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AK Acoustics/Akustika

Session AKI1: Microphone array, Room acoustics, Speech, Hydro acoustics
Tuesday, June, 12%, 14:30 — 16:30, Hall 1

Chair: Franz Zotter, Institute of Electronic Music and Acoustics, University of Music and Performing Arts
Graz, Austria

Dejan Ciri¢, Faculty of Electronic Engineering, University of Ni§, Serbia

AKIL1l.1

A LINEAR-PHASE FILTER-BANK APPROACH TO PROCESS RIGID SPHERICAL MICROPHONE ARRAY
RECORDINGS (Invited Paper)

Franz Zotter, University of Music and Performing Arts Graz, Institute of Electronic Music and Acoustics, Austria

Rigid spherical microphone arrays offer the technology to capture immersive 3D audio environments in
higher-order Ambisonics. The processing of their signals elegantly splits into a frequency-independent
spherical harmonic decomposition part converting microphone signals into coefficient signals and an analytic
filtering part super-directionally processing the coefficient signals for either higher-order Ambisonic
playback or beamforming. This paper proposes to improve robustness by a linear-phase FIR filter bank to
modify the analytic filters: A suitable design of cross-over frequencies and filter slopes limits boosts of self-
noise and array imperfection by a controlled increase of directional resolution over frequency. Useful for 3D
audio applications, the proposed sub-band signal treatment moreover yields diffuse-field equalization and
side-lobe suppression.

AKI1.2

EFFECTS OF PHYSICAL PARAMETERS AND SAMPLING CONFIGURATIONS ON PERFORMANCE OF
SMALL SPHERICAL MICROPHONE ARRAY

Marko Licanin, Faculty of Electronic Engineering, Univeristy of Nis, Serbia
Dejan Cirié, Faculty of Electronic Engineering, Univeristy of Nis, Serbia
Ana Pordevié¢, Faculty of Electronic Engineering, Univeristy of Nis, Serbia

Spherical microphone arrays play a very important role in tasks such as spatial sound recordings,
beamforming and sound-field analysis. Performance of a microphone array strongly depends on its physical
parameters as well as angular distribution of sensors (sampling configuration). The effects of these factors
are investigated here. For that purpose, several quantities including frequency limits, mode strength,
orthogonality and condition number are used. Besides, localization of dominant sources is also explored.
Various sampling configurations like hyperinterpolation and t-design with different number of sensors are
analyzed. The focus is on a spherical microphone array of small dimension built in a rigid sphere.

AKI1.3

OPTIMIZATION OF THE OVERALL SCATTERING FACTOR FOR THE ACOUSTIC SIMULATION OF
CLASSROOMS

Dragan Novkovié, School of Electrical and Computer Engineering, Belgrade, Serbia
Stefan Dimitrijevié, Structor Akustik AB, Stockholm, Sweden

Educational facility used for lectures and multimedia presentations was acoustically measured and simulated
in acoustic simulation software EASE. After processing the acquired data, large discrepancies between the
results obtained by impulse response measurement and those obtained from the simulation were observed.
All materials, whose data were entered into the simulation, were described solely by absorption coefficients,
without any information about the scattering, which is common in such situations. Overall simulated



scattering factor was adjusted in such way to allow matching of measured and simulated results within a
reasonable tolerance limits. As a result of this process, the authors have discussed the possible approaches
for the optimization of this parameter in the process of software simulation of acoustically similar spaces.

AKI1.4

USAGE OF WAVELET DE-NOISING FOR ESTIMATION OF ROOM IMPULSE RESPONSE TRUNCATION
TIME

Porde Damnjanovié, Faculty of Technical Sciences Cacak, University of Kragujevac, Serbia
Dejan Cirié¢, Faculty of Electronic Engineering, Univeristy of Nis, Serbia

Nowadays, wavelet technique is widespread in different areas of science and research, especially in signal
processing where wavelet transform can be as useful as the Fourier transform because of its advantages. The
most common use of wavelets is in signal de-noising, but there are a number of other different cases where
wavelets can be applied. One of possible usage of wavelets related to estimation of truncation time of a room
impulse response (RIR) is presented here. In that regards, possibilities to apply wavelets for estimation of
truncation time at the knee where main decay intersects noise floor of a RIR are analyzed. Different wavelets
with different parameters are implemented on various simulated RIRs filtered in third-octave and octave
bands. The results show that usage of adequate wavelets and their parameters can provide adequate estimation
of RIR truncation time at the knee or in its vicinity.

AKIL1.5

MEASUREMENT OF TRANSFER FUNCTION OF GAS MASK SPEECH MEMBRANE
Miljan Mileti¢, College of Applied Technical and Technological Sciences, Krusevac, Serbia
Dejan Cirié¢, Faculty of Electronic Engineering, Univeristy of Nis, Serbia

Ana Dordevi¢, Faculty of Electronic Engineering, Univeristy of Nis, Serbia

Marko Licanin, Faculty of Electronic Engineering, Univeristy of Nis, Serbia

Speech membrane is one of important components of a gas (oxygen) mask. Its main functions are to enable
efficient transfer of speech from inside to outside, and to prevent transfer of materials (gases and fluids) from
outside to inside of the mask. Considering its acoustic characteristics, the speech membrane should satisfy
some pre-defined requirements typically related to frequency bandwidth, transfer function and distortion. In
this study, the measurements of transfer function of a speech membrane are analyzed. Special attention is
paid to the effects of the measurements system itself, and to reduction of these effects. In that regard, focus
is on a device coupling the speech membrane and sound source (artificial mouth in this case).

AKI1.6

APPLICATION OF TEAGER ENERGY OPERATOR ON PLP FEATURE FOR WHISPER SPEECH
RECOGNITION

Branko R. Markovi¢, School of Electrical Engineering, University of Belgrade, Serbia
Jovan Gali¢, Faculty of Electrical Engineering, University of Banja Luka, Bosnia and Herzegovina
Miomir Miji¢é, School of Electrical Engineering, University of Belgrade, Serbia

This paper presents the results of normal and whispered speech recognition using the TEPLPCC (Teager
Energy Perceptual Linear Prediction Cepstral Coefficients) feature. This feature is used at the front-end while
the Dynamic Time Warping method is used at the back-end of an ASR system. All experiments were
performed using the Whi-Spe database containing 10,000 words. Four training/test scenarios were analyzed:
normal/normal, whispered/whispered, normal/whispered and whispered/normal in the speaker dependent
mode. Also, CMS normalization was applied. The results confirmed substantial improvement in recognition
when Teager Energy with normalization was used, especially for the mismatch scenarios.

AKI1.7
THE NEW HYDRO ACOUSTICS SYSTEM AS A CORRELATION RECEIVER



Aleksandar Tomié, ETS Nikola Tesla, Belgrade, Serbia

In this work have been described results which have been obtained during the development of the functional
model of a new hydro acoustic system for detecting and processing hydro acoustical signals of floating
objects. The basic idea at the development this system was the basic mathematical model of correlation
receiver. This work include the basic concepts out of mathematical model of correlation receiver, block
diagrams, parameters, as well as remarks.

Sesija AK1: Buka, Akustika prostorija
Utorak, 12. Jun, 16:30 — 18:00, Sala 1

Predsedavajuéi: Miomir Miji¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

AK1l.1

lva Salom, Institut Mihajlo Pupin, Univerzitet u Beogradu, Srbija

REALIZACIJA AKUSTICKE KAMERE NA PLATFORMI ZYNQ-7000

Jovana Novakovié, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Iva Salom, Institut Mihajlo Pupin, Univerzitet u Beogradu, Srbija

Viadimir Celebié¢, Institut Mihajlo Pupin, Univerzitet u Beogradu, Srbija

Bratislav Plani¢, Institut Mihajlo Pupin, Univerzitet u Beogradu, Srbija

Viadimir Catié, Institut Mihajlo Pupin, Univerzitet u Beogradu, Srbija

Veljko Janié, Institut Mihajlo Pupin, Univerzitet u Beogradu, Srbija

Dejan Todorovié¢, Dirigent Acoustics, Beograd, Srbija

AK1.2

Akusticka kamera predstavlja uredaj za lokalizaciju, analizu i identifikaciju izvora akustickih talasa, stoga
pronalazi primenu u razli¢itim oblastima. U ovom radu prikazani su projektovanje i realizacija akusti¢ke
kamere na razvojnoj plo¢i Digilent Arty Z7-10 baziranoj na ¢&ipu Xilinx Zyng-7000, tipa AP SoC (All
Programmable SoC). Akvizicija i obrada akusti¢kih signala sa digitalnih MEMS mikrofona obavljaju se u
realnom vremenu u FPGA (Field Programmable Gate Array) komponenti kori§¢ene platforme. Razvijeni
sistem tokom postprocesiranja podataka primenom beamforming delay-and-sum algoritma formira akusticke
mape snimanog podrucja preklapajudi sliku sa snimkom sa video kamere, koja je takode deo sistema. Na
realizovanom prototipu izvrSena su merenja i uporedena su sa rezultatima simulacija.

ANALIZA UGAONE RASPODELE INCIDENTNE ENERGIJE SPOLJASNJE BUKE U URBANIM USLOVIMA
Milos Bjeli¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Miodrag Stanojevié, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Dragana Sumarac Pavlovi¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Miomir Miji¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Tatjana Miljkovié, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Zbog zavisnosti vrednosti izolacione mo¢i fasade od ugla pod kojim zvucni talas pogada fasadu od interesa
je ispitati raspodelu uglova incidencije buke na fasadu u realnosti. U opStem slucaju oblik ove raspodele nije
poznat. U ovom radu prikazana je metodologija za eksperimentalno odredivanja ugaone raspodele incidentne
energije spoljasnje buke na fasadi u urbanim uslovima. Metod se zasniva na lokalizaciji zvuénih izvora u
prostoru upotrebi mikrofonskog niza sa 24 mikrofona i algoritma za prostorno-vremensku obradu signala.
Metodologija je primenjena u nekoliko karakteristi¢nih konfiguracija terena u urbanim uslovima kako bi se
pokazale razlike u oblicima ugaonih raspodela. KoriS¢enjem poznatih gradevinskih konstanti i



eksperimentalno utvrdenih oblika ugaonih raspodela incidentne energije spoljaSnje buke izvrSena je
predikcija ostvarene vrednosti izolacione mo¢i najce$¢e koriS¢enih pregrada u urbanim uslovima za
analizirane merne lokacije. Na taj nac¢in moguce je sagledati razlike u ostvarenim vrednostima izolacione
moci iste fasadne pregrade ugradene u urbanim uslovima sa razli¢itim konfiguracijama terena. StatistiCkom
analizom veceg broja ovakvih merenja mogla bi se izvrsiti kategorizacija lokacija u urbanim sredinama
prema ostvarenim vrednostima izolacione moci.

AK1.3

MERENJE IZOLACIONIH KARAKTERISTIKA ZVUCNIH BARIJERA PRIMENOM EN 1793-6 IN-SITU
METODE

Stefan Dimitrijevi¢, Structor Akustik AB, Stockholm, Sweden
Miomir Miji¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

In-situ metoda definisana EN 1793-6 je postala uobi¢ajen nacin za kvalifikovanje izolacionih karakteristika
zvucnih barijera. Vrednosti zvucne izolacije za normalnu incidenciju se odreduju merenjem impulsnih odziva
koris¢enjem mikrofonske reSetke koja se sastoji od devet mernih mikrofona. Uporedivanjem energije
impulsnog odziva iz merenja u slobodnom polju i u prisustvu zvuéne barijere moguce je izraunati njen
indeks zvucéne izolacije. Primenom odgovarajuéeg vremenskog prozora odstranjuje se uticaj refleksije od tla
kao i difrakcije iznad vrha barijere. Merenja je moguce primeniti bez oSte¢enja samih barijera i u prisustvu
postojece buke saobraéaja. U radu je prikazan namenski merni sistem koji zadovoljava kriterijume definisane
EN 1793-6. Takode, opisani su postupci primene in-situ metode na primeru zvuéne barijere koja se nalazi u
blizini Zeleznitke stanice u Knivsti u Svedskoj. Rezultati in-situ merenja su uporedeni sa rezultatima
laboratorijskog merenja.

AK14

SISTEM ZA MERENJE BUKE NA UDALJENIM LOKACIJAMA BAZIRAN NA ARDUINO PLATFORMI
Tatjana Miljkovié, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Jovana Protié, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Milos Bjeli¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Miomir Miji¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Buka u svetu predstavlja jedan od najvecih zagadivaca covekove okoline, bilo da se radi o covekovom
radnom ili zivotnom prostoru. Merenje buke predstavlja pocetni korak u sagledavanju i resavanju tog
problema. Merenje buke opisano je u velikom broju ISO standarda i takva merenja Siroko se koriste u
inzenjerskoj praksi. U ovom radu prikazan je sistem za merenje nivoa buke na udaljenim lokacijama ¢iju
osnovu ¢ini Arduino platforma. Motivacija za izradu ovog sistema je potreba za smanjenjem ukupne cene
merenja, gde se pod cenom merenja ne podrazumeva samo finansijski deo ve¢ i vreme koje ¢ovek utrosi da
bi se Zeljeno merenje buke realizovalo i obradili rezultati. Sistem opisan u ovom radu omoguéava
automatizovano merenje nivoa buke, prikupljanje i slanje podataka sa udaljene lokacije i prikaz rezultata
korisniku. Realizovani sistem ima autonomno napajanje i ne zahteva postojanje pristupa Internetu na
udaljenoj lokaciji. Omoguceno je da korisnik, ili viSe korisnika, pristupa rezultatima merenja sa bilo koje
lokacije na svetu. Realizovani sistem koristi Open Source platforme koje se jednostavno mogu nadogradivati,
¢ime se povecava funkcionalnost sistema.

AK1.5

MERENIJE I ANALIZA POKRIVENOSTI DIREKTNIM ZVUKOM U SALAMA SA OZVUCENJEM
Jovana Protié, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Milos Bjelié, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Miomir Miji¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Tatjana Miljkovié, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija



AK1.6

U ovom radu bié¢e prikazani rezultati merenja pokrivanja direktnim zvukom u salama sa zvuénickim
sistemima. Glavni cilj projekta sistema za ozvucavanje je uniformno pokrivanje direktnim zvukom. Alati za
merenje pokrivanja dostupni na trzi§tu pogodni su samo za testiranje ozvucenja na otvorenom. Dosadasnje
verifikacije zvuénickih sistema obavljane su merenjem ukupnog zvuka. Ovakav metod nije prihvatljiv u
merenju u zatvorenim prostorijama gde osim direktnog postoji i reflektovan zvuk. U radu je kori§¢en softver
sa metodologijom za merenje nivoa direktnog zvuka po povrsini auditorijuma, realizovan u Laboratoriji za
Akustiku Elektrotehnickog fakulteta u Beogradu. Ovim softverom dobija se realna slika o pokrivenosti
direktnim, reflektovanim i ukupnim zvukom po povrsini sale. Posebno se posmatra uticaj prostorne rezolucije
merenja koju korisnik moze da izabere. Konstatovana je povezanost izmedu veli¢ine prostorije u kojoj se
vrsi testiranje sistema za ozvucavanje i broja tacaka u kojima se vri merenje impulsnog odziva. Velikim
auditorijumima odgovara gus¢i raspored ekvidistantnih tacaka merenja radi dobijanja preciznijih rezultata
nivoa pokrivanja direktnim zvukom.

AKUSTICKI DIZAJN VELIKE SALE U ZGRADI MAKEDONSKE FILHARMONIJE U SKOPLJU

Miomir Mijié, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Dragana Sumarac Pavlovi¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Milos Bjeli¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Strucni tim Laboratorije za akustiku Elektrotehnickog fakulteta pozvan je da realizuje akusticki dizajn velike
i male sale u objektu Makedonske filharmonije u Skoplju. Taj zadatak je uraden u saradnji sa makedonskom
filijalom austrijske firme STRABAG. U re$avanju tog zadatka postojala su neka pocéetna ogranicenja, jer je
u trenutku pocetka rada na dizajnu konstrukcija zgrade bila u celini izgradena. Zbog toga nisu bile moguce
intervencije na oblku i veli¢ini sala, ve¢ je oblast delovanja bila ograni¢ena samo na enterijer. U radu su
opisane specifi¢nosti akustickog dizajna velike sale i metodologija koja je pri tome kori$¢ena. Postignuti
rezultati ilustrovani su rezultatima merenja.

Sesija AK2: Muzicka akustika
Sreda, 13. Jun, 11:00 — 12:00, Sala 2

Predsedavajuéi: Dragana Sumarac Pavlovié, Elektrotehni¢ki fakultet, Univerzitet u Beogradu, Srbija

AK2.1

Sonja Krsti¢, Visoka $kola elektrotehnike i ra¢unarstva, Beograd, Srbija

MERENJE KARAKTERISTIKA KLASICNE GITARE

Filip Panteli¢, Visoka Skola elektrotehnike i racunarstva, Beograd, Srbija

Predrag Mladenovié, Visoka Skola elektrotehnike i racunarstva, Beograd, Srbija

Danica Dudes$, Visoka Skola elektrotehnike i racunarstva, Beograd, Srbija

Dragana Sumarac Pavlovi¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Miomir Miji¢é, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

AK2.2

U ovom radu opisana je metoda merenja i izracunavanja karakteristika klasi¢ne gitare. Za generisanje pobude
kori§¢ena je metoda pucanja zice. Odziv instrumenta meren je u veoma bliskom polju iznad kobilice gitare.
Na osnovu ovih merenja identifikovana su tri najniza karakteristicna moda instrumenta i izraunat im je
koeficijent atenuacije upotrebom Srederove krive.

UTICAJ OBLIKA CEVI NA BOJU ZVUKA RENESANSNIH DUVACKIH MUZICKIH INSTRUMENATA

Sonja Krstié, Visoka Skola elektrotehnike i racunarstva, Beograd, Srbija



Marko Milosevié, Visoka Skola elektrotehnike i racunarstva, Beograd, Srbija
Nemanja Jankovié, Visoka Skola elektrotehnike i racunarstva, Beograd, Srbija

U ovom radu opisano je istrazivanje renesansnih duvackih muzickih instrumenata. Istrazivanje je sprovedeno
na instrumentima: krumhorna, kornamuza, kortholt, rausfajf, Salmaj, pomer i dulcijan. Ovi muzicki
instrumenti svi imaju dvostruki tr$¢ani jezi¢ak i prema toj karakteristici spadaju u istu grupu drvenih duvackih
instrumenata. Uoceno je da neki od tih instrumenata imaju cilindri¢nu cev, neki konusnu, dok krumhorna
ima savijenu cilindri¢nu, a dulcijan savijenu konusnu unutra$nju cev. U ovom radu je analiziran na¢in na Koji
te razlicite karakteristike utiu na medusobni odnos harmonika tonova ovih instrumenata, a samim tim na
boju tona. U audio studiju VISER snimljeni su tonovi celog opsega svih navedenih muzi¢kih instrumenata i
analizirani su spektri snimljenih tonova. Tonovi su odsvirani ujednacenim nivoom | trajanjem od 2 s za svaki
ton.

AK2.3

HROMATOGRAM TONOVA DUVACKIH INSTRUMENATA

Tatjana Miljkovié, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Milos Bjeli¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Dragana Sumarac Pavlovi¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija
Jovana Proti¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

U procesima automatskog prepoznavanja sadrzaja audio signala koriste se razli¢ita obelezja zasnovana na
analizi spektralnog sadrzaja koja svode kompletan spektar signala na opseg jedne oktave. U radu su
posmatrane razlike u spektralnim karakteristikama tonova odviranih na tri razli¢ita drvena duvacka
instrumenta, oboi, flauti i klarinetu sa ciljem da se analizira moguénost primene hromatograma kao obeleZja
u prepoznavanju vrste instrumenta. Analizom su obuhvaceni tonovi unutar celog opsega svakog
pojedinacnog isntrumenta, a detaljno su analizirani tonovi u rasponu od C4 do H4, gde je redni broj oktave
predstavljen anglosaksonskom notacijom. Rezultati dobijeni analizom prikazanom u radu predstavljaju
polaznu osnovu za definisanje $ablona hroma profila (Chroma class) karakteristicnih za pojedine
isntrumente.

AK2.4

SNIMANJE MODOVA OSCILOVANJA POVRSINE U VEOMA BLISKOM POLJU TEHNIKOM IMPULSNE
POBUDE

Filip Panteli¢, Visoka Skola elektrotehnike i racunarstva, Beograd, Srbija
Marko Milivojéevié¢, Visoka Skola elektrotehnike i racunarstva, Beograd, Srbija
David Petrovi¢, Visoka Skola elektrotehnike i racunarstva, Beograd, Srbija

U ovom radu opisana je procedura snimanja modova oscilovanja tanke drvene ploc¢e ukrucene na svojim
krajevima. Ploca je pobudivana impulsom dok joj je odziv sniman u veoma bliskom polju u kona¢nom broju
tacaka iznad vibrirajuée povrsSine. Merna pozicija mikrofona odredivana je pomocu ultrazvucnog sistema za
detekciju polozaja. Predlozena metoda ima za cilj skrac¢ivanje vremena potrebnog za snimanje modova
oscilovanja povr$ina u veoma bliskom polju.

Sesija AK3: Akusti¢ke merne tehnike, Audio tehnika, Audio analitika
Sreda, 13. Jun, 12:00 — 13:00, Sala 2

Predsedavajuéi: Dragana Sumarac Pavlovi¢, Elektrotehni¢ki fakultet, Univerzitet u Beogradu, Srbija

Sonja Krstié¢, Visoka Skola elektrotehnike i racunarstva, Beograd, Srbija



AK3.1

SNIMANJE MEHANICKIH KARAKTERISTIKA DRVETA

Filip Panteli¢, Visoka Skola elektrotehnike i racunarstva, Beograd, Srbija

Danica Dudes, Visoka Skola elektrotehnike i racunarstva, Beograd, Srbija

Predrag Mladenovi¢, Visoka skola elektrotehnike i racunarstva, Beograd, Srbija
Dragana Sumarac Pavlovi¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija
Miomir Miji¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

U ovom radu predstavljena je metoda merenja modula elasti¢nosti i faktora gubitaka drvenog uzorka. Sva
merenja vr$ena su u veoma bliskom polju, §to pruza dodatnu moguénost vizualizacije modova oscilovanja
drveta, ¢ime se moze ostvariti sigurnija identifikacija modova. Ovaj pristup je pogodan za ovakvu vrste
merenja jer ne zahteva komplikovanu aparaturu, a osnovni rezultati se poklapaju sa standardizovanom
procedurom i sa teorijskim oc¢ekivanjima.

AK3.2

NEKI SPECIFICNI ASPEKTI AUDIO SMETNII IZ EE MREZE
Bogdan Brkovié, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija
Milos Bjeli¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija
Miomir Miji¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Elektroenergetska mreza kao sistem napajanja audio uredaja ¢ini da su svi audio uredaji, ali i svi drugi
elektri¢ni uredaji koje Covek koristi, medusobno povezani elektri¢no jedinstvenim sistemom. Sta vise,
izmedu uti¢nica koje se nalaze u nekom fizickom okruzenju neumitno postoji moguénost galvanske veze. S
druge strane, audio praksa sa konverzijom frekvencijama do 192 kHz, s dinami¢kim opsegom koji je
omogucdila 24-bitna konverzija, i uz ocenu kvaliteta audio signala visokom rezolucijom koju su doneli
savremeni monitorski zvuénici povecali su osetljivost na smetnje i degradaciju signala. To je stvorilo uslove
da se u praksi detektuju uticaji jedinstvenog EE sistema napajanja i posledi¢no povise zahtevi prema
ispravlja¢ima za napajanje audio uredaja. U ovom radu su kroz rezultate prakti¢nih merenja prikazani neki
specifi¢ni aspekti uticaja EE mreZe. Dobijeni rezultati u izvesnom smislu bacaju novo svetlo na znacaj koji
danas moZe imati povezivanje audio komponenti posredstvom ,,globalne EE mreZe na kvalitet audio signala.

AK3.3

O POTREBI ZA OBELEZJIMA ZVUKA NEZAVISNIM OD ZVUCNOG UZORKA
Ivan Jokié, Fakultet tehnic¢kih nauka, Univerzitet u Novom Sadu, Srbija

Stevan Jokié, Fakultet tehnic¢kih nauka, Univerzitet u Novom Sadu, Srbija

Vlado Deli¢, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Srbija

Zoran Peri¢, Elektronski fakultet, Univerzitet u Nisu, Srbija

Mel-frekvencijski kepstralni koeficijenti, uobic¢ajeno koriséena obelezja zvuka, zavise od rama odnosno
uzorka zvucnog signala za koji se izraGunavaju. Takode, sam postupak njihovog izracunavanja ne uzima u
obzir stvarnu meru energije u pojedinim spektralnim opsezima. Obzirom na ove ¢injenice a u cilju
realizovanja §to efikasnijeg prepoznavaca zvuka potrebno je netacnosti preslikane u obelezjima na neki nacin
ponistiti Sto efikasnijim modelima i kriterijumima donoSenja odluke. U ovom radu su izneta odredena
razmiSljanja i razmatranja koja ukazuju da su uobiCajeni sistemi za prepoznavanje razli¢itih zvukova na ovaj
nacin dodatno usloznjeni §to se odrazava na njihovu brzinu donosenja odluke a samim tim i na efikasnost.
Na osnhovu toga stiGe se utisak da ta¢no odredivanje obelezja koje odgovara stvarnim energetskim
komponentama u signal moZe pojednostaviti postupak prepoznavanja i svesti ga samo na izdvajanje obelezja
koje bi sada bilo uvek isto za odgovarajué¢i zvuéni izvor.



AK3.4

ANALIZA MOGUCNOSTI UPOTREBE BEZICNIH AKUSTICKIH SENZORSKIH MREZA
Marko Milivojcevié, Visoka Skola elektrotehnike i racunarstva, Beograd, Srbija

Zoran Peri¢, Elektronski fakultet, Univerzitet u Nisu, Srbija

Bezi¢ne senzorske mreze (Wireless Sensor networks-WSN) su mreZze sastavljene od malih uredaja
opremljenih senzorom, mikroprocesorom, interfejsom za beZi¢nu komunikaciju i baterijskim, a ponekad i
eksternim napajanjem. Pad cene ovakvih uredaja omogucio je sve Siru primenu bezi¢nih senzorskih mreza.
Izborom jednog ili viSe odgovarajucih senzora i tehnike medusobne komunikacije dobija se mreza odredene
namene. WSN mreZze opremljene mikrofonom i primenjene u akustici su dobile poseban naziv beZi¢ne
akustiCke senzorske mreze (Wireless Acoustic Sensor Networks-WASN). U ovom radu se razmatra
mogucénost unapredenja klasi¢nih kablovskih (zicanih) mikrofonskih sistema koji se koriste za akusticka
merenja (ukljucujuéi snimanje akustickih karakteristika prostorija) u bezi¢ne mikrofonske sisteme bazirane
na bezi¢nim senzorskim mrezama.



AP Antennas and Propagation / Antene i prostiranje

Session API1: Antennas and Propagation
Thursday, June, 14%, 08:00 — 10:30, Hall 4

Chair: Branko Kolundzija, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

API1.1

COMPACT NUMERICAL MODELS FOR EFFICIENT REPRESENTATION OF EM FIELD PROPAGATION
THROUGH DISPERSIVE AND ANISOTROPIC MEDIA (Invited paper)

Nebojsa Doncov, Faculty of Electronic Engineering, University of Nis, Nis, Serbia
Milos Kostié, Innovation Centre of Advanced Technologies Ltd., Nis, Serbia
Zoran Stankovié, Faculty of Electronic Engineering, University of Nis, Nis, Serbia

In the paper, compact numerical models for efficient representation of electromagnetic field propagation
through dispersive and anisotropic media will be presented. These models incorporated into the TLM method
with Z transformation allows to directly map the EM properties of considered media in the time-domain in
order to efficiently study their harmonic and transient response. As a result, a powerful numerical tool is
obtained for an efficient design of any EM structure.

API1.2
FULL-DUPLEX ANTENNA SUBSYSTEM FOR MICROWAVE RADIO LINKS

Prathap Valale Prasannakumar, Department of Electrical, Computer, and Energy Engineering, University of
Colorado at Boulder, Boulder, USA

Mohamed A. Elmansouri, Department of Electrical, Computer, and Energy Engineering, University of Colorado at
Boulder, Boulder, USA

Ljubodrag Boskovic, Department of Electrical, Computer, and Energy Engineering, University of Colorado at
Boulder, Boulder, USA

Dejan S. Filipovic, Department of Electrical, Computer, and Energy Engineering, University of Colorado at
Boulder, Boulder, USA

The design of an in-band full-duplex antenna subsystem for a point-to-point microwave link is outlined. High
isolation between the transmitter and receiver is achieved through the balanced-circulator approach. In the
proposed approach, reflected signals from the antenna and the coupled/leaked signals from the circulators
are canceled at the RX port of the beamforming network (BFN) leading to high system isolation. The utilized
BFN consists of two 90° hybrids and two circulators. The realized full-duplex antenna is a circularly-
polarized parabolic reflector antenna having gain > 20 dB, and return loss > 10 dB. System isolation > 30 dB
is achieved. The impact of cross-polarization and the physical asymmetries on the system isolation is also
discussed. Moreover, analog signal cancelation technique is applied to compensate imbalances and further
improve the system isolation.

API1.3

CAPACITANCE OF THE TWO-WIRE LINE SYMMETRICALLY SPACED INSIDE A RECTANGULAR
SHIELD

Dragan Filipovié, Faculty of Electrical Engineering, University of Montengro, Podgorica, Montenegro
Viadan Durkovi¢, Faculty of Electrical Engineering, University of Montengro, Podgorica, Montenegro

This paper presents two exact formulas for the capacitance per unit length of the two-wire line with a
rectangular shield. The method of derivation uses symmetry and separation of variables in Laplace’s



equation. Two simple, approximate formulas are exctracted from the exact ones, and their accuracy is
checked against the two exact formulas and another exact formula found in handbook literature.

API1.4
COMPARISON OF SEVERAL APPROACHES FOR CALCULATING 2D MOM INTEGRALS

Veljko Crnadak, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia / IMTEL-Komunikacije
Joint-Stock Company Belgrade, Belgrade, Serbia

Dragan Oléan, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

We present results for several different methods of calculating the singular integral of the Hankel function,
that arises when analyzing scattering from an infinitely long conducting strip using method of moments.
Particularly we focus on calculation of the diagonal elements in method of moments matrix. We use several
different approaches for numerical calculation of the integral: trapezoidal rule, potential integrals evaluation
method, double-exponential (DE) method, and finally, Gauss-Legendre (GL) method, with an adequate
variable substitution.

