje RNM
Kjosev J. — FEEIT Skopje RNM
Hadzijski M. — BAN Bulgaria
Hadzi-Velkov Z. — FEEIT Skopje RNM
Andreevski C. — FTU Ohrid RNM
Atanasovski V. — FEEIT Skopje RNM
Ackovska N. — FINKI Skopje RNM
Bogdanovski M. — Military Academy
Skopje RNM

Gacovski Z. — EU Skopje RNM
Gjorgjevic D. — FINKI Skopje RM
Zdravkova K. — FINKI Skopje RNM
Ivanovski Z. — FEEIT Skopje RNM
Jolevski I. — FIKT Bitola RNM
Kalajdziski S. — FINKI Skopje RNM
Kostov M. — TF Bitola RNM
Kraljevski I. — voiceINTERconnect GmbH
Germany

Kulakov A. — FINKI Skopje RNM
Ololoska-Gagoska L. — FEEIT Skopje
RNM

Porjazoski M. — FEEIT Skopje RNM
Raleva K. — FEEIT Skopje RNM
Samak S. — Mikrosam Prilep RNM
Stefanovski J. — JP Strezevo Bitola RNM
Tashkovski D. — FEEIT Skopje RNM
Trajanov D. — FINKI Skopje RNM
Trajkovic V. — FINKI Skopje RNM
Trajkovski I. — FINKI Skopje RNM
Utkovski Z. — UGD Stip RNM
Filipovska S. — FINKI Skopje RNM
Chorbev I. — FINKI Skopje RNM
Risteski A. — FEEIT Skopje RNM
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Kalendar M. — FEEIT Skopje RNM
Jovichic S. — ETF Serbia

Delic V. — FTN Serbia

Hristovski D. — MF Slovenia
Villavicencio F. — ObEN USA
Garcia N. — UBI Portugal

Goleva R. — NBU Bulgaria
Dimitrovski I. — FINKI Skopje RNM
Madzarov Gj. — FINKI Skopje RNM
Mihaescu C. — UC Romania

Naccari M. — BBC UK

Cosovic M. — ETF B&H

Petrovic I. — Viser Serbia

Garner P. — Idiap Switzerland
Szaszak G. — BME Hungary
Jambrosi¢ K. — FER Croatia

Babic Z. - ETFBL B&H

Cernak M. — Logitech Switzerland

ORGANIZING COMMITTEE

Ciric D. — EF Serbia

Pombo N. — Un.da Beira Interior Portugal
Ellul J. — University of Malta Malta
Braeken A. — Vrije Un. Brussel, Belgium
Dobre C. — Un.Pol.of Bucharest Romania
Spinsante S. — Un. Pol.delle Marche Italy
Grguric A. — Ericsson Nikola Tesla
Croatia

Velez Lapao L. — Un. NOVA de Lisboa,
Portugal

Podobnik V. — Un.of Zagreb, Croatia
Jakimoski K. — FON University RNM
Hadzi-Velkova Saneva K. — FEEIT Skopje
RNM

Gegovska — Zajkova S. — FEEIT Skopje
RNM

Nasteska S. — AEC Skopje RNM

Kokolanski Zivko - FEEIT, Skopje, N. Macedonia (Chair)

Srbinovska Mare - FEEIT, Skopje, N. Macedonia
MarkovskaMarija - FEEIT, Skopje, N. Macedonia
KizevskaEmilija - FEEIT, Skopje, N. Macedonia
PoposkaMarija - FEEIT, Skopje, N. Macedonia
Stavrov Dusko - FEEIT, Skopje, N. Macedonia
Nadzinski Gorjan - FEEIT, Skopje, N. Macedonia
Velkovski Bodan - FEEIT, Skopje, N. Macedonia
Suminovski Tomislav - FEEIT, Skopje, N. Macedonia
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TIPEJICOBOP u JIOBPEJIOJJIE

Hparu yuyecHUIH,

Bo umeto Ha og6opute Ha koH(pepenuujata ETAU 2021 u Bo umeto Ha 3ApyKEHHETO
ETAMN, Bu mocakyBam no6penojae Ha 15-tata merynapoana kondepenunja ETAU 2021 koja
OBaa To/IMHA 32 IPB AT c€ OJP>KyBa HAa HOB HAYMH BO HAIIETO HOBO BUPTYEIHO CEKO]jIHEBHE.
Co cekoja koH(epeHIIMja OpraHU3upaHa JI0cera ce ropJeemMe MITO Ha HAIUTE YYECHUIM CMe
ycIieBalie 1a UM ja JOJOBHME YHHKATHaTa atMocdepa Ha HammoT oucep - Oxpuackoro Esepo,
MO3HATO MO CBOjaTa NPHUpPOJHA YOaBMHA M KYJITYPHOTO HACIEACTBO M 3alITHTEHO O]
YHECKO. 3a a1 oBaa ToMHa U TOA UCKYCTBO K€ ce 00MaeMe J1a TO TOJIOBUME BUPTYEIHO,
CO HaJIeX JIeKa CIeTHUOT TaT TPaAUIKjaTa Ke MPOIOIIKH.

OBaa roguHa opnoOenexyBame 40 roauHu nocroewme Ha 3apyxeHuero ETAU.
[{es10KyIMHOTO MCKYCTBO COOpPaHO HU3 TOJUHHTE CE MMPCHECYBa Ha CEKOja Clie/HA IeHepallrja
SHTY3HMjacTH BKJIYYCHH BO paborara Ha 3ApYKEHHETO, ceKoraml co Oe3pe3epBHA MOIPIIKA
O]l MOMCKYCHHUTE HAIlIM WICHOBH. TOKMY 3aT0a cakaM Jia u3pa3aM OrpoMHa 0JaroapHOCT Ha
JIeTT OJ1 YWICHOBHTE Ha 3IPYKEHUETO KO Ce TyKa CO HAC OJ1 MOYETOKOT Ma Ce JI0 JIeH JICHEC U
CEeKoraiml CO HEeCMaJieH SHTy3Hja3aM YCIIeBaaT Ja ro 3aJpKaT M IOJWTHAT KBAJUTETOT Ha
paborara Ha 3npyxenueto u koupepenuuute ETAW Hu3 rogunure.

Cekako, 1iesiTa Ha oBaa KoH(pepeHIjaTa co JOATOTOUIIIHA TPAIUIlHja € J1a He MOBP3e
NPEKy 3aeJHUYKUTE MHTEPECH U J1a CO3/aJie MECTO KaJle Ke ce MOTTUKHE NpodecroHaTHa
pa3MeHa Ha HajHOBHTE HAyYHO-CTPYYHH UCKYCTBA O/ TEOPUCKU U AIUTMKATUBEH KapakTep BO
noJipayjata Ha €JIEKTPOHUKATa, TEICKOMYyHMKAllUUTE, aBTOMAaTHKaTa M WH(poOpMaThKara M
CEKaKO MYJTH-IUCIUILUTHHAPHUTE JOCTUTHYBaMka KOW Ce JICHEIIHaTa Hama pearHoct. OBaa
rofvHa KoH(epeHuujaTa ke ce peanus3upa MpeKy MoBeKe pa3HOBUIHM M MHTEPECHU CECHH
KaJe Ke ce NPEe3eHTHUpaaT HAyYHH M CTPYYHH TPYHOBH Of akTyenHu Temu. OuekyBame
JIUCKYCHHTE Ha TpKaJe3HuTe mMacu Ha Tema ''Next generation wireless communications -
Opportunities and challenges for 10T" u "e-Health and Pervasive Technologies: Challenges
and Opportunities”, kou ce aenx oa OBOTOAMINHATA IMporpamMara Ha KoH(EpeHIujaTta aa
MpeIn3BUKaaT JbYOONUTHOCT Kaj YUECHULIUTE U IMyOJMKaTa U J1a OTBOpAT LIMpPOKa MajieTa Ha
Ipamlamba KO BO UIHMHA Ke OMaT pasriielyBaHU OJ1 HaydyHaTa M cTpy4HaTa 3aenHuna. Mcro
Taka, ce HajJeBaMme Jeka KoH(epeHlHjaTa Ke M Mpojadoud cTapuTe MpHjaTesicTBAa U Ke
CO3J1a/ie HOBH, K€ pa3BHe copaboTKa U BMpEXKyBame Ha HayYHHUTE pAaOOTHHULIM U JIEJIOBHUTE
nyfe U JIeKka 3a Toa HeMa J1a Oujie peyka HauMHOT Ha KOj CMe IPUHY/ICHH Jia ja U3BEeMe.

Cakam Ja ja u3paszam MojaTa rojemMa 0J1arogapHOCT KOH HAIIUTE IJICHAPHU TOBOPHUIIH:
npo¢. n-p Ilenr u ox YHuBepsuretoT ox Axenanna, ABCTpanuja, akaJeMHK Hpod. A-p
Janym Kanmmuk ox MHctmyroT 3a mMcTpaxyBamwe cucremu mpu Iloickata akenMuja Ha
Hayku U nipod. 1-p Matjax 'amc xoj noara og Uncturyrot Joxed HItedan ox Crnosenuja.
HcTo Taka cakam 1a ro MO3IpaBaM M MCTAaKHATHOT MJIaja HaydHUK A-p Tome EdTrmoB mcto
taka o Mucturyrot Joxked llIredan on CrnoBenunja.

Kondepenuujata ETAWN TpaauimonanHo e mojip:KaHa OJ MOBEKE OpraHu3allud U
eHTy3ujactu. Hajnpso, kako Hepackunius aen og ETAU, cakam ga My ce 3abiarogapaM Ha
@DakynTeToT 3a eNEKTPOTEXHUKA U MHpopManucku TexHoioruu npu YKHUM koj e mocrojan
HNOJ/pKyBad Ha 3ApYXKEHHeTOo M KoHpepeHnuute Hu3 roaumHuTe. OBaa TOIMHA
KoH(pepeHnmjara ke Ouae moaap:kaHa U OJ] HeKOJIKY 31pYKeHHja 0]l MAaKEJJOHCKUOT OJIIe]T Ha
MeryHapoaHa opranm3anudja UEEE co koum 3aemHWuYKM ce opraHu3upaar HEKOJKY CECHH.
Hcro Taka, oBaa roguHa MMame mojanpiika U ox Merfynaponnuot mpoekt WideHealth ox
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nenoT Ha Tweening mporpamarta Ha EVY, mpeky 3aeqHudka opraHusaiuja Ha TpKaje3HaTa
maca "e-Health and Pervasive Technologies: Challenges and Opportunities”. Ha kpajor,
KOpHCTaM IPUJIMKA Jia UM 3a0JaroiapaM Ha CUTE KOHW MPHJIOHECOa 3a YCIICIHA pealin3aliyja
Ha oBorojuimHara koH(pepennuja ETAN 2021 u na uM oxmaaam moceOHO TpHU3HAHHE HA
aBTOPHUTE Ha TPYAOBHUTE, pelleH3eHTHTE, WwieHoBHTe Ha [lodecHnoTr oxbop, IIporpamckuor
on6op u OpraHu3anucKuoOT 0100p, KAKO U Ha CUTE BKIIYYCHH 3a MPHUIOHECOT U HECEOMIHOTO
3ajarame BO OpTaHu3alMjaTa u yCrexoT Ha KoH(epeHIujaTa.

CurypHa cyMm Jieka rmporpamara Ha OBOTOJMIIHATA KOH(PEPEHIH]ja € JTOBOJIHO aKTyeIHa
¥ MHTEPECHA U 3a aKaJeMCKaTa M 3a CTpydHara 3acJHHUIA U JeKa K€ OBO3MOXH YCIOBH 3a
YHalpeoyBambe U CTCKHYBalkbe CO HOBH IPHjATEICTBa Mely HaydyHHTE pPaOOTHHIIH,
HHXXCHCPUTC U CTYACHTHUTC. Co Hagcx ACKa Ke nmame YCIICUICH HaCTaH, BU ITOXKCIIyBaM
npujaTHa padora.

Mapuja Kanennap
[Ipercenaren Ha 3apyKEHUETO
ETAU
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FOREWORD AND WELCOME
Dear participants,

On behalf of the of the ETAI 2021 Conference committees and the ETAI Society, |
welcome you to the 15th International Conference ETAI 2021 this year, for the first time,
hosted in a new way to reflect our new virtual everyday life. With every conference
organized so far, we have always been very proud to capture the unique atmosphere of our
pearl - Lake Ohrid, known for its natural beauty and cultural heritage and protected by
UNESCO as well. Unfortunately, this year, we will have to try and capture that experience
virtually, hoping that on our next meeting the tradition will continue.

This year we celebrate the 40th anniversary of the ETAI Society. The entire experience
gathered over the years is passed onto every next generation of enthusiasts involved in the
work of the Society, always with the unreserved support of our more experienced members.
That is why | want to express my gratitude to some of the members of the Socirty who are
here with us from the beginning until today and always with undiminished enthusiasm
manage to maintain and raise the quality of the work of the Socirty and the ETAI conferences
over the years.

Of course, the purpose of this conference with a long tradition, is to connect us through
common interests and to create a place for professional exchange of the latest scientific and
practical experiences of theoretical and applied nature, in the fields of electronics,
telecommunications, automation and informatics and of course the multi-disciplinary
achievements that are our reality today.

This year the conference will be realized through several diverse and interesting
sessions where scientific and professional papers on current topics will be presented. We
expect that the roundtable discussions tackling the topics of "Next generation wireless
communications - Opportunities and challenges for 1oT" and "e-Health and Pervasive
Technologies: Challenges and Opportunities” that are part of this year's conference program,
will arouse curiosity among participants and audiences with intention to open a wide range of
issues that will be addressed in the future by the scientific and professional community. We
also hope that the conference will deepen old friendships and create new ones, develop
business collaboration and networking of scientists and business people, and that the format
we are forced to organize it by, will not present an obstacle to these goals.

| would like to express my great gratitude to our plenary speakers: prof. Dr. Peng Shi
from the University of Adelaide, Australia, academician prof. Dr. Janusz Kacprzyk from the
Systems Research Institute at the Polish Academy of Sciences and prof. Dr. Matjaz Gams
from the Jozef Stefan Institute from Slovenia. | would also like to greet the prominent young
scientist Dr. Tome Eftimov also from the Jozef Stefan Institute in Slovenia.

The ETAI conference has traditionally been supported by many organizations and
enthusiasts. First, 1 would like to thank as an inseparable part of ETAI, the Faculty of
Electrical Engineering and Information Technologies (FEEIT), that is a constant supporter of
the Society and our conferences thoroughout the years. This year, the conference will be also
supported by several Chapters of the Macedonian branch of the international IEEE
organization, by joint organization of several sessions. Additionaly, we have support from the
EU funded WideHealth Project from the Tweening track by jointly organizing the round table
"e-Health and Pervasive Technologies: Challenges and Opportunities”.

Finally, | take this opportunity to thank all those who contributed to the successful
implementation of this year's ETAI 2021 conference and to pay special tribute to the authors
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of the papers, reviewers, members of the Honorary Committee, Program Committee,
Organizing Committee and volunteers as well as all involved for their contribution. and
selfless commitment to the organization and success of the conference.

| am confident that the program of this year's conference is contemporary and
interesting enough for both the academic and professional community, and it will provide
conditions for promotion and making new friendships between scientists, engineers and
students. With the hope that we will have a successful event, | wish you all pleasant work.