APIL1.5

COMPARISON OF SLOTTED AND TRUNCATED CIRCULARLY POLARIZED PATCH ANTENNA ARRAYS
AT 24 GHZ

Jelena Misic, Faculty of Electronic Engineering, University of Nis, Nis, Serbia / Academy of Criminalistic and Police
Studies, Belgrade, Serbia

Branka Jokanovic, Institute of Physics, University of Belgrade, Belgrade, Serbia
Ivana Radnovic, Institute IMTEL Communications A.D., Belgrade, Serbia

In this paper two designs of circularly polarized printed antenna arrays with the truncated and slotted patches
are presented. Both designs are compared regarding the radiation patterns and axial ratio. It is shown that
slotted patch antenna array exhibits wider operating range regarding 3 dB-axial ratio compared to the
truncated one, but has a lower gain. According to the obtained results of linear antenna arrays with 6, 12 and
24 radiating elements both antenna designs can be used for the realization of antenna arrays intended for
automotive radar applications.

API1.6

INFLUENCE OF CONDUCTOR SHAPE AND SIZE ON PROPERTIES OF HELICAL ANTENNAS
Jelena Dinkié, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

Miodrag Tasic, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

Antonije Djordjevic, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

In this paper we investigate the influence of the conductor shape and size on the characteristics of helical
antennas. We analyze three different sets of models — thin-wire models, wire-cage models and plate models.
These models correspond to various technologies for manufacturing of helical antennas.

API1.7

SOIL SURGE CHARACTERISTICS DURING LIGHTNING DISCHARGE

Jovan Cvetic, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

Milan Ignjatovic, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

Fridolin Heidler, Faculty of Electrical Engineering, EIT 7, University of the Federal Armed Forces, Munich, Germany
Dragan Pavlovic, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

An electro-dynamic model of soil has been developed that takes into account the frequency dependent and
nonlinear soil parameters. Its primary aim is to examine and validate different engineering return stroke
models during discharge, but it can successfully be used for examining and calculation of the grounding. The



model accounts for surge behaviour in soils with a wide range of conductivities. The use of the new model
for studies at high lightning currents reveals that a great change in the grounding concept can be expected
compared to what was previously established in many studies. It is shown that the concept of soil impedance
is not applicable in cases of nonlinear resistance and capacitance of the grounding. The same holds for the
current reflection coefficient. The new model can be applied when the wavelength of each component in the
channel-base current frequency spectrum is much greater than its skin depth in the soil. For most soils the
new model is applicable up to 10 MHz. It shows that the channel-base current and the grounding
characteristics are related and cannot be treated independently. In other words, the current pulse in any
particular return stroke, even in the same flash, ,sees“ its own grounding impedance depending on its
frequency content and current magnitude.

Sesija AP1: Antene i prostiranje
Cetvrtak, 14. Jun, 11:00 — 12:00, Sala 4

Predsedavajudi: Nebojsa Doncov, Elektronski fakultet, Univerzitet u NiSu, Ni§, Srbija

AP1.1

PREDLOG ANALITICKOG MODELA KOJI APROKSIMIRA PRVOBITNU KRIVU MAGNECENJA
FEROMAGNETNIH MATERIJALA

Ana Jovanovic, Elektrotehnicki fakultet, Univerzitet Crne Gore, Podgorica, Crna Gora
Viadan Vujici¢, Elektrotehnicki fakultet, Univerzitet Crne Gore, Podgorica, Crna Gora
Luka Lazovié, Elektrotehnicki fakultet, Univerzitet Crne Gore, Podgorica, Crna Gora

Vesna Rubezié, Elektrotehnicki fakultet, Univerzitet Crne Gore, Podgorica, Crna Gora

U ovom radu predlozen je analiticki model koji aproksimira prvobitnu krivu magnecenja feromagnetnih
materijala. Nepoznati parametri predlozenog modela odredeni su u postupku haoti¢ne optimizacije. U cilju
odredivanja ovih parametara formirana je fitness funkcija, koja predstavlja razliku izmedu mjerene i
simulirane prvobitne krive magneéenja. Optimalne vrijednosti parametara su vrijednosti koje minimizuju
fitness funkciju. Validacija modela sa optimalnim parametrima izvrSena je uporedivanjem sa mjerenom
krivom i postoje¢im analitickim modelima.

AP1.2

ODREDIVANJE PRIMARNIH PARAMETARA VODA BEZ GUBITAKA SA TEM TALASOM KORISCENJEM
WIPL-D SOFTVERA

Milos Jovici¢, WIPL-D d.o.o., Novi Beograd, Srbija
Branko KolundZija, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija

U ovom radu pokaza¢emo efikasnu metodu za odredivanje primarnih parametara voda bez gubitaka sa TEM
talasom koris¢enjem WIPL-D softvera. Zahvaljujué¢i ovom metodu u moguénosti smo da odredimo i pojedine
fizicke karakteristike voda ako su poznati primarni ili sekundarni parametri.

AP1.3

SIMULACIJA RADARSKE POVRSINE BRODOVA U KRATKOTALASNOM FREKVENTNOM OPSEGU
Nemanja Grbi¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija

Pavle Petrovié, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija

Nikola Stevanovié, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija

Bojan DZoli¢, Institut VLATACOM, Novi Beograd, Srbija

Dejan Nikolié, Institut VLATACOM, Novi Beograd, Srbija



Nikola Lekié, Institut VLATACOM, Novi Beograd, Srbija

AP1.4

Radari u kratkotalasnom frekventnom opsegu koji koriste povrsinski talas, primenjuju se kao senzori u
sistemima za nadgledanje morske povrsine do 200 nauti¢kih milja. Poznavanje radarske povrsine brodova je
veoma vazno u procesu projektovanja i eksploatacije kratkotalasnih radara. U radu je prikazana analiza
radarske povrsine u kratkotalasnom frekventnom opsegu vise brodova, na osnovu elektromagnetskog
modelovanja u programskom paketu WIPL-D.

ELEKTROMAGNETSKO MODELOVANJE POSTAVKE ZA MERENJE KOEFICIJENTA REFLEKSIJE UWB
STAMPANIH MONOPOL ANTENA

Dragan Nikoli¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija / Vojnotehnicki institut, Beograd,

Srbija

Miodrag Tasié, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija

Mernu postavku za merenje koeficijenta refleksije (ili dijagrama zracenja) antena uobicajeno Cine, pored
same ispitivane antene, merni uredaji (npr. analizator mreza) i koaksijalni (merni) vodovi koji povezuju
delove postavke. U pojedinim slu¢ajevima, npr. kada je re¢ o elektricki malim antenama, merna postavka
moze da znacajno utice na ta¢nost merenja. UWB (Ultra-Wideband) frekvencijski opseg proteze se od 3,1
GHz do 10,6 GHz, pa se u nizem delu ovog opsega UWB Stampane monopol antene mogu smatrati elektricki
malim. Standardne tehnike za smanjenje $tetnog uticaja mernih vodova prilikom merenja antene, poput
koris¢enja "prigu$nica", nisu dovoljno Sirokopojasne da pokriju ¢itav UWB frekvencijski opseg. U ovom
radu ispitujemo da li se detaljnim elektromagnetskim modelovanjem postavke za merenje koeficijenta
refleksije antene moze posti¢i zadovoljavajuée poklapanje rezultata merenja i simulacije.



AU Automatic Control / Automatika

Sesija AUL: Automatsko upravljanje
Sreda, 13. Jun, 8:00 —9:30, Sala 3

Predsedavajuéi: Zeljko Purovi¢, Elektrotehni¢ki fakultet, Univerzitet u Beogradu, Beograd, Srbija
AU1.1

PODESAVANIJE POLOVA SISTEMA SA ZATVORENOM POVRATNOM SPREGOM “TURN OVER’’
METODOM

Radmila Gerov, Elektronski fakultet, Nis
Zoran Jovanovi¢, Elektronski fakultet, Nis

U radu je razmatrana sinteza regulatora po stanju linearnog sistema podeSavanjem polova sistema sa
zatvorenom povratnom spregom modifikovanom “Turn over” metodom. Svi polovi sistema sa zatvorenom
povratnom spregom nalaze se u zeljenom podruc¢ju kompleksne s-ravni i optimalno su podeseni. Metoda je
ilustrovana na primerima sinteze regulatora kod stabilnih i nestabilnih linearnih, stacionarnih, kontrolabilnih,
multivarijabilnih sistema sa otvorenom povratnom spregom. Dobijeni rezultati uporedeni su sa rezultatima
dobijenim metodama sinteze optimalnih linearno kvadratnih regulatora.

AU1.2

ADAPTIVNI REZONANTNI PROSIRENI OPSERVER STANJA U KONCEPTU UPRAVLJANJA SA
AKTIVNIM POTISKIVANJEM POREMECAJA

Momir Stankovi¢, Military Academy in Belgrade, Serbia
Stojadin Manojlovié, Military Academy in Belgrade, Serbia
Srdan Mitrovi¢, Military Academy in Belgrade, Serbia
Davorin Mikluc, Military Academy in Belgrade, Serbia
Milica Naumovié, Military Academy in Belgrade, Serbia

U radu je predloZena nova struktura regulatora na bazi rezonantnog prosirenog opservera stanja (Resonant
Extended State Observer -RESO) sa ugradenim adaptivnim estimatorom rezonante uéestanosti. Na ovaj nacin
omogucéeno je adaptivno podesavanje parametara RESO-a, odnosno procena totalnog poremecéaja nepoznate
frekvencije. Performanse pracenja prostoperiodi¢nih i slozenoperiodi¢nih referenci, primenom predlozenog
reSenja u konceptu upravljanja sa aktivnim potiskivanjem poremecaja (Active Disturbance Rejection
Control-ADRC) sa jednim stepenom slobode, su pokazale efikasnost ovakve strukture u slu¢ajevima kada je
frekvencija referentnog signala nepoznata ili promenljiva.

AU1.3

KLASIFIKACIJA SIGNALA 1ZVIDACKIH RADARA PRIMENOM METODE NOSECIH VEKTORA
Dimitrije Bujakovi¢, Military Academy in Belgrade, Serbia

Milenko Andrié, Military Academy in Belgrade, Serbia

Boban Bondzuli¢, Military Academy in Belgrade, Serbia

Slobodan Simié, Military Academy in Belgrade, Serbia

Davorin Mikluc, Military Academy in Belgrade, Serbia

U ovom istrazivanju je projektovan hijerarhijski linearni klasifikator zasnovan na metodi nosecih vektora za
klasifikaciju signala sa audio izlaza izvidackih radara. Kao obelezja koriS¢ena su centralna Doplerova
frekvencija i Sirina spektra oko nje. Ova obelezja su izdvojena na osnovu spektrograma primenom metoda
digitalne obrade slike. U radu je predloZen optimalni izbor parametara linearnog klasifikatora zasnovanog na
metodi nosecih vektora koriS¢enjem ukupne verovatnoce ispravne klasifikacije. Dobijeni rezultati pokazuju



AUl.4

da je projektovanjem ovog hijerarhijskog klasifikatora ostvarena verovatnoca ispravne klasifikacije od
93.32% u odnosu na celokupni skup vektora obelezja.

JEDAN PRIMER DIGITALNOG UPRAVLJANJA DC MOTOROM PRIMENOM TIRISTORA | LABVIEW-A
(Education Section)

Davorin Mikluc, Military Academy in Belgrade, Serbia

Milenko Sreckovié, Military Academy in Belgrade, Serbia

Momir Stankovi¢, Military Academy in Belgrade, Serbia

AUL1S5

U ovom radu su prezentovani rezultati upravljanja motorom jednosmerne struje primenom softverskog alata
LABVIEW. Motor je upravljan strujom u rotoru koja je formirana tiristorskim kolom za punotalasno
ispravljanje. Digitalno upravljanje se sastoji iz softverskog generisanja ugla paljenja tiristora, analogno-
digitalnih konvertora i kartice za prikupljanje i generisanje podataka kao komunikacija izmedu racunara i
tiristorskog kola. Akvizicijskom karticom se mere napon tahogeneratora i struja rotora. Na osnovu izmerenih
vrednosti izvrSena je identifikacija parametara funkcije prenosa motora, a zatim je analiziran uticaj
softverskog PID regulatora na rad sistema.

UPRAVLJANJE SISTEMOM OSVETLJENJA U PAMETNIM ZGRADAMA (Young researcher)
Milos Milosevié, Institut RT-TK, Novi Sad, Srbija
Nenad Cetié, Institut RT-TK, Novi Sad, Srbija

Jelena Kovacevié, Institut RT-TK, Novi Sad, Srbija
Tihomir Andelié, Institut RT-TK, Novi Sad, Srbija

Ovaj rad predlaze jedno reSenje za regulaciju i upravljanje rasvetom u pametnoj kuéi. Rad se oslanja na
OBLO Living sistem, idejno reSenje naucno-istrazivackog instituta ,,RT-RK* u oblasti ku¢ne automatizacije.
Rad ukljucuje i primenu Raspberry Pi racunara u ulozi centralne jedinice za ra¢unanje upravljanja. Srz rada
odnosi se na metode automatskog upravljanja primenjene u okviru sistema za regulaciju osvetljenosti.

Session AUIL: Distributed Control and Tracking
Wednesday, June, 13", 9:30 — 10:30, Hall 3

Chair: Milan Rapaié, University of Novi Sad, Faculty of Technical Sciences

AUIL.1

ON THE ROBUST DISTRIBUTED CONTROL OF INVERTER-BASED MICROGRIDS (Invited paper)
Alessandro Pisano, DIEE - Universita degli Studi di Cagliary

Milan Gholami, DIEE - Universita degli Studi di Cagliary

Alessandro Pilloni, DIEE - Universita degli Studi di Cagliary
Elio Usai, DIEE - Universita degli Studi di Cagliary

In this paper, we present a novel control strategy to perform the exact finite-time restoration among voltages
and frequencies of an islanded inverter-based microgrid. The problem is attacked from a cooperative-based
control perspective inspired to the tracking consensus paradigm. Ad-hoc chattering-free sliding-mode based
distributed algorithms are designed to enhance the underlying robustness and convergence properties of the
system with respect to the existing solutions. Particularly, the restoration is achieved while dispensing with
the knowledge of the distributed generators' models and parameters. Performance of the control system is
analyzed by Lyapunov tools, and a simple set of tuning rules are derived. The effectiveness of the proposed
scheme is verified by simulations on a realistic inverter-based microgrid modelization.



AUI1.2

ON STABILITY OF MULTI-STEP CONSENSUS SCHEME FOR DISTRIBUTED TARGET TRACKING IN
SENSOR NETWORKS

Nemanja Ili¢, Technical College of Applied Studies
Khaled Obaid Al Ali, Etimad Abu Dabi and Vlatacom Institute, Belgrade

Milos§ Stankovié, Innovation Center, Faculty of Electrical Engineering, University of Belgrade and Vlatacom Institute,
Belgrade

Srdan Stankovié, Innovation Center, Faculty of Electrical Engineering, University of Belgrade and Vlatacom Institute,
Belgrade

In this paper we discuss an adaptive multi-step consensus scheme for distributed target tracking by sensor
networks with nodes having limited sensing range. The considered distributed adaptation strategy provides
asymptotic consensus gains (giving the desired importance to the nodes observing the target), together with
the fast convergence rate of the consensus scheme. Consequently, the obtained tracking algorithm exhibits
interesting characteristics regarding stability from the theoretical point of view. Namely, it is shown how the
consensus scheme can ensure stability even in the case of locally unstable trackers. An analysis of the
beneficial reduction of noise influence due to the applied consensus scheme is also included. Numerical
examples are given as an illustration of the considered properties of the applied algorithm.

AUIL.3

OBJECT TRACKING IN THERMAL IMAGES BASED ON SURF AND KLT FEATURES
Natasa Viahovi¢, Faculty of Technical Sciences, University of Novi Sad, Novi Sad, Serbia
Zeljko Putrovi¢, Faculty of Technical Sciences, University of Novi Sad, Novi Sad, Serbia

Object tracking represents an important and challenging problem of the Computer and Machine Vision field,
in visual domain as well as in thermal imaging. Thermal imagery has become popular in modern era, since
thermal cameras decreased price, increased image quality, enabled night and severe fog visibility and
represent less intrusion on privacy in modern cities. That is why thermal image tracking algorithms are in the
development phase nowadays. In this paper, the focus is on pedestrian objects tracking in saturated images,
where there is no visible texture in objects. The main goal is to avoid tracking errors in cases of two or more
objects overlapping the tracked object (severe occlusions). This problem is solved by using SURF (Speeded-
up Robust Features) and KLT (Kanade Lucas Tomasi) feature tracker and Kalman filter.

Session AUI2: Automatic Control

Thursday, June, 14™, 8:00 — 9:00, Hall 3

Chair: Boban Veseli¢, Elektronski Fakultet Nis$

AUI2.1

ON THE ROBUSTNESS OF TARGET TRACKING WITH RESPECT TO ERRORS IN PARAMETER VALUES

Asem Al-Hasaeri, University of Belgrade - School of Electrical Engineering, Belgrade, Serbia
Predrag Tadi¢, University of Belgrade - School of Electrical Engineering, Belgrade, Serbia
Aleksandra Marjanovié, University of Belgrade - School of Electrical Engineering, Belgrade, Serbia
Zeljko Purovi¢, University of Belgrade - School of Electrical Engineering, Belgrade, Serbia

One of the core components of all target tracking systems is the assignment of measurements to tracks—the
so called data association task. Regardless of the particular method used, certain parameters which describe
the environment and the measurement process must be known. The most important among these are the false
alarm density and the probability of detecting the target. The goal of this paper is to assess the sensitivity of
one of the standard assignment methods, namely the probabilistic data association algorithm, to errors in the



values of these parameters. Through computer simulations, we show that the performance of the tracking
algorithm can suffer significantly if such errors occur. This motivates further work towards finding reliable
methods for on-line estimation of relevant parameters.

AUI2.2

TEMPERATURE DISTRIBUTION REGULATION BASED ON MODEL PREDICTIVE CONTROL
Predrag Vasili¢, University of Belgrade - School of Electrical Engineering, Belgrade, Serbia
Aleksandra Marjanovié, University of Belgrade - School of Electrical Engineering, Belgrade, Serbia
Sanja Vujnovié, University of Belgrade - School of Electrical Engineering, Belgrade, Serbia

Nikola Popovié, University of Belgrade - School of Electrical Engineering, Belgrade, Serbia

The paper presents one approach to temperature distribution control in tangentially fired thermal power plant
boilers. It has been shown that the information on flame asymmetry can be detected directly from the
temperatures of the flue gasses on the left and on the right side of the boiler. These measurements together
with the number of active mills define the structure of control algorithm whose outputs reflect the
participation of each mill in the firing process. The paper proposes a Dynamic matrix control (DMC)-based
regulator with periodical parameter tuning. The model for parameter tuning algorithm and closed-loop
simulations was derived using the weighted recursive least squares (WRLS) technique on real measurements
obtained at Nikola Tesla B1 thermal power plant (TENT B1) in Serbia.

AUI2.3

ON DIMENSION REDUCTION TECHNIQUES (Young researcher)

Nikola Popovié, Faculty of technical sciences, University of Novi Sad, Novi Sad, Serbia
Sanja Vujnovié, Global Electronic, Beocin, Serbia

Predrag Tadi¢, Faculty of technical sciences, University of Novi Sad, Novi Sad, Serbia
Predrag Vasili¢, Faculty of technical sciences, University of Novi Sad, Novi Sad, Serbia

In recent years the amount of data available for analysis is exponentially increasing. In many cases, the
datasets have a high number of dimensions when compared to the number of observations, which poses a
problem for statistical data analysis methods. In those situations, often the first step is to apply some
dimension reduction technique. Classification is an important group of problems, so this paper analyzes the
effect of some reduction techniques on class separability. The techniques that are analyzed are: Principal
Component Analysis, Kernel PCA, Linear Discriminant Analysis and Support Vector Decomposition
Machine. They are analyzed on a dataset obtained by preprocessing raw acoustic signals of an impact between
a wooden stick and different types of objects.

AUI2.4

MODEL-DRIVEN-ENGINEERING IN EDUCATION: POSITION CONTROL OF AN ELECTRONIC
THROTTLE VALVE (Education Section)

Laszlo Juhasz, Deggendorf Institute of Technology, Germany
Judu Sahu, Deggendorf Institute of Technology, Germany

Amir Samiee, Deggendorf Institute of Technology, Germany
Nicolas Tiefnig, Deggendorf Institute of Technology, Germany
Michael Wagner, Deggendorf Institute of Technology, Germany

Digitally controlled electronic throttle valves are typical mechatronic systems containing mechanical,
electrical, and electronic as well as computer hardware/software elements. The typical multi-domain nature
of mechatronic systems is represented by the electronic throttle valve (ETV) through the mutual interaction
between its mechanical and the electrical subsystem. The use of ETV in academic education of Model-
Driven-Engineering (MDE) methods is advantageous because of several aspects. On one hand, even a very



simple controller with manually tuned parameters can result in stable - although poor - positioning behavior.
On the other hand, physical modelling, parameter identification and enhanced control methods based on the
parametrized model can result in significant increase in the dynamic positioning quality. But high-quality
control represents a complex task because of the nonlinearities (spring, dry friction and backlash) and the
electro-mechanical architecture (throttle, gearbox, electrical drive, PWM-modulation). On this way, the
students can enhance their knowledge in the field of system modelling, parameter identification and control
theory. Practical experience with the application of theoretical knowledge onto a real and moving plant is
also important. Through the comparison of the control quality of a simple ad-hoc controller and an enhanced
control law - derived using the identified plant model and parameter - students can easily recognize the
advantages of the model-based control approach and MDE methods.

Session AUI3: Automatic Control

Thursday, June, 13", 9:15 — 10:30, Hall 3

Chair: Zeljko Purovi¢, Elektrotehnicki fakultet, Beograd
AUI3.1

SOLVABILITY OF LINEAR SINGULAR IMPULSIVE SYSTEMS
Natasa Kablar, LOLA Institute

In this paper for the class of linear singular impulsive dynamical systems we present solvability results. We
define consistent initial conditions, tractability and regularity, we discuss existence and uniqueness of
solutions, and we define equivalent statements for solvability definition of singular impulsive system. A
linear singular impulsive system represents mixture of singular differential and singular difference and
algebraic equations. In special case, for singular matrices being regular, results are standard as in case of
linear impulsive systems. In case of continual or discrete dynamics being absent, results specialize to classical
singular discrete, or singular continual systems, respectively. This class of system is here defined for the first
time. This paper also considers wider class of general systems that includes both singular and standard
impulsive systems.

AUI3.2

APPLICATION OF REAL DIFFERENTIATORS FOR SPEED ESTIMATION IN HIGH PERFORMANCE
ELECTRIC DRIVES

Milutin Petronijevi¢, Faculty of Electronic Engineering, Nis
Cedomir Milosavljevi¢, Faculty of Electrical Engineering, University of East Sarajevo
Boban Veseli¢, Faculty of Electronic Engineering, Nis

This paper compares several speed estimation algorithms in digitally controlled adjustable speed drives
(ASDs). A high performance induction motor ASD usually uses incremental encoder for angular position
measurement, from which angular speed need to be estimated. One approach to speed estimation is
implementation of real differentiators. A new digital differentiator is proposed that eliminates some
shortcomings of the well-known Levant’s sliding mode differentiator. The presented comparative
experimental analysis shows that the proposed differentiator is suitable in high performance drives, in a wide
speed range.

AUI3.3

AN EXAMPLE OF FAULT DETECTION SYSTEM FOR INDUCTION MOTORS BASED ON INTERNET OF
THINGS (Young researcher)

Stefana Jocié, Faculty of Technical Sciences, University of Novi Sad, Serbia
Milan R. Rapaié, Faculty of Technical Sciences, University of Novi Sad, Serbia

Zeljko Kanovi¢, Faculty of Technical Sciences, University of Novi Sad, Serbia



Vukan Turkulov, Faculty of Technical Sciences, University of Novi Sad, Serbia

Recently, condition monitoring and early fault detection of induction motors gained a considerable interest.
This paper presents an example of fault detection system for induction motors based on modern cloud
platform, Microsoft Azure. The developed system uses classic vibration analysis technique to detect a broken
rotor bar fault type and Radial Basis Function (RBF) neural network to classify the state of induction motors.
Power Bl is used to display obtained results in real-time.

AUI3.4

PARALLEILZATION OF GENERALIZED PARTICLE SWARM OPTIMIZATION ALGHORITM (Young
researcher)

Vesna Pavkovié¢, Faculty of technical sciences, University of Novi Sad, Serbia
Milan R. Rapaié¢, Faculty of technical sciences, University of Novi Sad, Serbia
Zoran D. Jelici¢, Faculty of technical sciences, University of Novi Sad, Serbia
Darko Capko, Faculty of technical sciences, University of Novi Sad, Serbia
Aleksandar Erdeljan, Faculty of technical sciences, University of Novi Sad, Serbia

Parallelization of generalized particle swarm optimization algorithm (a variant of PSO algorithm based on
principles of control theory) is presented in this paper. Two different variants of parallelization are proposed
and compared to GPSO on a set of benchmark functions. Two proposed variations obtain finer results and
thus confirm the effectiveness of the newly proposed algorithm.

AUI3.5

ESTIMACIJA PARAMETARA LINEARNIH SISTEMA PRIMENOM GRADIJENTNOG ALGORITMA SA
KONTROLISANOM DUZINOM KORAKA

Mirna N. Kapetina, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija
Milan R. Rapaié, Fakultet tehnic¢kih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija

Alessandro Pisano, Dipertimento di Engegneria Elettrica ed Elettronica Universita degli Studi di Cagliari Cagliari,
Italia

Boris B. Jakovljevi¢, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija

U radu je predstavljen jedan postupak za adaptivnu estimaciju parametara $iroke klase linearnih sistema.
Predlozeni pristup moze biti primenjen na sisteme sa transportnim kasnjenjem, distribuiranim parametrima,
frakcione sistema kao i druge sisteme opisane funkcijama prenosa proizvoljne forme, racionalnim ili
iracionalnim. Predost predloZenog algoritma je $to nacin na koji parametri figuriSu u funkciji prenosa moze
biti i linearan i nelinearan. Zakon adaptacije realizovan je primenom gradijentnog algoritma sa kontrolisanom
duzinom koraka (unit vector) i sa adaptivnim pojacanjem. Efikasnost algoritma je ilustrovana kroz
reprezentativne primere.



BT Biomedical Technique / Biomedicinska tehnika

Session BTI1: Biomedical Engineering
Wednesday, June, 13™, 11:30 — 13:00, Hall 1

Chair: Dejan Popovié, University of Belgrade - School of Electrical Engineering, Belgrade, Serbia

BTI1.1
CHALLENGES OF CLOSING THE LOOP IN UPPER-LIMB PROSTHETICS (Invited paper)

Marko Markovi¢, Department of Trauma Surgery, Orthopedics and Plastic Surgery, University Medical Center
Gottingen, Gottingen, Germany

Meike A. Schweisfurth, Faculty of Life Sciences, University of Applied Sciences, Hamburg, Germany and Department
of Trauma Surgery, Orthopedics and Plastic Surgery, University Medical Center Gottingen, Gottingen, Germany

Arndt F. Schilling, Department of Trauma Surgery, Orthopedics and Plastic Surgery, University Medical Center
Gottingen, Gottingen, Germany

Dario Farina, Department of Bioengineering, Imperial College London, London, UK

Strahinja Dosen, Faculty of Medicine, Department of Health Science and Technology Center for Sensory-Motor
Interaction, Aalborg University, Aalborg Denmark and Department of Trauma Surgery, Orthopedics and Plastic
Surgery, University Medical Center Gottingen, Gottingen, Germany

Sensory feedback is critical for grasping in able-bodied subjects. Consequently, closing the loop in upper-
limb prosthetics by providing sensory feedback to the amputee is expected to improve prosthesis utility.
Nevertheless, even though amputees rate the prospect of sensory feedback highly, its benefits in daily life are
still very much debated. We address this issue by building a concise knowledge base about a variety of
different factors that influence closed-loop control. We demonstrate that the complex, multifaceted nature of
feedback is likely responsible for inconsistent literature results. More specifically, we identify that the factors
such as the quality of the control interface, the availability of intermediate feedback sources, task complexity
and user experience have decisive influence on performance of implemented feedback solutions. We use
these insights to implement and evaluate a novel vibrotactile feedback interface for multi-functional,
dexterous prostheses in a clinically relevant setting and demonstrate that it improves not only prosthesis
control efficiency but also the overall subjective experience.

BTI1.2
CLASSIFICATION OF PARKINSONISM BASED ON FOOT TAPPING TEST

Vladislava Bobié, University of Belgrade - School of Electrical Engineering, and Innovation Center, School of
Electrical Engineering, University of Belgrade, Belgrade, Serbia

Milica Djurié-Jovicié, Innovation Center, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

Milica Je¢menica-Luki¢, Neurology clinic, Clinical Center of Serbia, Medical faculty, University of Belgrade,
Serbia

Igor Petrovi¢, Neurology clinic, Clinical Center of Serbia, Medical faculty, University of Belgrade, Serbia
Natasa Dragasevié, Neurology clinic, Clinical Center of Serbia, Medical faculty, University of Belgrade, Serbia
Viadimir Kosti¢, Neurology clinic, Clinical Center of Serbia, Medical faculty, University of Belgrade, Serbia
Mirjana Popovié¢, Institute of Medical Research — University of Belgrade, Belgrade, Serbia

Foot tapping represents a standard clinical test used for the assessment of motor abilities of patients with
Parkinson’s disease (PD). In this paper, we analyzed the data recorded by gyroscope mounted on a foot bridge
during the foot tapping test (FTT). The data was collected from 17 healthy controls, 17 patients with PD and
17 patients with Multiple System Atrophy (MSA). By using the several signal processing techniques, we



BTI1.3

extracted the features, and organized these into three datasets based on their type and clinical usability. One
dataset comprised basic spatio-temporal features: tapping angle, duration and speed, whereas the second
feature set included two more spatio-temporal features: maximum lifting and maximum foot drop velocities.
Frequency-based parameters describing tap-to-tap variability and rhythm regularity were further added
forming the third feature set. The feature sets were fed to the Support Vector Machine, and the accuracy was
assessed with 10-fold cross validation. Obtained results showed that frequency-based parameters contribute
to better differentiation between the evaluated groups with accuracy of 83.94+1.17%.