Marija Kalendar
President of ETAI Society
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IIVNIEHAPHU TPEJJABAIbBA
INVITED PLENARY LECTURES

FORMATION CONTROL DESIGN FOR MULTI-AGENT
SYSTEMS

Peng Shi

School of Electrical and Electronic Engineering
University of Adelaide, Australia

Abstract: Multi-agent Systems (MAS) are systems with characteristics of cooperation and
decentralization. As the agents often work under complex circumstances, limitations of the
hardware that include limited passive sensing and active communication capabilities are
likely to be present. As a result of the localization conditions above, the agents need to
cooperate in a distributed manner to achieve a common goal. Formation control, which is one
of the most popular topics within the realm of multi- agent systems, generally aims to drive
multiple agents to achieve a desired scalable formation or time-varying formation changing.
In this talk, depending on the agents’ sensing and interaction capabilities, the analysis and
design of a variety of distributed formation control and some applications are introduced.
Under complex circumstances, issues on collision avoidance and system robustness for MAS
are also addressed. Simulation and Lab experimental results are given to demonstrate the
effectiveness of some design schemes proposed in our group.
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IS WEB TRANSFORMING OUR MINDS AND WHERE IS
OUR CIVILISATION GOING TO?

Matjaz Gams
Jozef Stefan Institute

Ljubljana, Slovenia
matjaz.gams@ijs.si, https://dis.ijs.si/mezi/

Abstract: This paper analyses civilization dangers that Bill Gates and Elon Musk warn about:
pandemics, demographic and Al. In addition, the undesired societal changes especially in
relation to the mind tampering and the Web are observed. The analysis about longevity of
human civilization seems to indicate that we humans on our own are not smart enough to find
a solution. Luckily, there is a possible solution: to create and cooperate with superintelligence.
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HUMAN-IN-THE-LOOP AI IN DECISION AND CONTROL
SYSTEMS: THE ROLE OF LINGUISTIC DATA SUMMARIES

Janusz Kacprzyk

Professor, Researcher
Systems Research Institute, Polish Academy of Sciences
Ul. Newelska 6, 01-447 Warsaw, Poland
Email: kacprzyk@ibspan.waw.plJanusz Kacprzyk

Abstract:We consider the problem of how to develop an Atrtificial Intelligence based — or Al
based, for short —system for solving complex decision making and control problems, in both
engineering and socioeconomic systems. We consider problems in which, in addition to
aspects which are subject to an ,,objective” evaluation by sensors, there are many relevant
aspects which are subject to human judgment, intentions, preferences, etc. which are difficult
to quantify, subjective, changeable over time, and subject to many cognitive biases, notably
the status quo bias. As the presumably most promising architecture for solving such problems
we assume the ,,human-in-the-loop” paradigm, called also the ,,human-in-the-loop AI” in
which it is postulated and implemented a synergistic cooperation between the human being
and the ,,machine”, that is, approaches and algorithms employed. We use the human-in-the-
loop paradigm for decision making and control. We argue that the most promising solution in
this context is the use of the human centric systems philosophy, originated at MIT, in which
no (additional) interface between the human being and the computer is postulated. Therefore,
to attain this we advocate to use in the problem formulation and solution (support) some tools
and techniques of natural language which is the only fully natural means of articulation and
communication for the humans. Specifically, we use the linguistic data summaries,
introduced by Yager and then developed by him and Kacprzyk. They are meant to represent
large data sets by short, comprehensible sentences. For instance, if we have a (large) set of
data on employees, a static linguistic summary can be ,,most young employees earn around
the mean salary”, and a dynamic summary can be ,,in most recent years the increase of
salaries of experienced employees was slightly growing”. Notice that no matter how big the
data set is, such short sentences are fully comprehensible for the human being, and imprecise
terms are natural. We present various aspects of such linguistic summaries, such as context
dependence, representation of language modalities, etc. We show how they can be used for
an effective and efficient human-in-the-loop Al based systems for supporting decision
making (mostly static summaries) and control (dynamic summaries). We present an
implementation for supporting a day-to-day running of a small computer retailer.

19



3N PY ¥MEHHE 3A 80 CIETY FOR
TENEKOMYHHMKALMH - oL L TELECOMUNICATIONS

ABTOMATHEA H AUTOMATIGS AND
HHMOPMATHEKA ] ITNFORMATIGCS

HA PENYBIHEKA OF THE REPUBLIC
1

- = -
BN BN I .
M A KE II O HHJA -..... 0OF MACEDONIA

TOWARDS AUTOMATED ALGORITHM PERFORMANCE
PREDICTION USING PROBLEM LANDSCAPE DATA:
A USE-CASE IN SINGLE-OBJECTIVE OPTIMIZATION

TomeEftimov

Young Researcher
Department of Intelligence Systems,
Jozef Stefan Institute

Abstract:Many real-world scenarios involve optimization problems, for example, when
minimizing risks, minimizing cost, maximizing reliability, and maximizing efficiency. For
this reason, evolutionarynmcomputation focuses on development of algorithms for global
optimization inspired by biological evolution. These algorithms are efficient for finding good
solutions to NP-hard problems for which solutions cannot be computed in analytical or semi-
analytical form, or by using deterministic algorithms. Additionally, in combination with
machine learning algorithms they represent powerful techniques for solving many prediction
problems in industry. Benchmarking in evolutionary computation is a crucial task and is used
to evaluate the performance of an algorithm against other algorithms. Existing approaches for
assessing the performance of algorithms are based on a statistical comparison of the
algorithms’ results focusing only on the performance data. On the other side, efficient solving
of an unseen optimization problem is related to appropriate selection of an optimization
algorithm and its hyper-parameters. For this purpose, automated algorithm performance
prediction should be performed that in most commonly-applied practices involves training a
supervised ML algorithm using a set of problem landscape features. To provide more
explainability in the algorithms’ behaviour, we are going to present a recently proposed
approach known as Deep Statistical Comparison that provides more robust results in
benchmarking studies focussing only on performance data, followed by recently proposed
approaches for representing the optimization problem landscape data. Finally, we are going to
present different ML pipelines that are used for automated algorithm performance prediction
that link the problem landscape data to the performance data by exploring the relations
between the problem and the performance space. Such kinds of analysis are extremely
welcome to understand the algorithm’s 20nsemble20 and stop treating them as a balck-box,
which will further allow more easily to transfer the learned academic knowledge into industry.
Recent work on vision-correcting displays will also be discussed. Given the measurements of
the optical aberrations of a user’s eye, a vision correcting display will present a transformed
image that when viewed by this individual will appear in sharp focus. This could impact
computer monitors, laptops, tablets, and mobile phones. Vision correction could be provided
in some cases where spectacles are ineffective. One of the potential applications of possible
interest is a heads-up display that would enable a driver or pilot to read the instruments and
gauges with his or her lens still focused for the far distance.
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ETAI 1-1

A SONAR-BASED OBSTACLE DETECTION SYSTEM FOR THE
BLIND AND VISUALLY DISABLED

StefanaHristovska, Kristijan Lazarev and Branislav Gerazov

Faculty of Electrical Engineering and Information Technologies, UKIM, Skopje, R.
Macedonia, stefanahristovska@gmail.com, klazarev@openthewindows.org,
gerazov@feit.ukim.edu.mk

Abstract:People who are blind and visually impaired face many difficulties in their
daily lives. They often suffer whileperforming even the most basic things that lead them to
live atrisk. We present an obstacle detection system that is an assistivetechnology device
aimed at helping the blind and visuallyimpaired to move more safely and securely in their
surroundings.The system is mounted on the head and detects obstacles thatappear in the
area from the waist to the head. The device is basedon three ultrasonic sensors for obstacle
detection. Theinformation that an obstacle is detected is transmitted to the uservia
vibration. Two sensors are placed horizontally at an angle ofO deg and these sensors detect
up to a maximum distance of 250cm. The third sensor is placed in the central axis and
pointsdownwards at a 14 degree angle with a detection range of 257 cm.A power bank is
used for a power supply. Additionally, the usercan adjust the vibration intensity via a
potentiometer. The deviceis lightweight at only 220 g. Our initial tests have shown that
itprovides ample navigation assistance and is comfortable to use.

Key words: obstacle detection; assistive technology;ultrasound; navigation; sonar
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ETAI 1-2

LIGHTING DESIGN, AUTOMATION, EFFICIENCY AND
ADVANTAGES MADE WITH LIGHTING LEVEL CONTROL IN
INDUSTRIAL FACILITIES

Mehmet Giircan Giir and Yi1lmaz UyaroGlu

Neutec fla¢ San. Tic.A.STechnical Operations Directorate, Energy Manager 1.0.S.B.
1.Road 3 Pass Hanli, Arifiye, Sakarya, Turkey

mehmetgur54@agmail.com

Abstract:Today, in addition to energy saving and comfort in lighting systems for
industry and other areas, the need forcontrol is increasing. It is important to meet this need
easily anddo so without any technical staff and special training required. Therefore, modern
and smart lighting management systems areneeded.With smart lighting systems, control is
now provided with acomputer, tablet or smart phone via the web interface. Nosoftware
language is needed. The Internet Protocol IP-basedsystem allows control and monitoring
from anywhere. It includescomfort levels and wireless solutions according to
EuropeanNorm (EN) standards. At the same time, there is the ability toaddress,
periodically check and report emergency lighting andexit signs in accordance with
Occupational Health and Safety (OHS) rules. Lighting methods used to include simple
solutions before the useof smart systems, but today, energy efficiency is provided andhigh
savings are achieved thanks to optional control andbrightness level adjustment. In addition,
it supportsenvironmental practices and efficient maintenance management.In this way,
smart lighting systems will be used more in daily lifein the near future.

Keywords—Light Level control, Lighting Design, Energy Efficiency, Lighting
Automation
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ETAI 1-3
DETECTION OF INDIVIDUAL FINGER FLEXIONS USING
TWO-CHANNEL ELECTROMYOGRAPHY

Blagoj Hristov and Gorjan Nadzinski

Faculty of Electrical Engineering and Information Technologies Ss. Cyril and Methodius
University Skopje, R. Macedonia,

blhris@gmail.com, gorjan@feit.ukim.edu.mk

Abstract: Abstract—Due to technological advances in biomedical engineering,
electronics, 3D printing and artificial intelligence,there has been a significant increase in
the feasibility of producingaccurate, fast and fully functional prosthetics. This paper
discussesthe possibility of designing an artificial forearm prosthetic with theability of
individual control of each finger, which involves usingelectromyography signals measured
by only two sensors placed onthe remaining part of the amputated arm. This approach
enablescrucial improvement in prosthetic control for only a fraction of thecost of
prosthetics that are currently available on the market, asexpensive hardware components
are replaced by inexpensivesoftware solutions. The detection and classification of the type
ofmovement that is being performed is done by using a hybridconvolutional-recurrent
neural network. The network providesextremely satisfactory results with the F1 accuracy of
the signalpredictions being 91.3%. These results are especially significantbecause of the
fact that using only two-channel electromyography tomeasure the signals notably reduces
the cost of the prosthetic, due to the need for a smaller number of EMG sensors.

Keywords—electric  prosthetics,  electromyography,  signalprocessing, artificial
intelligence, neural networks
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ETAI 1-4

THE SELECTION OF BI-FRACTIONAL ORDER REFERENCE
MODEL PARAMETERS FOR MINIMUM SETTLING TIME

Ertugrul Kececi, Erhan Yumuk, Miijde Giizelkaya and Ibrahim Eksin

Dept. Of Control and Automation Engineering
Istanbul Technical University (ITU) Istanbul, Turkey
kececie@itu.edu.tr, guzelkaya@itu.edu.tr, yumuk@itu.edu.tr, eksin@itu.edu.tr

Abstract: In this study, the effects of bi-fractional order reference model
parameters on time domain characteristics areanalyzed. A relation between damping ratio
and fractional orderthat exhibits minimum settling time is observed and the dampingratio is
expressed in terms of fractional order by fitting apolynomial. Consequently, a bi-fractional
order reference modelthat guarantees minimum settling time is derived. Theeffectiveness
of the newly derived reference model is shownthrough examples.

Key words: bi-fractional order system model; reference model; minimum settling
time, time domain characteristics.
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ETAI 1-5

INTRA-NODAL CACHING ASSISTED UAV BASED DATA
ACQUISITION FROM WIRELESS MOBILE AD-HOC SENSOR
NETWORKS

Umair Chaudhry and Chris Phillips

School of Electronic Engineering and Computer Science Queen Mary University of London
(QMUL) London, United Kingdom

U.B.Chaudhry@amul.ac.uk

Abstract: Unmanned aerial vehicle assisted data collection is not a new concept and
has been used in various mobile ad hocnetworks. In this paper, we propose a caching assisted
schemealternative to routing in MANETS for the purpose of wildlifemonitoring. Rather than
deploying a routing protocol, data iscollected and transported to and from a base station using
aUAV. Although some literature exists on such an approach, wepropose the use of
intermediate caching between the mobilenodes and compare it to a baseline scenario where
no caching isused. The paper puts forward our communication design wherewe have
simulated the movement of multiple mobile sensor nodesin a field that move according to the
Levy walk model imitatingwildlife animal foraging and a UAV that makes regular tripsacross
the field to collect data from them. The unmanned aerialvehicle can collect data not only
from the current node it iscommunicating with but also data of other nodes that this
nodecame into contact with. Simulations show that exchanging cacheddata is highly
advantages as the drone can indirectlycommunicate with many more mobile nodes.

Keywords—UAV; caching; sensors; MANETS; WSN; waypoint
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ETAI 2-1
AHAJIM3A HA BE3BE/THOCT BO ITAMETEH 10M CO
IHPUMEHA HA AJITOPUTMHU O MAIINHCKO YYEIBE

Irina Senchuk, Ana Cholakoska and Danijela Efnusheva

Hncmumym 3a komnjymecku mexuonoeuu u undsxcenepcmeo, ®EUT Crkonje, VKUM
Ckonje, Cesepna MakeooHnuja

irinasencuk@yahoo.com, {acholak, danijela}@feit.ukim.edu.mk

Ancrpakrt—IlonymapHocTHa Ha TIAMETHUTE JIOMOBH pacTeé Kako OJrOBOpHA
eKCIOHCHIMjaTHuOT pacT Ha Muatepuer Ha Hemrtara (IoT). Kako pesynrar Ha TOA,
OJIP)KYBamETO Ha Oe30eHOCTa Ha MOBP3aHUTE YPEAH CTaHyBa CE IOTOJIEM IPEIU3BHK BO
Mmpexure ox MHTepHeT Ha HemTa. Bo 0BOj Tpyn ce mpoydyBa ACTEKTHPake Ha aHOMAJIMH U
ylajgd BO BAaKBUTE MPEKH, CO MOMOII Ha AJTOPUTMHU 332 MAIIMHCKO YYCHE: JOTHMCTHYKA
perpecuja u MeToJ Ha ciydajaa myma (random forest). J/[Bata o1 CnoMEHATHUTE AJITOPUTMH CE€
n3pabOTEeHU BO MPOrPaMCKHOT ja3uk I1ajToH, a moJaToIMTe KOM Ce KOPUCTAT 32 TPCHUPAE U
tectupame ce o UNSW-NBI5 nomarounoto mMHOXkecTBo. Pesynrarure xou ce n100HEHU
ykaxxyBaaT Ha Test F1 u AUC (area under the curve) Bpegnoctu ox 78,2% u 81,4% 3a
anroputamMoT Ha joructuuka perpecuja (JIP), u 89,3% u 97,7% 3a meTonoT Ha ciiydajHa
mryma (CIL), coonBeTHoO.