INFLUENCE OF TWO WEEKS BALANCE PRACTICE WITH FEEDBACK ON THE GAIT IN HEMIPLEGIC
PATIENTS

Jasmina Milovanovié¢, Practice for physical rehabilitation, Belgrade, Serbia

Marija Gavrilovié, University of Belgrade - School of Electrical Engineering, Belgrade, Serbia

Ivan Topalovié¢, Institute of Technical Sciences of SASA, Belgrade, Serbia

Dejan B. Popovié, Serbian Academy of Sciences and Arts, Belgrade, Serbia, and Aalborg University, Aalborg,
Denmark

BTI1.4

We hypothesized that practicing balance with feedback will improve the gait in hemiplegic patients. The
practice consisted of two weeks 30-minute long Wii-Fit balance board gaming. The gait analysis was based
on ground reaction pressures (GRP) recorded with the custom designed insoles. The data were collected at
100 samples per second from two insoles, each comprising five pressure (force) sensors. The sensors
communicated with the host computer by a WiFi link. Custom software was developed in Matlab for
automatic segmentation of the GRP data into segments belonging to swing and stance phases of each step.
The examiner could correct the automatic segmentation if necessary. The outputs from the program were:
pressure vs. time from all sensors and standard gait data (cadence, symmetry index, etc.). The results show
that the exercise of the function with feedback has positive effects on the gait performance. The exercise
period was only two weeks, and the group was small and heterogeneous; hence, a more extensive study is
required for proving the significance.

GYROSCOPE-BASED METHOD FOR EVALUATION OF GAIT SYMMETRY

Marija Gavrilovi¢, University of Belgrade - School of Electrical Engineering, Belgrade, Serbia

BTI1.5

The hypothesis of the research was that MEMS based gyroscopes mounted on the lateral side of the thigh
can be used for the assessment of the symmetry of the gait. To test the hypothesis we recorded gait
characteristics with insoles in both shoes which measured the ground reaction force (GRF) distribution (five
sensors per insole) and inertial measurement units (IMU) mounted on the lateral side of legs. We introduced
the interval f1 when the angular rate in the sagittal plane is positive and f2 when the angular rate is negative.
The symmetry of gait defined by the intervals f1 and f2 was compared with the symmetry calculated from
the durations of the stance and swing phases. The analysis was performed by using the data collected in a
short clinical study with twelve stroke patients. The IMU and GRF based estimated symmetries showed
strong correlation (r=0.87, p<0.001). The differences between the IMU and GRF based estimated symmetries
were within 4%. The results suggest that the IMU can be used instead of the GRF instrumented insoles for
the assessment of the symmetry in the clinical environment.

EFFECTS OF WII-FIT BALANCE BOARD EXERCISE ON THE POSTURE OF STROKE PATIENTS

Slobodanka Kundaica University of Novi Sad, Novi Sad, Serbia

Marija Gavrilovié, University of Belgrade - School of Electrical Engineering, Belgrade, Serbia

Ivan Topalovi¢, Institute of Technical Sciences of SASA, Belgrade, Serbia

Dejan B. Popovi¢, Serbian Academy of Sciences and Arts, Belgrade, Serbia, and Aalborg University, Aalborg,
Denmark



We studied the effects of the balancing exercise with visual feedback to the correction of posture in stroke
patients. We included eight stroke patients into a 30-minute daily, two-week long clinical study where Wii-
Fit balance board was the instrument to provide visual feedback. We assessed the posture before and after
the treatment by four clinical tests: Berg balance test, Barthel index, Timed up & go and Functional reach
test. We also analyzed the ground reaction pressures (GRP). We measured the GRP by using insoles
comprising five MEMS sensors each. We developed a program that created maps showing ground pressure
distribution. The program uses cubic spline interpolation of data. The maps of left and right sole were
compared to assess the symmetry, and the maps before and after the treatment were used to examine the
effects of the exercise. The clinical test scores suggest improved standing after the treatment compared with
before the treatment. The maps of ground reaction pressure also show improvement, but more critical provide
information for correcting the posture.

BTI1.6

NEUROMUSCULAR STIMULATION AND ELECTRONIC STIMULATOR OUTPUT STAGE FOR
GENERATING VARIOUS CURRENT WAVEFORMS

Filip Gasparié, Faculty of technical sciences, University of Novi Sad, Novi Sad, Serbia
Predrag Vukov, Global Electronic, Beocin, Serbia

Nera Viaisavljevi¢, Faculty of technical sciences, University of Novi Sad, Novi Sad, Serbia
Nikola Jorgovanovié, Faculty of technical sciences, University of Novi Sad, Novi Sad, Serbia

The artificial stimulation of neuromuscular structures has found many applications in modern medicine.
There are many devices, which are intended for the stimulation of neuromuscular structures, developed for
commercial and scientific research purposes. The majority is based on generating rectangular current or
voltage impulses. This form of stimulation has long been found in clinical practice. However, from scientific
point of view, having an electronic stimulator which is able to generate arbitrary waveforms seems to be
necessary in order to examine physiological response to various waveforms of the stimulus. In this work the
design of PC-based electronic stimulator that is able to generate different current waveforms is presented.

BTI1.7

PHYSIOLOGICAL DATA ACQUISITION SYSTEM FOR A BIOMEDICAL ENGINEERING EDUCATION
Olivera Tomasevi¢, Faculty of Technical Sciences, University of Novi Sad, Novi Sad, Serbia

Luka Mejié, Faculty of Technical Sciences, University of Novi Sad, Novi Sad, Serbia

Darko Stanisi¢, Faculty of Technical Sciences, University of Novi Sad, Novi Sad, Serbia

Vojin Ili¢, Faculty of Technical Sciences, University of Novi Sad, Novi Sad, Serbia

This paper describes the physiological data acquisition system designed for the student laboratory exercises.
The system has the functionality of electrocardiography and electromyography monitoring and also can be
used as a photoplethysmograph. The system is portable and can be completely functional without the cable
connections to other devices. It has an open architecture, which enables various types of expandings and
modifications, which is suitable for student project realizations.

BTI1.8

GLOBAL CONTRAST REDUCTION FOR BETTER LOCAL STRUCTURE VISUALIZATION IN DIGITAL
RADIOGRAPHY

Viadimir Ostoji¢, Faculty of Technical Sciences, University of Novi Sad, Serbia
DPordje Starcevié, Faculty of Technical Sciences, University of Novi Sad, Serbia
Viadimir Petrovi¢, Faculty of Technical Sciences, University of Novi Sad, Serbia
Tijana Delié, Faculty of Technical Sciences, University of Novi Sad, Serbia

Sinisa Suzi¢, Faculty of Technical Sciences, University of Novi Sad, Serbia



Radiography images can be processed with multiscale algorithms to produce better detail visibility and to
improve local contrasts. In this paper we propose a method that can be used to decrease the global contrast
that represents the intensity differences between the thickest and the thinnest anatomical structures. Global
contrast was reduced by manipulating the values of the low-pass approximation of the image in the multiscale
representation. Proposed approach was embedded into a multiscale radiography image enhancement
algorithm and it was shown that it leads to increase of the visibility of the finer structures in the image.
Proposed approach is easy to implement and simple to use as it is controlled by only one parameter.

BTI1.9

MODIFIED LOGARITHMIC VALUE MAPPING FOR BETTER DENSE STRUCTURE VISIBILITY IN
DIGITAL RADIOGRAPHY

Viadimir Ostojié, Faculty of Technical Sciences, University of Novi Sad, Serbia
Dordje Starcevié, Faculty of Technical Sciences, University of Novi Sad, Serbia
Viadimir Petrovié, Faculty of Technical Sciences, University of Novi Sad, Serbia

In this paper we analyze the possibility of nonlinear value mapping for digital radiographic images prior to
detail and contrast enhancement. This preprocessing step is designed to increase differentiation between
dense anatomical structures that are typically indistinguishable in unprocessed images. We analyzed the
effects of using the logarithm operator for nonlinear preprocessing and the possible modifications that result
in reduced noise amplification and artifact creation. A modification that reduces the slope of the logarithmic
curve near the coordinate origin is proposed. It was shown that the visibility of dense structures increases if
the proposed mapping is used, while the noise prominence is reduced compared to the unmodified
logarithmic mapping.

BTI1.10

INFLUENCE OF SPECIMEN PREPARATION AND NANOINDENTATION PROTOCOL ON THE
MECHANICAL PROPERTIES OF BOVINE BONE

Stasa Vucinié, Faculty of Technical Sciences, University of Novi Sad, Serbia
Bojan Petrovié¢, Faculty of Medicine, University of Novi Sad, Novi Sad, Serbia
Sanja Koji¢, Faculty of Technical Sciences, University of Novi Sad, Serbia
Milica Sipovac, Faculty of Medicine, University of Novi Sad, Novi Sad, Serbia
Sofija Stefanovié, BioSense Institute, University of Novi Sad, Novi Sad, Serbia
Goran Stojanovié¢, Faculty of Technical Sciences, University of Novi Sad, Serbia

The physical properties of bone tissue have been investigated at different levels, macro, micro and nano scale.
The aim of this study was to assess the influence of two specimen preparation techniques and six
nanoindentation protocols on modulus and hardness of bovine bone specimens. Embedding in resin do not
affect the mechanical properties of bone samples. More precise and repeatable results are obtained using
higher indentation forces. Larger number of measurements are required for bone indentation analysis using
lower forces.

BT1.1

UPOREDNA ANALIZA METODA ZA KLASIFIKACIJU UZORAKA PRIMENJENIH KOD TROKLASNE
KLASIFIKACIJE MAMOGRAFSKIH SNIMAKA

Marina Miloevié, Fakultet tehnickih nauka Univerziteta u Kragujevcu, Cacak, Srbija
Zeljko Jovanovi¢, Fakultet tehnickih nauka Univerziteta u Kragujevcu, Cacak, Srbija
Dragan Jankovi¢, Elektronski fakultet Univerziteta u Nisu, Nis, Srbija

Djordje Damjanovié, Fakultet tehnickih nauka Univerziteta u Kragujevcu, Cacak, Srbija



U ovom radu predstavljen je sistem za prepoznavanje tumora dojke na mamografskom snimku (mamogramu)
baziran na klasifikaciji uzoraka i analizi teksture slike. PredloZeni sistem obuhvata: predobradu mamograma,
izdvajanje obelezja teksture slike i klasifikaciju mamograma u tri klase. Obelezja izraCunata pomocu
statisticke metode zdruzenog pojavljivanja nivoa sivog (eng. Gray Level Cooccurrence - GLC) kori$¢ena su
za procenu teksture tumorskih regija. Nakon predobrade mamografskih snimaka, za svaki je izdvojeno
ukupno 20 obelezja teksture slike. Sposobnost prepoznavanja normalnog, benignog i malignog tkiva ispitana
je koris¢enjem klasifikatora zasnovanog na podrzavaju¢im vektorima (eng. Support Vector Machine - SVM),
klasifikatora koji koristi metodu k-najblizih suseda (eng. k-nearest neighbor - k-NN) i naivhog Bajesovog
klasifikatora. Efikasno kori§¢enje podataka prilikom klasifikacije, omoguceno je primenom metode kros-
validacije. Klasifikator zasnovan na podrzavajué¢im vektorima u osnovi je razvijen za binarnu klasifikaciju.
U ovom radu opisan je troklasni SVM Kklasifikator nastao kombinovanjem dva binarna SVM klasifikatora, a
zatim su uporedene njegove performanse sa performansama druga dva klasifikatora koji su inicijalno
dizajnirani za viSeklasnu klasifikaciju. Procena efikasnosti primenjenih klasifikacionih metoda izvrSena je
pomocu matrice konfuzije i ROC krive (eng. Receiver Operating Characteristic curve). Dobijeni
eksperimentalni rezultati pokazali su da je predlozeni SVM klasifikator efikasniji u razvrstavanju uzoraka u
tri klase od druga dva klasifikatora.

BT1.2

VESTACKE NEURALNE MREZE U PREKLINICKIM STUDIJAMA ZA DETEKCIU EPILEPTICNIH
NAPADA

Andrijana Pusica, Univerzitet u Beogradu — Elektrotehnicki fakultet, Beograd, Srbija

Marko Vorkapié¢, Institut za medicinsku fiziologiju “Rihard Burian”, Medicinski fakultet Univerziteta u Beogradu,
Beograd, Srbija

Andrej Savi¢, Univerzitet u Beogradu — Elektrotehnicki fakultet, Beograd, Srbija i Tecnalia Srbija, Beograd, Srbija

Nemanja Useinovic, Institut za medicinsku fiziologiju “Rihard Burian”, Medicinski fakultet Univerziteta u
Beogradu, Beograd, Srbija

Olivera Stanojlovi¢, Institut za medicinsku fiziologiju “Rihard Burian”, Medicinski fakultet Univerziteta u
Beogradu, Beograd, Srbija

Dragan Hrncié, Institut za medicinsku fiziologiju “Rihard Burian”, Medicinski fakultet Univerziteta u Beogradu,
Beograd, Srbija

Milica Jankovié, Univerzitet u Beogradu — Elektrotehnicki fakultet, Beograd, Srbija

Vestacke neuralne mreze (VNM) su softverska simulacija prirodnih sinapsi mozdanih ¢elija koje
omogucéavaju ucenje na osnovu velikog broja ulaznih podataka, prepoznavanja obeleZja signala i donosenja
odluka. VNM imaju znacajnu primenu u automatskoj detekciji epilepti¢nih napada u mozdanim elektri¢nim
signalima. Jedna od odlika mozdanih elektri¢nih signala je da poseduje nelinearne karakteristike. U ovom
radu su bioti¢ne nelinearne karakteristike elektrokortikografskog (ECoG) signala iskoris¢ene kao obelezja za
obucavanje vestacke neuralne mreze u cilju automatske detekcije epilepticnih napada. Mreza je primenjena
na ECoG signalima snimljenim na tri pacova kojima su medikamentom izazivani epilepti¢ni napadi tokom
preklinicke studije. Ukupan performans primenjene neuralne mreze na snimljenim ECoG signalima je
92.90%.
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EEI1.1

BENCHMARKING OF GRID SYNCHRONIZATION ALGORITHMS UNDER LOW-VOLTAGE GRID
DISTURBANCES (Young researcher)

Filip Filipovi¢, Faculty of Electronic Engineering, University of Nis, Serbia
Milutin Petronijevié¢, Faculty of Electronic Engineering, University of Nis, Serbia
Nebojsa Mitrovi¢, Faculty of Electronic Engineering, University of Nis, Serbia
Bojan Bankovié, Faculty of Electronic Engineering, University of Nis, Serbia

Distributed generation is composed of various types of renewable energy sources with different voltage-
current characteristics. In order to transfer the power to the power grid, various types of converter
configurations and control algorithms are used. A synchronization of the distributed energy sources with the
power grid is a complex task which requires the estimation of the grid voltage phase position and frequency.
The difference in voltages, phases, and frequency between the grid quantities and the converter output may
lead to its irregular operation. The purpose of this paper is to compare some of the most popular three-phase
grid synchronization algorithms under anomalies that can occur in a low-voltage grid. Anomalies include
voltage sags, harmonics and DC offset. Algorithms are created in MATLAB/Simulink and tests are
performed on a dSPACE development platform DS1103.

EEI1.2

PHOTOVOLTAIC CONVERTER COMPATIBLE WITH REAL-TIME EXPLICIT POWER FLOW CONTROL
FRAMEWORK FOR MICRO-GRIDS

Evgenije Adzi¢, Faculty of Technical Sciences, University of Novi Sad, Serbia
Marko Veki¢, Faculty of Technical Sciences, University of Novi Sad, Serbia
Vlado Porobié, Faculty of Technical Sciences, University of Novi Sad, Serbia
Steva Grabié, Faculty of Technical Sciences, University of Novi Sad, Serbia
Milan Rapajié, Faculty of Technical Sciences, University of Novi Sad, Serbia
Zoran Ivanovié, Faculty of Technical Sciences, University of Novi Sad, Serbia

This paper describes implementation of specific photovoltaic (PV) converter which is compatible with agent-
based real-time explicit power flow control framework, called COMMELEC, proposed for future micro-
grids in [1,2]. Developed converter is capable not only to track maximum power point, as conventional PV
converters, but to realize specific active and reactive power, or power factor set-points which might be
referenced very fast through communication network at 100 ms time-base or less. Main goal for using
proposed PV converter interface within the COMMELEC organized micro-grid is to provide mechanism
which supports maintaining power balance at all times (observed and influenced at 100 ms). Paper presents
converter details about hardware, firmware and applied control algorithms, and at the end it gives test results
obtained within working micro-grid demonstrator at DESL Laboratory, EPFL, Lausanne.

EEI1.3
PHOTOVOLTAIC POWER PLANTS AS PART OF FACULTY MICROGRID (Young researcher)



Nemanja Savié, Faculty of Technical Sciences, University of Novi Sad, Serbia
Viadimir Katié, Faculty of Technical Sciences, University of Novi Sad, Serbia
Boris Dumni¢, Faculty of Technical Sciences, University of Novi Sad, Serbia
Dragan Mili¢evi¢, Faculty of Technical Sciences, University of Novi Sad, Serbia
Zoltan Corba, Faculty of Technical Sciences, University of Novi Sad, Serbia

In this paper, photovoltaic power plants are presented in detail as an initial part of the research and conceptual
design of a microgrid based on renewable distributed energy sources. In addition to the classification of
topologies, modes of operation and microgrid control, the conceptual concept of the microgrid of the Faculty
of Technical Sciences Novi Sad are presented in detail, with a special focus on the processing, analysis and
description of the technical, economic and ecological aspects of the photovoltaic power plants as an integral
part of the conceptual design of the microgrid system of the Faculty of Technical Science Novi Sad based on
renewable distributed energy sources. In order to prove the justification of the current and future exploitation
of solar energy and electricity generation at the microlocation of photovoltaic power plants installed on the
roofs of the Faculty of Technical Sciences and the Mechanical Institute, this very paper presents the potentials
of solar energy in the territory of the Autonomous Province of Vojvodina with a special focus on the intensity
of solar radiation, technical data of the total electricity generation from photovoltaic power plants,
economically feasible data, as well as ecological data related to the reduction of greenhouse gas emissions,
specifically carbon dioxide (CO2).

EEI14

TESTING OF MAGNETOMECHANICAL TORQUE SENSOR USING ELECTROMAGNETIC LOAD
EMULATOR - TEMPERATURE CORRECTION (Young researcher)

Marko Suéurovié, Faculty of Technical Sciences Cacak, University of Kragujevac, Serbia
Vojislav Vujicié¢, Faculty of Technical Sciences Cacak, University of Kragujevac, Serbia
Milo§ Bozié, Faculty of Technical Sciences Cacak, University of Kragujevac, Serbia
Marko Rosi¢, Faculty of Technical Sciences Cacak, University of Kragujevac, Serbia
Branko Koprivica, Faculty of Technical Sciences Cacak, University of Kragujevac, Serbia

The aim of this paper is to present the results of testing of a simple magnetomechanical torque sensor using
the electromagnetic load emulator. A focus has been given to the variation of these results with the
temperature inside the sensor. A simple method for the temperature correction of the results has been
proposed. The paper presents a description of the experimental setup, construction of the developed torque
sensor, the results of the experiments, as well as a proper discussion.

EEI1.5

EFFECTS OF STATOR RESISTANCE VARIATION ON SVM-DTC INDUCTION MOTOR DRIVE
Goran Vukovié, Faculty of Electrical Engineering, University of East Sarajevo, BiH

Milutin Petronijevié¢, Faculty of Electronic Engineering, University of Nis, Serbia

Marko Gecié, Torgeedo GmbH, Gilching, Germany

In this paper, the effects of the stator resistance variation on direct torque control (DTC) of induction motor
drive are analyzed. To evaluate the stator flux of induction motor, the voltage type estimator is used. The
stator resistance, used as a parameter in estimator, is a function of the motor temperature. Use of incorrect
resistance value for the stator flux estimation can lead to the drive unstable operation and performance
degradation. Based on computer simulations, the influence of stator resistance variation for two flux
estimators is analyzed and obtained results are compared.
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EE1l.1

MODELIRANJE STRUJE UKLJUCENJA NEOPTERECENOG TRANSFORMATORA BAZIRANO NA
MODIFIKOVANOJ FROEHLICH-OVOJ KRIVOJ]

Gojko Joksimovié, Elektrotehnicki fakultet, Univerzitet Crne Gore, Crna Gora
Vladan Durkovié, Elektrotehnicki fakultet, Univerzitet Crne Gore, Crna Gora

U radu je razvijen model pogodan za analizu struje uklju¢enja neoptere¢enog monofaznog transformatora na
mrezu. Karakteristika magnecéenja jezgra transformatora opisana je pribliznim analitickim izrazom koji je u
literaturi poznat kao Frojlihova (Froehlich) kriva. On je modifikovan na nacin da je njim moguée uzeti u
obzir i postojanje zaostale magnetske indukcije u jezgru. Detaljno je opisan nacin izvodenja diferencijalne
jednacine koja opisuje proces kao i nacin njenog numerickog reSavanja. Prevashodni cilj modela jeste
njegova primena u edukativhom procesu.

EE1.2

ENERGETSKI EFIKASNA KLIMATIZACIJA POMOCU FOTONAPONSKOG PRETVARANJA ENERGIJE
Zoltan Corba, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Srbija

Viadimir Kati¢, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Srbija

Dragan Milicevié, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Srbija

Boris Dumnié¢, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Srbija

Bane Popadic¢, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Srbija

U letnjim mesecima se masovno koriste klima uredaji za snizavanje temperature u prostorijama. U tim
mesecima je na nasim prostorima najvece suncevo zracenje. Ovo znaci da je potro$nja klima uredaja u letnjim
mesecima u korelaciji sa proizvodnjom elektri¢ne energije fotonaponske elektrane (FNE). Radi ispitivanja
mogucnosti kori§¢enja FNE za napajanje klima uredaja na Fakultetu tehnickih nauka (FTN) u Novom Sadu
izvrSena su jednomesecna merenja potrosnje klima uredaja. Na osnovu dobijene potrosnje elektri¢ne energije,
definisana je potrebna snaga elektrane koja bi pokrila potrosnju klima uredaja na dnevnom nivou.
Tehnoekonomskom analizom je utvrdena isplativost ovakvog nacina povecéanja energetske efikasnosti, ali i
zastite zivotne sredine.

EE1.3
MODIFIKACIJA INZENJERSKOG MODELA POVRATNOG UDARA ATMOSFERSKOG PRAZNJENJA
Vesna Javor, Elektronski fakultet, Univerzitet u Nisu, Srbija

U ovom radu je prikazana modifikacija modela povratnog udara atmosferskog praznjenja koji spada u grupu
inzenjerskih modela. Modifikacija se bazira na pretpostavci da funkcija kojom se modeluje struja duz kanala
atmosferskog praznjenja najmanje opada po intenzitetu na sredini kanala, a znatno izraZenije na krajevima
kanala, tako da je funkcija slabljenja struje kombinacija linearne i sinusoidalne funkcije, a model je oznacen
skracenicom MTLSIN. Struja u bazi kanala je aproksimirana analiticki produzenom funkcijom sa vise
ekstremuma (MP-AEF), ranije predlozenom od strane autora. Dati su rezultati za elektricno polje
atmosferskog praznjenja koji se dobro slazu sa eksperimentalnim rezultatima, kao i rezultati drugih
inzenjerskih modela kao $to su TL model, modifikovani model sa eksponencijalnim opadanjem (MTLE) i sa
linearnim opadanjem struje duz kanala atmosferskog praznjenja (MTLL).



EEl1.4

ZASTITNA ZONA ODVODNIKA PRENAPONA U ELEKTRICNIM INSTALACIJAMA NISKOG NAPONA

Vladan Radulovié, Elektrotehnicki fakultet, Univerzitet Crne Gore, Crna Gora

Martin Calasan, Elektrotehnicki fakultet, Univerzitet Crne Gore, Crna Gora

EEL1.5

Zastita uredaja u elektricnim instalacijama niskog napona od prenapona se ostvaruje primjenom uredaja za
zaStitu od prenapona, od kojih se u najSiroj primjeni koriste odvodnici prenapona. UobiCajena praksa u
elektricnim instalacijama niskog napona je primjena samo jedne grupe odvodnika prenapona na razvodnoj
tabli (tzv. jednostepena zastita od prenapona). U radu su date analize performansi jednostepene zastite od
prenapona za razli¢ite vrste 1 vrijednosti opterecenja Sticenog uredaja, kao i za razlic¢ite duzine provodnika
izmedu odvodnika prenapona i §ticenog uredaja. Analize su izvedene primjenom kombinovanog talasa kojim
se reprezentuje scenario prodora prenaponskih i strujnih talasa putem elektri¢nog prikljuc¢ka pri nastanku
atmosferskog praznjenja. Pokazuje se da refleksije i prelamanje talasa na opterecenju §tiCenog uredaja
znacajno uti¢u na talasni oblik i vrijednosti prenapona na Sticenom uredaju. Na osnovu dobijenih rezultata
izvedeni su odgovarajuci zakljucci u pogledu vrijednosti zastitne zone odvodnika prenapona.

SIMULACIJA KARAKTERISTICNIH CIKLUSA VOZNJE ELEKTRICNOG AUTOMOBILA (Mladi istrazivag)

Andela Starcevi¢, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Srbija

Viadimir Kati¢, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Srbija

EE1.6

TexHonorMja eICKTPUUHUX BO3WJIA CE JAaHAC HAJA3d Y CBOM HajAMHAMHYHHjeM 100y pa3Boja M MOXE Ce
OYCKMBATH MHTCH3UBAH pacT Opoja oBHX Bo3mia Ha myteBuMa CpoOuje. EnekTpruHa Bo3uiIa MMajy KIbydHE
MPEIHOCTH, HYATY eMHUCH]y U 3HaTHY Behy edukacHocT kopurihema. Mehytum, 3a TecTHpame BUXOBUX
KapakTepHCTHKa He ITOCTOje OATOBapajyhin IMUKITyCH BOKEbE TIpHIaroleHn cramy Ha myTeBuMa y Cpouju. Y
paly Ccy IpeayioXeHa TPH THUIa [UKITyca BOXKEbE: IPajcKa Tpaca, BOXKEa ayTOIyTeM U BaHTPAICKa BOXKHbA.
WzBpmieHo je mUXOBO TecTHpame kopumhemem amantapanor MATLAB/Simulink monena emekrpuaHor
ayromoOmia Ha Tpu Tpace y All BojBoamHu u n3Benenu cy oarosapajyhu 3akspyurnu. Ha kpajy je Ha 6a3zu
pesyaTaTa TecTUpama AaT NpeuIor ONTHMAIHOT paclope/a IyHHoHMIa Ha Teputoprju AIl Bojeoause.

[MPOLIEC TECTUPABA N KBAJIMTATHBHOI' UCIIMTUBABA ABHUOHCKUX CPEBFPAHO IMMHYHUX
AKYMYVYIJIATOPA

Milan Petrovié, Pamno 8a30yxonio8cmeo u npomusesazoyxonioéna ooopana, Bojcka Cpouje

Dragoljub Spasié¢, Pamno eazoyxonioscmeo u npomugeaszodyxoniosia oobpana, Bojcka Cpbouje

EE1.7

[{wb oBOr pasia je mpeacTaBibambe Mpolieca TECTHPamka U KBAINTATUBHOT MOTBphHBabha CpeOPHO LUMHYHHX
ABHOHCKHUX aKyMmynaTopckux hemmja. OBaj Tun henuja ce KOPUCTH y BHIIICHAMEHCKIM OOpOSHIM aBHOHUMA
1 Ka0 TakaB MOpa OWTH MOABPTHYT Pa3IMYUTHUM TecToBUMa. CXOHO yrnoTpebu oBux hemmja, oHe MoOpajy
UCIIyHaBaTH oJpel)eHn HUBO KBaJqUTETa. Y OKBHPY HCIIUTHBama CICKTPUUHHUX KapaKTepuCTHKa henuje
MOpajy OUTH MOABPTHYTE crieU(PUIHIM TecToBUMa. [IpakmemeM hienrja HOMHHAITHOM CTPYjOM IPOBEPHITH
cMo kamanuTUBHOCT. CTpyja je KoHTpommcaHa moMohy adopaTopHjcKOT M3BOpa jeIHOCMEpHE CTpyje, a
CTpyja y CNeKTPHUYHOM KOJy jeé MepeHa M KOHTpoiucaHa Ha meHTy. CrapTHocT henmja cMO NpoBepHIIH
NPaXBEHEM aKyMyJjiaropa MOMONy IeHTa, a CTpyja NpaXibema je MepeHa MPeKo HaloHa Ha LICHTY.
JloBoheme henmuja y pagHO cTame, UCHHUTHBAWmE helldja Ha HUCKUM TemIlepaTypama, HCIUTHBAE
CcrocoOHOCTH CTapTOBamka HEKH CY O TECTOBA KOjeé CMO CHPOBENH M Koju he OWTH MpPe3eHTOBaHM Y OBOM
pany. Ilocine oBux nabopaTopHjcKUX eKCIepuMeHarta, henuje cy mnpaheHe y HHUXOBOM TpOIeCy
eKCIUTOaTaIlije Ha aBUOHY Mur- 29, ka0 U y TOKy KOHTPOJIHUX IUKIyca KOHAUIHOoHNUpama. Ha kpajy hemo
NIPEICTaBUTH PE3YJITATE NCTPaKMBAba, KA0 M 3aBPIIHY ITOTBPY HCIUTHBAMKA.

MODELOVANJE ZICANO-CILINDRICNOG ELEKTROSTATICKOG FILTRA HEKSAGONALNOG
PRESEKA (Mladi istrazivac)



Dario Javor, Elektronski fakultet, Univerzitet u Nisu, Srbija

Nebojsa Raicevic, Elektronski fakultet, Univerzitet u Nisu, Srbija

EE1.8

Heksagonalni poprecni presek kolektorskih elektroda kod cilindri¢nih elektrostatickih filtara sa zicanim
emitorskim elektrodama pogodan je zbog kompaktnosti sekcija, kao i zbog raspodele potencijala i elektri¢nog
polja, $to doprinosi vecoj efikasnosti filtra. Na osnovu Maksvelovih jednacina za elektrostaticki slucaj, Peek-
Kaptz-ove jednacine za zicano-cilindri¢nu konfiguraciju filtra i prihvatljivih uproséenja, modelovano je
elektricno polje u unutrasnjosti filtra. Zbog heksagonalnog poprec¢nog preseka neophodna je primena
numeri¢kih metoda za reSavanje problema. U radu je prikazan i proracun elektricnog polja i potencijala i
rezultati programa FEMM (Finite Elements Method Magnetics) primenom metoda kona¢nih elemenata.