Kiayunnz0opoBu—unameTeH10M; MalIMHCKOY4EH-E; UNSW-NBI5 IIOAATOYHOTO
MHOecTBO; MIHTepHeT Ha HellTa; 0e30e1HOCT; AeTeKI1ja Ha aHOMAJIUU
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ETAI 2-2
AHAJIN3A HA MPEXHA BE3BE/IHOCT CO ITIPUMEHA HA
AJITOPUTMMU O/ MAIINMHCKO YUEIBE
Martina Shushlevska, Ana Cholakoska and Danijela Efnusheva

HUncmumym 3a komnjymecku mexunonoeu u uundxcenepcmeo OEUT, Ynusepzumem “Ca.
Kupun u Memoouj” 6o Ckonje, Cesepna Makedonuja

martinasuslevska@yahoo.com, {acholak, danijela}@feit.ukim.edu.mk

Ancrpakt — Co nopacToT Ha Op0ojOT Ha KOMITJYTE€pPH M YPEIUKOU CE IOBP3aHU Ha
WuTepHer, ce 3rojeMuja W pU3NLUTE OJ MOXHH HapyllyBama Ha HHMBHATa 0€30€THOCT.
Kako mTo ce 3rosemyBa BOJIyMEHOT OJ COOpaHUTE IMOJATOLM 332 MPEXKHHUOT cooOpakaj,
Taka Ce IIOBeKe Ce€ BOOYYyBa IpPHMEHATa Ha TEXHUKUTE 3a MAIIMHCKO YyYeme 3a
MHTEIUTeHTHa 00paboTKa M aHanM3aTra Ha OBUE rojieMu mnojarouu. Bo oBaa Hacoka e u
UCTPAXYBambETO MPETCTABEHO BO OBOj TPYyHd, KaJae CO NPUMEHAa Ha ajJrOpuTMH 3a
MAIlIMHCKO YYeHe Ce cOo3[aBa MOJeNl KOj CIYyXH 3a OTKpPHUBamkEe Ha aHOMalHja, OJHOCHO
JeTeKIMja Ha ymaJ BO MPEXH. 3a MOTpeOUTEe Ha OBa MCTpaxKyBame ce kopuctu KDD’99
MOJIATOYHO MHOXKECTBO, IPU IITO Pa3BUCHUOT MOJIEN ce Oa3upa Ha CIEeJHUTE AITOPUTMU 32
knacudukanuja: Hamsen baecos (Hb) u mammnu co Hoceukn Bektopu (CBM). JloGuennre
pe3yaTatu nokaxysaat neka Hb ycnemno ru kinacugunmpa Hanagure co To4HOCT o 88%,
noneka nmak CBM ce kapaktepusupa co moOBUCOKa TOYHOCT 011 99%.

Kayuynn 300opoBm — mamumHCcKOo yuewe; KDD’99 mnopmatouyHo MHOXeECTBO;
JIETEKIIM]a Ha aHOMaJTMKW; 0€30€JHOCT Ha MPEXH; CUCTEMH 3a CIIPEUyBambe yajl
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ETAI 2-3

HYMEPHUYKO PEITABAIBE HA JIAIIVIACOBATA
JAN®EPEHIINJAJIHA PABEHKA CO IIPUMEHA HA METOAOT
HA KOHEYHU PA3JIMKHA

bojana IlerpoBcka, lanunesna Janesa, Emunuja TameBa u Auapujana Kyxap

Dakynimem 3a eNeKMpPoOmMexHuKa u ungopmayucku mexnonouu, Yuueepsumem “Ca.
Kupunu Memoouj ”eo Cronje email: kuhar@feit.ukim.edu.mk

Ancrpakt—/ludepeHiyjaaHu paBeHKd KOM HeMaaT JUPEKTH OaHAJMTUYKO PEIICHHE
ce MHOT'Yy 4ecTa I0jaBa Kako BO HayKaTa, Taka M BO WH)XEHEPCTBOTO. Mery HUB € U
JlanmacoBara —aud)epeHIMjalIHA paBEHKA OJ] BTOP PEll CO KOja MOXE Jia C€ ONMHIIAT roJieM
Opoj eneKkTpu4YHM U (PU3KMYKH T0jaBH BO WH)KEHEPCTBOTO, a OCOOCHO BO HEroBara MOTECHA
obmact 6mo memunmHata. Kopucerejku ru mpuaoOMBKUTE Ol pa3BOjOT HAa KOMIIjyTepcKara
TEXHOJIOTHja Pa3BUEHH C€ HyMEPUYKH ITOCTAIIKHU 3a pellaBame Ha BakBHUTE mpobiemu. Enna
0/l Haj IIMPOKO PACHPOCTPAHETUTEC HYMEPUYIKH TEXHUKU € METOJIOT HAa KOHEYHU PA3JIUKH, CO
Koj mudepeHIMjaHaTa paBeHKa Ce MPETBOpa BO CHUCTEM OJ JIMHEapHU paBeHKU. Bo 0Boj
TPYI € HallpaBeH NPUI0HEC KOH HYMEPUYKOTO pelliaBame Ha JlamiacoBara paBeHKa co pa3Boj
Ha aJrOpUTaM 3a IMpPUMEHA Ha METOJOT Ha KOHEYHH PA3IMKU BO CIOOOTHHOT MPOTPaMCKH
jasuk IlajroH. Pa3BHEHHOT anropuraMm BKIyuyBa HTEpaTUBHA TEXHHKA 3a pelIaBame Ha
IOOMEHHUTE CUCTEMH O] PaBEeHKH, OJHOCHO TOj € ONTUMH3HPAH OJ1 aClIeKT Ha 3a4yBYBame Ha
KOMIIJYTEPCKUTE PECYPCH.

Kayuynn 300poBm — JlamacoBa paBeHKa; HYMEPUYKO peLIaBambe, METOJ Ha
KOHEYHHM pa3iuky; [1ajToH; nTepaTuBH HIIOCTAIIKH.
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ETAI 2-4

MODELING POPULATION DYNAMICS AND ECONOMIC
GROWTH AS COMPETING SPECIES FOR NORT MACEDONIA
Stefan Boshkovski and Sanja Atanasova
Faculty of Electrical Engineering and Information Technologies Ss. Cyril and Methodius
University Skopje, R. Macedonia,
stefan.boskovski.97@gmail.com, ksanja@feit.ukim.edu.mk

Abstract: The aim of this paper is to apply nonlinear dynamical systems to models
used in data analysis and through which the futureflows of the system can be predicted.
With this theory we analyze thepopulation dynamics in the Republic of North Macedonia,
and itsrevenues. Depending on the results, an insight is given into whattrend we expect for
the population and income in the future.

Keywords—predator, prey, population GDP, Lotka-Volterra
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ETAI 2-5
PERFORMANCE OF GRADIENT ALGORITHMS FOR SOLVING
LEAST SQUARES PROBLEM
Naum Dimitrieski, Katerina Hadzi-Velkova Saneva and Zoran Hadzi-Velkov
Faculty of Electrical Engineering and Information Technologies Ss. Cyril and Methodius
University Skopje, R. Macedonia,
nonodimitrieski@gmail.com, saneva@feit.ukim.edu.mk, zoranhv@feit.ukim.edu.mk

Abstract—Stochastic gradient descent is the most importantoptimization method in
machine learning. In this paper, wecompare the performances of three stochastic gradient
methods totackle a simple least squares problem: the conventional Stochasticgradient descent
(SGD), the Adaptive moment estimation stochasticgradient descent (Adam), and Nesterov-
accelerated adaptivemoment estimation stochastic gradient descent (Nadam). The input-
output data set for the least squares problem is generated by anuncorrelated Gaussian random
process with an adjustablevariance. We use three performance metrics for benchmarking:
themean squared error between the estimated and the true optimalsolutions, and the number
of iterations and execution time neededto reach the optimal solution with a certain accuracy.
Thenumerical results show that the conventional SGD outperformsAdam and Nadam.
However, Adam and Nadam are much lesssensitive to the algorithms’ learning rate, which is
a crucialadvantage that justifies their dominance in most machine learningapplications.

Keywords—Least Squares Problem; Optimization; GradientDescent Algorithms,
Machine Learning.
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ETAI 3: CONTROL SYSTEMS AND AUTOMATION

ETAI 3-1

MULTI-OBJECTIVE OPTIMIZATION BASED FRACTIONAL
ORDER PID CONTROLLER DESIGN

Erhan Yumuk, Eda Budak, Miijde Giizelkaya and Ibrahim Eksin

y |
il
ull
]
™

.

| [
[ 1V
[ 1]
[ T)\
[ (1!

Dept. Of Control and Automation Engineering, Istanbul Technical University (ITU), Istanbul, Turkey
yumuk@itu.edu.tr, guzelkaya@itu.edu.tr, eksin@itu.edu.tr

Abstract—In this study, multi-objective optimization basedinteger and fractional
order PID controllers are designed for firstorder plus dead time system models using two
different cases. Forthe first case, the objective function is selected as the integralsquare error
(ISE) and for the second case it is chosen as theintegral time square error (ITSE). In both
cases, multi-objectiveoptimization is carried out for both set-point following and
loaddisturbance rejection responses together. All optimizationproblems are solved by genetic
algorithm to obtain the coefficientsof the integer and fractional order PID controllers. After a
set ofPareto optimal solutions is obtained, the Nash bargaining point isspecified in order to
make comparisons. The simulation resultsshow that fractional order PID is superior to integer
order PIDwhen the dead time is small. However, fractional and integer orderPID controllers
show similar performances as the amount of deadtime increases.

Key words: fractional order PID controllers; multi-objective optimization; Nash
solution; first order plus dead time models
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ETAI 3-2

FRACTIONAL INTEGRATING INTEGER ORDER PI
CONTROLLER DESIGN FOR THE FIRST INTEGER ORDER
PLUS TIME DELAY SYSTEM

Erhan Yumuk, Miijde Giizelkaya and Ibrahim Eksin

Dept. Of Control and Automation Engineering, Istanbul Technical University (ITU), Istanbul, Turkey
yumuk@itu.edu.tr, guzelkaya@itu.edu.tr, eksin@itu.edu.tr

Abstract—In this study, a robust fractional integrating integerorder Pl controller
design is proposed for the first integer orderplus time delay systems. Phase and gain margins
are selected asthe robustness criteria. Moreover, the delayed Bode’s idealtransfer function is
employed as a reference model to design ananalytical controller. The phase and gain margin
specifications areexactly determined by virtue of this transfer function. Insimulation studies,
the proposed fractional integrating integerorder P1 controller is compared with integer order
PI controllersusing various phase and gain margin values. The simulationresults show that the
proposed controller is superior to integerorder PI controller in both frequency and time
domain criteriaaspects.

Key words: fractional integrating P1 controllers; phase and gain margins; delayed Bode’s
ideal transfer function; first order plus time delay system models
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ETAI 3-3

FUZZY LOGIC BASED MAXIMUM POWER POINT TRACKING
FOR PHOTOVOLTAIC SYSTEMS
Zeynep Bala Duranay and Hanifi Guldemir
Electrical-Electronics Engineering Department, University of Firat, Faculty of Technology
Elazig, Turkey
zbduranay@firat.edu.tr , hquldemir@firat.edu.tr

Abstract-The power demand has been continuouslyincreasing due to the increasing
population and increasingtechnological requirements. There is a need to meet this
powerdemand from alternate energy sources. Solar energy is one of themost important energy
sources of this kind. The PV systems areused to obtain electrical power from solar energy.
The powerproduced by PV system changes with the change in weatherconditions. Therefore,
it is important to draw maximum power inall weather conditions. For this purpose, maximum
power pointtracking algorithms are developed for use with PV based energyproducing
systems. Fuzzy logic based maximum power pointtracking is studied in this paper. The
developed PV fed boostconverter with fuzzy logic maximum power point tracking
issimulated with various weather conditions. The system isimplemented in Matlab/Simulink.
The simulations have beendone with various solar irradiation and temperature values.
Theresults are checked with the PV producers’ technical data forextracting maximum power.
Results show that the PV systemwith fuzzy logic based maximum power point tracking
ensuresdrawing maximum power in all weather conditions.

Keywords —boost converter, fuzzy logic control, maximumpower point tracking,
photovoltaic system
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ETAI 3-4

FUZZY-LOGIC OUTPUT-TRACKING CONTROL FOR
UNCERTAIN TIME-DELAY DYNAMICAL PROCESSES:
EXPLORING TAKAGI-SUGENO FUZZY MODELS

YYuan-Wei Jing, 1Xin-Jiang Wei, 2Janusz Kacprzyk, Imre Rudas, and “Georgi
Dimirovski

College of Information Science &Engineering, Northeastern University, Shenyang,
Liaoning 110004, P.R. China jingyuanwei@ise.neu.edu.cn, weixinjiang@eyou.com
2SystemsResearch Institute, Polish Academy of Sciences, 01-447 Warsaw, Poland
kacprzyk@ibspan.waw.p

3Faculty of Engineering,Obuda University, Budapest, HU 1034, Hungary
rudas@uni-obuda.hu
FEIT,SS Cyril & Methodius University, MK 1000 Skopje, R.N. Macedonia.
dimir@feit.ukim.edu.mk

Abstract—A novel solution to the fuzzy-logic outputtracking control for uncertain
time-delay dynamic processes(with uncertain perturbations) is derived by employing
thesynergy of Takagi-Sugeno fuzzy-logic representation modelsand theory of variable
structure sliding-mode control. Firstly,the sliding mode is chosen by applying the variable
structurecontrol theory. According to the reaching condition, thevariable control method
was proposed for two condition caseswhen the time delay is available known precisely and
when it isunavailable unknown, respectively. The proposed designsynthesis does guarantee
the trajectory of controlled system toarrive at the sliding surface in finite time interval and
be kepton it thereafter. Secondly, the sufficient condition for globallybounded plant state in
the closed loop is derived by using thelSS theory and LMI method. An example and its
simulationresults are explored to illustrate the validity and effectivenessof the proposed
design, which apparently outperforms manyknown previous solutions in the literature.

Keywords—Fuzzy Takagi-Sugeno models; nonlinear time-delay dynamical
processes output tracking control; sliding—mode control.
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ETAI 3-5

DISCRETE-TIME UNSCENTED KALMAN FILTERS WITH
OPERATING OF UNCERTAINTIES: STOCHASTIC STABILITY
ANALYSIS

YYuanwei Jing, 2Jiahe Xu, 3Peng Shi and *Georgi Dimirovski,

Northeastern University (NEU) of Shenyang, NEU School of Information Science &
Engineering, Liaoning 110004, P.R. of China. ywjjing@mail.neu.edu.cn.

2Research Institute of Wood Industry, Chinese Academy of Sciences, Beijing, 100091, P.R.
of China. ellipsis@qgg.com.

3University of Adelaide, School of Electrical &Electronic Engineering, SA 5005 Adelaide,
Australia. peng.shi@adelaide.edu.au

4SS Cyril and Methodius University at the FEEIT Doctoral School, ASE Institute, Karpos 2
BB, MK-1000 Skopje, R. Of N. Macedonia. dimir@feit.ukim.edu.mk

Abstract: — The performance of the Unscented Kalman Filter (UKF) for a class of
general nonlinear stochastic discrete-timesystems in presence of uncertainties is
investigated in this paper.It is proved that the estimation error of the UKF remainsbounded
provided certain conditions are satisfied. It is furthershown that the estimation error
remains bounded provided thesystem satisfies the nonlinear observability rank
condition.Furthermore, it is shown that the design of noise covariancematrix plays an
important role in improving the stability of theUKF algorithm. These results are verified by
simulations for agiven illustrative example of an inherently nonlinear plant.

Key words: Estimation, Kalman filtering, stochastic nonlinearsystems, stochastic
stability, unscented Kalman Filter.
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ETAI 3-6

COMPLEX MULTI-NETWORKS WITH FAULTY INTER-
NETWORK CONNECTIONS: SYNCHRONIZATION VIA NOVEL
PINNING-NODE CONTROL

LYuanwei Jing, 2Guanrong Chen, 3Peng Shi, “Georgi M. Dimirovski

Northeastern University (NEU) of Shenyang, NEU School of Information Science &
Engineering, Liaoning 110004, P.R. of China. ywjjing@mail.neu.edu.cn.

2City University of Hong Kong, Hong Kong SAR, P.R. Chinaeegchen@cityu.edu.hk

3University of Adelaide, School of Electrical & Electronic Engineering, SA 5005 Adelaide,
Australia. peng.shi@adelaide.edu.au

4SS Cyril and Methodius University at the FEEIT Doctoral School, ASE Institute, Karpos 2
BB, MK-1000 Skopje, R. Of N. Macedonia. dimir@feit.ukim.edu.mk

Abstract—A synchronization control is derived by using thepinning control theory
in this paper. A sufficient stabilitycondition and a pinning control scheme are given by
which thenodes in the same network can achieve synchronization viaLyapunov’s general
stability theory of nonlinear systems. Amulti-network system structure consisted of two
coupleddynamical networks is explored as an illustrative simulationexample. Numerical
simulation results demonstrate theproposed controller can achieve stabilized
synchronization forthe multi-network system despite the fault. In addition, it isshown the
especially designed pinning control scheme is moreeffective than the randomly created
pinning control scheme.

Keywords—Dynamical multi-networks; control; faulty inter-network connections;
nonlinear nodes systems; pinning controltheory; stabilized synchronization.
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ETAI 4-1

INSIEME: A UNIFYING ELECTRONIC AND MOBILE HEALTH
PLATFORM

Primoz Kocuvan, Erik Dovgan, Tine Kolenik and Matjaz Gams

Department of Intelligent Systems, Jozef Stefan Institute,Ljubljana, Slovenia
{primoz.kocuvan, erik.dovgan, tine.kolenik, matjaz.gams}@ijs.si

Abstract—This paper describes the current state of the electronic and mobile health
platform, Insieme. The firstprototype of the platform is already finalized showing the
advantages of the new approach to electronic and mobile health.The final goal is to create a
free and open e-health platformwhich will connect users who seek information about
specificmedical issue (e.g., diagnosis, health services, health products,and other health-
related info), and the providers of that information. Information providers are doctors, nurses,
callcenters, and organizations and companies that offer health-related products. The
architectural design of the platformconsists of a web-based interactional user interface, the
virtualassistants, and the Rocketchat communication platform for text-based messaging
between call centers, experts in health domain,and the virtual assistants.

Key words: electronic and mobile health, connecting platform, e-health, virtual assistants
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ETAI 4-2
A SYSTEM FOR AUTOMATIC DETECTION OF MAJOR
DEPRESSIVE DISORDER BASED ON BRAIN ACTIVITY
12Daniela Janeva, 2Silvana Markovska-Simoska and 'Branislav Gerazov
'Faculty of Electrical Engineering and Information Technologies Ss. Cyril and Methodius
University
2Macedonian Academy of Sciences and Arts, Skopje, Macedonia
danielajaneva@hotmail.com

Abstract—MDD or major depressive disorder is a psychiatric disorder which is
present in today’s society on a large scale. The complexity of the symptoms may lead to
misdiagnosis. Automatic detection of depression is state of the art problem which would
objectify the diagnosis. The electroencephalogram (EEG) as a medical device, records the
human brain activity in real time. Besides all of the physiological characteristics, EEG signals
portray the emotional brain activity in real time, which motivates the idea of creating a
system for automatic depression detection based on EEG signals. For the methods proposed
in this paper a database of 30 healthy controls (HC) and 34 depressed subjects (MDD), is
used. For each of the subjects the brain activity of 3 different states is recorded i.e., Eyes
Open (EO), Eyes Closed (EC) and doing a visual stimuli task (TASK). From the total number
of 22 electrodes in the EEG, we have analyzed only the signals from channels F3 and F4.
Those channels are located on the frontal lobe and are associated with the frontal alpha
asymmetry which has been stated as a biomarker for depression. A dataset of extracted
features of F3 and F4 is created and machine learning algorithmsfor classification are then
applied. The highest achieved accuracyof 98.5% is obtained with the RF (Random Forests)
classificationmodel.

Keywords—Major depressive disorder — MDD; electroencephalogram — EEG; brain
activity; frontal alpha asymmetry; feature extraction; classification; machine learning;
Random Forests;
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ETAI 4-3

PREDICTING TRENDS AND ANOMALIES IN DAILY
ACTIVITIES

Vito Janko and Mitja LuStrek

Department of intelligent systems, JozZef Stefan Institute, Ljubljana, Slovenia
vito.janko@ijs.si, mitja.lustrek@ijs.si

Abstract—In this work, we analyzed behavioral data of 99elderly users (their
physical activity, sleep patterns, mentalhealth) as part of the WellCo European project, whose
objectivewas to develop a health and wellbeing coach. We tracked howthis type of data
changes from week to week and then tried topredict future data as well as find anomalies in
the current data.This task was accomplished using a combination of statisticalmodeling and
machine learning models. Machine learningmodels outperformed the baseline model in
almost all cases, andthe anomalies found matched well the human intuition of theconcept.

Keywords—machine learning; sensor data; coaching; elderly;anomalies, pervasive health
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ETAI 4-4
FINDING EFFICIENT INTERVENTION PLANS AGAINST
COVID-19

12Nina Res¢i¢, 1Vito Janko, ?David Susi¢, 'Carlo De Masi, 1?Aljosa Vodopija,
13Matej Marinko, 'Tea Tusar, 'Erik Dovgan, *Anton GradiSek, 'Matej Cigale,
Matjaz Gams and 'Mitja Lustrek
 Department of Intelligent Systems, Jozef Stefan Institute, Ljubljana, Slovenia
2 Jozef Stefan International Postgraduate School, Ljubljana, Slovenia
3 Faculty of Mathematics and Physics, University of Ljubljana, Ljubljana, Slovenia
nina.rescic@ijs.si

Abstract: Covid-19 has so far affected every country in theworld. The Non-
Pharmaceutical Interventions (NPIs) bygovernments have proven themselves quite
effective at stoppingthe spread of infections, but when applied in a very strict and long-
lasting manner could have devastating consequences for theeconomic and social well-being
of the population. XPRIZE andCognizant organized the $500,000 XPRIZE Pandemic
ResponseChallenge, where the participants were tasked to find good trade-offs between the
costs and benefits of NPIs. This paper describesthe solution by the team JSI vs Covid that
placed second and wona $250,000 prize. The described solution uses an SEIR model
topredict the spread of the infections, with the model parametersbeing dynamically
changed based on active NPIs using machinelearning. It then uses multi-objective
optimization to find thedesired trade-offs between NPI strictness and effectiveness.

Keywords—Covid-19;  countermeasures;  Non-Pharmaceuticallnterventions;
epidemiological models; multi-objective optimisation
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ETAI 4-5
MACHINE LEARNING BASED ANOMALY DETECTION IN
AMBIENT ASSISTED LIVING ENVIRONMENTS
'Ana Cholakoska, tValentin Rakovic, Hristijan Gjoreski, 2Bjarne Pfitzner, °Bert
Arnrich and 'Marija Kalendar
'Faculty of Electrical Engineering and Information Technologies, Ss. Cyril and Methodius
University, Skopje, R. North Macedonia
{acholak,valentin,hristijan,marijaka}@feit.ukim.edu.mk
2University of Potsdam, Hasso Plattner Institute, Potsdam, Germany
bjarne.pfitzner@hpi.de, bert.arnrich@hpi.de

Abstract: - Improving the security of the Internet of things is one of the most
important and critical issues facing the modern world.With the rapid development and
widespread use of the Internet ofthings, the ability of these devices to communicate
securely withoutcompromising their performance is a major challenge. Themajority of
these devices are limited in power and ability to performcomplex computer calculations.
This is where anomaly andintrusion detection systems come into play. In this paper,
variousmachine learning algorithms are applied to effectively detectanomalies in such
networks. The results obtained show greataccuracy and precision (97%), as well as short
execution time.

Key words:Internet of things, machine learning, security, anomaly detection,
ambient assisted living
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ETAI 4-6

INVESTIGATING PRESENCE OF ETHNORACIAL BIAS IN
CLINICAL DATA USING MACHINE LEARNING

!Bojana Velichkovska, *Hristijan Gjoreski, !Daniel Denkovski, Marija Kalendar,
2LLeo Anthnoy Celi and *Venet Osmani

1Ss. Cyril and Methodius University, Faculty of Electrical Engineering and Information
Technologies, Skopje, R. N. Macedonia

2Harvard-MIT Health Sciences and Technology, Massachusetts Institute of Technology,
Cambridge, MA, 02139, USA

3Fondazione Bruno Kessler Research Institute, Trento, Italy

{bojanav, hristijang, danield, marijaka}@feit.ukim.edu.mk, leoanthonyceli@yahoo.com,
vosmani@fbk.eu

Abstract: An important target for machine learning research is obtaining unbiased
results, which require addressing bias thatmight be present in the data as well as the
methodology. This is ofutmost importance in medical applications of machine
learning,where trained models should be unbiased so as to result in systemsthat are widely
applicable, reliable and fair. Since bias cansometimes be introduced through the data itself,
in this paper weinvestigate the presence of ethnoracial bias in patients’ clinicaldata. We
focus primarily on vital signs and demographicinformation and classify patient ethnoraces
in subsets of two fromthe three ethnoracial groups (African Americans, Caucasians,
andHispanics). Our results show that ethnorace can be identified intwo out of three
patients, setting the initial base for furtherinvestigation of the complex issue of ehtnoracial
bias.

Keywords—ethnoracial bias, clinical data, vital signs, machine learning
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ETAI 5-1

EVALUATION OF DISTRIBUTED NFV INFRASTRUCTURES
FOR EFFICIENT EDGE COMPUTING IN 5G

1Gjorgji llievski and ?Pero Latkoski

LIT Department, Cyber Secuiry, Makedonski Telekom AD, Skopje, Macedonia

2Faculty of Electrical Engineering and Information Technologies, Ss. Cyril & Methodius
University, Skopje, Macedonia

Abstract—5G penetration in practice means increased demandfor improvements on
any possible level: network latency andbandwidth, computing, storage, security, etc. Bringing
theresources at close proximity to the service consumers is one of theoptions for such
improvements. 5G architecture is combined withNetwork Slicing and Network Function
Virtualization (NFV) tosegment the network and to instantiate the network
functions.Distribution of the NFV Infrastructure (NFVI) is a key for the 5GRadio Access
Network requirements for latency under 1ms.Designing the NFVI according to the specific
needs, means thateven some parts of the 5G Core network can be moved towards theedge,
allowing offload from the devices at central datacenters andminimizing the backhaul
traffic.Our work is focused on distribution of the NFVI and we areanalyzing two possible
scenarios: distribution of the data planewhile keeping the Management and Orchestration
(MANO) of theNFV at central location and full distribution scenario where allcomponents
are distributed across multiple locations. We've madeanalytical models of the distributed
NFVI and we are investigatingthe network packet sojourn time. We draw conclusions on
theparameters that are impacting the network packet sojourn timeand we compare the two
possible distribution scenarios. Theanalysis is important for choosing the right architecture
givendifferent service scenarios.

Key words: Analytical Model, Distributed, MANO, NFV, SDN.
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ETAI 5-2

PARTICLE SWARM OPTIMIZATION (PSO) BASED
RESOURCE ALLOCATION FOR DEVICE TO DEVICE
COMMUNICATION FOR 5G NETWORK

Wisam Hayder Mahdi and 2Necmi Taspinar

!Department of Communication Engineering, University of Diyala, Engineering College,
Diyala, Iraq

wisam haider@uodiyala.edu.ig

Department of Electrical and Electronics Engineering, Erciyes University, Engineering
Faculty, Kayseri, Turkey

taspinar@erciyes.edu.tr

Abstract: Device-to-device communication system (D2D) is an evolution-release
12 (LTE) technology built over the long term. For devices that are based on LTE, direct
connection can beallowed when they are located nearby via a D2D is a peer-to-
peerconnection, which allows this. Improvement of the performance,energy consumption,
spectral quality, and latency that’s done byusing D2D communication. This is seen as an
increase anddecrease in two cases, the first is to increase the spectrum qualityof the
network and energy usage, while the second case is toreduce the traffic offload on the base
station and also reduce thetransmission delay. Within this work and in order to achieve
aPSO- based resource allocation system when using the fifthgeneration communication
networks, we have described theoverall numerical result of achieving this system.
UsingMATLAB, the results are analyzed, so that each program will berun 100 times, and
then an average is taken to plot the graph forthe simulation. Under the base station
coverage area, the systemsare deployed randomly. Half-duplex and full duplex
D2Dcommunications are supported by the network, so that the userreuses the block of
uplink resources from the CU users.

Key words: Device-to-Device (D2D), Long term evaluation (LTE), Particle swarm
optimization (PSO), Quality of Service (QoS), Resource Allocation (RA).
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ETAI 5-3

INVESTIGATION OF EFFECT OF THE PILOT REUSE
FACTOR VIA INTELLIGENT OPTIMIZATIONS ON ENERGY
AND SPECTRAL EFFICIENCIES TRADE-OFF IN MASSIVE
MIMO SYSTEMS

Burak Kiirsat Giil and Necmi Taspinar

Department of Electrical and Electronics Engineering, Erciyes University, Kayseri, Turkey
burak.gul@erciyes.edu.tr, taspinar@erciyes.edu.tr

Abstract: With the decrease in energy resources, energy saving has become vital
nowadays. This situation has led to anincrease in the importance given to the efforts to
increase energyefficiency in the field of cellular network. However, factors thatincrease
energy efficiency often reduce the spectral efficiency,which is extremely important for a
cellular network. With thehelp of intelligent optimization techniques, it is possible to
ascendenergy and spectral efficiencies together in a cellular networkusing Massive MIMO
systems. In this paper, three differentintelligent optimization techniques have been used to
findsolutions to the aforementioned problem. In addition, the pilotreuse factor has tried at
three different values and the effect ofthis factor has been examined.

Keywords—massive MIMO,; intelligent optimizationtechniques; energy efficiency;
spectral efficiency

46


mailto:burak.gul@erciyes.edu.tr
mailto:taspinar@erciyes.edu.tr

0OCIETY FOR
ELECTRONTICGC
TELECOMUNICATIONS
AUTOMATIGCS AND
I NFORMATIGS
OF THE REPUBLIC
0OF MACEDONIA

3N PY ¥MEHHE 3A
ENEKTFP H H K A
TEMEKOMYHHKAIIHH
ABTOMATHEA H
HHMOPMATHEKA
HA PENYBIHEKA
M A KE 1 O HHJA

y |
il
ull
]
™

!

.I
| [
[ 1V
[ 1]
[ T)\
[ (1!