MOJEJI PACIIOJEJIE HAIIOHA HA KOHAEH3ATOPCKNM CTPYKTYPAMA 3A EJIEKTPOMEXAHWYKY
KOHBEP3MJY EHEPI'MJE (Mladi istrazivac)

Stevan Cvijeti¢anin, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Srbija

Dusan Zorica, Matematicki insitut Srpske akademije nauka i umentnosti, Srbija

VY pany he OuTH pasMarpaH MOJEN €IEKTPOMEXaHWYKE KOHBEp3Hje €HEpruje 3acHOBaHE Ha TPOMEHH
ENEKTPOCTATHYKE CHEPrHje IUIOUacTOr KOHACH3aTopa yCied eroe medopmariyje, OAHOCHO MPOMEHE
HEroBe KaallMTHBHOCTH. 3a MPOLIEHY KOJMYMHE KOHBEPTOBAaHE CHEPrHje, CHepryje IyOuTaka u ONTHMAITHOT
Tpajama NUKIyca KOHBep3uje (OpMYIIHCaH je MaTEeMaTUYKH MOJIE] PAcloielie HaroHa n3Meljy eleKkTpoaa,
KaKO y yCTaJbeHOM CTamy, TAKO M TOKOM Ipesia3HuX mpoieca. Mojen je dhopmynucan y3umajyhu y 003up
WHIYKTUBHE, KaMAIIMTHBHE M e()eKTE HECABPILICHOCTH €JIEKTPOJIa U TUEJEKTPHKA pa3MaTpaHe CTpyKType. Y
YCTaJbCHOM CTalby Ha PacrojieNly HallOHA yTHIA] UMajy caMO HEeCaBPUICHOCTH eNEeKTPOoa M JHETICKTPHKA,
JIOK je 3a MpellasHe Tpolece y3eT y 003up M edeKarT KamallMTHBHOCTH, a WHAYKTHBHH ()EHOMEHH CY
3aHeMapeHu U3 QU3MUKH OIPaBIaHUX Pasjiora.
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EKI1.1

PERFORMANCE COMPARISON OF SWIR VISION SYSTEMS USING MTF ANALYSIS
Dragana Peri¢, Viatacom Institute of High Technologies, Belgrade, Serbia

Branko Livada, Vlatacom Institute of High Technologies, Belgrade, Serbia

Milos Radisavljevi¢, Viatacom Institute of High Technologies, Belgrade, Serbia

Sasa Vji¢, Vlatacom Institute of High Technologies, Belgrade, Serbia

In this paper we present results of performance analysis of vision systems that are built using two
different SWIR cameras and two different SWIR lenses. Performance evaluation is done in electro-
optical laboratory by measuring modulation transfer function (MTF) and also in field where real
imagery is taken for daylight and lowlight scenarios.

EKI1.2

THERMAL-TO-VISIBLE FACE RECOGNITION FOR ILLUMINATION INVARIANT SYSTEMS
Ranko Petrovi¢, Vlatacom Institute of High Technologies, Belgrade, Serbia

Branka Stojanovié, Vlatacom Institute of High Technologies, Belgrade, Serbia

Milos Paviovié, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

Srdan Stankovié, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia and Vlatacom
Institute of High Technologies, Belgrade, Serbia

The main goal of the research described in this paper is to develop a robust face recognition system,
which would be less sensitive to illumination conditions, compared to traditional systems.
Utilization of an additional sensor for low illumination conditions - a thermal band imaging sensor
- can provide a solution to this problem. Such a system, in order to be operational with the existing
visible light recognition databases, should include thermal-to-visible face recognition which is in
the focus of this paper. This paper provides a comparative analysis of the available approaches to
thermal-to-visible face recognition, and the most important signal processing technologies behind
them, as a preparation for the development and implementation of an illumination invariant face
recognition system competitive at the world market.

EKI1.3

COMPARATIVE ANALYSIS OF FEATURE DESCRIPTOR ALGORITHMS IN MULTISENSORS
SYSTEMS

Rade Pavlovi¢, Military Technical Institute, Ministry of defence, Belgrade, Serbia,
Natasa Viahovié, Vlatacom Institute of High Technologies, Belgrade, Serbia,

Vladimir Petrovi¢, Faculty of Technical Sciences, University of Novi Sad, Novi Sad, Serbia



Multisensor systems are commonly used for target tracking and have better performance if more
useful information about the scene from different sensors is available. This way more reliable and
more complete information is obtained than in the case of only one sensor. In this paper, we test
and compare feature matching on thermal, visual range video data and fused streams obtained from
them using dynamic image fusion algorithm. For feature matching, a comparison of three different
descriptors from three different families of feature descriptors is analysed (SURF- Speeded-up
Robust Features Method, FREAK- Fast Retina Keypoint, MSER- Maximally Stable Extremal
Regions). All the descriptors are tested for matching accuracy and complexity on all three video
streams of different contents.

EKI1.4

FACIAL EXPRESSION AND LIGHTING CONDITIONS INFLUENCE ON FACE RECOGNITION
PERFORMANCE

Milos Paviovié, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia,
Ranko Petrovi¢, Vlatacom Institute of High Technologies, Belgrade, Serbia,
Branka Stojanovi¢, Vlatacom Institute of High Technologies, Belgrade, Serbia,

Srdan Stankovi¢, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia and Vlatacom
Institute of High Technologies, Belgrade, Serbia

Face recognition is one of the biometric methods which have found practical uses for different
purposes. Visible light face recognition systems have been well developed and achieve very good
performance in controlled conditions. This paper compares the effect of different facial expressions
and different illumination on face recognition performance with the face recognition code based on
Histogram of Oriented Gradient (HOG) features extract method. The results presented in this paper
points to the fact that different illumination conditions have significant impact on facial recognition
systems performance, and that a new sensor based on infrared imaging should be included..

EKI1.5
ADAPTIVE VIDEO STABILIZATION USING KALMAN FILTERING

Natasa Viahovié, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia and Vlatacom
Institute of High Technologies, Belgrade, Serbia

Milan Stojanovié, Vlatacom Institute of High Technologies, Belgrade, Serbia,
Milos Stankovié, Vlatacom Institute of High Technologies, Belgrade, Serbia,
Srdan Stankovié, Vlatacom Institute of High Technologies, Belgrade, Serbia

The main goal of digital video stabilization algorithms is to remove unwanted motion from video
sequence. Usually, undesired motion is created when holding camera in hand, or when camera is
mounted on some moving platform (vehicle, boat, Unmanned Aerial Vehicle) or in the case of the
severe wind conditions. In this paper, motion estimation is based on Harris corners and optical flow
pyramid Lucas Kanade algorithm. When homography transformation is obtained, Kalman filter is
used to estimate the intentional from global motion in image, and calculate undesired motion
parameters for the compensation step. The noise statistics vary, depending on the scene change,
thus different noise values were calculated for several regions, depending on trajectory of points in
image. The trajectory of points in image shows the level of shaking in frames, and altered noise
values are used for selected regions.

EKI1.6
EVOLUTION OF GABOR FILTER IN APPLICATION OF LICENSE PLATE DETECTION



Viadimir Tadi¢, University of Dunaujvaros, Dunaujvaros, Hungary,

Zoltan Kiraly, University of Dunaujvaros, Dunaujvaros, Hungary,

Zeljen Trpovski, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija,

Tatjana Loncar Turukalo, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija,
Peter Odry, University of Dunaujvaros, Dunaujvaros, Hungary

This work presents the evaluation of Gabor filter in application of license plate detection. The initial
algorithm is based on vertically oriented Gabor filter, from later was developed a Gabor filter bank
with crisp-distinctly specified parameters. As the ultimate step of development, the fuzzified Gabor
filter was presented. All three filters give satisfactory results, but in experiments it was proved that
the fuzzified Gabor filter gives the best results in preprocessing of the initial image of vehicle,
because the fuzzified filter has the best response in the region of license plate. After this the license
plate was extracted with least damages. The components of interest were efficiently extracted, and
the procedure was found to be very noise-resistant..

EKIL1.7
PHASE CORRECTION OF THE QMF NEARLY PERFECT RECONSTRUCTION IIR FILTER BANKS
Jelena D. Certi¢, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia,

Miroslav Lutovac, The School of Electrical and Computer Engineering of Applied Studies, Belgrade,
Serbia,

Ljiljana Mili¢, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia and Mihajlo
Pupin Institute, Belgrade, Serbia

This paper presents options for the phase corrections of the overall frequency response of the two-
channel QMF filter bank based on the IIR filter pair with approximately linear phase. The correction
is important if the two channel bank is used as a building block for the design of the multichannel
octave filter bank. The three proposed correctors are of similar structure. Each of them consists of
the single stage all-pass filter. The possible options are discussed regarding overall additional delay
and complexity..

EKI1.8

MULTIPLE PROCEDURES FOR FAST COMPUTATION OF AN ITERATION-BASED SIMULATION
METHOD

Viadimir Mladenovié¢, Faculty of Technical Sciences in Cacak, University of Kragujevac, Cacak, Serbia,
Danijela Milosevié, Faculty of Technical Sciences in Cacak, University of Kragujevac, Cacak, Serbia,

Marian Greconici, Facultate de Electrotehnica si Electroenergetica, Universitatea Politehnica Timisoara,
jud. Timis, Romania,

Miroslav Lutovac, The School of Electrical and Computer Engineering of Applied Studies, Belgrade,
Serbia,

In this paper, we provide an improvement of algorithms for the fast computation of complex
mathematical operations. These algorithms are related to systems and processes that are largely the
wearers of today's high technologies. The method provides to obtain closed form solutions using
computer algebra systems such as Wolfram language and provides a better insight into the complex
computations. This method relies on a previously developed the iterative-based simulation method
and for a fast computation uses the Kummer's transformation..



Session EKI12: Signal processing applications and educational systems
Tuesday, June 12, 2018, 08:00-09:30, Hall 4

Chair: Miroslav Lutovac, The Academy of Engineering Sciences of Serbia (AINS) and The School of
Electrical and Computer Engineering of Applied Studies, Belgrade, Serbia

EKI2.1

ENVIRONMENT AND GRAPHICAL USER INTERFACE FOR DESIGN OF CONTINUOUS-TIME
SYSTEMS

Miroslav Lutovac, The School of Electrical and Computer Engineering of Applied Studies, Belgrade,
Serbia,

Maja Lutovac-Banduka, RT-RK Computer Based Systems, Novi Sad, Serbia,
Viadimir Mladenovié, University of Kragujevac, Faculty of Technical Sciences, Cacak, Serbia

Environment and graphical user interface (GUI) is presented that is intended for the fast design,
discovering properties of systems, advanced continuous-time system synthesis, exact simulation
and verification, and it helps to skip the gap between theory and practice in electrical engineering.
The software is written using computer algebra system (CAS) as add-ons of CAS for extending the
usefulness of the software environment. From the schematic description the mathematical
representation of the system can be automatically obtained. The further automated symbolic
manipulations are possible according to user preferences in such a way that all representations
(mathematical, graphical, as net-list, software code, and time-domain and frequency domain
responses) are obtained from the same system description. The paper is devoted to researchers and
scientist using basic electrical engineering tasks, so that time-consuming tasks can be automated in
software and properties of the systems can be discovered, and finally describing how conditions
and discovered properties can be used for synthesis, verifications, simulations, and optimization
with real parameters. All derived properties are available as closedform relations, which can help
the faster design of robust systems.

EKI2.2

SOFTWARE SIGNAL GENERATOR AS A TESTING TOOL FOR AUTOMOTIVE APPLICATIONS
Stasa Sekuli¢, RT-RK Computer Based Systems, Novi Sad, Serbia,

Dusko Davidovi¢, RT-RK Computer Based Systems, Novi Sad, Serbia,

Malisa Marijan, RT-RK Computer Based Systems, Novi Sad, Serbia,

Velibor Ili¢c RT-RK Computer Based Systems, Novi Sad, Serbia

In this paper, we suggest a method for implementing a simple software signal generator for testing
automotive applications. The goal is to replace expensive hardware signal generator with the
software tool. This software solution reduces dependencies in using specialized hardware signal
generators or real time system during the development and testing. Hardware solution requires
additional software for the configuration, wiring and setting up simulation with software tools to
be fulfilled. Bypassing the hardware solution, there is much more simplified environment, where
the data is exchanged in loop-back.



EKI2.3

INTRODUCING DBBT EQUIPMENT IN PRACTICAL INSTRUCTION WITHIN COMMUNICATION
COURSES AT THE VISER SCHOOL (BELGRADE)

Slavica Marinkovié, The School of Electrical and Computer Engineering of Applied Studies, Belgrade,
Serbia

Milutin Nesic¢, The School of Electrical and Computer Engineering of Applied Studies, Belgrade, Serbia
Ivan Pavlovié, The School of Electrical and Computer Engineering of Applied Studies, Belgrade, Serbia
Amela Zekovié, The School of Electrical and Computer Engineering of Applied Studies, Belgrade, Serbia
Vera Petrovi¢, The School of Electrical and Computer Engineering of Applied Studies, Belgrade, Serbia

This paper gives an overview of the equipment that has been obtained through Erasmus+ project
Digital Broadcasting and Broadband Technologies (DBBT) master studies with an aim to facilitate
learning of digital communications using modern instruments and real world signals. The goal is
to help students gain better understanding of theoretical concepts behind communication systems
as well as to motivate them to learn complex telecommunications topics. We first present and
discuss hardware and software that has been used within telecommunication courses at Electronics
and Telecommunications Department and then show how the new equipment will fit in the
curriculum.

EKI2.4

PRACTICAL TEACHING IN THE FIELD OF DIGITAL BROADCASTING AND BROADBAND
TECHNOLOGIES AT THE VISER SCHOOL IN BELGRADE

Milutin Nesi¢, The School of Electrical and Computer Engineering of Applied Studies, Belgrade, Serbia
Slavica Marinkovié, The School of Electrical and Computer Engineering of Applied Studies, Belgrade,
Serbia

Ivan Pavlovi¢, The School of Electrical and Computer Engineering of Applied Studies, Belgrade, Serbia
Amela Zekovié, The School of Electrical and Computer Engineering of Applied Studies, Belgrade, Serbia
Vera Petrovi¢, The School of Electrical and Computer Engineering of Applied Studies, Belgrade, Serbia

Digital broadcasting and broadband technologies require integration of knowledge from various
courses in electronics, telecommunications, audio and video technologies and software
engineering. The applied studies strive to facilitate learning of these subjects by paying special
attention to practical instruction. This paper presents an example of practical instruction that aims
to help students to understand digital communications problems and solutions by studying DVB-
T2 parameters. This is done by first recording the real world digital video stream with measurement
receiver, playing programs and examining the stream with media player, remodulating it with
DVB-T modulator and observing it with another measurement receiver. Some parameters that are
studied are: RF parameters: signal level, SNR, MER, BER, constellation and service information:
PSI/SI, PID.

EKI2.5

WEB VISUAL SEARCH USING RE-RANKING METHOD AND NEURAL NETWORK MACHINE
LEARNING

Milena Vesi¢, ICT College of Vocational Studies in Belgrade, Belgrade, Serbia,
Goran Zaji¢, ICT College of Vocational Studies in Belgrade, Belgrade, Serbia,
Nenad Kojié, ICT College of Vocational Studies in Belgrade, Belgrade, Serbia,



Ana Gavrovska, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia,

There is a continuing growth of online visual data. The latest development of web technologies
enabled the efficient access to image and video databases using online services. The visual search
is demanding from the efficiency standpoint. In this paper we proposed re-ranking for content based
information retrieval improvement. The machine learning based system with relevance feedback
uses Euclidean distance based initial search with re-ranking in order to provide a user with relevant
images. The relevant images are selected according to feature standard deviation, feature
participation importance and feature correlation. Re-ranked images enable more efficient search in
the initial phase. User conducts the search using the relevance feedback in the desired direction.

EKI2.6

AN EXAMPLE OF VITAL SIGNAL FRACTAL ANALYSIS FOR E-HEALTH APPLICATIONS
Milan Milivojevi¢, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia,

Ana Gavrovska, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia,
Milorad Paskas, Innovation Center of School of Electrical Engineering, University of Belgrade,
Irini Reljin, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia,

E-health (telemedicine) applications consider processing of different vital signals in various
domains. The objective is efficient and rapid indication of patients pathological conditions.
Mechanisms upholding functioning of cardiovascular system are inherently nonlinear. Hence the
implementation of nonlinear techniques for vital signal processing is consequent. In this paper we
analyzed referent vital signals from PhysioNet dataset. Two groups of signals are processed: signals
with and without pathologies. In this paper an example of vital signal fractal analysis is realized
through calculation of Higuchi’s fractal dimension and using detrended fluctuation method on
electrocardiograms.

Sesija EK1: Elektri¢na kola, elektri¢ni sistemi i obrada signala
Utorak, 12. Jun, 2018, 09:30-10:30, Sala 4

Predsedavajuéi: Branimir Reljin, Akademija inZenjerskih nauka Srbije i Elektrotehnic¢ki fakultet,
Univerzitet u Beogradu, Beograd, Srbija

EK1.1

ANALIZA VISESTRUKE PERIODE PONAVLJANJA IMPULSA IMPULSNIH RADARA

Aleksandar Risti¢,Vojna akademija, Univerzitet odbrane u Beogradu, Srbija,

Slobodan Simié, Vojna akademija, Univerzitet odbrane u Beogradu, Srbija, i

Boris Timotijevi¢ Vojna akademija, Univerzitet odbrane u Beogradu, Srbija
U radu je analiziran viSestruki period ponavljanja impulsa (Pulse Repetition Interval — PRI),
navedene su kategorije viSestrukog PRI-a koje se najc¢escée upotrebljavaju, i objasnjenja je njihova
prakti¢na primena u radarskim sistemima. Prikazan je princip analize PRI-a radarskog signala i
prikazani su rezultati prakti¢ne realizacije. Oblici radarskih signala i rezultati analize PRI-a su

simulirane u programskom paketu Matlab, i implementirane na FPGA plocu, a rezultati su
verifikovani na osciloskopu



EK1.2

PROCENA KVALITETA ZAMRLJANIH | JPEG KOMPRIMOVANIH SLIKA
Nenad Stojanovi¢, Vojska Srbije, Srbija

Boban Bondzulié, Vojna akademija, Univerzitet odbrane u Beogradu, Beograd, Srbija

Ivana Stojanovic, Telekom Srbija a.d., Beograd, Srbija

Viadimir Petrovi¢, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija

EK1.3

U radu je razmatrana procena kvaliteta zamrljanih slika i slika koje su nakon zamrljanja
komprimovane JPEG kodovanjem. Analiza je izvrSena na delu slika od interesa iz Cetiri javno
dostupne baze slika pomocu znatnog broja objektivnih mera za procenu kvaliteta slike. Akcenat je
dat na proceni kvaliteta slika sa dve distorzije. Karakteristike objektivhih mera za procenu kvaliteta
slike su predstavljene kroz stepen slaganja sa subjektivnim skorovima. Razmatran je i uticaj JPEG
kompresije na kvalitet zamrljanih slika.

ANALIZA PERFORMANSI OBJEKTIVNIH MERA PROCENE KVALITETA NA SEKVENCAMA SA
PAKETSKIM GUBICIMA

Marko Novci¢, Vojna akademija, Univerzitet odbrane u Beogradu, Beograd, Srbija

Boban Bondzuli¢, Vojna akademija, Univerzitet odbrane u Beogradu, Beograd, Srbija

Boban Pavlovi¢, Vojna akademija, Univerzitet odbrane u Beogradu, Beograd, Srbija

Jovan Bajceti¢, Vojna akademija, Univerzitet odbrane u Beogradu, Beograd, Srbija

Nenad Stojanovi¢, Vojna akademija, Univerzitet odbrane u Beogradu, Beograd, Srbija

EK1.4

U radu su analizirane performanse objektivnih mera procene kvaliteta na sekvencama sa paketskim
gubicima. Analiza je sprovedena na sedam javno dostupnih baza video sekvenci sa subjektivnim
impresijama kvaliteta. Performanse objektivninh mera su predstavljene kroz stepen slaganja sa
subjektivnim skorovima kvaliteta i to kroz koeficijent linearne korelacije i kroz korelaciju rangova.
Pokazano je da objektivne mere imaju visok stepen slaganja sa subjektivnim skorovima kvaliteta
na podskupovima sekvenci koje poticu od iste izvorne sekvence. Medutim, stepen slaganja na nivou
kompletnih baza znacajno zavisi od izbora objektivne mere i izbora baze. Najbolje slaganje sa
subjektivnim skorovima kvaliteta ostvarila je objektivna mera koja razmatra varijaciju lokalnog
kvaliteta unutar kadrova test sekvenci.

ARDUINO MIKROKONTROLER SA PRIMERIMA
Natasa A. Kablar, Lola Institut, 11000 Beograd, Srbija

U ovom radu izlazemo osnove Arduino mikrokontrolera koji je jednostavan za ucenje ali i za
projektovanje jednostavnijih i kretaivnih projekata za upotrebom senzora i aktuatora razlicite vrste,
i za programiranje u Arduino okruzenju. Arduino softver rogramira PIN-ove Arduino ploc¢e kao
ulazno/izlazne na koje se mogu vezati uredjaji — senzori i aktuatori, displeji, zvuéni uredjaji, spikeri,
moduli, Seldovi, ethernet ili WiFi prosirenja, bluetooth proSirenja, itd. kojima se upravlja preko
programa i mikrokontroletra. Daje se osnovna definicija mikrokontrolera, na primeru Arduina, sa
prikazom osnovnih elemanata na Arduino UNO mikrokontroleru. Zatim se daju osnovni primeri
razli¢ite upotrebe Arduino ploCe sa mikrokontrolerom, na primeru treperenja/naizmenicnog
treperenja/zatamljenja LED lampica, na primeru upravljanja detektorom kretanja, i na primeru
upravljanja step motorom. Opisane su i druge vrste Arduino mikrokontrolera koje sluze razli¢itim
svrhama i aplikacijama. Dati su predlozi za dalji rad.



Session EKI13: Machine Learning for Complex Networks
Thursday, June 14", 2018, 09:30-10:30, Hall 2

Chair:

Ljiljana Trajkovié¢, School of Engineering Science at Simon Fraser University, Burnaby,

British Columbia, Canada

EKI3.1

MACHINE LEARNING FOR COMPLEX NETWORKS (Invited paper)

Ljiljana
Canada

Trajkovi¢, School of Engineering Science at Simon Fraser University, Burnaby, British Columbia,

Collection and analysis of data from deployed networks is essential for understanding modern
networks. Traffic traces collected from various deployed communication networks and the Internet
have been used to characterize and model network traffic, analyze Internet topologies, and classify
network anomalies. Data mining and statistical analysis of network data are often employed to
determine traffic loads, analyze patterns of users' behavior, and predict future network traffic.
Spectral graph theory has been applied to analyze various topologies of complex networks and
capture historical trends in their development. Recent machine learning techniques have proved
valuable for predicting anomalous traffic behavior and for classifying anomalies in complex
networks. Further applications of these tools will help improve our understanding of the underlying
mechanisms that govern the behavior of complex networks such as the Internet, social networks
(Facebook, LinkedIn, Twitter, Internet blogs, forums, and websites), power grids, gene regulatory
networks, neuronal systems, food webs, social systems, and networks emanating from augmented
and virtual reality platforms. They will also help improve performance of these networks and
enhance their security.



EL Electronics / Elektronika

Session ELI1: Electronic Systems and Applications
Tuesday, June, 12, 16:00 — 18:00, Hall 4

Chair:

ELIL.1

Tom Kazmierski, Faculty of Physical Sciences and Engineering, University of Southampton

Dusan Grujié¢, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

DISTRIBUTED EVENT-BASED MASSIVELY PARALLEL COMPUTING (Invited paper)

Tom Kazmierski, Faculty of Physical Sciences and Engineering, University of Southampton

ELI1.2

Event-driven computing is an established approach to solving many practical problems in science and
engineering. Such problems include real-time industrial control, mathematical modelling of discrete systems
in design automation applications, operations on data-bases and many others. Traditionally, event-driven
software tools have been realised typically on standard, single processor computers or processors with
relatively few cores. CPU time requirements for event-driven processing in typical application domains were
not excessive. This, however, has changed over the last few decades as the complexity of modern computing
tasks has grown significantly. Recent technological advances have brought about new computing platforms,
based on massively parallel interconnected networks of small cores. Processors have become negligibly
cheap and practical systems of up to a million computing cores have already been built. Examples of such
massively parallel systems are SpiNNaker, a neural network modelling platform, and BIMPA (Biologically
Inspired Massively Parallel Architecture). Like SpiNNaker, BIMPA is also a system that implements models
of very large networks of spiking neurons to model human brain behaviour.

This talk will present the aims of the POETS system, which extends the architectures of SpiNNaker and
BIMPA and proposes an alternative approach to very large systems composed of cheap, small cores such that
general-purpose computing problems can be tackled. This is achieved through the mapping of small, simple
behavioural definitions onto a self-organising and reconfigurable platform of thousands of cores. A variety
of traditionally compute intensive engineering and research problems can be solved in this way and results
can be produced orders of magnitude faster than conventional machines at a fraction of the cost. In other
words, POETS generalises the concept of processing a large number of interconnected simple homogeneous
modules and extends it to a reconfigurable network of heterogeneous processess of variable complexity.
Thus, a far greater range of application domains can be addressed.

ON THE SELECTION OF LDO FOR RF APPLICATIONS
Dusan Grujié, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia and Lime Microsystems

Mihajlo Bozovi¢, Lime Microsystems

Pavle Jovanovié, Lime Microsystems

Milan Savié, Lime Microsystems

Milo§ Bozié, Lime Microsystems

ELI1.3

In this paper we address the problem of selecting the appropriate LDO for RF applications. Using an
inadequate LDO in RF system will most likely result in performance degradation, such as increased phase
noise, and will undo the efforts to achieve target performance. We present output noise measurement results
of five commercially available LDOs and compare their performance, which will hopefully be useful to RF
designers.

ORGANIZATION OF REMOTE MONITORING AND CONTROL



Dragana Petrovic, Iritel a.d. Beograd, Serbia
Bojana Jovanovic, Iritel a.d. Beograd, Serbia
Miroslav Lazié, Iritel a.d. Beograd, Serbia

Remote monitoring and control have become a mandatory element of every power, telecommunication and
information system. There are different approaches to organize remote monitoring and control. The paper
analyzes the four most commonly used concepts. Sequential monitoring is the easiest to implement, but it is
not applicable to all users. Parallel monitoring is a better solution, but particular monitor is required for each
monitored system. Centralized monitoring seems like the best solution — different systems can be supervised
on one monitor, but this is not a suitable solution for preventive maintenance. The best solution is the indirect
monitoring system. In this system, part of the data is forwarded to the local maintenance sectors. On the basis
of the collected data about system elements functioning, potential problems that can lead to system failure
are estimated. In this way, preventive maintenance can also be organized. Preventive maintenance is the
ultimate goal of any remote monitoring and control system.

ELI1.4

DERIVED ALARMS - UPGRADE OF THE REMOTE MONITORING SYSTEM
Dragana Petrovié, Iritel a.d. Beograd, Serbia

Miroslav Lazié¢, Iritel a.d. Beograd, Serbia

Bojana Jovanovié, Iritel a.d. Beograd, Serbia

The possibility of remote monitoring has become a mandatory initial requirement for each electronic system
assembly and an increasingly demanding requirement for each individual device in an electronic system.
Large companies, using remote monitoring, have an insight into system activity and alarm situations.
Advanced monitoring systems also have a controlling role, so they allow remote adjustment of the monitored
system parameters. It is common that each electronic device has a built-in circuit that can send data about the
device operation. A better solution is when there is a special device that would analyze the operation of each
individual element in the electronic system, and send the alarms to the competent sectors, based on the overall
system state. SDNU is a remote monitoring and control system for power electronics devices. The generation
of derived alarms is the main characteristic of SDNU, which separates it from similar monitoring systems.
The derived alarms were created by a long-term analysis of the monitoring system and operation of the power
electronics devices. They are generated at the moment of irregular operation of the monitored system, and
before the alarm situation arises.

ELIL5

ADAPTIVE LOAD CURRENT FEEDFORWARD CONTROL OF PULSED OUTPUT CURRENT
CONVERTERS

Filip Savic, Texas Instruments Deutschland GmbH
Giacomo Calabrese, Texas Instruments Deutschland GmbH
Giovanni Frattini, Texas Instruments Italia S.r.1.

Certain DC-DC converter topologies (e.g. boost) are characterized by pulsed output current which translates
into a Right-Half-Plane-Zero (RHPZ) in their transfer function. This behavior constrains the achievable
closed-loop bandwidth, posing severe limitations to the converter’s dynamic performance. In this work, load
current feedforward control technique is investigated in order to minimize the RHPZ impact. The proposed
solution employs differentiation of the boost converter’s output voltage for the estimation of the load current.
The level of the estimated feedforward signal is set to the near-optimal theoretical value by employment of
an auto-tuning circuitry. The feedforward signal is then combined with the peak current mode control loop.
The auto-tuning circuitry makes the approach less dependent onconverter’s parameters like output
capacitance and duty cycle.

ELI1.6
USING ASSEMBLY LANGUAGE FOR CREATING GAMES



Haris Turkmanovic, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia
David Vukoje, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia
Aleksandra Lekic, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia
Milan Prokin, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

The aim of this paper is to demonstrate some interesting and useful approaches for writing a program in the
assembly language. In order to demonstrate the possibilities of the assembly language, a project called
“Arkanoid” was created. This project is written in assembly language and it presents few interesting
algorithms. Assembly language, which is used for designing the game is x86 Assembly language, which
produces object code for the x86 class of processors. As a working environment is chosen Visual Studio
2015, because it gives the useful tools for debugging and testing of the created software (game). Execution
of the program results in a “Arkanoid” game, placed in Windows OS Console.