ETAI 5-4

COMPUTING ON THE EDGE: A SYSTEM AND TECHNOLOGY
OVERVIEW
Marija Poposka and Zoran Hadzi-Velkov
Ss. Cyril and Methodius University, Faculty of Electrical Engineering and Information
Technologies, Skopje, Macedonia
poposkam@feit.ukim.edu.mk, zoranhv@feit.ukim.edu.mk

Abstract: Abstract—The Internet of Things is an emerging concept that unites an
enormous number of smart devices continuouslyproducing and exchanging data. Driven by
the requirements of theloT devices and applications, there has been a paradigm shift
fromcentralized mobile cloud computing towards distributed mobileedge computing. Mobile
edge computing is characterized byreallocation of the computation functions from the user
device tothe network edge, usually to the base station. In this way,computation-intensive and
time-sensitive applications areoffloaded from the user devices that usually have limited
resourcesand capabilities. This paper covers a broad outlook on mobile edgecomputing,
including its architecture, comparison between mobileedge and cloud computing and
computation and communicationmodels. Finally, we analyze how mobile edge computing
can beapplied to three different technologies: Internet of Things, wirelesspowered
communications, and intelligent reflective surfaces.

Keywords—Internet of Things (IoT); cloud computing (CC); mobile edge computing
(MEC);
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ETAI 5-5
MOBILE EDGE COMPUTING SERVICES WITH QOS SUPPORT
FOR BEYOND 5G NETWORKS - USE CASES

!David Nunev, Tomislav Shuminoski, ?Bojana Velichkovska and ?Toni Janevski

Virtual, Skopje, R.N. Macedonia

2Ss. Cyril and Methodius University, Faculty of Electrical Engineering and Information
Technologies, Skopje, R.N. Macedonia

davidnunev@yahoo.com, tomish@feit.ukim.edu.mk, bojanav@feit.ukim.edu.mk,
tonij@feit.ukim.edu.mk

Abstract—This paper presents a novel research in intelligentmulti-access QoS
mobile edge computing (MEC) for beyond 5Gservices. Also, the improved advanced QoS
model andarchitecture for beyond 5G systems and services are proposed.The proposed model
combines the most powerful features of bothCloud and Edge computing, independent from
any existing andfuture Radio Access Technology, leading to high performanceutility
networks with high QoS provisioning for any usedmultimedia modern service over present
and future mobile andwireless networks and systems. Moreover, the proposedarchitecture
will allow applications and network services to beexecuted at the edge part of the network,
giving lower end-to-enddelay for the end-user services and applications. Finally, thispaper
gives an overview of the existing Mobile Edge Computingtechnologies and several use cases.
Undoubtedly, MEC is aninnovative network paradigm going beyond 5G to cater for
theunprecedented growth of computation demands and the ever-increasing computation
quality of user experience requirements.

Keywords—Aggregation; Cloud; Edge Computing; MachineLearning; Quality of
Service; Vertical Multi-Homing.
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ETAI 6: INSTRUMENTATION AND MEASUREMENTS

ETAI 6-1

POSITIONAL VALUE MEASUREMENT FOR A ROOK AND
KING VS ROOK CHESS ENDGAME ALGORITHM

Adrijan Bozinovski and Filemon Jankuloski

University American College Skopje, Skopje, Macedonia
bozinovski@uacs.edu.mk, filjankuloski@gmail.com

Abstract: In this paper, we will take a look at an algorithm which plays as White in
the King and Rook vs King chessendgame. First, we will explore the history of
ArtificialIntelligence and the evolution of chess machinery over a 70year time span. Next, we
will go over the foundation with whichour program was made, and then take a deep look at
itsstructure to better understand how it functions. Moreover, wewill discuss the ways in
which the program can be improved inthe future. Finally, we will conclude the paper by
going overthe results of the program and Artificial Intelligence’s impactin the present.

Keywords—Chess, Algorithm, Artificial Intelligence
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ETAI 6-2

OVERVIEW OF SECURITY AND SAFETY SYSTEMS IN THE
AUTOMOTIVE INDUSTRY

Aleksandra Gjorgjievska, Mare Srbinovska and Martin Gjorgjievski

Faculty of Electrical Engineering and Information Technologies Ss. Cyril and Methodius
University Skopje, R. Macedonia,

gj.aleksandra@yahoo.com, mares@feit.ukim.edu.mk, gj.martin91@gmail.com

Abstract—This paper focuses on an overview of modernsecurity and safety systems
in the automotive industry, as wellas the intelligent platform of integrated sensors on which
theyare based. The purpose of this paper is to give a briefexplanation of current security and
safety systems, such asanti-lock braking system, airbag and seat belt system,emergency call
system (E-Call system), as well as theft andcyber-security systems. The technological
progress of thesesystems is the basis for the existence of partially and fullyautonomous
vehicles, and their functionality fully and directlyaffects the safety and security of drivers,
passengers, and allother participants in traffic.

Keywords: security systems; safety systems; automotive industry; sensors;
autonomous vehicles
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ETAI 6-3

DESIGN AND EVALUATION OF COLLABORATIVE LEARNING
PLATFORM WITH INTEGRATED REMOTE LABORATORY
ENVIRONMENT
Zivko Kokolanski, Bodan Velkovski, Tomislav Shuminoski, *Dusan Gleich, *Andrej

Sarja$, 2Ana B. Kokolanska, 2Anita K. Mijovska, “Matjaz Segula, “Matic Podobnik,
Zlatko Rus¢i¢ and °Tibor Kratofil

'Faculty of Electrical Engineering and Information Technologies Ss. Cyril and Methodius
University Skopje, R. Macedonia
kokolanski@feit.ukim.edu.mk

2SETUGS Mihajlo Pupin, Blagoja Stefkovski bb, 1000 Skopje, Macedonia
8University of Maribor, Slomskov trg 15, 2000 Maribor, Slovenia

“Kranj School Centre, Kidri“ceva cesta 555, 3000 Kranj, Slovenia
>Technical school Ruder Boskovic in Vinkovci, Stanka Vraza 15, 32100 Vinkovci, Croatia

Abstract: In this paper, the design and evaluation of a computer-based remote virtual
laboratory with an integratedcollaborative environment in vocational education have
beenpresented. The remote virtual laboratory was implemented as ajoined effort of several
participating institutions fromUniversities and Vocational education in the framework of
theErasmus+ project CORELA. The paper summarizes the designand implementation
concepts and presents the user experienceevaluation results obtained from students from
vocationaleducation. The results presented in the paper suggest that theCORELA platform
provides a good professional user space forremote laboratory experimentation but also give
insight intowhere the virtual platform could be improved.

Keywords—remote laboratory, collaborative learning, virtuallaboratory, vocational
education
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ETAI 6-4

ERROR EVALUATION IN REACTIVE POWER AND ENERGY
MEASUREMENTS ADOPTING DIFFERENT POWER THEORIES

Kiril Demerdziev and Vladimir Dimchev

Faculty of Electrical Engineering and Information Technologies Ss. Cyril and Methodius
University Skopje, R. Macedonia, {kdemerdziev, vladim}@feit.ukim.edu.mk

Abstract: The prevalence of high order harmonics in power systems results in
demand for measurement equipmentcalibration in such non — sinusoidal conditions. This is
especiallychallenging in case of reactive power/energy instruments for 2reasons: their role in
the billing of electrical energy and the factthat the reactive power is not unambiguously
defined in case ofharmonics. These instruments are based on different measuringprinciples
which provides additional complication for a unifiedcalibration procedures establishment.
Because the decompositionof harmonically distorted waveforms is a multivariable
problemand in order a valid conclusions to be adopted, instruments’output is supposed to be
analyzed from the perspective ofdifferent signals’ parameters, such as: harmonic order of
singlecomponents, their amplitude and phase shift, as well as the phaseshift of voltages and
currents at fundamental frequency.

Key words: high order harmonics, electricity meter, phase shifts, reactive power.
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ETAI 6-5

VIRTUAL REAL TIME POWER QUALITY DISTURBANCE
CLASSIFIER BASED ON DISCRETE WAVELET TRANSFORM
AND MACHINE LEARNING

Petar Vidoevski, Dimitar Taskovski and Zivko Kokolanski

Faculty of Electrical Engineering and Information Technologies Ss. Cyril and Methodius
University Skopje, R. Macedonia, pvidoevski@gmail.com

{dtaskov, kokolanski}@feit.ukim.edu.mk

Abstract—Power quality has risen in interested in recent yearsdue to the integration
of renewable energy sources, the usage ofpower electronics, increasing power consumption
etc. Moderntechnologies like FPGA, Virtual Instrumentation, MachineLearning algorithms
enhanced the power quality monitoringpossibilities. In this paper a Virtual Instrument is
proposed thatclassifies Power Quality Disturbances in real time. Theclassification is done
using Random Forest (RF) algorithm and thefeature extraction was done using Discrete
Wavelet Transform(DWT). Additionally, the classifier was tested with a virtual powerquality
disturbance generator. From the obtained test results theclassifier shows good results. The
virtual instruments aredeveloped in LabVIEW and the RF algorithm was implemented
inPython.

Keywords—Power Quality; DWT; Machine Learning;LabVIEW; Python, Virtual
Instrument
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ETAI 6-6
IMPROVING THE EFFICIENCY OF GROUNDING SYSTEM
ANALYSIS USING GPU PARALLELIZATION
!Bodan Velkovski, 'Blagoja Markovski, *Vladimir Gjorgievski, *Marija Markovska,
2L_eonid Grcev, 3Stefan Kalabakov and 2Elena Merdjanovska
1Ss. Cyril and Methodius University in Skopje, Faculty of Electrical Engineering and
Information Technologies, Skopje, Macedonia
{bodan, bmarkovski, vladgjor, marijam}@feit.ukim.edu.mk,
“Macedonian Academy of Sciences and Arts, Skopje, Macedonia
leonid.grcev@ieee.org

3Jozef Stefan Institute, Ljubljana, Slovenia
stefan.kalabakov@ijs.si , elena.merdjanovska@ijs.si

Abstract: Safety analyses of the effectiveness of large grounding systems are often
hampered by the lengthycomputation times. Using even the simplest image models,
theevaluation of touch and step voltages can require from severalminutes to several hours of
computations on modern CPUs. Ouranalysis shows that substantial reduction of computation
timescan be achieved by utilizing GPU parallelization. In this paper weprovide basic steps in
the implementation of GPU parallelizationon the simplest equipotential model for grounding
analysis inhomogeneous earth, and we test the effectiveness of this approachin different
scenarios.

Keywords—ArrayFire; grounding; parallelization; GPU; stepvoltages; touch
voltages; ground potential rise

54


mailto:leonid.grcev@ieee.org
mailto:stefan.kalabakov@ijs.si
mailto:elena.merdjanovska@ijs.si

3N PY ¥MEHHE 3A
ENEKTFP H H K A
TEMEKOMYHHKAIIHH
ABTOMATHEA H

0OCIETY FOR
ELECTRONTICGC
TELECOMUNICATIONS
AUTOMATIGCS AND
I NFORMATIGS
OF THE REPUBLIC
0OF MACEDONIA

y |
il
ull
]
™

!

.I
| [
[ 1V
[ 1]
[ T)\
[ (1!

HHMOPMATHEKA
HA PENYBIHEKA
M A KE 1 O HHJA

ETAI 7: CLOUD AND IOT TECHNOLOGIES

ETAI 7-1
TECHNOLOGICAL, REGULATORY AND BUSINESS ASPECTS
OF LPWAN IMPLEMENTATION IN IOT

Atanas Godzoski, Toni Janevski and Aleksandar Risteski

Ss. Cyril and Methodius University, Faculty of Electrical Engineering and Information
Technologies, Karpos 2 bb, 1000 Skopje, Republic of Macedonia

atanas.godzoski@gmail.com

Abstract: The Internet of Things (IoT) concept consists of a large number of
connected devices placed on a large area andthe most suitable communication for this type
ofimplementations are the Low Power Wide Area Networks(LPWANSs) which are
characterized with low powerconsumption and high coverage range.These features of
LPWANSs are obtained by using digitalmodulation techniques that produce a sufficiently
strong signalto transmit long distances.For efficient use of the radio spectrum, which from
theaspect of telecommunications is not an infinite resource,several regulations have been
adopted that define the work ofLPWANSs.IOT has an increasing role in everyday life
(business,medicine, education, entertainment, etc.) and it is necessary toadjust the
characteristics of LPWANSs (range, transmissionspeed, security, number of nodes) in order
for loTapplications to be appropriate for the field in which they areimplemented.

Key words: ICT, Internet of Things, 10T, ISM, LoRa, LPWAN, NB-IoT, Sigfox.
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ETAI 7-2

EXTENDED PERFORMANCE EVALUATION OF THE
TENDERMINT PROTOCOL

Jovan Karamachoski and Liljana Gavrilovska

Ss. Cyril and Methodius University, Faculty of Electrical Engineering and Information
Technologies, Karpos 2 bb, 1000 Skopje, Republic of Macedonia

Abstract: Blockchain technology emerges as a promising solution to a wide variety
of problems in the financial,industrial, healthcare, and logistic sectors. The Bitcoin and
theEthereum networks are the most often used as Blockchaintechnologies. However, they are
unable to scale with theincreased demand and are highly energy inefficient. Besidesthese two
technologies, there are alternatives that arepromising the same functionality but with
increasedscalability. As one of the best alternative Blockchaintechnology is the Tendermint
protocol. There is a lack ofpapers showing the performance of the Tendermint protocol.This
paper presents a performance analysis of the Tendermintprotocol in a controlled environment.
The achieved transactionthroughput makes the Tendermint protocol a promisingconsensus
mechanism for large-scale implementationscenarios. The evaluation also shows the ability of
theTendermint protocol to serve applications that requireexchanging larger transactions with
acceptable transactionthroughput.

Keywords— Tendermint, performance, throughput,transaction size
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ETAI 7-3
ANALYSIS OF SECURITY MECHANISMS OF CONTAINERS IN
CLOUD

Martina Janakieska and Aleksandar Risteski

Ss. Cyril and Methodius University, Faculty of Electrical Engineering and Information
Technologies, Skopje, N. Macedonia

janakieska.martina@outlook.com, acersit@feit.ukim.edu.mk

Abstract: As more and more organizations expand their use of tools for container
orchestration, and Kubernetes is becominga popular choice for many companies, it is crucial
to understandits architecture and how the components are connected to protectthe mutual
communication and the applications that are installedon containers. Development speed and
agility are key elements inthe world of containerization. Increased use of containers leads
toinability to use security mechanisms, only at the end of thesoftware lifecycle. Instead of
that, more frequent checks, andinstallation of security mechanisms in more stages of
containerlifecycle, will bring greater opportunities in detecting softwarevulnerabilities and
shorter time to find a solution for them. Thispaper presents the security issues in Kubernetes
and mechanismsthat are used to protect the cluster.

Keywords—Cloud; Container; Docker; Kubernetes; Security
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ETAI 7-4

THE APPLICATION OF THE INTERNET OF THINGS IN
EVERYDAY EQUIPMENT AFFECTS TO HAVE A MORE
EFFICIENT AND QUALITY LIFE

Aleksandar Risteski and Avni Rustemi

Faculty of Electrical Engineering and Information Technologies Ss. Cyril and
Methodius University Skopje, R. Macedonia

acersit@feit.ukim.edu.mk

Abstract: With the advancement of Automationtechnology, life is becoming
simpler and easier in all aspects.In today’s world, automated systems are more
preferredthan manual systems. With the rapid increase in the numberof Internet users over
the past decade it has made thelnternet a very important part of life, and IoT is the
latesttechnology in under development. 10T is a network offacilities that are constantly
evolving from industrialmachinery to consumer goods that can share informationand
perform tasks while you are busy with other activities.Wireless Home Automation system
(WHAS) using 10T is asystem that uses computers or mobile devices to controlbasic home
functions and features automatically via thelnternet from anywhere in the world, an
automated home issometimes called a smart home. It aims to save electricityand human
energy. The home automation system differsfrom other systems by allowing the user to
operate thesystem from anywhere in the world via the internetconnection. Through this
paper, we will try to brieflydescribe the importance of 10T in people’s daily lives, andthe
possibilities of applying 10T to devices used in people’sdaily lives. The 10T is undoubted of
particular importance,as through intelligent devices every day more and more ourlives are
being facilitated and opportunities for efficiencyand a better quality of life.

Key words: internet of things, smart house, smartphones, security, technology, models.
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ETAI 7-5

USER-TO-CLOUD LATENCY PERFORMANCE
CHARACTERISTICS IN AN EUROPEAN CLOUD
INFRASTRUCTURE

Teodora Kochovska, 'Marija Kalendar and 2Simon Bojadzievski

'Faculty of Electrical Engineering and IT, Skopje, University “Ss. Cyril and Methodius” in
Skopje, Skopje, N. Macedonia

{teodora.kochovska, marijaka}@feit.ukim.edu.mk

201 Macedonia, A1 Telekom Austria Group, Skopje, N. Macedonia
simon.bojadzievski@gmail.com

Abstract: The cloud infrastructures of today become a de-facto standard in
everyday life being used for work, study, as wellas private home needs. As a result, the
performance of cloudinfrastructures and cloud services availability is quite crucial.The
academic community is continuing its efforts to characterizethe cloud infrastructure
performance, since the cloud providersusually provide partial and only qualitative
information aboutnetwork performance. This paper will provide practicalmeasurements of
network latencies and the user experience ofcloud services, focusing on European cloud
infrastructures anduser's experience in East European geographical regions. Thework also
encompasses in depth analysis of access segmentlatencies: user to exit from ISP provider,
ISP provider to cloudprovider and intra cloud segment. For this analysis we collected10-
day measurements from an Eastern European user location toservices deployed in several
distinct geographical locations usingthe infrastructure of one of the most renown European
public-cloud infrastructure providers-Exoscale. The experiments enablea detailed latency
performance characterization and fine-grainedview of cloud data paths perceived by East
European users.Results show that most network latency measurements are withinthe
boundaries of the expected human perceivable latency of 50-100 ms, thus enabling even
real-time cloud applications.

Keywords—cloud infrastructures, cloud performancemeasurements, netwok latency CDF,
European cloudinfrastructure, European GDPR
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ETAI 8: ARTIFICAL INTELIGENCE IN AUTOMATION

ETAI 8-1

FORECASTING DYNAMIC TOURISM DEMAND USING
ARTIFICIAL NEURAL NETWORKS

1Cvetko Andreeski and ?Biljana Petrevska

YUniversity “St. Kliment Ohridski” — Bitola, Faculty of Tourism and Hospitality,
Ohrid, North Macedonia
cvetko.andreeski@uklo.edu.mk

2University “Goce Delcev” — Stip, Faculty of Tourism and Business Logistics
Stip, North Macedonia
biljana.petrevska@ugd.edu.mk

Abstract—Planning tourism development means preparing the destination for coping
with uncertainties as tourism is sensitive to many changes. This study tested two types of
artificial neural networks in modeling international tourist arrivals recorded in Ohrid (North
Macedonia) during 2010-2019. It argues that the MultiLayer Perceptron (MLP) network is
more accurate than the Nonlinear AutoRegressive eXogenous (NARX) model when
forecasting tourism demand. The research reveales that the bigger the number of neurons may
not necessarily lead to further performance improvement of the model. The MLP network for
its better performance in modelling series with unexpected challenges is highly recommended
for forecasting dynamic tourism demand.

Key words: Time series, Tourism demand, Tourism planning, Modeling, COVID-19.
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ETAI 8-2
FORECASTING POWER CONSUMPTION FOR RESIDENTIAL
SECTOR
Aleksandra Zlatkova, Aneta Buckovska and Dimitar Taskovski
Faculty of Electrical Engineering and Information Technologies, Ss Cyril and
Methodius University-Skopje
Skopje, North Macedonia
aleksandraz@feit.ukim.edu.mk

Abstract: The fast increase of power consumption as a result of fast development of
the technology and the growth ofpopulation, has a big impact of stability of the electric grid.
Thesetwo main reasons arise the need of forecasting the powerconsumption. In this paper
statistical methods: exponentialsmoothing method and ARIMA are used for forecasting
powerconsumption on daily and monthly basis. They are autonomousmethods because they
used historical data to predict future values.The data is gathered from household in France, in
a period of fouryears. The proposed models give good experimental results in one-year
forecasting regarding to RMSE and MAE.

Keywords—ARIMA,; exponential smoothing method;forecasting; power consumption;
statistical methods;
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ETAI 8-3

MODULATION CLASSIFICATION WITH DEEP LEARNING:
COMPARISON OF DEEP LEARNING MODELS

Selcuk Balsiizen and Mesut Kartal

Electronics and Communication Engineering, Istanbul Technical University
Istanbul, Turkey
balsuzen18@itu.edu.tr, kartalme@itu.edu.tr

Abstract—Automatic modulation classification (AMC), which defines the
modulation type of the received signal, is an important part of non-cooperative
communication systems. Automatic modulation classification plays an important role in
many civil and military applications such as cognitive radio (CR), adaptive communication
and electronic reconnaissance. Effective modulation classification is required for CR systems
to describe the modulation techniques applied for data transmission. Classical signal
identification methods used in the past are based on complex feature extraction methods such
as cyclic stationarity, high order cumulants and complex hierarchical decision trees. It should
also be noted that conventional methods cannot be generalized over all types of signals and
are not readily adaptable when a new wireless communication technology emerges. On the
other hand, deep learning (DL) has been suggested as a useful method for such classification
problems, and has recently been intensively researched in the field of communications. In this
paper, a convolutional neural network model, a long/short term memory model and a fully
connected neural network models were designed and applied to datasets for implementing
radio signal identification tasks, which is an important facet of constructing the spectrum-
sensing capability required by software defined radio. Simulation results and training times
are given, the advantages of the models over each other are stated and innovations that can be
added in the future are proposed.

Keywords—deep learning; cognitive radio; convolutionalneural network; long/short term
memory; fully connected network;automatic modulation classification
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ETAI 8-4
MACHINE LEARNING APPROACH FOR AUTONOMOUS
CONTROL OF VERTICAL CEMENT ROLLER MILLS
120thon Manis, Mile Stankovski and ?Gorjan Nadzinski
Titan Cement Company SA, Titan Cement Company SA, QPAI Solutions,
Athens, Greece
manis.othon@gmail.com, haniotakise@titan.gr

Ss. Cyril and Methodius University, Faculty of Electrical Engineering and Information
Technologies, Skopje, North Macedonia

gorjan@feit.ukim.edu.mk, milestk@feit.ukim.edu.mk

Abstract—The production of cement requires fine grinding of materials and thus
consumes a lot of energy. In the search for savings, the development of the vertical cement
roller mills (VCRM) significantly reduced the energy consumption. The control of any
cement roller mill is a complex process and requires the monitoring of many variables by the
operator. This work proposes a novel Real Time Optimizer (RTO) for autonomous control of
VCRM, focusing on a machine learning algorithm which uses historical data to predict the
values of essential process variables. These support vector machine (SVM) prediction models
are trained on real plant data and are an integral part of the optimizer designed for the
process. The final optimization goal is the improvement of the mill operation with increase of
the production, decrease of energy consumption, and reduction in the variability of the
cement quality.

Keywords—Real-time optimization; Machine learning; Vertical cement roller mill.
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ETAI 8-5

SELECTING AN OPTIMISATION ALGORITHM FOR OPTIMAL
ENERGY MANAGEMENT IN GRID-CONNECTED HYBRID
MICROGRID WITH STOCHASTIC LOAD

Natasha Dimishkovska, Atanas lliev and Borce Postolov

Faculty of Electrical Engineering and Information Technologies
Ss. Cyril and Methodius University in Skopje
dimishkovskan@feit.ukim.edu.mk, ailiev@feit.ukim.edu.mk, borce.postolov@hotmail.com

Abstract: Decentralisation of the power system and theimplementation of microgrids
into the standard power system,leads to a complex system which requires a reliable operation
anda proper energy management. Finding the right set ofoptimisation algorithms is the base
for solving the optimisationproblem. This paper overviews the usage of
optimisationalgorithms for microgrid energy management, with an accent ona classical
optimisation algorithm (Dynamic Programming), andheuristic algorithms, such as Genetic
Algorithm and ParticleSwarm Optimisation. The paper also proposes a methodology
foroptimal energy management in a hybrid grid-connecteddistribution microgrid, with a
storage system and stochastic load.The algorithm analyses the optimal scheduling of the
installedgenerators considering the state of charge of the battery andelectricity price for
power trading with the utility grid. Theoptimal solution is the most economically justified
solution fromwhich the microgrid can benefit, and the one with the leastimpact on the nodal
voltages.

Keywords—Microgrid; Optimisation Methodology; EnergyManagement System; Unit
Commitment
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ETAI 8-6
COMPARATIVE ANALYSIS OF DIFFERENT HELIOSTAT FIELD
CONTROL ALGORITHMS

Ivan Andonov, Vesna Ojleska Latkoska and Mile Stankovski

Faculty of Electrical Engineering and Information Technologies ““Ss. Cyril and Methodius”
University in Skopje,
Rugjer Boskovic bb, P.O. box 574, 1000 Skopje, Republic of Macedonia

ivan_andonov_94@hotmail.com, vojleska@feit.ukim.edu.mk, milestk@feit.ukim.edu.mk

Abstract: This study presents the use of various algorithms for control of a field of
heliostats, through which a thermal power plant with concentrated solar energy is controlled.
The design of the control algorithmsconsists of several steps. First, in order to obtain the
mathematical model of the system, the real system is identifiedaccording to the gray box and
the least-square method. The data used to identify the system is generated by stepexcitation
on the real system, for a specific sampling period. The resulting mathematical model is used
to designand simulate a continuous and discrete PID controller, Mamdani and Sugeno fuzzy
logic controllers, as well asANFIS based fuzzy logic controller. The results of the applied
controllers are analyzed and compared, based onthe output overshoot, the rise and settling
time. It can be concluded that we got best results (least settling time andthe least overshoot)
when fuzzy logic controller with ANFIS was used, while in terms of speed and rise time,
thebest results were obtained when discrete PID control algorithm was used.

Key words: Heliostat, least-square, PID, fuzzy logic 65nsembl, Adaptive Neuro-Fuzzy
Inference System (ANFIS)
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ETAI 9-1

“UNCERTAIN AQM/TCP COMPUTER AND
COMMUNICATIONNETWORKS: FIXED-TIME CONGESTION
TRACKING CONTROL USING GAUSSIAN FUZZY-LOGIC
EMULATOR?”

1Jindong Shen, YYuanwei Jing, 2Janusz Kacprzyk, *Georgi M. Dimirovski

Northeastern University of Shenyang School of Information Science & Engineering,
Liaoning, P.R. China

ywjjing@mail.neu.edu.cn

2Polish Academy of Sciences, Institute of Systems Research, Warsaw, Poland
kacprzyk@ibspan.waw.pl

3Ss Cyril and Methodius University, FEIT, Karpos 2, Skopje, R. N. Macedonia
dimir@feit.ukim.edu.mk

Abstract: A novel control synthesis for fixed-time congestion control problem of
uncertainty AQM/TCP computer andcommunication networks with UDP flows and un-
modeleduncertainties is revisited by thorough analysis. The fluid-flowbased nonlinear
dynamics model of AQM/TCP networks isanalyzed, and a fixed-time adaptive congestion
control algorithmalong with fuzzy-logic emulator of unknown UDP flows and un-modeled
uncertainties is proposed. The new control algorithmhas been derived using combined
requirements for the fixed-timecontrol and the prescribed performance control by
employing theback-stepping technique and the fuzzy approximation ofuncertain quantities.
Using the back-stepping methodology, afixed-time AQM/TCP controller is designed which
does notdepend on the initial condition so as to ensure that the fixed timeof the closed-loop
response and system signals remain bounded.The closed-loop simulation results
demonstrate the extent ofeffectiveness and superiority of the proposed design relative
toknown previous control designs.

Key words: AQM/TCP communication/computer networks; nonlinear fluid-flow
dynamics; back-stepping control synthesis; fixed-time practical stabilization;
Gaussian fuzzy-logic emulator; congestion minimization.
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ETAI 9-2

WIRELESS POWERED ALOHA NETWORKS WITH FIXED
USER RATES AND UAV-MOUNTED BASE STATIONS

Slavche Pejoski and Zoran Hadzi-Velkov

Faculty of Electrical Engineering and Information Technologies, Ss Cyril and Methodius
University in Skopje, Skopje, Macedonia

{slavchep, zoranhv}@feit.ukim.edu.mk

Abstract: In this paper, we propose a resource allocation scheme for a wireless
powered communication network (WPCN)whose base station (BS) is mounted on an
unmanned aerialvehicle (UAV). The UAYV flies along a circular trajectory andmaintains a
line of sight (LoS) link between the BS and eachenergy harvesting user (EHU). The EHUs
utilize a commonrandom access channel by employing the slotted ALOHAprotocol. The
BS broadcast RF energy to the EHUs. The EHUstransmit information codewords to the BS
at fixed rates, and sothe BS cannot successfully decode these codewords if the pathloss of
the BS-EHU channel is too high. For such WPCN, wedetermine the optimal fixed rates of
the EHUs and thecorresponding optimal channel access probabilities thatguarantee
proportionally fair resource allocation. Also, usingnumerical results, we determine the
conditions where nonzerooutage probability is optimal.

Key words: Wireless powered communication networks; slotted ALOHA; unmanned
aerial vehicles; fixed rate transmission; outage probability
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ETAI 9-3

PERFORMANCE INVESTIGATION OF BIDIRECTIONAL
OPTICAL IM/DD OFDM WDM-PON USING RSOA AS A
COLORLESS TRANSMITTER

Mahmoud Alhalabi, 2Necmi TaSpinar and *Fady El-Nahal

YInstitute of Natural and Applied Science, Erciyes University, Kayseri, Turkey
eng.halabi@hotmail.com

2Department of Electrical and Electronics, Engineering, Erciyes University,
Kayseri, Turkey
taspinar@erciyes.edu.tr

3Electrical Engineering Department, Islamic University of Gaza, Gaza, Palestine
fnahal@iugaza.edu.ps

Abstract: In this paper, we have designed and simulatedbidirectional hybrid
Intensity Modulated and Direct DetectedOptical Orthogonal Frequency Division
MultiplexingWavelength Division Multiplexing Passive Optical Network(IM/DD-OFDM-
WDM-PON) with 40 Gbps 16-QAMdownstream and 2.5 Gbps On-Off keying (OOK)
upstream signalby using Optisystem software. The simulated system isconsidered as a
simple, low cost and colorless network as aReflective Semiconductor Optical Amplifier
(RSOA) transmitterwas used at the Optical Network Unit (ONU) and no
DispersionCompensating Fiber (DCF) is needed. Obtained results show thatthe simulated
IM/DD-OFDM-WDM-PON can achieve good BitError Rate (BER) performance over
propagation length of 20km. For comparison and analysis, BER performance of
thesimulated network is analyzed and studied as well as the effect ofthe propagation length
on the constellation diagram, and the relation of BER and bit energy and noise density ratio
(Eb/No).