ELIL.7

A REPORT ON RECENT DEVELOPMENT IN APPLICATION OF FREE CAD SOFTWARE TO IC CURRICULA
Aleksandar Pajkanovic, Faculty of Electrical Engineering, University of Banja Luka

Zeljko Ivanovic, Faculty of Electrical Engineering, University of Banja Luka

This report presents recent developments in the application of free CAD software tools to the integrated
circuits curricula at the Faculty of Electrical Engineering, University of Banja Luka. Due to recent
introduction of highly specialized courses on one side and lack of funding on the other side, there exists a
need for utilizing a comprehensive toolchain covering all steps of integrated circuits design at lowest cost —
i.e. at no cost, if possible at all. A plan for such a trade-off was conceived two years ago and in this paper,
actual implementations utilized over these two iterations of courses are presented. Modifications needed are
described, student achievements and hands-on experiences are shown and important conclusions are given
in order to further improve knowledge outcomes.

Session ELI2: Electronic Circuits and Applications
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Chair: Predrag Petkovié¢, University of Ni§, Faculty of Electronic Engineering, Ni§, Serbia

Lazar Saranovac, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

ELI2.1

THE DESIGN OF FULLY DIFFERENTIAL COMPARATOR FOR SAR ADCS

Djordje Glavonjic, School of Electrical Engineering, University of Belgrade, Serbia and NovellC Microsystems
Ivan Milosavljevi¢, School of Electrical Engineering, University of Belgrade, Serbia and NovellC Microsystems
Dusan Krcum, School of Electrical Engineering, University of Belgrade, Serbia and NovellC Microsystems
Jelena Popovic-Bozovic, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

Lazar Saranovac, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

The design of fully differential comparator intended to be used in successive approximation register (SAR)
analog to digital converters (ADC) is presented in this paper. Comparator employs four preamplifier stages
with the input offset cancellation, while rail-to-rail operation is enabled by using strongARM latch at the
output. Implementation has been performed in 130nm CMOS, while the performances are validated through
the post-layout simulations. Obtained standard deviation values from the Monte Carlo simulations for input
referred noise and offset are 1.37 mV and 7.62 mV, respectively. Proposed circuitry draws only 0.85 mA
from 1.2 V, while occupies area of 150 um x 36 um.



ELI2.2

CLOCK SYNTHESIZER FOR DATA CONVERTERS IN DIGITAL AUDIO BROADCASTING SYSTEMS
Dusan Krcum, School of Electrical Engineering, University of Belgrade, Serbia and NovellC Microsystems
Ivan Milosavljevi¢, School of Electrical Engineering, University of Belgrade, Serbia and NovellC Microsystems
Djordje Glavonjic, School of Electrical Engineering, University of Belgrade, Serbia and NovellC Microsystems
Marko Ninic, NovellC Microsystems

Darko Tasovac, School of Electrical Engineering, University of Belgrade, Serbia and NovellC Microsystems
Jelena Popovic-Bozovic, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

Lazar Saranovc, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

The design of clock synthesizer for data converters used in the new-generation of digital audio broadcasting
(DAB) systems is presented in this paper. The programmable synthesizer based on integer-N phased-locked
loop (PLL) provides two different output frequencies 332.8 MHz and 345.6 MHz. Modified source-coupled
multivibrator is used as a current-controlled oscillator (CCO), which is area-compact and less sensitive to
supply perturbations in comparison to the classical ring oscillator. The simulations of the proposed PLL
demonstrate a locking process in the both operating modes, while consuming only 6 mW from 1.2 V supply.
The closed-loop phase noise at 10 kHz offset from the carrier is less than -95 dBc/Hz in both bands. The total
core area is 0.152 mm2 .

ELI2.3

NEW MULTI-LOOP ARCHITECTURE FOR BAND PASS SIGMA-DELTA MODULATOR
Milos Petkovi¢, Serbia and Montenegro Air Traffic Services SMATSA lic

Goran S. Dordevic, University of Nis, Faculty of Electronic Engineering, Nis, Serbia

Srdjan Pordevié, University of Nis, Faculty of Electronic Engineering, Nis, Serbia

Predrag Petkovié, University of Nis, Faculty of Electronic Engineering, Nis, Serbia

This paper presents a new architecture suitable for band pass Sigma-Delta modulator design. It is derived by
combining two classical architectures. Main advantages are seen in simplified noise shaping filter design,
simplified implementation and facilitated stability control. Simulated examples verify the aforementioned
features.

ELI2.4

EFFICACY ANALYSIS OF NEW CLASS E AMPLIFIER SOLUTION

Dusan Petrovié¢, University of Nis, Faculty of Electronic Engineering, Nis, Serbia
Branislav Petrovi¢, University of Nis, Faculty of Electronic Engineering, Nis, Serbia
Predrag Petkovi¢, University of Nis, Faculty of Electronic Engineering, Nis, Serbia

In this paper a new RF power amplifier configuration operating at 40.68MHz is described. Amplifier is used
as welding actuator in a blood separator device. A new configuration of class E amplifier with inductive
coupling of resonant circuit is proposed. The basic idea for amplifier design was achieving the efficiency of
over 80% using real components and minimizing component count that lead to simplifying the setup
procedure and manufacturing cost. Special attention is paid to the impedance matching method using mutual
inductance setting of coupled oscillator circuitry. A number of simulation analyses have been made to find
optimal parameter values for best compromise of power efficiency and component value sensitivity.

ELI2.5
INVESTIGATION OF CHAOTIC BEHAVIOR IN CLAPP OSCILLATOR

Ivana Vasiljevié, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia



Nikola Petrovié, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia
Aleksandra Leki¢, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

In this paper we investigate the chaotic behavior of the class of oscillators denoted as Clapp oscillator. Clapp
oscillator is simple oscillator containing one transistor and a few reactive elements: inductors and capacitors.
It is chosen for its design simplicity and a good performance. Oscillator with chaotic behavior can be used to
construct chaotic radar. For that matter, in this paper are investigated two approaches for construction of the
chaotic Clapp oscillator which can be further verified experimentally using microstrip technology.

ELI2.6

AUTOMATED TEST FIXTURE FOR IN-PRODUCTION FUNCTIONAL TESTING OF ELECTRONIC DEVICES
Milan Vukajlovic, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

Srdjan Tadic, Bitgear Wireless Design Services, Belgrade, Serbia

We present one practical solution for automated test fixture for electronic devices. Testing is done during
production, and the emphasis is not only on electrical tests but on verifying end-to-end device functionality.
The proposed solution is fully automated, it provides reliable failure detection and it is affordable and suitable
even for small production runs (such as 100-1000 pieces per month). The solution is shown in form of a case-
study based on the real production of the consumer device, which has been proven on the market. We present
the complete system, including details of the device under test, designed test fixture, a C++ application and
web application.

ELI2.7

PRACTICAL REALIZATION OF THE OPERATIONAL CONVEYOR IN DISCRETE TECHNOLOGY
Milan Veskovic, Faculty of Technical Sciences, University of Kragujevac, Kragujevac, Serbia

Slobodan Djukic, Faculty of Technical Sciences, University of Kragujevac, Kragujevac, Serbia

Predrag Petkovic, University of Nis, Faculty of Electronic Engineering, Nis, Serbia

Practical realization of the operational conveyor in discrete technology is presented in this paper. Operational
conveyor circuit topology based on current-steering output stage are also described and analyzed. Operational
conveyor is realized with bipolar transistor with discrete elements on the raster board as voltage to current
converter. PSPICE program was used to verify the proposed design of the operational conveyor. The results
of the simulation are presented and compared with the results of the measurement of the realization that was
published.

ELI2.8

DESIGN AND REALIZATION OF A SWITCH-MODE POWER AMPLIFIER WITH GAN FET
Zoran Zivanovic, IMTEL KOMUNIKACIJE AD, Belgrade, Serbia

Vladimir Smiljakovic, IMTEL KOMUNIKACIJE AD, Belgrade, Serbia

This paper presents the design of a high efficiency class E power amplifier, operating in switch-mode, which
is optimized for 50 Q load at 13.56 MHz. The operating principles are briefly explained, including the
functional block diagram. The prototype has been built and experimental results are presented to support the
theoretical analysis and to demonstrate the converter performance. The idea was to demonstrate the
performance of GaN transistors in order to show their significant advantages over silicon MOSFETS.

ELI2.9

CLASS AB HIGH POWER AUDIO AMPLIFIER

Jovana Milosevié, Prointer ITSS, Banja Luka, Republic of Srpska

Tatjana Pesi¢-Brdanin, Faculty of Electrical Engineering, University of Banja Luka, Republic of Srpska

Jovan Galié¢, Faculty of Electrical Engineering, University of Banja Luka, Republic of Srpska



In this paper designing, analysis and practical implementation of a single-channel class AB high power audio
amplifier are presented. The audio amplifier is designed for home use, although it has a power of 130 W at 4
Q load resistance. For testing purposes, a parallel push-pull class AB high power audio amplifier with bipolar
transistors and symmetric power supply are used. The quality of the amplifier regarding frequency response,
Total Harmonic Distortion (THD) and Intermodulation Distortion (IMD) are examined in particular.

ELI2.10

DESIGN OF AN ACCESS CONTROL SYSTEM THROUGH A KEYBOARD IN THE HANDLING OF AN
ELEVATOR

Fabrizio Torres, National University of Callao-Peru

Asesor M. Chauca, National University of Callao-Peru

This work addresses the problem of security in buildings that have an elevator in which each stop is at the
entrance of each department or precinct. It describes the analysis, design and evaluation of a control system
in order to solve this problem since if it does not place some access restriction for its use, anyone can
maneuver it and go to another department when no one is at that moment. The driver used in this project is
an arduino UNO, in which a matrix keyboard is added for each client to enter a password when the elevator
is going to operate.

Session ELI3: Modeling and Design of Electronic Systems
Wednesday, June, 13", 11:00 — 12:00, Hall 4

Chair:

ELI3.1

Miljana Milié, University of Ni§, Faculty of Electronic Engineering, Ni§, Serbia

DYNAMIC TASK SCHEDULING USING A TIMED ACTIONS METHOD IMPLEMENTED ON ARDUINO
PLATFORM

Milos Ljubenovié, University of Nis, Faculty of Electronic Engineering, Nis, Serbia

Sandra Dosi¢, University of Nis, Faculty of Electronic Engineering, Nis, Serbia

Miljana Mili¢, University of Nis, Faculty of Electronic Engineering, Nis, Serbia

ELI3.2

In this paper we will describe the development and implementation of enhanced library of modules, dedicated
to small controller systems with the requirement for simultaneous usage of peripherals, sensors, or less
demanding real-time systems. The aim is to analyze the abilities of library for time sharing with the
emphasize on the simplicity and low memory occupation in Atmel controllers from the AT series.

AGING AWARE HDL MODELLING OF DELAYS IN LOGIC GATES

Miljana Mili¢, University of Nis, Faculty of Electronic Engineering, Nis, Serbia

Milos Ljubenovié, University of Nis, Faculty of Electronic Engineering, Nis, Serbia

Sandra Dosic, University of Nis, Faculty of Electronic Engineering, Nis, Serbia

Dusko Lukac, member of the IEEE Germany Section

Digital circuits delay behavior has a random nature. If we consider aging process of digital circuits, one can
notice some patterns in this randomness. To estimate the circuit’s behavior during aging, statistical analysis
and simulations must be used, such as Monte-Carlo analysis. On the other hand, it requires large number of
circuit simulations with different element parameters. When we apply an aging aware modeling of logic
circuit delay, it’s possible to speed up Monte-Carlo simulations by using a logic simulator for timing behavior
analysis instead of an electrical simulator. This paper suggests some advanced techniques of digital circuits



ELI3.3

delay modeling that enables these accelerations. These models describe different delay parameters of logic
gates, while, in order to use them for statistical analysis of the timing behavior, special random delay
generation is enabled.

MODELING OF MECHANICAL DISPLACEMENTS COMPONENTS FOR COMPOSITE ULTRASONIC
TRANSDUCER

Igor Jovanovié¢, University of Nis, Faculty of Electronic Engineering, Nis, Serbia

Ugljesa Jovanovi¢, University of Nis, Faculty of Electronic Engineering, Nis, Serbia

Dragan Mancié, University of Nis, Faculty of Electronic Engineering, Nis, Serbia

In this paper components of the mechanical displacements points of the composite ultrasonic transducer in
the radial and thickness direction of oscillation are determined. Composite transducer is composed of a back
metal mass, a front metal mass and two sets of piezoceramic elements which are separated by central metal
mass. Components of mechanical displacements are determined as the function of axial and radial dimensions
using an electromechanical equivalent circuit of the complete composite transducer. To obtain numerical
results previously developed Matlab/Simulink three-dimensional models of piezoceramic rings and metal
cylindrical endings were used. The obtained theoretical results can be used to have a better insight in the
composite transducers behavior, especially for transducers in which non-axial oscillation modes can be
excited. The proposed method is illustrated based on the practical design of a composite power transducer.

Sesija EL1: Elektronska kola i sistemi
Sreda, 13. Jun, 12:00 — 13:00, Sala 4

Predsedavajuéi: Zeljko Ivanovi¢, Elektrotehnicki fakultet, Univerzitet u Banjoj Luci, BiH

EL1.1

ANALIZA BLOKOVSKOG SIFROVANJA ZA MODULARNU HARDVERSKU AES ARHITEKTURU
Velibor Skobi¢, Institut RT-RK, Banja Luka, BiH

Zeljko Ivanovi¢, Elektrotehnicki fakultet, Univerzitet u Banjoj Luci, BiH
Ivan Veliki¢, Institut RT-RK, Republika Srbija

EL1.2

U ovom radu analizirane su hardverske implementacije metoda blokovskog Sifrovanja ECB, CFB, OFB i
CTR. Analizirane implementacije koriste AES algoritam za Sifrovanje i deSifrovanje. Hardverska arhitektura
AES algoritma koja se koristi je modularna i omoguc¢ava implementaciju sa 8, 16 ili 32 bitnom putanjom.
Prezentovani su rezultati implementacije metoda blokovskog Sifrovanja za sve tri implementacije AES
modula.

EFIKASAN PRISTUP AUTOMATIZACHI ZASNOVAN NA 10T

Bejtovi¢ Muhamed, Fakultet Tehnickih Nauka, Kosovska Mitrovica

Sa razvojem koncepta Internet stvari (IOT eng. Internet of Thinks) stvorena je mogucnost da se obezbedi
efikasnije upravljanje i razmena podataka povezivanjem fizi¢kih uredaja sa senzorima, aktuatorima i
Internetom. Broj IoT uredaja u 2017 godini povecan je za oko 31% u odnosu na 2016 godinu, sa apsolutnim
iznosom od oko 8,4 milijardi objekata. Eksperti procenjuju da ¢e se IoT sastojati od oko 30 milijardi objekata
do 2020 godine, kao i da ¢e globalna trzisna vrednost IoT do 2020 godine dosti¢i 7,1 triliona dolara. U ovom
radu je predstavljena ideja automatizacije, odnosno upravljanja uredjaima u tzv. "Pametnoj kuci”, sa ciljem
smanjenja vremena odziva uredjaja na zadate komande. Osnovni hardverski deo projekta ¢ini ATMega 2560
mikrokontroler, dok je softverski deo zasnovan na JavaScript i Node.js tehnologiji.



EL1.3

CMOS DELITELJ UCESTANOSTI SA 4 SA INJEKCIONOM SINHRONIZACIJOM ZA 22GHZ OPSEG
UCESTANOSTI

Dragana Jevtic, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija

Milos Marinkovic, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija

Nikola Petrovic, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija

Radivoje Djuric, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija

EL1.4

Rad se bazira na projektovanju CMOS delitelja ucestanosti sa 4 sa injekcionom sinhronizacijom (engl.
Injection Locked Frequency Divider - ILFD), kod koga se ucestanost ulaznog signala menja u opsegu od
21.6GHz do 23.2GHz. ILFD kolo je realizovano pomoc¢u spregnutnog para NMOS tranzistora i LC
oscilatornog kola, uz dodavanje jos jednog tranzistora direktno u oscilatorno kolo, kako bi se povec¢ao nivo
injektovane struje. Da bi se postigao Zeljeni opseg delitelja ucestanosti, potrebno je primeniti odgovarajucu
tehniku kojom se postize povecanje opsega ucestanosti. U ovom radu je prikazana tehnika isticanja tre¢eg
harmonika, i prikazano je na koji nacin pojedini faktori (ulazna snaga i Q faktor oscilatornog kola) uti¢u na
opseg ucestanosti za koje je moguce uspostavljanje oscilacija. Za projektovan ILFD pomocu CAD alata
Cadence napravljen je lejaut i uradene su postlejaut simulacije. Rezultati simulacija pokazuju pouzdan rad
delitelja u opsegu ucestanosti koji je nesto ve¢i od nominalnog opsega.

PROJEKTOVANJE MREZE ZA PRILAGOBENJE SIROKOPOJASNOG POJACAVACA SNAGE SA
MINIMALNOM TALASNOSCU P1DB U PROPUSNOM OPSEGU

Nikola Petrovi¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija

Radivoje Purié, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija

Jelena Popovi¢ BozZovié¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija

Ovaj rad sadrzi analiticko izvodenje mreze za prilagodenje Sirokopojasnog pojacavaca snage u klasi A
nastale modifikovanjem Cebisevljevog filtra treéeg reda. Na osnovu parametara pojacavaca snage, kao §to
su optimalna otpornost, parazitne kapacitivnosti koje se vide na njegovom izlazu, kapacitivnosti ostrva za
lemljenje, kao i zadatog propusnog opsega, odredeni su parametri mreZe za prilagodenje sa minimalnom
talasno$¢u u zadatom propusnom opsegu za dve razli¢ite modifikacije Cebisevljevog filtra. Izlazna filtarska
mreza za prilagodenje je projektovana tako da izvrsi prilagodenje optimalne otpornosti pojacavaca snage
Ropt koja rezultuje maksimalnom linearnos$éu pojacavaca na 50 oma. Dobijeni rezultati za propusni opseg
od 3.1GHz do 10.6GHz su potvrdeni u Cadence-ovom CAD alatu Virtuoso u 65nm tehnologiji.
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ML1.1

MEDULABORATORIJSKO POREDENJE MERENJA SNAGE SMETNJI NA MREZNOM VODU
Aleksandar M. Kovacevié, Tehnicki opitni centar, Generalstab Vojske Srbije, Beograd, Srbija
Nenad Munié, Tehnicki opitni centar, GeneralStab Vojske Srbije, Beograd, Srbija

Veljko Nikoli¢, Tehnicki opitni centar, Generalstab Vojske Srbije, Beograd, Srbija

Ljubisa Tomic, Vojnotehnicki Institut, Beograd, Srbija

Ivana Kosti¢, Tehnicki opitni centar, Generalstab Vojske Srbije, Beograd, Srbija

Medulaboratorijsko poredenje merenja snage smetnji na mreznom vodu prikazano je u ovom radu. Pri tome,
medulaboratorijsko poredenje su pokrenule, organizovale i realizovale dve akreditovane laboratorije s ciljem
da potvrde svoju tehnicku kompetentnost za merenje navedene veliine.

ML1.2

MERENIJE NISKIH NIVOA RF SIGNALA I PRORACUN MERNE NESIGURNOSTI MERENJA
Misa Markus, Tehnicki opitni centar, GeneralStab Vojske Srbije, Beograd, Srbija

Ivica Milanovié¢, Tehnicki opitni centar, Generalstab Vojske Srbije, Beograd, Srbija

Neda Spasojevié, Tehnicki opitni centar, Generalstab Vojske Srbije, Beograd, Srbija

U radu je predstavljen postupak merenja niskih vrednosti nivoa RF signala kori§¢enjem mernog prijemnika
8902A, proizvodaca Hewlett Packard. Opisana metoda koristi se prilikom etaloniranja signal generatora i
oslabljivaca, a karakterisu je Siroki dinamicki opseg i visoka tac¢nost. Posebno poglavlje u radu posveéeno je
proracunu merne nesigurnosti merenja.

ML1.3

UNAPREDENJE METODE SOFTVERSKI PODRZANOG GENERISANJA TEST SIGNALA ZA VERIFIKACIJU
MERILA KVALITETA ELEKTRICNE ENERGIJE

Milan Simié, Univerzitet u Nisu, Elektronski fakultet u Nisu, Nis, Srbija

Dragan Zivanovi¢, Univerzitet u Nisu, Elektronski fakultet, Nis, Srbija

Dragan Denié, Univerzitet u Nisu, Elektronski fakultet, Nis, Srbija

Zivko Kokolanski, Fakultet za elektrotehniku i informacione tehnologije - FEIT, Skoplje, Makedonija
Goran Miljkovi¢, Univerzitet u Nisu, Elektronski fakultet, Nis, Srbija

U radu je prikazano unapredenje metode softverski podrzanog generisanja referentnih test signala,
primenjivih pri verifikaciji instrumenata za detekciju i merenje standardnih poremecaja kvaliteta elektricne
energije. ReSenje generatora test signala bazirano na primeni racunara, koje ukljucuje softver virtuelne
instrumentacije, akvizicionu karticu za generisanje signala i pojacavac¢ snage za pojacanje izlaznog signala,
vec je predstavljeno i opisano u ranije objavljenim radovima [1, 2]. Definisanje osnovnih parametara signala
za generisanje pomocu LabVIEW softvera podrzano je Script fajlovima, §to omogucava jednostavno
ponavljanje specificnih test signala i kombinovanje razlicitih sekvenci u dugotrajne kompleksne kompozitne
signale. Osnovna prednost ove metode u poredenju sa slicnim reSenjima je moguénost generisanja
dugotrajnih sekvenci signala u skladu sa unapred definisanim algoritmima za testiranje, $to ukljucuje razlicite



kombinacije poremecaja signala u skladu sa Evropskim standardom EN 50160. Eksperimentalna verifikacija
prikazanog reSenja obavljena je testiranjem analizatora kvaliteta elektri¢ne energije Fluke 435. U radu su
prikazani neki od karakteristi¢nih naponskih test signala generisanih sa razli¢itim poremecajima i dobijeni
rezultati memorisani testiranim instrumentom.

ML1.4

JEDNO RESENJE PROBLEMA NELINEARNOSTI NTC TERMISTORA
Jelena Jovanovié¢, Univerzitet u Nisu, Elektronski fakultet, Nis, Srbija
Dragan Deni¢, Univerzitet u Nisu, Elektronski fakultet, Nis, Srbija

Milan Simié, Univerzitet u Nisu, Elektronski fakultet, Nis, Srbija

U ovom radu predstavljena je nova metoda linearizacije NTC termistora. Novina ove metode ogleda se u
primeni dva razli¢ita linearizaciona kola: serijsko-paralelnog otpornog razdelnika napona i dvostepenog deo-
po-deo linearnog A/D konvertora. Na izlazu razdelnika napona, koji sadrzi NTC termistor, dobija se pseudo-
linearni napon. Pseudo-linearni napon se dalje linearizuje, i istovremeno prevodi u digitalni format,
primenom dvostepenog deo-po-deo linearnog A/D konvertora. Prvi stepen konverzije vrsi deo-po-deo
linearni fle§ A/D konvertor, dok drugi stepen konverzije obavlja linearni fle§ A/D konvertor, koji povecava
rezoluciju merenja, ali ne vrsi linearizaciju. Nakon primene predloZzene metode linearizacije na Muratin
termistor NTSDOKSV103FE1BO, za temperaturni opseg od -40 do 120°C, nelinearnost je smanjena na
0.024%, dok je za najuzi od razmatranih opsega, tj. za opseg od 20 do 60°C, nelinearnost smanjena na
0.002%.

ML1.5

VISOKONAPONSKA SIMETRICNA KOMPOZITNA ZENER DIODA KAO ZAMENA ZA ELEKTRONSKU
CEV U KOLU NAPAJANJA NISANSKOG RADARA 3MK7

Marjan Urekar, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija

U radu je opisan detaljan postupak utvrdivanja, trazenja i otklanjanja kvara u kolu napajanja generatora
vremenske baze niSanskog radara 3Mk7. Neispravne gasom ispunjene elektronske cevi za stabilizaciju
napona su zamenjene novim elektronskim sklopom sacinjenim od standardnih komponenti —
visokonaponskom simetriénom kompozitnom zener diodom, koja je ovde opisana i analizirana. Dati su
rezultati merenja pre i posle primene ovog resenja.

ML1.6

EKSPERIMENTALNA PROVERA UNAPREDENE METODE ZA ODREBDIVANIJE EFEKTIVNE VREDNOSTI
Dragan Peji¢, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija

Marina Bulat, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija

Nemanja Gazivoda. Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija

Stefan Mirkovi¢, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija

Dorde Novakovic, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija

Aleksandar Radonjic, Institut tehnickih nauka SANU, Univerzitet u Beogradu, Beograd

Ovaj rad predstavlja nastavak istrazivanja metode za odredivanje efektivne vrednosti metodom odabiranja i
primenom unapredene definicije. Simulacionim putem je pokazano da se javlja problem prilikom odredivanja
efektivne vrednosti, kada koli¢nik uCestanosti odabiranja i u€estanosti ulaznog signala nije celobrojan. Dat
je predlog unapredenja definicije za odredivanje efektivne vrednosti. Pokazano je da se primenom
unapredene definicije dobijaju rezultati bolje preciznosti nego primenom standardne definicije. Simulacije
su radene nad prostoperiodicnim signalom poznate amplitude, pa je bila poznata ta¢na vrednost merene
veliCine - efektivna vrednost. Ovaj rad se bavi eksperimentalnom proverom predlozene definicije. Za razliku
od simulacija, ovde nismo u stanju da na lak nacin kontroliSemo sve bitne parametre eksperimenta. Dodatni
problem je Sto sada ne znamo tacnu vrednost merene velicine.



ML1.7

EVALUACIJA FUNKCIJE GUSTINE RASPODELE GENERATORA PSEUDOSLUCAJNOG NAPONA
Dorde Novakovic, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija

Dragan Peji¢, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija

Stefan Mirkovi¢, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija

Jelena Pordevic-Kozarov, Elektronski fakultet, Univerzitet u Nisu, Nis, Srbija

Marjan Urekar, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija

Marina Bulat, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija

U ovom radu prikazan je sistem za evaluaciju generatora pseudoslu¢ajnog napona, kako bi se poboljsala
SAADK 2G metoda merenja pomocu dva generatora Suma. PoboljSanje se ogleda u odredivanju funkcija
gustine verovatnoce i funkcije raspodele verovatnoce. U radu ¢e biti opisan nacin izvedbe, kao i princip
funkcionisanja uredaja za evaluaciju funkcije gustine verovatnoce. Na kraju rada dato je poredenje razvijenih
generatora sa pseudoslucajnim generatorom brojeva na racunaru.

ML1.8

RAZVQOJ SISTEMA ZA UDALJENA MERENJA | AKVIZICIJU PRIMENOM VIRTUALNIH MERNIH
INSTRUMENATA

Stefan Mirkovi¢, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija
Dorde Novakovié, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija
Platon Sovilj, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija
Dragan Peji¢, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija
Marjan Urekar, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija
Marina Bulat, Fakultet tehnickih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija

U cilju razvoja sistema za merenje i akviziciju parametara kvaliteta Zivotne sredine i uslova radne sredine,
razvijen je koncept merno-avizicionog sistema kao i prateci softver za daljinski nadzor i upravljanje, snimanje
podataka i analizu rezultata. Sistem je baziran na mikrokontroleru iz PIC32 familije i senzorskih modula koji
sluze za merenje parametara okoline. Sistem je zamiSljen tako da se lako moze prosiriti broj senzora koji
komuniciraju sa centralnom jedinicom. Za kontrolu i prikupljanje informacija sa udaljene lokacije razvijena
je LabVIEW PC aplikacija (virtualni instrument). Odabir komunikacionih protokola za povezivanje
mikrokontrolera i senzorskih blokova je izvrSen tako da se uz minimalne korekcije programskog koda mogu
lako prikljuciti dodatni senzorski blokovi, §to daje veliku fleksibilnost celom sistemu. Pored toga, graficko
programiranje PC aplikacije takode olak$ava izmenu njenog izvr$nog koda u slu¢aju dodavanja ili uklanjanja
pojedinih komponenti.

ML1.9

CTOXACTHUYKU ANTUTAJIHU ON-LINE KPUTEPUIJYM INOTITYHOCTU CITIEKTPA CUTHAJIA
bojan Byjuuuh, @axynmem mexnuuxux nayka, Yuusepzumem y Hosom Cady, Hosu Cao, Cpouja
Jbybuya Kynyncku, @axynmem mexnuukux nayka, Ynueepsumem y Hoeom Cady, Hoeu Cao, Cpbuja
Inamon Cosum, @akynmem mexnuukux Hayka, Ynusepzumem y Hoeom Cady, Hoeu Cao, Cpbuja

[Ipobnem y OMII0O KOM JAWTHTATHOM MEpemy je — Ja JIM je oHO m3Haj HwukBucroBe rpanumie !? 3a Behuny
Mepema Taj Mpo0JieM He TTOCTOju ako ce kopucte (ient AJ] KoHBepTOpH. Y CTOXaCTUYKO] JUTHTATHO] MEPHO]
meroau (CIIMM) ce Hajuenthe kopucte nBooutHU duient A/l KOHBepTOpH, 1A C€ YHHH Ja Ty Taj MpoOiIeM He
noctoju. Mehytum, mo3HaBame CIIeKTpa MEPEHOT CUTHAJIA OMOTYhyje ONTUMU3aInjy 00pajie CUrHaia, Tako
Ja je Taj mpoOieM yBEK akTyellaH W OBaj paj je MPWIOT IETOBOM pemiaBamwy. Y paay je neduHucaH
KPUTEPYjyM MOTIYHOCTH CIIEKTPa MEPEHOT CWTHajla 3aCHOBAH Ha JIBa HE3aBHCHA U MCTOBPEMEHA MEPEHa
yKyIHe cHare curHana. OH je HCTpaXHBaH M MOTBPleH y 1Ba MpaKTUYHA CITydaja.