Key words: Intensity Modulated and DirectDetected (IM/DD), Orthogonal Frequency
Division Multiplexing(OFDM), Wavelength Division Multiplexing (WDM),
PassiveOptical Network (PON), Quadrature Amplitude Modulation(QAM),
Bit Error Rate (BER), Reflective Semiconductor OpticalAmplifier (RSOA).
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ETAI 9-4
DEVELOPMENT AND DEPLOYMENT OF A LORAWAN
PERFORMANCE TEST SETUP FOR IOT APPLICATIONS

1Simeon Trendov, 2Eduard Siemens and 3Marija Kalendar

'Faculty of Electrical Engineering and IT, Univ. “Ss. Cyril and Methodius "/ Anhalt
University of Applied Sciences, Skopje, R. N. Macedonia

trendov.s@yahoo.com

2Communication Systems, Department, Future Internet Lab
Anhalt (FILA), Anhalt University of Applied, Kothen, Germany
eduard.siemens@hs-anhalt.de

SComputer Technologies and Engineering Department, Faculty of Electrical Engineering
and IT, Univ. “Ss. Cyril and Methodius ”, Skopje, R. N. Macedonia

marijaka@feit.ukim.edu.mk

Abstract—Emerging Internet of Things (IoT) trends includingsmart cities, smart
factories, smart farming and many otherapplications comprising connected ,,things* are
imposing moreand more demand on the Radio Access Network (RAN) in termsof power
consumption, coverage and scalability. Most of thetechnologies utilized for the Internet of
Things are not able tomanage all of the needed and upcoming requirements, hence theyare
continuously upgrading and developing. LoRaWAN is anemerging Low-Power Wide Area
Network (LPWAN) technology.In order to enhance the opportunities for the new
requirements,this paper covers the development and deployment of aLoRaWAN
performance test setup including two end nodes anda gateway to test the round-trip time,
range, packet loss andsignal strength of the network.

Key words:LoRa, LoRaWAN, loT, End Node, Gateway, Network Server,
Application Server, Join Server
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ETAI 10: ARTIFICIAL INTELLIGENCE IN BIOMEDICINE

ETAI 10-1
THE REPRESENTATION OF SPOKEN VOWELS IN HIGH
GAMMA RANGE OF CORTICAL ACTIVITY
12Daniela Janeva, ?Andrijana Kuhar, ?Lidija Ololoska-Gagoska and ?Branislav
Gerazov
!Macedonian Academy of Sciences and Arts, Skopje, Macedonia

2Faculty of Electrical Engineering and Information Technologies, UKIM, Skopje, Macedonia
email:danielajaneva@hotmail.com

Abstract: Spoken language is what distinguishes humans from other species. It is the
easiest, yet the most complex action weperform. Precise and coordinated movement of
multiplearticulators is required in order to generate spoken sounds orphonemes. The
organization of phonemes into complex semanticstructures is currently a system of
communication that people useto understand each other. For pronunciation of
differentphonemes, different articulators are involved in sound production.Speech motor
control and its manifestation in the central nervoussystem is still under intense research.
Although it is such animportant topic, the spectro-temporal representation of speech inthe
cortex is still a mystery. Understanding how differentphonemes are encoded is important for
the further developmentof speech synthesis systems based on brain activity. The main
focusof this paper is to create a feature space for the representation ofvowels that will further
contribute to the realization of a systemmapping vowel articulation to characteristics of brain
activity.This approach is a step towards a system for speech synthesisbased on brain activity,
which will potentially help people withspeech impairments and contribute to research in the
field ofmental illnesses that impair speech ability. The created featurespace of brain activity
representing vowels is a set of extractedfeatures from each electrode. For that purpose, the
medium highgamma power of each spoken vowel from the EcoG electrodes iscomputed. A
random forest classifier was trained on the extractedfeatures and the model achieved 54%
accuracy. Furthermore,feature importance has given us a perspective for the mostimportant
electrodes for encoding the vowels.

Key words: speech; EcoG; cortex; consonant-vowel syllables; phonemes;
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ETAI 10-2
SCORPIANO - A SYSTEM FOR AUTOMATIC MUSIC
TRANSCRIPTION FOR MONOPHONIC PIANO MUSIC

Bojan Sofronievski and Branislav Gerazov

Faculty of Electrical Engineering and Information Technologies, Ss Cyril and
Methodius University in Skopje, Macedonia, bojan.sof@hotmail.com ,
gerazov@feit.ukim.edu.mk

Abstract:Music transcription is the process of transcribing music audio into music
notation. It is a field in which the machines still cannot beat human performance. The main
motivationfor automatic music transcription is to make it possible foranyone playing a
musical instrument, to be able to generatethe music notes for a piece of music quickly and
accurately.It does not matter if the person is a beginner and simplystruggles to find the
music score by searching, or an expert whoheard a live jazz improvisation and would like
to reproduceit without losing time doing manual transcription. We proposeScorpiano — a
system that can automatically generate a musicscore for simple monophonic piano melody
tracks using digitalsignal processing. The system integrates multiple digital
audioprocessing methods: notes onset detection, tempo estimation, beatdetection, pitch
detection and finally generation of the musicscore. The system has proven to give good
results for simple pianomelodies, comparable to commercially available neural
networkbased systems.

Key words: automatic music transcription, musical note recognition, pitch
detection, onset detection, audio processing
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ETAI 10-3

FACIAL EMOTION RECOGNITION USING DEEP LEARNING
Gjorgji Smilevski and Tomislav Kartalov

Faculty of Electrical Engineering and Information Technologies, University of Ss. Cyril and
Methodius, Skopje, Macedonia

smilevskigjorgji@gmail.com , kartalov@feit.ukim.edu.mk

Abstract—Emotions play a significant role in everyday communication and
interaction between people. There are different modalities for predicting emotions, the most
famous one being the face. Most of the work is done on predicting emotions in posed scenes,
because the spontaneous facial emotions are much more unpredictable. In this paper, we
propose an approach for prediction of the spontaneous facial emotions in pictures, using deep
learning, more specifically, a VGG network. The FER+ dataset is used for the experiments,
which consists of spontaneous images carrying multiple labels for each face image. The
pictures were used as originals, without doing any additional modifications. The results show
that using the proposed approach, the overall prediction accuracy can be achieved, which is
close to the accuracy of the algorithms that use posed expressions. This brings a real life
value and usability of this method.

Key words: Emotion Recognition, Facial Expression, Deep Learning, Convolutional
Neural Network
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ETAI 10-4

AUTOMATIC COMPOSITION OF TEXT AND MUSIC FOR A
SONG IN MACEDONIAN USING DEEP LEARNING

Angela Najdoska, Emilija Kotevska, Tamara Markachevikj and Hristijan GjoreskKi
Faculty of Electrical Engineering and Information Technologies, Ss. Cyril and
Methodius University in Skopje, Macedonia

angela.najdoskal7@gmail.com , emilijakotevska@gmail.com,
markacevic@gmail.com

Abstract: This paper presents an approach to develop deep learning models to
automatically generate music and lyrics fora song in Macedonian language. The approach
consists of two steps: (i) a deep learning model to generate text (lyrics) forsongs using Gated
Recurrent Unit approach, and (ii) a deeplearning model for music generation for the lyrics of
the songgenerated in the previous step. The model for lyrics generationis based on Gated
Recurrent Units algorithm, and the modelfor music generation is based on a pre-trained
RecurrentNeural Network and Variational Autoencoder model, whichgenerates sequences of
music that are later combined toproduce the final music for the song. The music
generationmodel interpolates between two-note sequences and thuscompletes the process of
creating the music. The results showthat our model generates understandable lyrics for songs
anddecent quality music for the same. The result songs are unique,new, and after some
melodical post-processing, can bepotentially used to help the process of song creation.

Key words:Text generation; Lyrics generation; Macedonian song; GRU; Deep learning;
RNN; Machine learning.
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ETAI 10-5

MACHINE LEARNING AND DATA SCIENCE AWARENESS
AND EXPERIENCE IN VOCATIONAL EDUCATION AND
TRAINING FOR HIGH-SCHOOL STUDENTS

Stefan Zlatinov, Branislav Gerazov, Gorjan Nadzinski and Tomislav Kartalov
Faculty of Electrical Engineering and Information Technologies, Ss Cyril and Methodius
University in Skopje, Macedonia

zlatinov@feit.ukim.edu.mk, gerazov@feit.ukim.edu.mk, gorjan@feit.ukim.edu.mk,
kartalov@feit.ukim.edu.mk

Abstract: Data Science Machine learning and are increasingly important in the
world’s economy and there is an increasinggap in the job market of skilled workers. To
address this theValence project proposes the design and implementation of aData Science
and Machine Learning focused curriculum in VEThigh schools. As a precursor to this, we
designed a survey to assessthe awareness/experience in these areas in students in
VocationalEducation and Training high schools. The survey was distributedacross the three
partner VET institutions. The analysis showsthat While most students are aware of these
two areas, only asmall proportion of them have any practical experience in themor have
followed an online tutorial. This reaffirms the need forthe design and deployment of an
accessible Data Science andMachine Learning curriculum.

Key words: machine learning; data science; high-school education; vocational education;
survey
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ETAI 10-6

TOWARDS A SYSTEM FOR CONVERTING TEXT TO SIGN
LANGUAGE SYMBOLS FOR MACEDONIAN

Stefan Spasovski!, Branislav Gerazov?!, Risto Chavdarov?, Viktorija Smilevska?,
Aneta Crvenkovska, Tomislav Kartalov?, Zoran Ivanovski! and Toni Bachvarovski®

'Faculty of Electrical Engineering and Information Technologies, Ss Cyril and Methodius
University in Skopje, Macedonia

2Elementary school ”Kuzman Josifovski - Pitu”, Skopje, Macedonia
3Association for Assistive Technologies “Open the Windows ”, Skopje, Macedonia

stefanspasovskill@gmail.com, gerazov@feit.ukim.edu.mk

Abstract: The paper presents initial results in the design anddevelopment of a
system for automatic conversion of text to signlanguage in Macedonian. The system will be
an essential partof a larger system for the automatic generation of Macedoniansign
language based on text. This system will facilitate the digitalinclusion and will ease
communication with the Macedonian deafcommunity. The system is implemented as a web
applicationwhich allows input text to be encoded in the equivalent sequenceof sign
language signs. The initial results show an average signerror rate of 4.49%. Online testing
was also organized thatconfirmed these promising results.

Key words: natural language processing, assistive technology,text-to-sign language, sign
language, deafness
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ETAI 2021 TECHNICAL PROGRAMME

AGENDA

THURSDAY, 23. IX. 2021

SESSION - 1: CIRCUITS AND SYSTEMS

09:30-11:00

Co-Chairs: Katerina Raleva and Tomislav Kartalov

ETAl | ASONAR-BASED OBSTACLE DETECTION SYSTEM FOR THE BLIND AND VISUALLY
1-1 | DISABLED
Stefana Hristovska, Kristijan Lazarev and Branislav Gerazov
ETAl | LIGHTING DESIGN, AUTOMATION, EFFICIENCY AND ADVANTAGES MADE WITH
1-2 ILLUMINATION LEVEL CONTROL IN INDUSTRIAL FACILITIES
Mehmet Giircan Giir and Yilmaz UyaroGlu
ETAI | DETECTION OF INDIVIDUAL FINGER FLEXIONS USING TWO-CHANNEL
1-3 | ELECTROMYOGRAPHY
Blagoj Hristov and Gorjan Nadzinski
ETAlI | THE SELECTION OF BI-FRACTIONAL ORDER REFERENCE MODEL PARAMETERS FOR
1-4 MINIMUM SETTLING TIME
Ertugrul Kegeci, Erhan Yumuk, Miijde Giizelkaya and ibrahim Eksin
ETAl | INTRA-NODAL CACHING ASSISTED UAV BASED DATA ACQUISITION FROM WIRELESS
1-5 | MOBILE AD-HOC SENSOR NETWORKS

Umair Chaudhry and Chris Phillips

SESSION - 2: CYBER SECURITY AND MATHEMATICS

09:30 - 11:00

Co-Chairs: Danijela Efnusheva and Sanja Atanasova

ETAI | AHAJTIM3A HA BESBEOHOCT BO NAMETEH OOM CO NMPUMEHA HA AITTOPUTMW O
2-1 | MAWWMHCKO YYEHE

Irina Senchuk, Ana Cholakoska and Danijela Efnusheva
ETAI | AHAJIMSA HA MPEXXHA BESBEOHOCT CO NPUMEHA HA AlTTOPUTMW O MALLMHCKO
2-2 | YYEHWE

Martina Shushlevska, Ana Cholakoska and Danijela Efnusheva
ETAI | NUMERICAL SOLUTION OF LAPLACE DIFFERENTIAL EQUATION USING THE FINITE
2-3 | DIFFERENCE METHOD

Bojana Petrovska, Daniela Janeva, Emilija Tasheva and Andrijana Kuhar
ETAI | MODELING POPULATION DYNAMICS AND ECONOMIC GROWTH AS COMPETING
2-4 | SPECIES FOR NORT MACEDONIA

Stefan Boshkovski and Sanja Atanasova
ETAI | PERFORMANCE OF GRADIENT ALGORITHMS FOR SOLVING LEAST SQUARES
2-5 | PROBLEM

Naum Dimitrieski, Katerina Hadzi-Velkova Saneva and Zoran Hadzi-Velkov
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SESSION - 3: CONTROL SYSTEMS AND AUTOMATION

13:30 - 15:00

Co-Chairs: Mile Stankovski, Georgi Dimirovski

ETAl | MULTI-OBJECTIVE OPTIMIZATION BASED FRACTIONAL ORDER PID CONTROLLER
3-1 | DESIGN
Erhan Yumuk, Eda Budak, Miijde Giizelkaya and ibrahim Eksin
ETAI | FRACTIONAL INTEGRATING INTEGER ORDER PI CONTROLLER DESIGN FOR THE
3-2 | FIRST INTEGER ORDER PLUS TIME DELAY SYSTEM
Erhan Yumuk, Miijde Giizelkaya and ibrahim Eksin
ETAI | FUZZY LOGIC BASED MAXIMUM POWER POINT TRACKING FOR PHOTOVOLTAIC
3-3 | SYSTEMS
Zeynep Bala Duranay and Hanifi Guldemir
ETAl | FUZZY-LOGIC OUTPUT-TRACKING CONTROL FOR UNCERTAIN TIME-DELAY
3-4 | DYNAMICAL PROCESSES: EXPLORING TAKAGI-SUGENO FUZZY MODELS
Yuanwei Jing, Janusz Kacprzyk, Imre J Rudas and Georgi DimirovskKi
ETAl | DISCRETE-TIME UNSCENTED KALMAN FILTERS WITH OPERATING OF
3-5 | UNCERTAINTIES: STOCHASTIC STABILITY ANALYSIS
Yuanwei Jing, Jiahe Xu, Peng Shi and Georgi Dimirovski
ETAI | COMPLEX MULTI-NETWORKS WITH FAULTY INTER-NETWORK CONNECTIONS:
3-6 | SYNCHRONIZATION VIA NOVEL PINNING-NODE CONTROL

Yuanwei Jing, Guanrong Chen, Peng Shi and Georgi Dimirovski

SESSION - 4: E-HEALTH

13:30 - 15:00

Co-Chairs: Hristijan Gjoreski, Daniel Denkovski

EIA | INSIEME: A UNIFYING ELECTRONIC AND MOBILE HEALTH PLATFORM
Primoz Kocuvan, Erik Dovgan, Tine Kolenik and Matjaz Gams
ETAl | ASYSTEM FOR AUTOMATIC DETECTION OF MAJOR DEPRESSIVE DISORDER BASED
4-2 ON BRAIN ACTIVITY
Daniela Janeva, Silvana Markovska-Simoska and Branislav Gerazov
E4T_§' PREDICTING TRENDS AND ANOMALIES IN DAILY ACTIVITIES
Vito Janko and Mitja Lustrek
=17 | FINDING EFFICIENT INTERVENTION PLANS AGAINST COVID-19
Nina Resci¢, Vito Janko, David Susi¢, Carlo De Masi, AljoSa Vodopija, Matej Marinko,
Tea Tusar, Erik Dovgan, Anton Gradisek, Matej Cigale, Matjaz Gams and Mitja Lustrek
ETAlI | MACHINE LEARNING BASED ANOMALY DETECTION IN AMBIENT ASSISTED LIVING
4-5 ENVIRONMENTS
Ana Cholakoska, Valentin Rakovic, Hristijan Gjoreski, Bjarne Pfitzner, Bert Arnrich and
Marija Kalendar
ETAI | INVESTIGATING PRESENCE OF ETHNORACIAL BIAS IN CLINICAL DATA USING
4-6 MACHINE LEARNING

Bojana Velichkovska, Hristijan Gjoreski, Daniel Denkovski, Marija Kalendar, Leo
Anthnoy Celi and Venet Osmani

77




80 CIETY FOR
ELECTRONTICGC
TELECOMUNICATIONS
AUTOMATIGCS AND
I NFORMATIGS
OF THE REPUBLIC
0OF MACEDONIA

3N PY ¥MEHHE 3A
ENEKTPOHHEKA
TEMEKOMYHHKAIIHH
ABTOMATHEA H
HHMOPMATHEKA
HA PENYBIHEKA
M A KE 1 O HHJA

y |
il
ull
]
™

!

.I
| [
[ 1V
[ 1]
[ T)\
[ (1!

SESSION - 5: COMMUNICATION NETWORKS -5G
(SUPPORTED BY THE COMMUNICATIONS AND INFORMATION THEORY CHAPTERS OF IEEE
N. MACEDONIA SECTION)

13:30 - 15:00

Co-Chairs: Tomislav Shuminoski, Pero Latkoski

ETAlI | EVALUATION OF DISTRIBUTED NFV INFRASTRUCTURES FOR EFFICIENT EDGE
5-1 COMPUTING IN 5G
Gjorgji llievski and Pero Latkoski
ETAl | PARTICLE SWARM OPTIMIZATION (PSO) BASED RESOURCE ALLOCATION FOR
5-2 DEVICE TO DEVICE COMMUNICATION FOR 5G NETWORK
Wisam Hayder Mahdi and Necmi Taspinar
ETAl INVESTIGATION OF EFFECT OF THE PILOT REUSE FACTOR VIA INTELLIGENT
5.3 OPTIMIZATIONS ON ENERGY AND SPECTRAL EFFICIENCIES TRADE-OFF IN MASSIVE
MIMO SYSTEMS
Burak Kiirgat Giil and Necmi Tagpinar
2! | COMPUTING ON THE EDGE: A SYSTEM AND TECHNOLOGY OVERVIEW
Marija Poposka and Zoran Hadzi-Velkov
ETAl | MOBILE EDGE COMPUTING SERVICES WITH QOS SUPPORT FOR BEYOND 5G
5-5 NETWORKS — USE CASES

David Nunev, Tomislav Shuminoski, Bojana Velichkovska and Toni JanevskKi

FRIDAY, 24. IX. 2021

SESSION - 6: INSTRUMENTATION AND MEASUREMENTS

12:00 - 13:30

Co-Chairs: Mare Srbinovska, Kiril Demerdziev

ETAI | POSITIONAL VALUE MEASUREMENT FOR A ROOK AND KING VS ROOK CHESS

6-1 ENDGAME ALGORITHM
Adrijan Bozinovski and Filemon Jankuloski

EGT_'ZM OVERVIEW OF SECURITY AND SAFETY SYSTEMS IN THE AUTOMOTIVE INDUSTRY
Aleksandra Gjorgjievska, Mare Srbinovska and Martin Gjorgjievski

ETAI | DESIGN AND EVALUATION OF COLLABORATIVE LEARNING PLATFORM WITH

6-3 INTEGRATED REMOTE LABORATORY ENVIRONMENT
Zivko Kokolanski, Bodan Velkovski, Tomislav Shuminpski, Dusan Gleich, Andrej
Sarjas, Ana B. Kokolanska, Anita K. Mijovska, Matjaz Segula, Matic Podobnik, Zlatko
Rusci¢ and Tibor Kratofil

ETAI | ERROR EVALUATION IN REACTIVE POWER AND ENERGY MEASUREMENTS

6-4 | ADOPTING DIFFERENT POWER THEORIES
Kiril Demerdziev and Vladimir Dimchev

ETAl | VIRTUAL REAL TIME POWER QUALITY DISTURBANCE CLASSIFIER BASED ON

6-5 DISCRETE WAVELET TRANSFORM AND MACHINE LEARNING
Petar Vidoevski, Dimitar Taskovski and Zivko Kokolanski

ETAI | IMPROVING THE EFFICIENCY OF GROUNDING SYSTEM ANALYSIS USING GPU

6-6 | PARALLELIZATION

Bodan Velkovski, Blagoja Markovski, Vladimir Gjorgievski, Marija Markovska, Leonid
Grcev, Stefan Kalabakov and Elena Merdjanovska
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SESSION - 7: CLOUD AND IOT TECHNOLOGIES
(SUPPORTED BY THE COMMUNICATIONS AND INFORMATION THEORY CHAPTERS OF IEEE
N. MACEDONIA SECTION)

12:00 - 13:30

Co-Chairs: Toni Janevski, Simon Bojadzievski

ETAl | TECHNOLOGICAL, REGULATORY AND BUSINESS ASPECTS OF LPWAN
7-1 | IMPLEMENTATION IN IOT
Atanas Godzoski, Toni Janevski and Aleksandar Risteski
E7T_'2M EXTENDED PERFORMANCE EVALUATION OF THE TENDERMINT PROTOCOL
Jovan Karamachoski and Liljana Gavrilovska
ETA! | ANALYSIS OF SECURITY MECHANISMS OF CONTAINERS IN CLOUD
Martina Janakieska and Aleksandar Risteski
ETAlI | THE APPLICATION OF THE INTERNET OF THINGS IN EVERYDAY EQUIPMENT AFFECTS
7-4 TO HAVE A MORE EFFICIENT AND QUALITY LIFE
Avni Rustemi
E{?' F-Cloud Latency Performance Characteristics in an European Cloud infrastructure

Teodora Kochovska, Marija Kalendar and Simon Bojadzievski

SESSION - 8: ARTIFICAL INTELIGENCE IN AUTOMATION

12:00 - 13:30

Co-Chairs: Gorjan Nadzinski, Vesna Latkoska-Ojleska

E8T_§_\' FORECASTING DYNAMIC TOURISM DEMAND BY ARTIFICIAL NEURAL NETWORKS
Cvetko Andreeski and Biljana Petrevska
E8T_§' FORECASTING POWER CONSUMPTION FOR RESIDENTIAL SECTOR
Aleksandra Zlatkova, Aneta Buckovska and Dimitar Taskovski
ETAl | MODULATION CLASSIFICATION WITH DEEP LEARNING:COMPARISON OF DEEP
8-3 | LEARNING MODELS
Selguk Balsiizen and Mesut Kartal
ETAI | MACHINE LEARNING APPROACH FOR AUTONOMOUS CONTROL OF VERTICAL
8-4 CEMENT ROLLER MILLS
Othon Manis, Gorjan Nadzinski and Mile Stankovski
ETAl | SELECTING AN OPTIMISATION ALGORITHM FOR OPTIMAL ENERGY MANAGEMENT IN
8-5 | GRID-CONNECTED HYBRID MICROGRID WITH STOCHASTIC LOAD
Natasha Dimishkovska, Atanas lliev and Borce Postolov
ESTQI COMPARATIVE ANALYSIS OF DIFFERENT HELIOSTAT FIELD CONTROL ALGORITHMS

Ivan Andonov, Vesna Ojleska Latkoska and Mile Stankovski
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SESSION - 9: COMMUNICATION TECHNOLOGIES
(SUPPORTED BY THE COMMUNICATIONS AND INFORMATION THEORY CHAPTERS OF IEEE
N. MACEDONIA SECTION)

14:00 — 15:30

Co-Chairs: Zoran Hadzi-Velkov, Slavce Pejoski

ETAI | UNCERTAIN AQM/TCP COMPUTER AND COMMUNICATION NETWORKS: FIXED-TIME
9-1 | CONGESTION TRACKING CONTROL USING GAUSSIAN FUZZY-LOGIC EMULATOR
Jindong Shen, Yuanwei Jing, Janusz Kacprzyk, Georgi M. Dimirovski
ETAI | WIRELESS POWERED ALOHA NETWORKS WITH FIXED USER RATES AND UAV-
9-2 | MOUNTED BASE STATIONS
Slavche Pejoski and Zoran Hadzi-Velkov
ETAI | PERFORMANCE INVESTIGATION OF BIDIRECTIONAL OPTICAL IM/DD OFDM WDM-PON
9-3 | USING RSOA AS A COLORLESS TRANSMITTER
Mahmoud Alhalabi, Necmi TaSpinar and Fady El-Nahal
ETAI | DEVELOPMENT AND DEPLOYMENT OF A LORAWAN PERFORMANCE TEST SETUP
9-4 FOR IOT APPLICATIONS

Simeon Trendov, Marija Kalendar and Eduard Siemens

SESSION ETAI = 10: ARTIFICIAL INTELLIGENCE IN BIOMEDICINE

(SUPPORTED BY THE COMPUTATIONAL INTELLIGENCE CHAPTER OF IEEE N. MACEDONIA SECTION)

14:00 - 15:30

Co-Chairs: Branislav Gerazov, Andrijana Kuhar

ETAl | THE REPRESENTATION OF SPOKEN VOWELS IN HIGH GAMMA RANGE OF CORTICAL
10-1 | ACTIVITY

Daniela Janeva, Andrijana Kuhar, Lidija Ololoska-Gagoska and Branislav Gerazov
ETAI | SCORPIANO - ASYSTEM FOR AUTOMATIC MUSIC TRANSCRIPTION FOR
10-2 | MONOPHONIC PIANO MUSIC

Bojan Sofronievski and Branislav Gerazov
Egﬁ; FACIAL EMOTION RECOGNITION USING DEEP LEARNING

Gjorgji Smilevski and Tomislav Kartalov
ETAI | AUTOMATIC COMPOSITION OF TEXT AND MUSIC FOR A SONG IN MACEDONIAN USING
10-4 | DEEP LEARNING

Angela Najdoska, Emilija Kotevska, Tamara Markachevikj and Hristijan Gjoreski
ETAI | MACHINE LEARNING AND DATA SCIENCE AWARENESS AND EXPERIENCE IN
10-5 | VOCATIONAL EDUCATION AND TRAINING FOR HIGH-SCHOOL STUDENTS

Stefan Zlatinov, Branislav Gerazov, Gorjan Nadzinski and Tomislav Kartalov
ETAI | TOWARDS A SYSTEM FOR CONVERTING TEXT TO SIGN LANGUAGE SYMBOLS FOR
10-6 | MACEDONIAN

Stefan Spasovski, Branislav Gerazov, Risto Chavdarov, Viktorija Smilevska, Aneta
Crvenkovska, Tomislav Kartalov, Zoran lvanovski and Toni Bachvarovski
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A0 PY KEHMHE 34 S8 0CIETY FOR
EMTEKTPOHHEKA ELEGTRONTIGC
TENMEKOMYHHKALMWH TELECOMUNICATIONS
ABTOMATHEKA H AUTOMATICS AND
HHMOPMATHEKA ITNFORMATICS
HA PEINY Bl HEKAM OF THE REPUBLIC
M A K E I O HHIJIA OF MACEDONIA

PROGRAM

Day Time Virtual room 1 Virtual room 2 Virtual room 3
09:30-
11:00
11:00- Conference Opening
11:30 Zoom Link ID: 9355274 2669 Pass:ETAI_OPEN
b 11:30-
(] 12:15
x
I
N
> 12:15-
g 13:00
0
% 13:00-
E 13:30 Lunch Break
13:30-
15:00
15:00- Round Table 1: e-Heath and Pervasive Technologies: Challenges and Opportunities (moderator Dr. Hristijan Gjoreski)
16:30 Zoom Link
10:00-
10:45
10:45-
11:30
11:30-
12:00 Coffee Break
—
S 12:00-
x 13:30
N
- 13:30-
z 14-00 Lunch Break
a
£
14:00-
15:30
15:30- Round Table 2: Next generation wireless communications - Opportunities and challenges for loT
17:00 (moderator Dr. Ljupco Jorguseski)
Zoom Link 1D: 910 8233 3630 Pass:ETAI_ROUND
Closing ceremony
17:00- ETAI 40th anniversary celebration
17:30 Best paper awards

Zoom Link ID: 934 1811 1014 Pass:ETAI_CLOSE
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https://feit-ukim-edu-mk.zoom.us/j/94399939052?pwd=NWNHYUxHN1JSTktsN0lsWUloRjllUT09
https://feit-ukim-edu-mk.zoom.us/j/96236120428?pwd=ZU1pakRMT3prSDI4cUlkdDVJbHJoZz09
https://feit-ukim-edu-mk.zoom.us/j/93552742669?pwd=T3RoN09naVRPM1Z5TmhwcWZ1WnVTZz09
https://feit-ukim-edu-mk.zoom.us/j/93552742669?pwd=T3RoN09naVRPM1Z5TmhwcWZ1WnVTZz09
https://feit-ukim-edu-mk.zoom.us/j/93552742669?pwd=T3RoN09naVRPM1Z5TmhwcWZ1WnVTZz09
https://feit-ukim-edu-mk.zoom.us/j/99068234264?pwd=SEJWN2xrdzFFK0FCeDBHMUM2d2Zydz09
https://feit-ukim-edu-mk.zoom.us/j/95506090111?pwd=QTYxNmJlU3pkRjNEVEYzd3YveHpTZz09
https://feit-ukim-edu-mk.zoom.us/j/92159737239?pwd=WFlEamM3Mk4zMGQ1Q1llT0NjM3Z0dz09
https://us02web.zoom.us/j/87578390402
https://feit-ukim-edu-mk.zoom.us/j/98212428400?pwd=d0dOMGp6UGpSWVR2UmxzeXhtQys5QT09
https://feit-ukim-edu-mk.zoom.us/j/98212428400?pwd=d0dOMGp6UGpSWVR2UmxzeXhtQys5QT09
https://feit-ukim-edu-mk.zoom.us/j/95945810574?pwd=c251QjBySDZKRVVCalhPdmFlMlY1Zz09
https://feit-ukim-edu-mk.zoom.us/j/98526696825?pwd=enZBbWsyN3AxdVMwVXFYTHNvM0UvZz09
https://feit-ukim-edu-mk.zoom.us/j/94155688584?pwd=S2JVWWdFK05mRllzaGpPOTZqeG1hdz09
https://feit-ukim-edu-mk.zoom.us/j/97944452721?pwd=MlZEcHZTdFg3TzQrTWo0dTM0ODVwUT09
https://feit-ukim-edu-mk.zoom.us/j/96334893306?pwd=M2N1a3BFTGg4bXN2NmowNDE4WXo2UT09
https://feit-ukim-edu-mk.zoom.us/j/91082333630?pwd=TWptTnYwR1NZdXNSTlA0L2lvM01VZz09
https://feit-ukim-edu-mk.zoom.us/j/93418111014?pwd=MmI1a3JETHc4NE9RQmFNNjJsM1NVQT09