Session MLI1: Metrology
Monday, June, 11th, 14:30 —16:30, Hall 1

Chair: Marjan Urekar, Faculty of Technical Sciences, University of Novi Sad, Serbia

MLIL.1
SIGNAL-PATH COMPENSATION OF MEASUREMENT SYSTEMS (Invited paper)

Tamds Daboczi, Department of Measurement and Information Systems, Budapest University of Technology and
Economics, Budapest, Hungary

Measuring instruments and many gadgets in the world of Internet of Things (10T) gather information from
physical processes. The quality of the system, the reliability of a decision of an autonomous system depends
strongly on the accuracy of the measurement. The measurement chain (called signal-path) suffers from
distortions (known deterministic alterations) and disturbances (stochastic or unknown alterations). This paper
surveys possible digital compensations of these unwanted effects in complicated cases like ill-posed
problems, estimation of quantities that cannot be directly measured by a sensor etc. Industrial application
opportunities are also discussed.

MLIL1.2

RESEARCH OF THE INTEGRATION-DIFFERENTIATION METHOD FOR MEASURING THE
FUNDAMENTAL COMPONENT OF REACTIVE POWER

Andrey N. Serov ,Measurement Technique Department, National Research University “Moscow Power Engineering
Institute”, Moscow, Russia

Nikolay A. Serov ,Measurement Technique Department, National Research University “Moscow Power Engineering
Institute”, Moscow, Russia

Alexey A. Lupachev ,Measurement Technique Department, National Research University “Moscow Power
Engineering Institute”, Moscow, Russia

Currently, the following concepts of reactive power are distinguished: reactive power of the fundamental
frequency, reactive power of harmonics and reactive power of a given frequency band. The most important
parameter is the reactive power of the fundamental spectral component. In this article the method of
measuring the reactive power of sinusoidal signal, based on the integration and differentiation of one of the
signals is studied. The implementation of this measurement method based on the first-order digital integrator
and the first-order digital differentiator. The digital differentiator based on the algorithm of approximation
by two samples is considered. Comparison of the considered method with popular methods of integration,
time delay from the point of view of measurement error is carried out. The analytical dependence for
calculation of additional error of measurement of reactive power caused by deviation of frequency of the
input signal is obtained. An expression to determine the gain factors of the integrator and the differentiator,
which allows minimizing the error of reactive power measuring near the nominal value of the frequency of
input signal is obtained. Simulation mathematical modeling in software package Matlab 7.0 and Simulink
8.0 is performed.

MLIL1.3

USAGE OF CONCURRENT PROGRAMMING IN STOCHASTIC ACTIVE ELECTRIC ENERGY
MEASUREMENT

Velibor Pjevalica ,JP Srbijagas, Technical Provision Section, Novi Sad, Serbia
Platon Sovilj ,Faculty of Technical Sciences, University of Novi Sad, Novi Sad, Serbia

Nebojsa Pjevalica ,Faculty of Technical Sciences, University of Novi Sad, Novi Sad, Serbia



Nenad Petrovi¢ ,School of Electrical Engineering, Belgrade, Serbia

This paper presents the application of concurrent programming on the server side of the emulated dispatching
center for measuring electrical energy. The assumption made in this paper is that the measurement results
from the measuring points are obtained by a stochastic method and are kept in the RAM memory of the
central dispatching server. This assumption makes possible to increase overall result accuracy in long term
measurement. However, this is not mandatory for concurrent approach in processing of given data. Technical
requirement that has to be solved is speed in data processing. Since it is necessary to have a result in real
time, it is necessary to process the results as quickly as possible. Concurrent programming solves this
problem. The aim of this paper is to adapt the measurement data obtained from a large number of measuring
points to the high accuracy and flexibility of the stochastic method, and that, in conjunction with the
continuity of measurements, a higher accuracy is achieved. There are several concurrent approaches in
present programming and here are presented three based on Microsoft© technologies: PLINQ, regular
threads and thread pool.

MLI1.4

LABVIEW-ARDUINO UNO TEMPERATURE MEASURING SYSTEM

Josif Tomic, Faculty of Technical Sciences, University of Novi Sad, Novi Sad , Serbia
Miodrag Kusljevic, Termoelektro Enel AD, Beograd, Serbia

Platon Sovilj, Faculty of Technical Sciences, University of Novi Sad, Novi Sad , Serbia
Vladimir Rajs, Faculty of Technical Sciences, University of Novi Sad, Novi Sad , Serbia

Today's modern measuring technique is based on the implementation of microprocessor-supported
measurement and information systems. The low price of computing and electronic components has led to
measuring devices becoming software-oriented. The main emphasis is placed on the realization of complex
mathematical algorithms, over sampled physical signals that were converted into electricity or voltage. The
same case applies to temperature measurements. The temperature is undoubtedly the most widely measured
physical size and there is a very large number of measuring methods and sensors that can precisely measure
this size. Unfortunately, many temperature sensors have non-linear characteristics, so complex numerical
formulas need to be applied to get the exact values. This paper presents a microprocessor measuring device
for measuring and calibrating temperature sensors from silicon. The system is characterized by simplicity,
low price and satisfactory accuracy. The device was realized with the Arduino UNO card and the program is
written in the LabVIEW software package, using the LIFA library functions.

MLI1.5

NATURALLY WEIGHTED MEASUREMENT DATA IN POWER GRID - MEASUREMENT DATA IN
FOURIER DOMAIN

Vladimir Vujicic ,Institute of Technical Sciences of the Serbian Academy of Sciences and Arts, Belgrade, Serbia
Aleksandar Radonjic ,Institute of Technical Sciences of the Serbian Academy of Sciences and Arts, Belgrade, Serbia
Platon Sovilj ,Faculty of Technical Sciences, University of Novi Sad, Novi Sad, Serbia

The latest development of stochastic digital measurement method allows extremely simple measurement of
Fourier coefficients and, thus, the harmonic amplitudes: the natural weights of the measurement data in
Fourier domain. The significance of each measurement data is defined by its weight, which allows the
optimization of data recording, data analysis and artificial neural network training in a power grid.

MLI1.6

STOCHASTIC EMBEDDED SYSTEMS

Vladimir Vujicic ,Institute of Technical Sciences of the Serbian Academy of Sciences and Arts, Belgrade, Serbia
Aleksandar Radonjic ,Institute of Technical Sciences of the Serbian Academy of Sciences and Arts, Belgrade, Serbia

Dragan Pejic ,Faculty of Technical Sciences, University of Novi Sad, Novi Sad, Serbia



Computing, analog-to-digital conversion and digital-to-analog conversion are the three most important
functions in embedded systems. The last two may include stochasticity regardless of whether the computing
is stochastic or not. The purpose of this paper is to specify and clarify the role of stochasticity in embedded
systems.
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Dana Vasiljevi¢ Radovi¢, Institute of Chemistry, Technology and Metallurgy — Center of
Microelectronic Technologies, University of Belgrade, Serbia

MOI1.1

DESIGN AND CHARACTERIZATION OF THERMOELECTRIC ENERGY HARVESTING SYSTEMS FOR
WIRELESS SENSOR NODES (Invited paper)

Zoran Priji¢, Faculty of Electronic Engineering, University of Nis, Serbia
Ljubomir Vracar, Faculty of Electronic Engineering, University of Nis, Serbia
Aneta Priji¢, Faculty of Electronic Engineering, University of Nis, Serbia

As a process of obtaining electrical energy by conversion from the surrounding sources, energy harvesting is
convenient for powering wireless sensor nodes. Operation of the nodes requires reliable systems for
conversion, storage and management of the harvested energy. This paper reviews some of the most common
design principles and characterization methods for the energy harvesting systems based on the small
thermoelectric generators. Techniques for solving cold boot issues and achieving prolonged autonomy of the
nodes are highlighted. Hlustrative design examples of the nodes, based on the commercially available (off-
the-shelf) devices, are presented.

MOI1.2

DEVICE SIMULATIONS OF OFF-STATE BREAKDOWN VOLTAGE IN THE RF SILICON-BASED LDMOS
POWER TRANSISTORS

Viadimir Milovanovié, Faculty of Engineering, University of Kragujevac, Serbia
Darko Tasovac, NovellC Microsystems, Serbia

Past decades saw a tremendous incline in the performance of laterally diffused metal oxide semiconductor
(LDMOS) field-effect transistors (FETS), putting them as the leading radio-frequency (RF) power technology
in several application areas, like for example cellular infrastructure. One of the key parameters of LDMOS
devices is certainly the breakdown voltage. Careful engineering of the transistor is necessary to optimize
various parameters and achieve good compromise between number of key quantities. Device designers use
technology computer-aided design simulation tools to reduce development time and to make their designs
competitive. This paper deals with simulations of off-state avalanche breakdown in LDMOS transistors. Two
ways of estimating the breakdown voltage are identified and applied in simulations of a typical LDMOS
device. Analysis of simulation results confirms that the two methods are practically equivalent.

MOI1.3

STEADY-STATE ANALYSIS OF STOCHASTIC TIME RESPONSE OF CHEMICAL AND BIOLOGICAL
MICROFLUIDIC SENSORS

Ivana Jokié, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic Technologies,
University of Belgrade, Serbia



Zoran Djurié, Serbian Academy of Sciences and Arts, Institute of Technical Sciences of SASA, Serbia

Katarina Radulovié, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic Technologies,
University of Belgrade, Serbia

Milos Frantlovié¢, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic Technologies,
University of Belgrade, Serbia

Predrag Krstajié, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic Technologies,
University of Belgrade, Serbia

Katarina Cvetanovi¢ Zobenica, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic
Technologies, University of Belgrade, Serbia

MOI1.4

In this paper we first give a short review of two stochastic models describing both the expected value and
variance of the random number of adsorbed particles in microfluidic adsorption-based chemical and
biological sensors. One model takes into account the influence of coupling of stochastic adsorption-
desorption processes and mass transfer on the change of the number of adsorbed particles, while the other
neglects the influence of mass transfer. Subsequently, by using the two models, we perform the analysis of
the expected value and variance, as well as the sensor’s signal-to-noise ratio, after reaching the steady state
of all transient processes. We compare the results obtained by using the different models, and determine
conditions for their application. We estimate the influences of the sensing surface area and the concentration
of target particles on statistical parameters of sensor response and signal-to-noise ratio, considering the cases
where mass transfer is significant, and those where it is not. We particularly analyze the mass transfer
influence on the expected value, variance and signal-to-noise ratio. Such analysis does not exist in the
available literature. The presented analysis yields new knowledge about the stochastic response of
adsorption-based sensors, and it is significant for their optimization in order to achieve reliable analyte
detection and improved sensing performance.

DIRECT LASER WRITING OF MICRO-STRUCTURES IN VECTOR MODE FOR CHEMICAL SENSORS

Milija Sarajli¢, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic Technologies,
University of Belgrade, Serbia

Milée Smiljanié, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic Technologies,
University of Belgrade, Serbia

Zarko Lazi¢ Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic Technologies,
University of Belgrade, Serbia,

Katarina Cvetanovi¢ Zobenica, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic
Technologies, University of Belgrade, Serbia

Dana Vasiljevi¢ Radovié, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic
Technologies, University of Belgrade, Serbia

Danijela Randjelovié¢, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic Technologies,
University of Belgrade, Serbia

MOI1.5

Chemical sensors are the key part of the sensing platforms. They have different operating principles, but most
of them are based on microstructures formed on the surface of the chip. In this paper we present technique
for obtaining micro sized structures for the use in two different types of the chemical sensors. One type of
the sensor is based on the electrical conductivity alteration in Au thin-film while the other is based on the
optical properties of periodic metallic structures utilizing plasmonic effects. Technique presented here is
based on the laser writing on the photosensitive material in “vector mode” where only continuous lines could
be directly written. Width of the written lines is modified by alternating technique parameters. Narrowest
obtained lines have width of about 1 um with clearance of about 3 um

TWO TYPES OF INTEGRATED HEATERS FOR SYNTHESIS OF TIO, NANOPARTICLES IN
MICROREACTORS



Milena Rasljié, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic Technologies,
University of Belgrade, Serbia

Milce M. Smiljanié, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic Technologies,
University of Belgrade, Serbia

Zarko Lazié, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic Technologies,
University of Belgrade, Serbia

Katarina Radulovié, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic Technologies,
University of Belgrade, Serbia

Katarina Cvetanovi¢ Zobenica, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic
Technologies, University of Belgrade, Serbia

Dana Vasiljevié Radovié, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic
Technologies, University of Belgrade, Serbia

In this paper we fabricated two types of heaters for microreactors which are used in synthesis of TiO;
nanoparticles. We used standard photolithographic processes to design gold and p-type heaters diffused in n-
type silicon substrate. Heaters are designed to be integrated part of microreactors. The temperature necessary
for synthesis of TiO, nanoparticles is achieved with both types of heaters. P-type diffused heaters are shown
better in terms of power consumption.

MOI1.6

CUSTOMIZATION OF EVANESCENT NEAR FIELDS ON FREESTANDING PLASMONIC
NANOMEMBRANES

Marko Obradov, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic Technologies,
University of Belgrade, Serbia

Zoran Jaksié, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic Technologies,
University of Belgrade, Serbia

Ivana Mladenovié, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic Technologies,
University of Belgrade, Serbia

Dragan Tanaskovié, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic Technologies,
University of Belgrade, Serbia

Dana Vasiljevi¢ Radovié, Institute of Chemistry, Technology and Metallurgy — Center of Microelectronic
Technologies, University of Belgrade, Serbia

For a very long time optical evanescent near fields have been considered useless for practical applications
and remained a theoretical curiosity. However, with advances in micro and nanotechnologies and the
decreasing sizes of the photonic devices there came a need to overcome diffractive limit which sparked a
practical interest in these previously overlooked field components. With the discovery of Surface Plasmon
Polaritons (SPP), bound surface modes propagating along interfaces between materials with different signs
of relative dielectric permittivity and being evanescent in the direction perpendicular to the interface a path
was open to actively design spectral and spatial properties of near fields. Now plasmonic metamaterials and
evanescent near fields are used not just for imaging beyond diffractive limit but also in transformation optics,
biochemical sensing, cloaking devices, photonic integrated circuits, etc. Freestanding plasmonic
nanomembranes are fairly simple and yet highly versatile structures which can be utilized in practically any
of the fields of application of plasmonics, making them an ideal platform to build upon. In this paper we
present a novel structural design as a means for customizing and tailoring the near field response of multilayer
freestanding nanomembranes. To this purpose ellipsoidal diffractive "bumps" are built into the
nanomembrane as the coupling elements between freely propagating and evanescent modes.

MOI1.7

APPLICATION OF NANOTECHNOLOGY IN AGRICULTURE AND FOOD PRODUCTION — NANOFOOD
AND NANOAGRICULTURE



Enisa Omanovié-Miklicanin, Faculty of Agriculture and Food Sciences, University of Sarajevo, Bosnia and
Herzegovina

Mirjana Maksimovié, Faculty of Electrical Engineering, University of East Sarajevo, Bosnia and Herzegovina

MOI1.8

Nanotechnology presents one of the exciting new fields of research that holds potential to address many of
the pressing needs in all areas of the food and agriculture. Numerous and diverse characters and combinations
of nanotechnologies may be applied from plant cropping and animal feeding to food production,
manufacturing and packaging, therefore contributing to safe and quality food products. Methods based on
nanotechnology present very powerful alternative to the existing methods for identification and quantification
of contaminants and other ingredients in food, improving production and enhancing food safety through the
development of nano-based detection systems. Additionally, in the evaluation of food quality and safety
(nano) spectroscopic methods are very important due to rapid and non-destructive analytical performances.
This work highlights the importance of nanotechnology and nanospectroscopy and summarizes their main
applications in agriculture and food sciences

RUGGEDIZED AMLCD DISPLAY COLOR GAMUT CORRECTIONS POSSIBILITIES

Branko Livada, Vlatacom Institute of High Technologies, Belgrade, Serbia

Wide gamut active matrix liquid crystal displays — AMLCD, nowadays play an important role in the HDTV
development. Due to LCD color filter spectral limitation the wide gamut is achievable only by proper
backlight design. In some particular application as ruggedized avionic displays the presentation of the
selected colors are important. The AMLCD display color gamut model used for display backlight design is
presented. This model application results are used for selection of the backlight R, G, B LEDs providing
proper color gamut and required color presentation. According to model results display backlight is built and
measured. Display gamut measurement results comply with model results.

Sesija MOL1: Mikroelektronika, mikrosistemi i optoelektronika
Cetvrtak, 14. Jun, 11:00 — 12:30, Sala 1

Predsedavajudi: Zoran Priji¢, Elektronski fakultet, Univerzitet u NiSu, Srbija

MO1.1

ELEKTROHEMIJSKI PROCESI KOD P-KANALNIH VDMOS TRANZISTORA SNAGE PRI SUKCESIVNOM
NBT NAPREZANJU I OZRACIVANJU

Vojkan Davidovi¢, Elektronski fakultet, Univerzitet u Nisu, Srbija

Danijel Dankovié, Elektronski fakultet, Univerzitet u Nisu, Srbija

Snezana Golubovié, Elektronski fakultet, Univerzitet u Nisu, Srbija

SneZana Dori¢-Veljkovi¢, Gradevinsko-arhitektonski fakultet, Univerzitet u Nisu, Srbija

Ivica Manié, Elektronski fakultet, Univerzitet u Nisu, Srbija

Zoran Priji¢, Elektronski fakultet, Univerzitet u Nisu, Srbija

Aneta Priji¢, Elektronski fakultet, Univerzitet u Nisu, Srbija

Ninoslav Stojadinovié, Elektronski fakultet, Univerzitet u Nisu,; Srpska akademija nauka i umetnosti (SANU) -
ogranak u Nisu, Srbija

U ovom radu analizirani su elektrohemijski procesi tokom sukcesivnog NBT (negative bias temperature)
naprezanja i ozraCivanja komercijalnih p-kanalnih VDMOS (Vertical Double-Diffused Metal Oxide
Semiconductor) tranzistora snage, kao i tokom njihovog spontanog oporavka. Odredene su promene gustina
naelektrisanja u oksidu gejta i povrSinskih stanja do kojih dolazi usled elektrohemijskih procesa, a prikazano



je 1 odgovarajuée ponaSanje napona praga tokom posmatranog naprezanja i oporavka. Pokazano je da
prethodno ozracivanje bitno utice na promene gustina naelektrisanja u oksidu gejta i povrsinskih stanja tokom
NBT naprezanja, dok prethodno NBT naprezanje gotovo da nema uticaja na njihov dalji znacajni porast
tokom ozrac¢ivanja. Uoceno je da tokom spontanog oporavka, kod prethodno ozracenih komponenata dolazi
do promena gustina naelektrisanja u oksidu gejta i povrSinskih stanja, dok kod prethodno NBT naprezaih
komponenata nisu uocene njihove promene, iako napon praga kod svih komponenata ostaje prakti¢no
stabilan.

MO1.2

KARAKTERIZACIJA ELEKTRICNO PROGRAMABILNOG MOS TRANZISTORA SA PLIVAJUCIM GEJITOM
Aleksandar Jevtié, Elektronski fakultet, Univerzitet u Nisu, Srbija

Stefan 1li¢, Elektronski fakultet, Univerzitet u Nisu, Srbija

Vojkan Davidovi¢, Elektronski fakultet, Univerzitet u Nisu, Srbija

Aneta Priji¢, Elektronski fakultet, Univerzitet u Nisu, Srbija

Zoran Priji¢, Elektronski fakultet, Univerzitet u Nisu, Srbija

U ovom radu je vrSena karakterizacija integrisanog kola ALD1108E koje se sastoji iz Cetiri elektri¢no
programabilna MOS tranzistora sa plivajuéim gejtom, tzv. EPAD-a (Electrically Programmable Analog
Device). Programiranje ovih tranzistora je zapravo precizno pode$avanje napona praga na zeljenu vrednost
od strane korisnika, a prakti¢no se ostvaruje dovodenjem naelektrisanja na plivajuci gejt. Svi EPAD-i imaju
inicijalni napon praga od 1 V. Ispitivana je zavisnost pomeraja napona praga od parametara impulsa kojim
se programiraju tranzistori. Takode, realizovan je programator koji sa visokom precizno$éu moze da podesi
napon praga tranzistora na zeljenu vrednost u opsegu od inicijalne vrednosti do 4 V.

MO1.3

OPTIMIZACJA | MODELOVANJE DEBELOSLOJNOG SEGMENTIRANOG TERMISTORA ZA
GRADIJENTNI SENZOR TEMPERATURE TLA

Stanko Aleksi¢, Fakultet tehnickih nauka, Univerzitet u Kragujevcu, Cacak, Srbija

Nebojsa Mitrovi¢, Fakultet tehnickih nauka, Univerzitet u Kragujevcu, Cacak, Srbija

Miloljub Lukovié, Fakultet tehnickih nauka, Univerzitet u Kragujeveu, Cacak, Srbija

Slobodan Djukié, Institut za multidisciplinarna istraZivanja -IMSI, Univerzitet u Beogradu, Srbija
Aleksandra Kalezié-Glisovié, Fakultet tehnickih nauka, Univerzitet u Kragujevcu, Cacak, Srbija

Konstrukeija i na¢in dobijanja debeloslojnih NTC segmentiranih termistora opisani su ukratko. Merena je i
analizirana zavisnost elektri¢ne otpornosti u funkciji od slojne otpornosti, geometriske veli¢ine segmenta,
temperature ambijenta i vremena. Kori§éena je termistorska pasta na bazi praha Cistog nikl manganita
NiMn,O4 a mereni rezultati otpornostii su uporedjeni sa rezultatima dobijenim preko matemati¢ko-fizi¢kog
modela. Optimizacija je vrSena u cilju dobijanja pogodne vrednosti otpornosti segmentiranog termistora za
novi gradijentni senzor temperature tla. Novi senzor je formiran u obliku redne veze 10 segmentiranih
termistora, zatim je bazdaren na sobnoj temperaturi i postavljen na travnjak u buSenu rupu dubine od 55 cm
da meri promenu temperature sa dubinom u 40 tacaka. VrSena su prva dnevna i mesecna pra¢enja promene
profila temperature tla. Rezultati su znacajni za korelaciju temperature vazduha i tla i prenos energije kroz
gornji sloj tla.

MO1.4

ANALIZA UTICAJA POCETNE TEMPERATURE TEST UZORKA PRI PRIMENI IMPULSNE TERMOGRAFIJE
Ljubisa Tomi¢, Vojnotehnicki institute, Beograd, Srbija

Vesna Damnjanovi¢, Rudarsko-geoloski fakultet, Univerzitet u Beogradu, Srbija

Katarina Miskovi¢, Vojnotehnicki institute, Beograd, Srbija



Boban Bondzuli¢, Vojna akademija, Univerzitet odbrane u Beogradu, Srbija
Dragan Knezevic, Vojnotehnicki institute, Beograd, Srbija
Aleksandar Kovacevié, Tehnicki opitni centar, Beograd, Srbija

Impulsna termografija kao atraktivna i pouzdana metoda za nedestruktivna testiranja se poslednjih godina
primenjuje u ispitivanjima termoprovodnih materijala. U radu su prikazani rezultati primene ove metode za
ispitivanje simuliranih defekata u aluminijumskoj test plo€ici. IzvrSena je analiza snimljenih termograma
poredenjem razlike temperature oblasti iznad defekta i oblasti van defekta. Posebno su analizirani
temperaturni kontrasti najveéeg defekta - slucaj kada su pocetene temperature ispitivanog objekta razlicite u
odnosu na ambijentalnu tj. kada se test plo€ica i pre spoljasnje pobude zagreva ili hladi.

MO1.5

RAZVOJ INFRACRVENE TERMOGRAFIJE

Vesna Damnjanovié¢, Rudarsko-geoloski fakultet, Univerzitet u Beogradu, Srbija
Ljubisa Tomic, Vojnotehnicki institute, Beograd, Srbija

Slobodan Petricevi¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija
Danica Pavlovié, Institut za fiziku, Univerzitet u Beogradu, Srbija

Darko Vasiljevié, Institut za fiziku, Univerzitet u Beogradu, Srbija

U radu je prikazan hronoloski razvoj infracrvene termografije. Navedene su mogucnosti njene Siroke
primene danas. Data je prognoza buduéih pravaca razvoja ove bezkontaktne metode namenjene za
nedestruktivno ispitivanje materijala, lociranje zagrejanih objekata i zivih bi¢a, detekciju gasova, kao i za
pracenje razlicitih procesa.
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MT1.1

MODELOVANJE HP MIKROTALASNIH ADAPTERA MODELI IZ SERIJE 281 | 292

Nenad Munié, Tehnicki opitni centar, Beograd, Srbija

Aleksandar Kovacevié, Tehnicki opitni centar, Beograd, Srbija

Veljko Nikoli¢, Tehnicki opitni centar, Beograd, Srbija

Ljubisa Tomi¢, Vojnotehnicki Institut, Beograd, Srbija

Milica Stojkovié, Tehnicki opitni centar, Beograd, Srbija

MT1.2

Adapteri su nasli Siroku primenu u raznim mikrotalasnim kolima. Modelovanjem kola se na jeftin i brz na¢in
mogu optimizovati parametri sistema. Cilj ovog rada je modelovanje adaptera proizvodaca Hewlett-Packard
serija 281 (talasovod-koaksijalni vod) i 292 (talasovod-talasovod). U radu je pokazano kako promena raznih
parametara modela adaptera uti¢e na vrednosti: ,,cut off“ frekvencije, polozaja rezonantnih frekvencija,
gubitaka itd. Predmet ovog rada je upravo prikaz simulacionih modela, kao i odgovarajucih rezultata
simulacija i eksperimenata.

PRIKUPLJANJE I KONVERZIJA RF ENERGIJE U SIROKOM FREKVENCIJSKOM OPSEGU

Branka Milosevié, Institut za fiziku, Univerzitet u Beogradu, Beograd, Srbija

Branka Jokanovié, Institut za fiziku, Univerzitet u Beogradu, Beograd, Srbija.

Milos Radovanovié, Institut za fiziku, Univerzitet u Beogradu, Beograd, Srbija

Nikola Boskovi¢, Institut za fiziku, Univerzitet u Beogradu, Beograd, Srbija

MT1.3

U ovom radu je opisano projektovanje osnovnih elemenata sistema za prikupljanje i konverziju RF energije
(RF energy harvesting) koji radi u opsegu frekvencija od 1 do 16 GHz. Sistem se sastoji od antene i
ispravlja¢kog kola sa detektorskom diodom. Kori$¢enjem nelinearne analize (harmonic balance) odreden je
opseg optimalnih ulaznih impedansi detektorske diode na osnovu Spice modela proizvodaca. Nakon toga,
projektovan je niz koji se sastoji od dve Sirokopojasne pentagonalne dipol antene, koje su povezane
koplanarnim vodom (CPS). Detektorska dioda se postavlja na CPS vod na sredini izmedu dipola. Pri
optimizaciji antenskog niza se vodilo ra¢una da ulazna impedansa antene, na mestu gde se prikljucuje dioda,
bude priblizno jednaka njenoj optimalnoj ulaznoj impedansi, bar u nekom delu zeljenog radnog opsega. Na
taj nacin, izbegava se kolo za prilagodenje impedanse izmedu antene i detektora, koje dodatno komplikuje
sistem i unosi slabljenje.

INVERZNO OCITAVANJE ITU-R P.1546 KRIVIH ZA NIVO EM POLJA RADIO-DIFUZNIH PREDAINIKA

Milos Radojkovié, Energoprojekt Entel, Beograd, Srbija

Zlatica Marinkovié, Elektronski fakultet u Nisu, Univerzitet u Nisu, Nis, Srbija



Aleksandar Atanaskovié, Elektronski fakultet u Nisu, Univerzitet u Nisu, Nis, Srbija

U ovom radu predloZen je novi metod za inverzno oditavanje krivih iz preporuke ITU R-1546 za o¢ekivani
nivo elektromagnetnog polja koji potice od radiodifuznih predajnika. PredloZzeni metod je baziran na primeni
vestackih neuronskih mreza i omogucava efikasno odredivanje rastojanja za zadati nivo polja. Metod je
ilustrovan na primeru krivih koje se odnose na frekvenciju 600 MHz. Prikazani su rezultati koji potvrduju
tacnost predlozenog metoda.

MT1.4

KRUZNI LINEICNI OBRUC U SFERNOJ VAZDUSNOJ SUPLJINI UNUTAR BI-IZOTROPNOG
MATERIJALA TELLEGEN-OVOG TIPA

Zaklina Mancié, Elektronski fakultet u Nisu, Univerzitet u Nisu, Nis, Srbija
Zlata Cvetkovi¢, Elektronski fakultet u Nisu, Univerzitet u Nisu, Nis, Srbija

U ovom radu izvrSen je proracun elektricnog i magnetnog skalar potencijala kruznog linei¢nog obruca
naelektrisanog ukupnim naelektrisanjem q, smestenog u sferi¢noj $upljini koja postoji unutar bi-izotropnog
materijala Tellegen-ovog tipa. ReSeavana je Poisson-ova i Laplace-ova jednacina u sfernom koordinatnom
sistemu uz zadovoljenje grani¢nih uslova na razdvojnoj povrsini vazduh—bi-izotropna sredina. Zatim su
nacrtani odgovarajuci grafici i izvedeni odredeni zakljucci.

Session MTI1 Microwave technique, technologies and systems
Tuesday, June, 12, 09:00 — 10:30, Hall 1

Chair: Vera Markovi¢, Faculty of Electronic Engineering Ni§, University of Ni§, Ni§, Serbia
Branka Jokanovié, Institute of Physics, University of Belgrade, Pregrevica, Serbia

MTI1.1

COMBINATIONS SCENARIOS OF OPTICAL AND RF-COMMUNICATION NETWORKS FOR DIFFERENT
HIGH DATA RATE MULTIMEDIA APPLICATIONS AND INNOVATIONS IN AUTONOMOUS DRIVING
(Invited Paper)

Erich Leitgeb, Institute of Microwave and Photonic Engineering, Graz University of Technology, Graz, Austria

In this contribution Combinations of Optical- and RF-Wave Propagation are illustrated for different
scenarios. The considerations include Optical Wireless Communication (OWC, well known as Free Space
Optics (FSO)) as hybrid transmission methods with telecommunication technologies (like WLAN, RF- and
satellite communications) and also Sensing Technologies (like LIiDAR and radar combinations). The
contribution deals with possible fields of applications for optical wireless in conjunction with automated
driving. The scope considers requirements (including infrastructure and regulations), differences of Optical
and RF-Wave Propagation and promising combinations of optical techniques with conventional wireless
technologies. This paper should also provide inputs to define new ideas and aspects for the future research
focus within Europe.

MTI1.2

LINEARIZATION OF HARMONIC AUTOMOTIVE RADAR

Aleksandar Atanaskovic, Faculty of Electronic Engineering Nis, University of Nis, Nis, Serbia
Natasa Males-1lic, Faculty of Electronic Engineering Nis, University of Nis, Nis, Serbia
Aleksandra Pori¢, Faculty of Electronic Engineering Nis, University of Nis, Nis, Serbia
Predrag Eferica, Faculty of Electronic Engineering Nis, University of Nis, Nis, Serbia

In this paper, a new automotive radar concept for target detection and classification is suggested. The
harmonic radar receivers detect the targets carrying the nonlinear tag that generates the nonlinear products of



the transmitter signals - the second harmonics and intermodulation products of the third-order. The vulnerable
targets, such as pedestrians, children and similar, are identified by reflecting the third-order intermodulation
products, whereas the cars are detected by reflection of the second harmonics of the radar transmitter signals
- two LFM modulated carriers. Therefore, the power amplifier in the radar transmitter, that generates the
intermodulation products due to its nonlinear transfer characteristic, is linearized by the linearization
technique that uses the second harmonics of the useful signals.

MTIL1.3

USING RAT RACE BALUN TRANSITION FOR CHARACTERIZATION OF 60 GHZ FMCW TRANSMITTER
MODULE

Sinisa Jovanovi¢, IMTEL Komunikacije, Belgrade, Serbia

Ivan Milosavljevi¢, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia; NovellC
Microsystems, Belgrade,Serbia

Veselin Brankovi¢, NovellC Microsystems,Belgrade, Serbia

This paper features the design and realization of a balun transition developed for signal monitoring at the 32x
down scaled frequency output of a highly integrated FMCW transmitter module. The module operates in a
millimeter-wave frequency range from 59.5 GHz to 70.5 GHz. The balun connects 100 Q balanced scaled
outputs of the FMCW transmitter chip to a 50 Q unbalanced single-ended output of the RF board. The balun
characteristics were optimized for achieving good matching at both the balanced and the unbalanced port as
well as for a low insertion loss, less than 1 dB, within the entire scaled frequency range of interest, from 1.7
up to 2.3 GHz. It provides a frequency down-scaled sample of the main output signal which allows testing
and monitoring of various features of the transmitter’s output signal.

MTI1.4

K-BAND CPW-FED RECTANGULAR SLOT DIPOLES FOR 5G APPLICATIONS
Marija Miliji¢, Faculty of Electronic Engineering Nis, University of Nis, Nis, Serbia
Branka Jokanovié, Institute of Physics, University of Belgrade,Pregrevica, Serbia

This paper presents the results of parametric analysis of the rectangular slot dipole fed by CPW line for
application in 5G frequency range 24.25-27.5 GHz band. The influence of the dipole geometrical parameters
on the dipole key performances like resonant and antiresonant frequencies, and antenna bandwidth is
demonstrated. This research opens the door to the reconfigurability of slot dipole antennas by means of
variable length of the extended CPW line, which can adjust the antiresonant frequency and impedance level
at antiresonance.

MTI1.5

EXPERIMENTAL SHIELDING EFFECTIVENESS ANALYSIS OF A METAL ENCLOSURE WITH
CIRCULAR AIR-VENTS

Natasa Nesic, College of Applied Technical Sciences Nis, Nis, Serbia

Nebojsa Doncov, Faculty of Electronic Engineering Nis, University of Nis, Nis, Serbia

Slavko Rupcic¢, Department of Communications, Faculty of Electrical Engineering, Osijek, Croatia

Vanja Mandri¢-Radivojevi¢ Department of Communications, Faculty of Electrical Engineering, Osijek, Croatia,
Bratislav Milovanovi¢, University Singidunum, Belgrade, Serbia,

This paper presents the experimental study of shielding effectiveness of a metallic enclosure with circular
air-vents and a monopole-receiving antenna. The front panel of enclosure is removable so that three groups
of 4x3 circular apertures with different frontal wall coverage with air-vents are taken into consideration. The
experimental results are obtained in a semi-anechoic room and compared with numerical ones calculated by
TLM method with incorporated compact wire and air-vent models.
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Monday, June, 11% 11:00 — 12:00, Hall 3

Chair: Neboj$a Mitrovié, University of Kragujevac, Faculty of Technical Sciences, Ca¢ak, Serbia

NMI1.1

INFLUENCE OF RARE EARTH ADDITION ON THE STRUCTURAL AND MAGNETIC PROPERTIES OF
COBALT FERRITE NANOSTRUCTURES (Invited paper)

Georgiana Bulai, Integrated Center for Studies in Environmental Science for North-East Region (CERNESIM),
Alexandru loan Cuza University of lasi, Romania

Stefan Irimiciuc, Faculty of Physics, Alexandru loan Cuza University of lasi, Romania

Vasilica Gafton, Faculty of Physics, Alexandru loan Cuza University of lasi, Romania

Silviu Gurlui, Faculty of Physics, Alexandru loan Cuza University of lasi, Romania

Ovidiu Caltun, Faculty of Physics, Alexandru loan Cuza University of lasi, Romania

NMI1.2

Cobalt ferrites are suitable materials for the development of sensors and magneto-optic devices and the
substitution of iron with the rare earth (RE) ions can significantly modify the structural and consequently
electric and magnetic properties of samples. The main aim of our series of studies was to analyze the influence
of RE substitution, in terms of composition and type, on the properties of CoFel-xRExO4 (RE = Gd, Dy,
Yb) bulk, nanoparticles and thin films. Bulk materials were obtained by different synthesis process (classical
ceramic or combustion), nanoparticles were produced mainly by coprecipitation and thin film were grown
by pulsed laser deposition technique. The talk will go in deep details for the last technique, case in which an
in-situ plasma plume analysis was done during the deposition in order to study the correlation between plasma
parameters and the structural and magnetic characteristics of the obtained samples. The plasma analysis was
done for all depositions by fast ICCD imaging and space and time resolved optical emission spectroscopy.
The nanopowders obtained by coprecipitation were used for target synthesis at 1250°C for 5 hours. The
resulting disks were placed in a stainless steel vacuum chamber where a 10 Torr base pressure was ensured.
The monocrystalline (100) Si substrate was placed at a distance of 5 cm in front of the target during the 60
min deposition. To reduce and even avoid the deposition of micro-sized droplets on the surface of the
deposited samples, the Nd-YAG laser (532 nm) fluence was kept at 2 J/cm?. The structural properties of
nanoparticles, bulk materials and thin films were investigated by XRD, Raman spectroscopy and SEM/EDX
technique which revealed the influence of the RE concentration on phase composition, lattice parameters and
crystallinity. The magnetic character of the deposited samples confirmed by VSM and SQUID was strongly
influenced by growth conditions.

RATE COEFFICIENTS FOR H+ IN n-BUTANOL

Zeljka Nikitovié, Institute of Physics, University of Belgrade, Belgrade, Serbia

NMI1.3

In this work we select most probable reactions of H+ ions with n-Butanol. Appropriate gas phase enthalpies
of formation for the products were used to calculate scattering cross section as a function of kinetic energy
with Denpoh-Nanbu theory. Calculated cross sections can be used to obtain transport parameters, specially
rate coefficients as a function of E/N (E -electric field; N-gas density) for H+ ions in n-Butanol gas.

SINTERING TEMPERATURE INFLUENCE ON ELECTRICAL RESISTIVITY OF Er DOPED BaTiOs
CERAMICS

Milos Dordevi¢, University of Nis, Faculty of Electronic Engineering, Nis, Serbia



Vesna Paunovié, University of Nis, Faculty of Electronic Engineering, Nis, Serbia
Vojislav Miti¢, University of Nis, Faculty of Electronic Engineering, Nis, Serbia
Zoran Prijié, University of Nis, Faculty of Electronic Engineering, Nis, Serbia

The electrical resistivity of Er doped BaTiO3 ceramics in function of sintering temperature is investigated in
this article. The concentrations of Er,Oz in doped samples were ranged from 0.01 to 1.0 at% Er. The samples
were prepared by a conventional solid state sintering procedure and sintered at 1320°C, 1350°C and 1380°C
for 4 hours. For low dopants concentration (0.01 at% Er), SEM analysis shows abnormal grain growth with
the average size range between 10 um - 50 um. The increase of dopants concentration and sintering
temperature in samples causes decrease of average grain size, and for samples doped with 1.0 at% Er, grain
Size range between 2 pm - 30 um. The specific electrical resistance were measured in temperature range from
25°C to 170°C at different frequencies, from 100Hz to 1MHz. To a temperature of 120°C, resistivity slightly
increases with increasing of temperature, but above this temperature the resistivity increases rapidly. The
value of the electrical resistivity decreases with increasing concentration of Er, to a concentration of 0.5 at%
Er, and then resistivity increases. Also, with increasing sintering temperature the electrical resistivity
decreases.

Sesija NM1: Novi Materiali
Ponedeljak, 11. Jun, 12:00 — 13:00, Sala 3

Predsedavajudi: Vesna Paunovié¢, Univerzitet u NiSu, Elektronski fakultet, Ni§, Srbija

NM1.1

MIKROSTRUKTURNE I DIELEKTRICNE KARAKTERISTIKE BaTiO3 KERAMIKE DOPIRANE RAZLICITIM
ADITIVIMA

Stefan 1li¢, Univerzitet u Nisu, Elektronski fakultet, Nis, Srbija
Milos Pordevié¢, Univerzitet u Nisu, Elektronski fakultet, Nis, Srbija
Vesna Paunovi¢, Univerzitet u Nisu, Elektronski fakultet, Nis, Srbija
Vojislav Miti¢, Univerzitet u Nisu, Elektronski fakultet, Nis, Srbija

U radu su ispitivane mikrostrukturne i dielektri¢ne karakteristike uzoraka BaTiO3 keramike dopirane MnCO3
i CaZrO; u koncentraciji od 0.5 do 1.5 wt% aditiva. Uzorci modifikovane BaTiO3; keramike dobijeni su
konvencionalnom metodom polazeéi od ¢istih prahova i sinterovani 2 sata na temperaturi od 1300°C. Kod
MnCOg3 i CaZrO3 dopirane keramike postignuta je uniformna mikrostruktura sa srednjom veli¢inom zrna od
1-2 pm i 3um respektivno. Najvecu vrednost dielektri¢ne konstante na sobnoj temperaturi i najve¢u promenu
dielektri¢ne konstante sa promenom temperature pokazuje CaZrO3 dopirana keramika. Kirijeva temperatura
svih uzoraka pomerena je ka niZim vrednostima u odnosu na nedopiranu keramiku. Svi uzorci imaju isti tok
promene dielektricne konstante sa frekvencijom koja postize konstantnu vrednost za frekvencije vece od 6
kHz. Tangens ugla gubitaka kreé¢e se u opsegu od 0.018 za uzorke dopirane CaZrOs; do 0.25 za uzorke
dopirane MnCQOs i postiZe konstantnu vrednost za frekvencije vece od 10 kHz.

NM1.2

MAGNETNA SVOJSTVA FeCoV LEGURE DOBIJENE PIM/MIM TEHNOLOGIJOM BRIZGANJA
KOMPOZITA PRAHA SA RASTOPLJENIM VEZIVOM

Borivoje Nedeljkovi¢, Univerzitet u Kragujeveu, Fakultet tehnickih nauka Cacak, Srbija
Nebojsa Mitrovié, Univerzitet u Kragujeveu, Fakultet tehnickih nauka Cacak, Srbija
Jelena Orelj, Univerzitet u Kragujevcu, Fakultet tehnickih nauka Cacak, Srbija

Branko Koprivica, Univerzitet u Kragujevcu, Fakultet tehnickih nauka Cacak, Srbija



U radu su ispitivani torusni uzorci legure Fe49C049V?2 proizvedene PIM/MIM tehnologijom koja je zavrSena
visokotemperaturskim sinterovanjem tokom 3,5 sata na temperaturama od 1370 °C do 1460 °C u atmosferi
vodonika, Magnetna svojstva su ispitivana u zavisnosti od temperature sinterovanja i pri razli¢itim
vrednostima pobudnog magnetnog polja. Najveca ostvarena relativna magnetna permeabilnost je oko 210 pri
magnetnoj pobudi od 3 kA/m i frekvenciji od 5 Hz kod uzorka sinterovanog na temperaturi od 1370 °C.
Energetski gubici materijala u magnetnom polju su analizirani preko gubitaka usled magnetnog histerezisa i
gubitaka usled vihornih struja. Za analizu frekventne zavisnosti koercitivnosti koris¢en je model koji pored
napred navedena dva efekta prati i anormalne gubitke usled vihornih struja. Najbolji set magnetnih
karakteristika je postignut kod uzorka sinterovanog na 1370 °C.

NM1.3

KORELACIJA STEPENA RELATIVNE DEFORMACIJE ZICE OD NERPAJUCEG CELIKA X5CrNi18-10,
TEMPERATURE | PROMENE GUSTINE STANJA ELEKTRONA U BLIZINI FERMIJEVOG NIVOA

Milomir Sari¢, Gimnazija "Vuk Karadzi¢", Loznica, Srbija
Dejan Vujicié, Univerzitet u Kragujevcu, Fakultet tehnickih nauka Cacak, Srbija
Ivan Miliéevi¢, Univerzitet u Kragujevcu, Fakultet tehnickih nauka Cacak, Srbija

IzvrSena su merenja termoelektromotorne sile (TEMS) termopara dobijenog mehanickim spajanjem
bakarnog provodnika pre¢nika @0,8 mm i razli¢ito deformisanih uzoraka zice precnika 2,8 mm od
nerdajuceg Celika X5CrNil8-10. U radu je utvrdena zavisnost izmedu veli¢ine relativne deformacije i
relativne promene gustine stanja elektrona u blizini Fermijevog nivoa. Ispitani su uzorci Zice savijeni u obliku
petlje razli¢itih polupre¢nika od 5 mm do 17 mm. Pokazano je da sa porastom stepena plasti¢ne deformacije
relativna gustina stanja elektrona opada. Utvrdena je temperaturna zavisnost relativne promene gustine stanja
elektrona pri razli¢itim stepenima deformacije. Uz pomo¢ kalibracione krive dobijene merenjem TEMS za
poznate vrednosti deformacije istezanjem utvrdena je zavisnost veli¢ine relativne deformacije Zice u obliku
petlje od njenog radijusa.

NM1.4

FRAKTALNA KOREKCHNA | SCHOTTKY BARIJERA U HEYWANG MODELU INTERGRANULARNE
KAPACITIVNOSTI BaTiO3- KERAMIKE

Zoran Vosika, Univerzitet u Nisu, Elektronski fakultet, Nis, Srbija

Vojislav Miti¢, Univerzitet u Nisu, Elektronski fakultet, Nis, Srbija

Goran Lazovié, Univerzitet u Beogradu, Masinski fakultet, Beograd, Srbija
Vesna Paunovi¢, Univerzitet u Nisu, Elektronski fakultet, Nis, Srbija

U radu je dat fraktalni pristup elektri¢noj dinamici i statici Fermijevog gasa u BaTiOs-keramici dopiranoj
Ho0,03 koncentracije od 0.01 do 1.0 wt%. U ovom radu istrazene su korelacije mikrostrukturnih i drugih
karakteristika materijala. Dopirani BaTiO3 dobijen je kori$¢enjem konvencionalnog postupka sinterovanja u
¢vrstoj fazi na 1320°C tokom Cetiri sata. SEM analiza je pokazala da se u uzorcima dopiranim jonima retkih
zemalja, velic¢ina zrna kretala od 20-40 pm. Kod uzoraka sa ve¢om koncentracijom dopanta abnormalni rast
zra je spreten i veli¢ina zra se kod ovih uzoraka kretala izmedu 2- 10 um. Sto se ti¢e elektri¢nih
karakteristika kod uzoraka dopiranog BaTiO3 primecen je pozitivni temperaturni koeficijenta otpora odnosno
PTC efekat. Posto je novi aspekt u analizi fraktalne prirode materijala, prema Miti¢-Koci¢ pristupu, ovde se
uvodi fraktalna korekcija koja se ispoljava kroz tri fraktalne korekcije (uticaj povrSine zrna i pora kao i
Brownovog kretanja Cestica) koje su odgovorne za kompleksnu geometriju, morfoloske, i elektri¢ne osobine
materijala. Kompleksna fraktalna korekcija temperature osnova je za korekciju i Schotky-jeve barijere
Heywang-ovog modela BaTiOs- keramike.
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NT1.1
NUKLEARNA OPCIJA O(P)STAJE u ENERGETSKOJ TRANZICWI
Miodrag Mesarovié, Energoprojekt Entel a.d., Bulevar Mihajla Pupina 12, 11070, Beograd, Srbija

Ni katastrofalni udes u nuklearnoj elektrani (NE) u Cernobilju 26.04.1986., niti havarija u NE Fukugima
Dai¢i 11.03.2011. nisu ugrozili, ve¢ samo usporili gradnju novih proizvodnih kapaciteta na nuklearno gorivo.
U nastojanju da se spre¢i nepovratna promena klime, nuklearni uz obnovljive izvore energije predstavljaju
reSenje koje pravi razliku izmedu onih zemalja koje mogu da ostvare svoj cilj smanjenja emisija gasova sa
efektom staklene baste i onih koje to ne mogu. Sa instalisanom neto snagom od 393.767 MWe u oko 450
reaktora u pogonu i novih 56.081 MWe u 57 reaktora u izgradnji, elektrane na nuklearno gorivo zadrzavaju
svoju poziciju znac¢ajnog izvora elektriéne energije i pored globalnog usmeravanja na obnovljive izvore
energije. 1zazovi i prepreke koji uticu na o(p)stanak NE u tekucoj tranziciji sa fosilnih na obnovljive izvore

energije detaljno su diskutovani u ovom radu.
NT1.2

ANALIZA DEJSTVA JONSKIH SNOPOVA na GFET STRUKTURE SIMULACIJOM TRANSPORTA
ZRACENJA

Ana Kalini¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija

Milos Vujisi¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija

Dejstvo snopova protona, alfa Cestica, jona ugljenika i gvozda na grafenski tranzistor sa efektom polja
(GFET, graphene field effect transistor), u elektrodnim konfiguracijama sa gornjim i zadnjim gejtom,
analizirano je pomoc¢u Monte Karlo simulacija transporta zra¢enja. Energije upadnih Cestica zadavane su u
opsegu od 1 keV do 10 MeV. Struktura sa gornjim gejtom modelirana je slojevima Al-SiO2-grafen-Si, a sa
zadnjim gejtom slojevima grafen-SiO2-Si-Al. Snopovi su usmeravani na prednju stranu tranzistora u obe
elektrodne konfiguracije. Na osnovu podataka o tackastim defektima prouzrokovanim zracenjem, dobijenih
iz simulacija, izracunata je promena nejonizujuceg gubitka energije (NIEL) po dubini analiziranih struktura,
kao i raspodela izmeStenih atoma i vakancija u oblasti izolatorske podloge neposredno uz grafenski monosloj.
Pokazano je kako pokretljivost nosilaca naelektrisanja i slojna elektri¢na provodnost grafenskog sloja zavise
od defekata formiranih u okolini ovog sloja. Identifikovani su opsezi energija upadnog zracenja za koje su
ocekivane promene elektri¢nih osobina GFET-a najizraZzenije. Cilj rada je da se dve ispitivane elektrodne

konfiguracije GFET-a uporede po radijacionoj osetljivosti u modeliranim uslovima ozragenosti.

Session NT11: Nuclear Technology
Tuesday, June 12™, 15:10 — 16:05, Hall 4

Chair: Milos Vujisic, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

NTI1.1

LOW-ENERGY X-RAY ANGULAR RESPONSE of OPTICALLY STIMULATED LUMINESCENT
DOSIMETERS

Filip Haralambos Apostolakopoulos, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia



Nikola Krzanovié, Vinca Institute of Nuclear Sciences, University of Belgrade, Belgrade, Serbia
Luka Perazi¢, Public company “Nuclear Facilities of Serbia”, Belgrade, Serbia
Koviljka Stankovié, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

Following the requirements of radiation protection international standards, passive dosimetry systems are
type tested, which includes the angular dependence. As it represents one of the most important dosimeter
characteristics, the angular dependence of commercially available optically stimulated luminescent
dosimeters has been examined in this paper. The empirically determined air kerma to the personal dose
equivalent conversion coefficients decrease as the angle of incidence increases. It was anticipated that the
dosimeter response would show a similar behavior. This expectation has been confirmed for all the used
angles of incidence and energies of the primary X-ray beam, except for the 80° angle of incidence and the 33
keV and 48 keV mean photon energies, where an increase in the angular response has been observed.

NTI1.2

ENERGY, ANGULAR and DOSE RATE DEPENDENCE of a G-M TUBE-BASED SURVEY METER

Nikola Krzanovic, Vinca Institute of Nuclear Sciences, University of Belgrade, Belgrade, Serbia

Filip Haralambos Apostolakopoulos, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia
Milos Daletié, Vinca Institute of Nuclear Sciences, University of Belgrade, Belgrade, Serbia

Milos Zivanovié, Vinca Institute of Nuclear Sciences, University of Belgrade, Belgrade, Serbia

Koviljka Stankovic, School of Electrical Engineering, University of Belgrade, Belgrade, Serbia

Survey meters represent common radiation protection instruments used for ambient monitoring. They
estimate the effective dose of occupationally exposed personnel, by measuring the ambient dose equivalent.
A performance testing of a Geiger-Miiller tube-based survey meter was realized in this paper. The energy
and the dose rate dependence were determined for different thicknesses of lead tube wrappings, in order to
achieve the optimal energy compensation. The energy response for higher-energy photons slightly improved
by applying these filters, while it significantly worsened for low-energy X-rays. The angular dependence was
tested in terms of angular response and its symmetry for different radiation qualities.

NTI1.3
RADON EXHALATION from SOIL: APPLICATION of the ACTIVE METHOD

Luka Rubinjoni, Faculty of Technology and Metallurgy, University of Belgrade, Karnegijeva 4, 11000 Belgrade,
Serbia

Igor Celikovié, Vinca Institute of Nuclear Sciences, University of Belgrade, Mike Petrovica Alasa 12-14, 11001
Belgrade, Serbia

Dunja Antonijevi¢, Faculty of Technology and Metallurgy, University of Belgrade, Karnegijeva 4, 11000 Belgrade
Boris Loncar, Faculty of Technology and Metallurgy, University of Belgrade, Karnegijeva 4, 11000 Belgrade, Serbia

Radon is a radioactive noble gas, it’s isotopes being the progeny of radium in the decay series of uranium
and thorium. It is a potent alpha emitter, and presents an occupational hazard in uranium mining, and other
activities involving radium and it’s progeny. Due to exhalation from ground and building materials, chronic
exposure to indoor radon is a major factor in lung cancer risk in affected households. Voluntary exposure to
radon occurs in radon spas, stressing the issue of received dose by both patients and staff. Precise
measurements of radon activity in the air are the basis of it’s risk assessment, or effective avoidance. Sealed
chamber active alpha spectrometry was examined as the method of measurement of radon exhalation from
soil and travertine samples.



RO Robotics and Flexible Automation / Robotika i fleksibilna
automatizacija

Sesija RO1:
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Predsedavajuéi: Vladimir Kvrgié, Institut Mihajlo Pupin - Beograd, Srbija

RO1.1

ADAPTIVNO UPRAVLJANJE ROBOTIMA S ELASTICNIM POGONOM

Maja Trumié, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

Adriano Fagiolini, Univerzitet u Palermu, Italija

Kosta Jovanovic, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

RO1.2

Roboti sa elasticnim pogonom su deo futuristicke zamisli u kojoj ¢e roboti i ljudi u neposrednom okruzenju
obavljati razli¢ite poslove bez straha za bezbednost ¢oveka. Zahvaljujuci fleksibilnosti robota sa elasti¢nim
pogonom njihova uloga je takode zna¢ajna u rehabilitaciji. U radu je izloZen pregled najnovijih istrazivanja
u oblasti automatskog upravljanja robotima sa elastiénim pogonom. Opisani su roboti sa elektri¢nim
pogonom, gde se preko elasticne opruge prenosi sila. Dat je osvrt na primenu sistema sa adaptivnim
upravljanjem kao perspektivnog resenja za kontrolu robota sa elasti¢nim pogonom.

ALGORITMI VESTACKE INTELIGENCIJE I NJIJHOVA PRIMENA ZA ANALIZU LJUDSKIH POKRETA

Anita Lupsic¢, Elektrotehnicki fakultet,Univerzitet u Beogradu, Srbija

Marija Tomié, Institut Mihajlo Pupin, Beograd

Goran Kvascev, Elektrotehnicki fakultet, Univerzitet u Beogradu, Srbija

VY 0BOM pajay Cy MpeacTaB/beHH anropuram (asu JIOTHKE M aJroOpuTaM peayKidje AMMEH3uja Ha 0asu
MaTpHlia pacejama 3a 3aJaTak M3pauyyHaBamba ONTUMAaJHE KOMOMHAlMje TeXHMHCKHX Koe(ulMjeHaTa 3a
reHEpHCahe TIOKPeTa XyMaHOUAHUX p0o00Ta HAMK JbYACKOM KpeTamy. KomOuHalmja kpuTepujyma Koja je
aHalM3MpaHa y OBOM CIy4yajy C€ CacToju OJl KpPHUTepHjyMa MUHHMMH3alMje KHHETHYKEe eHEepruje,
MUHHMH3AIMje Op3uHE Yy 3rI000BHMMA, MAaKCHMHU3AlMje MAHHUIYTA0MIHOCTH U TEKEbAa EPrOHOMHUYHO]
mo3uNuju 4oBeka. basa mojaraka ce cactoju o myTama cemam 3rioboBa pyky u Tpyma (Sholder Pitch,
Sholder Yaw, Sholder Roll, Elbow Yaw, Wrist Pitch, Wrist Yaw, Trunck Pitch). OBe Tpajekropuje cy
CHMMJbCHE HA CKYIly O]l TETHAeCT MCIHMTAaHWKA 3a CelaM Pa3IMYUTHX TOKPEeTa: OTBapame M 3aTBapame
(HoKe, OKpeTame BEHTWIA, YIPaBJbabe BOJIAHOM, IyMIIAhE JIyIIeKa PYIHOM ITyMIIOM, CElKame, peHambe
XpaHe U Becyame. ' eHeprcaHy aIrOpuTMH Cy IPUMEHCHH Ha HETIO3HATHM ITOKpeTHMa U THME IIpOBEpeHa
BaJIMTHOCT MOOWjCHUX pe3yiTara.

Session ROI1:
Wednesday, June, 13 08:30 — 09:30, Hall 1

Chair: Veljko Potkonjak, School of Electrical Engineering, University of Belgrade, Serbia



ROI1.1

AUTONOMOUS CAR DRIVING — ONE POSSIBLE IMPLEMENTATION USING MACHINE LEARNING
ALGORITHM

Igor Ciganovi¢, Faculty of computing, Belgrade, Serbia
Aleksandar Pluskoski, Faculty of computing, Belgrade, Serbia
Milos Jovanovic, Mihajlo Pupin Institute, Belgrade, Serbia

Different approaches to developing the Al systems for self-driving vehicles exist and almost all of them are
very complex and with very high hardware requirements. The solution presented in this paper proposes the
machine learning based system to be as simple as possible with very low hardware requirements. A simple
three layers deep, fully connected neural network was trained to map input images from a front facing QVGA
camera to steering commands. Based on a input image the neural network should choose one of the four
available commands (forward, left, right or stop). With minimum of the training data (250 images) the system
learned to follow the road ahead and stay in its lane. The system automatically learns necessary road features
with only the steering angle as the input from the human driver. It was never explicitly trained to detect lines
on the road. Compared to much more complex solutions like explicit decomposition of the problem, such as
lane detection and control, and convolutional neural networks like the end to end learning proposed by the
nVidia this system proved to be surprisingly robust and efficient. We try to prove that this approach would
lead to better performance and lower hardware requirements thus making the development of the self-driving
vehicles simpler and more cost-effective. Simple artificial neural network, like the one presented in this
paper, is enough for relatively complex process like lane keeping.

ROI1.2

VEHICLE COLLISION AVOIDANCE IN A DYNAMIC ROAD TRAFFIC SCENARIO
Abdalgalil Abdulla, School of Electrical Engineering, University of Belgrade, Serbia
Aleksandar Rodié, Mihajlo Pupin Institute, Belgrade, Serbia

Stevica Graovac, School of Electrical Engineering, University of Belgrade, Serbia

Lane changing and psycho-physical vehicle-following models tries to capture both the physical elements of
vehicle motion as well as the human components in overcrowded traffic simulations. These models determine
the reactions of the vehicle driver depending on the vehicle’s state. Lane-changing models describe driver’s
behavior when deciding whether to change lane or not on a multi-lane road, e.g. when traveling on a highways
or two-way roads. The purpose of this paper is to provide a case-study to vehicle collision avoidance at
dynamic circular road of two lanes with different traffic scenarios. This case-study includes a description,
some discussion of the important behaviors for the mentioned models, a derivation, and some examples with
assumed road traffic scenarios & results. Derived models are the basis for autonomous guidance of road
vehicles.

ROI1.3

APPLICATION OF UNMANNED GROUND VEHICLE IN PLANT DIAGNOSIS
Dragan Dragicevic, Faculty of Technical Sciences, University of Novi Sad, Serbia
Igor Baranovski, Faculty of Technical Sciences, University of Novi Sad, Serbia
Dragana Oros, Faculty of Technical Sciences, University of Novi Sad, Serbia
Gordana Ostojic, Faculty of Technical Sciences, University of Novi Sad, Serbia
Stevan Stankovski, Faculty of Technical Sciences, University of Novi Sad, Serbia

This paper presents application of unmanned ground vehicle (UGV) in plant diagnosis. The aim is to develop
a mobile system which will be able to autonomously reach desired GPS locations in the field and analyze
plants with attached equipment. Collected data are sent via GSM modem or Wi-Fi to server so it can be used
for further analysis. Collected data should give an insight into the health of plants and locate areas in the field


http://www.raf.edu.rs/
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http://www.pupin.rs/
http://www.ftn.uns.ac.rs/
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ROI1.4

which needs to be treated. This approach gives a possibility to apply plants treatment only in the areas where
it is actually needed which leads to optimal usage of fertilizers, pesticides, fungicides and other chemicals.

KINEMATIC PARAMETERS FOR GENERATION OF ACCELERATION FORCE PROFILE OF A
CENTRIFUGE FLIGHT SIMULATOR

Viadimir Kvrgié, Mihajlo Pupin Institute, Belgrade, Serbia

Jelena Vidakovié¢, Lola institute, Belgrade, Serbia

ROIL1.5

Pilots of modern combat aircrafts are exposed to the devastating effects of high acceleration forces. The
pilots’ ability to perform tasks under these extreme flight conditions must be examined. For the purpose of
pilot training, a centrifuge flight simulator (CFS) for pilot training is designed as a 3DoF manipulator with
rotational axes. Through rotations about these axes, acceleration forces that act on the aircraft pilots are
simulated. The CFS must achieve velocity, acceleration and acceleration rates (jerks) of the pilot through
rotation of its arm. A constant increase/decrease in the acceleration force acting on a pilot is required
according to specifications. To prevent the abrupt change in the arm angular velocity before and after the
desired linear change in the acceleration force, smoothing of the acceleration force profile through arm
motion is necessary. The roll and pitch angles (the angles of the second and the third link) and the arm angular
velocity define the orthogonal components of the resultant vector of the acceleration force that are
experienced by the simulator pilot. The determination the arm angular velocity and angular acceleration
profiles and the roll and pitch angles needed for achieving the desired acceleration force components of the
CFS is presented in this paper.

AUTOMATIC ADAPTATION OF NAO ROBOT GAIT TO DIFFERENT FLOOR FRICTION CONDITIONS

Guilherme Franco, University of Coimbra, Coimbra, Portugal

Luis Almeida, University of Aveiro, Aveiro, Portugal

Jodo Ferreira, Instituto Politécnico de Coimbra, Coimbra, Portugal

Aleksandar Rodié, Mihajlo Pupin Institute, Belgrade, Serbia

ROIL1.6

When walking on flat and slippery surfaces, bipedal robots find it hard to stay upright. Humans, on the other
hand, have evolved to adapt to this situation. This paper proposes a controller that alters a humanoid robot’s
gait in order to adapt itself to different friction coefficients between the robot’s foot and the floor, based on
human walking analysis and adaptation to slippery surfaces.

COLLISION DETECTION ON INDUSTRIAL ROBOT USING DYNAMIC TIME WARPING

Zavisa Gordié¢, School of Electrical Engineering, University of Belgrade, Serbia

Kosta Jovanovié, School of Electrical Engineering, University of Belgrade, Serbia

This paper proposes a simple algorithm for collision detection based on comparison of reference signal
sequence with current signal measurements from the robot. Dynamic Time Warping (DTW) is used to find
best matching samples of the two signal sequences and to identify samples which might indicate collision.
As part of solution for real-time implementation, the paper proposes modification of the DTW method. The
signal used for comparison can be current or torque measurement, making the algorithm adaptable to various
brands of robots, regardless of their configuration. The performance of the algorithm is validated with
measurements from real industrial robot, and results are discussed. The paper also considers real-time
implementation issues and proposes solutions.

Session ROI2:
Wednesday, June, 13 09:30 — 10:30, Hall 1
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ROI2.1

REAL-TIME CONTROL OF HUMAN-LIKE ROBOT JOINT BASED ON ONLINE MEASUREMENT OF
JOINT POSITION AND MUSCLE ACTIVITY

Nikola Knezevié, School of Electrical Engineering, University of Belgrade, Serbia

Marija Novici¢, School of Electrical Engineering, University of Belgrade, Serbia

Natalija Katié, School of Electrical Engineering, University of Belgrade, Serbia

Milica Jankovié, School of Electrical Engineering, University of Belgrade, Serbia

Kosta Jovanovié, School of Electrical Engineering, University of Belgrade, Serbia

ROI2.2

In this paper authors present human-like robot joint controlled based on measurement of joint position and
muscle activity in real-time. Human-like joint that was used in this paper, was developed at ETF Robotics
Laboratory. Measurement had been acquired by Xbox360 Kinect module for joint position and
electromyography (EMG) sensor for biceps brachii muscle activity. Kinect is used to capture arm motion. A
dedicated algorithm, which from depth image generates coordinate of all human joints, was used to define
characteristic points of the arm. Based on obtained coordinate positions of shoulder, elbow and wrist, the
angle between the forearm and the upper arm is estimated and used to control robot joint position. EMG
signals are used for controlling stiffness of the robot joint due to amplitude change which occurs due to
muscle strain.

CASCADE CONTROL DESIGN FOR ANTAGONISTIC ROBOT JOINT BASED ON ARX MODEL
CHARACTERIZATION

Branko Luki¢, School of Electrical Engineering, University of Belgrade, Serbia

Kosta Jovanovié, School of Electrical Engineering, University of Belgrade, Serbia

Tomislav Sekara, School of Electrical Engineering, University of Belgrade, Serbia

Veljko Potkonjak, School of Electrical Engineering, University of Belgrade, Serbia

This paper presents controller tuning approach for simultaneous position and stiffness cascade control of
variable stiffness antagonistic joint, which can be easily applied to other types of Variable Stiffness Joints
(VSJ). The first step is tuning of inner loops (motors positions) controllers. Controllers of inner loops are
realized in form of a PID controller with filtration. The criterion for controller tuning is satisfying maximal
value for sensitivity function (ms), where ms is calculated for the second order transfer function motor model.
Value for ms is selected to present a good trade-off between motor trajectory tracking and robustness. The
second step is characterization of the system with internal loops around the predefined nominal set points.
System inputs are desired motors positions, while outputs are shafts position and stiffness. Input is generated
as Pseudo Random Binary Signal (PRBS). For this system high order ARX model is obtained, which is then
reduced to lower level model that describes dominant dynamic behavior. Model reduction is performed using
information from Gramian matrix. The third step is adaptive controller design for fine tuning of system
dynamics in different set points. Therefore, bank of controllers is formed and it is used to tune outer loop
controllers’ (shaft position and stiffness). Outer loop controllers are realized in form of a PID controller with
filtration. Again, criterion for controller tuning is satisfying maximal value for equivalent sensitivity function
ms_e, where ms_e is calculated for dynamics obtain in system characterization in the second step. ms_e value
is selected to present a good trade-off between shaft position/stiffness tracking and robustness.


http://robot.etf.rs/
http://bmit.etf.bg.ac.rs/
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ROI2.3

ROBUST PID CONTROL FOR ROBOT MANIPULATORS WITH PARAMETRIC UNCERTAINTIES
Petar Mandié, Faculty of Mechanical Engineering, University of Belgrade, Serbia

Mihailo Lazarevié, Faculty of Mechanical Engineering, University of Belgrade, Serbia

Tomislav Sekara, School of Electrical Engineering, University of Belgrade, Serbia

Bosko Cvetkovié, Faculty of Mechanical Engineering, University of Belgrade, Serbia

Most of industrial robots use a classical PID-type controller for positioning tasks. Main reason for this is its
effectiveness in regulation tasks, simple linear structure, and easy implementation. Moreover, it is well
known that the robustness properties of a PID controller makes it an excellent choice for set point control of
robot manipulators. In this paper, a robust PID controller is designed in order to cope with modeling
uncertainties and unmodelled dynamics. First, dynamic model of robot manipulator is derived using the
Rodriquez approach. Then, a PID controller is applied to feedback linearized robotic system in order to
suppress constant disturbance and achieve good set-point control. The proposed controller contains one
adjustable parameter \lambda, which has direct influence on the time constant of the closed loop system. By
adjusting it, one can accomplish a compromise between the robustness and performance indices. Using this
algorithm, simulation results of a NeuroArm robotic manipulator executing positioning tasks are shown to

demonstrate the efficiency of the proposed controller.

ROI2.4

SENSORY-BASED REHABILITATION SYSTEM FOR MOVEMENT ASSESSMENT IN NEUROGICAL
DISORDERS

Sofija Spasojevi¢, Mihajlo Pupin Institute, Belgrade, Serbia
Aleksandar Rodié, Mihajlo Pupin Institute, Belgrade, Serbia
José Santos-Victor, Universidade de Lisboa, Portugal

In this paper, we present the rehabilitation system for movement assessment in neurological disorders. We
propose multi-sensory system composed of three sensor devices, which combines several types of sensor
data. Additionally, we propose performance indicators, extracted from the sensor signals and intended for
movement characterization. The focus is on the Parkinson’s disease and stroke patients. Sensor recordings
are collected in the hospital settings for outpatients with the supervision of medical doctors and movement
disorder specialists. The proposed system and approach for movement quantification are intended to support
the clinical evaluations and to monitor the patients’ state over time relying on the specially designed software
application.

ROI2.5

ROBOTIC EYE WITH 4DOFs: KINEMATIC ANALYSIS AND MOTION SIMULATION
Marko Pencié¢, Faculty of Technical Sciences, University of Novi Sad, Serbia

Maja Cavié, Faculty of Technical Sciences, University of Novi Sad, Serbia

Branislav Borovac, Faculty of Technical Sciences, University of Novi Sad, Serbia

Zhenli Lu, Changshu Institute of Technology, People Republic of China

The paper presents the kinematic analysis and motion simulation of the robotic eye with neutral canthal tilt.
The eyeball/eyelids drive system with total 4 DOFs is proposed. Eyeball drive system has 2 DOFs and enables
rotation of the eye around the pitch and yaw axes. The proposed solution enables the installation of camera
directly into the eyeball. Eyelids drive system has also 2 DOFs and enables independent rotation of the upper
and lower eyelid. Output kinematic parameters of the eyeball and the upper/lower eyelids are formed by
kinematic analysis. Based on that, motion simulation of eyeball and upper/lower eyelid was performed. For
the interval of motion which corresponds to the human eye, angular velocities of the eyeball and upper/lower
eyelids are within the human eye kinematic parameters, which was the main design request.
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ROI2.6

REPRESENTATIONAL LEARNING IN CONVERSATIONAL AGENTS

Srdan Savié, Faculty of Technical Sciences, University of Novi Sad, Serbia

Milan Gnjatovié, Faculty of Technical Sciences, University of Novi Sad, Serbia

Dragisa Miskovi¢, Faculty of Technical Sciences, University of Novi Sad, Serbia

Branislav Borovac, Faculty of Technical Sciences, University of Novi Sad, Serbia

In this paper, we report on a prototype conversational agent for natural language human-robot interaction,
integrated with the assistive human-like robot MARKO. The presented prototype conversational agent is
based on an extended and upgraded functional architecture encapsulating the novel functionality of
representational learning in natural language human-machine interaction, primarily based on semantic
categorization and associative learning of mental representations. The proposed approach is domain-
independent, and in this paper it is illustrated for an interaction domain related to robot-supported therapy.

Session ROI3:
Wednesday, June, 13 11:00 — 11:30, Hall 1

Chair: Veljko Potkonjak, School of Electrical Engineering, University of Belgrade, Serbia

ROI3.1

COMPUTER-AIDED REHABILITATION WITH A NEURO-MUSCULO-SKELETAL MODEL (Invited Paper)

Kazunori Hase, Department of Mechanical Systems Engineering, Tokyo Metropolitan University, Tokyo, Japan

This paper describes a computer simulation model of the neuro-musculo-skeletal system for human
locomotion that seeks to improve the practicability of the simulation method for application to rehabilitation.
The musculo-skeletal system was represented by a three-dimensional, 14-rigid-link model and 60 muscle
models. Muscular forces were controlled by a neuronal system model consisting of 16 pairs of the neural
oscillators. Neuronal control parameters were adjusted based on an optimization method. This simulation
model was applied to investigate biomechanical relationship between walking stability and body dynamics
properties related with aging. Spastic gait was also synthesized using the proposed model. These computer
simulation models would clarify causal relationship between walking pattern and mechanical properties of
the neuro-musculo-skeletal system for aging and spasticity. Such simulation methods will provide us with a
novel computational assessment tool of human walking and other movement in rehabilitation.


http://gnjatovic.info/
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Sesija RT1: Racunarska grafika i multimedija
Ponedeljak, 11. Jun, 11:00 — 12:00, Sala 2
Predsedavajuéi: Milan Bjelica, RT-RK.doo, Novi Sad, Srbija

RT1.1

JEDNO RESENJE APLIKACIJE VIRTUELNE STVARNOSTI ZA PRIKAZ GEOGRAFSKIH MAPA
Uros Visekruna, Fakultet Tehnickih Nauka, Univerzitet u Novom Sadu

Milan Bjelica, RT-RK.doo, Novi Sad, Srbija

Goran Stupar, Fakultet Tehnickih Nauka, Univerzitet u Novom Sadu

Milan Savic, RT-RK.doo, Novi Sad, Srbija

Abstrakt:

U ovom radu je realizovano reSenje aplikacije virtuelne stvarnosti u operativnom sistemu Android. Aplikacija omogucava
pregled trodimenzionalnog modela planete Zemlje koji je augmentiran korisnim informacijama, poput vremenske
prognoze i naseljenosti gradova. Ove informacije aplikacija dobavlja koris¢enjem Web servisa.

RT1.2
PREGLED | KOMPARATIVNA ANALIZA TEHNIKA | ALATA ZA VIZUELIZACIJU ONTOLOGIA
Jelena Curguz, Poste Srpske a.d. Banja Luka

U ovom radu je dat pregled postojecih tehnika i alata za vizuelizaciju ontologija kao i rezultati njihove
komparativne analize. Analiziran je veliki broj alata i tehnika, a predmeti analize su bili oshovne
karakteristike, prednosti, nedostaci, zajedni¢ka obiljezja kao i mogucénost kombinovanja njihovih
karakteristika u jedinstven metod. Uzimajuéi u obzir navedena istrazivanja kao i rezultate analize,
vizuelizacija ontologija je predstavljena kao ontologija upotrebom Protégé alata.

RT1.3

JEDNO RESENJE GRAFICKE KORISNICKE PODRSKE ZASNOVANE NA ANDROID PROGRAMSKOM
STEKU

Milan Novakovi¢, Fakultet Tehnickih Nauka, Univerzitet u Novom Sadu
Darko Dejanovi¢, RT-RK.doo, Novi Sad, Srbija
1lija Basicevié¢, Fakultet Tehnickih Nauka, Univerzitet u Novom Sadu

U ovom radu je prikazano jedno reSenje implementacije reda za preporuke u startnoj aplikaciji na Android
AOSP platformi. Cilj ovog rada jeste prilagodavanje i izmena startne aplikacije krajnjim korisnicima u cilju
boljeg korisni¢kog ugodaja, kao i prilagodavanje TV operaterima zarad lakSeg plasiranja proizvoda. Dato
reSenje je implementirano u modulima koji su medusobno povezani radi ostvarivanja zeljene funkcionalnosti.

RT1.4

DEVELOPMENT OF APPLICATION FOR RECORDING MPEG-DASH DATA STREAMS AND PROTECTION
OF RECORDED DATA ON DEVICES WITH ANDROID OPERATING SYSTEM

Branimir Lazarevié, RT-RK.doo, Novi Sad, Srbija
Marija Jovanovié, RT-RK.doo, Novi Sad, Srbija
Dusan Zivkov, RT-RK.doo, Novi Sad, Srbija
Dorde Glisi¢, RT-RK.doo, Novi Sad, Srbija



Ideja ovoga rada je prosSirenje ExoPlayer biblioteke u cilju realizacije aplikacije koja pruza neophodne
funkcionalnosti za savremene korisnike digitalne televizije. PVR (eng. personal video recorder) aplikacija je
sve popularnija medu korisnicima. Da bismo napravili aplikaciju koja ima PVR funkcionalnost, koristeci
ExoPlayer biblioteku neophodno je bilo obezbediti podrsku za snimanje audio i video sadrzaja. Audio i video
koji smo snimali je predstavljen u vidu adaptivnog toka podataka (MPEG-DASH). Realizovana je i podrska
za zastitu sadrzaja koji se snima.

Sesija RT2: Ugradeni racunarski sistemi
Ponedeljak, 11. Jun, 12:00 — 13:00, Sala 2

Predsedavajuéi: Vladan Vuckovi¢, Univerzitet u Nisu, Elektronski fakultet

RT2.1

PORTING ANDROID OREO OPERATING SYSTEM FOR CI20 PROGRAM PLATFORM
Lazar Trsié¢, RT-RK.doo, Novi Sad, Srbija

Dragan Cecavac, RT-RK.doo, Novi Sad, Srbija

Dejan Joviéevié, RT-RK.doo, Novi Sad, Srbija

Miodrag Dini¢, RT-RK.doo, Novi Sad, Srbija

Petar Jovanovié, RT-RK.doo, Novi Sad, Srbija

Ovaj rad opisuje postupak dodavanja i testiranja Android Oreo podrske na CI20 programskoj platformi koja
ve¢ ima Android Nougat operativni sistem. Rad se osvrée na najbitnije razlike i ograni¢enja izmedu
pomenutih verzija. Promene se najve¢im delom odnose na reorganizaciju arhitekture pristupa bibliotekama
fizicke arhitekture sa ciljem da ceo sistem postane fleksibilniji i da se sa manje resursa azurira u buducnosti.
Rad navodi izmene koje treba da primene svi uredaji pri prelasku na Oreo ili kasnije verzije operativnog
sistema Android. Provera ispravnosti realizovane podrske je potvrdena grupama testova CTS, VTS i VINTEF,
kao i ru¢nim ispitivanjem kriti¢nih funkcionalnosti.



RT2.2

PRILAGODAVANIJE WEB CITACA COBALT ZA PROGRAMSKU PLATFORMU CI2
Milko Leporis, RT-RK.doo, Novi Sad, Srbija

Gordana Cmiljanovié, RT-RK.doo, Novi Sad, Srbija

Dejan Latinovi¢, RT-RK.doo, Novi Sad, Srbija

Dragan Mladenovié, RT-RK.doo, Novi Sad, Srbija

U ovom radu je prikazana problematika prilagodavanja web ¢ita¢a Cobalt programskoj platformi CI20
(MIPS). Web cita¢ Cobalt je prilagoden za izvrSavanje na platformama koje imaju ogranic¢ene resurse.
Prilikom prilagodavanja, kao referentne programske platforme su koris¢ene PC (x64) i Raspberry Pl
(ARM). Razmatran je niz problema koji se javljaju zbog ogranic¢enja ciljne programske platforme CI20,
kao i zbog ogranicenja koriSéenih alata za prevodenje i uvezivanje. Za pronadene probleme ponudena su
reSenja koja omogucavaju izvr§avanje web Citaca na platformi CI20.

RT2.3

UNAPREDENJE PROGRAMSKOG PREVODIOCA JAVASCRIPTCORE-A ZA MIPS32R1 ARHITEKTURU
Branimir Vasic, RT-RK.doo, Novi Sad, Srbija

Stanislav Ocovaj, RT-RK.doo, Novi Sad, Srbija

Radovan Birdic, RT-RK.doo, Novi Sad, Srbija

Petar Jovanovic, RT-RK.doo, Novi Sad, Srbija

Cilj ovog rada je da prikaze korake prilikom unapredenja programskog prevodioca JavaScriptCore za
MIPS32r1 arhitekturu procesora. MIPS je arhitektura sa procesorom smanjenog skupa naredbi (RISC) i
jedna je od dominantnih arhitektura na trzi$tu ugradenih (eng. embedded) uredaja potrosacke elektronike
(digitalni televizori, prijemnici digitalnog TV signala (engl. set-top box, STB), igracke konzole, itd.).
JavaScriptCore (JSC) je JavaScript prevodilac koji lezi u osnovi WebKit-a. Veoma je brz, prvenstveno
zbog prevodioca koji je realizovan u tri nivoa: interpretatora niskog nivoa (eng. Low Level Interpreter, skr.
LLint), osnovnog prevodioca (eng. Baseline Just-In-Time, skr. Baseline JIT) i optimizovanog prevodioca
(engl. Data Flow Graph Just-In-Time, skr. DFG JIT). Svaki nivo uzima bajt kod kao ulaz koji se dalje ili
interpretira ili prevodi. Nakon optimizacije za MIPS platformu prevodilac je ubrzan oko 10%.

RT2.4

DODAVANJE PODRSKE DINAMICKOM ANALIZATORU PROGRAMSKOG KODA VELGRIND ZA ABI
N32 MIPS ARHITEKTRE

Dimitrije Nikolic, RT-RK.doo, Novi Sad, Srbija
Aleksandar Rikalo, RT-RK.doo, Novi Sad, Srbija
Aleksandra Karadzi¢, RT-RK.doo, Novi Sad, Srbija
Tamara Viahovi¢, RT-RK.doo, Novi Sad, Srbija
Petar Jovanovié, RT-RK.doo, Novi Sad, Srbija

Pojava 64-bitnih MIPS procesora devedesetih godina 20. veka dovodi do velikog jaza izmedu postojeceg
32-bitnog ABI-ja (032) i novonastalog 64-bitnog ABI-ja (n64). Prilikom portovanja 32-bitnih programa na
64-bitne sisteme nastaje problem usled razlike u veli¢ini long tipa i veli¢ini pokazivaca. Kako vecina 32-
bitnih programa nema potrebu za ve¢im adresnim prostorom, MIPS uvodi novi ABI — n32, koji predstavlja
umanjenu verziju n64 ABI-ja. Ovaj rad opisuje izmene na¢injene u alatu za dinamicku analizu binarnog
koda Velgrind, sa ciljem dodavanja podrske za ABI n32 za arhitekturu MIPS.

Sesija RT3: Sistemi zasnovani na ra¢unarskim mrezama



Ponedeljak, 11. Jun, 14:30 — 15:30, Sala 2

Predsedavajudi: Ilija Basicevi¢, Fakultet tehnickih nauka, Novi Sad

RT3.1

JEDNO RESENJE INTEGRACIJE MODULA ZA NADZOR I KONFIGURACIJU UREDAJA ZASNOVANOG NA
TR-069 PROTOKOLU

Milan Ivankovi¢, Fakultet tehnickih nauka, Novi Sad
Darko Dejnovi¢, Fakultet tehnickih nauka, Novi Sad
1lija Basicevi¢, Fakultet tehnickih nauka, Novi Sad

U ovom radu je prikazano proSirenja postojeceg reSenja za integraciju modula za konfiguraciju i nadzor
uredaja zasnovanog na TR-069 komunikacionom protokolu u formi sistemskog servisa za set-top-boks (STB)
uredaje zasnovane na Android platformi. ReSenje je identi¢no prilagodeno za dve nove platforme i proSireno
specifi¢nim funkcijama za Android Nougat. Nadograden je komunikacioni sloj izmedu TR-069 servisa i
Android aplikacija. Dobavljanje i azuriranje programske podrSke , odnosno instaliranje aplikacije
prilagodeno je Android Nougat-u. U oviru TR-069 klijent servisa dodat je STUN klijentski modul.

RT3.2

LANAC ALATA ZA INKREMENTALNO AZURIRANJE CILINE PLATFORME
Srba Sanader, RT-RK.doo, Novi Sad, Srbija

Marko Krnjetin, RT-RK.doo, Novi Sad, Srbija

Nenad Ceti¢, RT-RK.doo, Novi Sad, Srbija

Dragan Samardzija, RT-RK.doo, Novi Sad, Srbija

U ovom radu je prikazano jedno programsko reSenje inkrementalnog azuriranja ciljne platforme pomocu
lanca alata ¢iji zadatak je konverzija raznih tipova ulaznih datoteka u jedinstven XML format, obrada i
organizacija ulaznih podataka, kao i upisivanje ovih podataka na ciljnu platformu. lIzlazni podaci su
organizovani u pakete radi efikasnijeg upisivanja na ciljnu platformu. Realizovani alati se Koriste iz
komandne linije i pisani su u Java programskom jeziku. U okviru rada vr§eno je istrazivanje integracije koda
pisanog u CPython programskom jeziku i koda pisanog u Java programskom jeziku, kao i Jep biblioteke koja
je koriséena u tu svrhu.

RT3.3

OPTIMIZACIJA UPOTREBE DELTA PATCH-EVA ZA AZURIRANJE FIRMVERA BAZIRANOG NA OTP
Jovan Zelenkovié¢, RT-RK.doo, Novi Sad, Srbija

Momcdilo Krunié, RT-RK.doo, Novi Sad, Srbija

Nemanja Luki¢, RT-RK.doo, Novi Sad, Srbija

Marko Kovacevié, RT-RK.doo, Novi Sad, Srbija

U radu je opisano jedno reSenje za optimizaciju upotrebe delta patch-eva za azuriranje firmvera baziranog na
OTP memoriji. OTP (One Time Programmable) memorija predstavlja memoriju u koju je mogude pisati
samo jednom. Zbog ograni¢ene velicine OTP memorije na uredaju i nemoguénosti brisanja podataka sa
zeljenih lokacija, optimizacija upotrebe memorijskog prostora u OTP-u je izuzetno vazan korak pri
projektovanju i upotrebi uredaja ovog tipa. Cilj istrazivanja je usteda memorijskog prostora u OTP-u
optimizacijom generisanih delta patch-eva. Opisano reSenje je testirano pomoc¢u programskog alata Matlab

RT3.4

MODEL REPRODUKCIJE ZASTICENOG MULTIMEDIJALNOGSADRZAJA NA ANDROID BAZIRANIM
UREDAIJIMA



Emilija Kostic, RT-RK.doo, Novi Sad, Srbija
Nikola Bezanic, RT-RK.doo, Novi Sad, Srbija
Nikola Vranic, RT-RK.doo, Novi Sad, Srbija

Android platforma koja se tipi¢no koristi na mobilnim telefonima, sve viSe je zastupljena i na drugim
uredajima, pri cemu se u ovom radu koristi u kontekstu digitalne televizije i zastite multimedijalnih sadrzaja.
U oblasti digitalne televizije se ¢esto koriste metode zastite na bazi sprege sa pametnim karticama ili na bazi
komunikacije sa serverom licenci. Ovakva reSenja su tipi¢no pracena oskudnom dokumentacijom koja dolazi
od strane proizvodaca, pa je jedan od glavnih ciljeva ovog rada da pruzi opsti pregled nacina realizacije
jednog takvog sistema. Prvobitno je dat opsti opis Android platforme i moguénostima zastite sadrzaja, a
zatim je dat opis realizacije reSenja koje se zasniva na komunikaciji sa serverom licenci baziranom na Node.js
JavaScript okruzenju. Opis reSenja daje detalje rezima rada aplikacije, komunikacije sa serverom, sekvence
Sifrovanja/desifrovanja i formata koriS¢enih datoteka.

Sesija RT4: Programski prevodioci
Ponedeljak, 11. Jun, 15:30 — 16:15, Sala 2
Predsedavajudi: Miodrag Duki¢, Fakultet tehni¢kih nauka, Novi Sad

RT4.1

UVODENJE PODRSKE ZA KOMPLEKSNE BROJEVE SA NEPOKRETNIM ZAREZOM U PREDNJI DEO C
PREVODIOCA ZA DSP-OVE

Aleksandar-Vuk Paviovié¢, RT-RK.doo, Novi Sad, Srbija
Miodrag Dukié, Fakultet tehnickih nauka, Novi Sad
Dejan Bokan, Fakultet tehnickih nauka, Novi Sad
Viadimir Marinkovi¢, Fakultet tehnickih nauka, Novi Sad

Programski jezik C nudi podrsku za kompleksne brojeve, ali je ta podr§ka zasnovana na brojevima sa
pokretnim zarezom. Namenski procesori, zbog ogranicenja finansijske i fizi¢ke prirode, poseduju moguénost
koris¢enja samo brojeva sa nepokretnim zarezom. Ovaj rad opisuje proces uvodenja podrske za kompleksne
brojeve zasnovane na brojevima sa nepokretnim zarezom u prednji deo jednog prevodioca za namenski DSP
(engl. Digital Signal Processing — Digitalna obrada signala) procesor. Ova podrska ukljucuje, izmedu
ostalog: deklarisanje, definisanje i inicijalizaciju, osnovne aritmeti¢ke operacije, prosledivanje u funkcije,
objedinjavanje u slogove i nizove itd.

RT4.2

UNAPREDENJE INFORMACIJA ZA TRAZENJE GRESAKA UNUTAR PROGRAMSKOG PREVODIOCA
LLVM

Nikola Prica, RT-RK.doo, Novi Sad, Srbija
Dorde Todorovi¢, RT-RK.doo, Novi Sad, Srbija

Tokom trazenja greSaka u visoko optimizovanim programima, koriste¢i alate koji se oslanjaju na dodatne
informacije za trazenje greSaka koje proizvodi programski prevodilac, moze se nai¢i na situaciju u kojoj je
ispis odredene promenljive nepoznat u odredenom trenutku. Cilj ovog rada jeste da prikaze reprezentaciju
informacija o lokaciji promenljive, kao i tehenike o¢uvanja ovih informacija kroz razli¢ite faze optimizacije
programskim prevodiocem LLVM. Kroz rad ¢e biti prikazan i jedan od nacina za traZenje propusta u
prenoSenju informacija o promenljivama kroz razlicite delove prevodenja.

RT4.3
SERVIS ZA INDEKSIRANJE RAZLICITIH TIPOVA DATOTEKA I PODATAKA 1Z BAZA PODATAKA



Zoran Denda, Ministartsvo odbrane, Beograd, Srbija
Zeljana Vuceti¢, Ministartsvo odbrane, Beograd, Srbija

Ovaj rad sadrzi prikaz implementacije servisa za indeksiranje datoteka i podataka iz baza podataka. Servis
se koristi kao deo sistema koji se sastoji od datoteka smeStenih na deljenim lokacijama u lokalnoj racunarskoj
mrezi, razli¢itih baza podataka, elasticsearch klastera kao softvera za pretragu kompletnog teksta i Kibane
kao Klijentske veb aplikacije za analizu, vizuelizaciju i pretragu indeksiranih podataka. Servis je
implementiran u C# programskom jeziku.

Session RTI1: 10T Systems
Tuesday, June, 12", 08:30 — 09:30, Hall 2

Chair: Ivan Milentijevi¢, Faculty of Electronic Engineering, University of Nis, Nis, Serbia

RTI1.1
ON THE BORDERS OF EDGE COMPUTING AND IOT (INVITED PAPER)
Marjan Gusev, University Ss Cyril and Methodius, Faculty of Computer Science and Engineering, Skopje, Macedonia

Modern mobile and wireless ubiquitous solutions are actually 10T application, brought by the advances of
the technology in cloud-based systems. Edge computing idea to bring the computing closer to the user can
be realized by several computer architectures, including, cloudlets, when the intermediate server is owned by
an IT provider, mobile edge computing and fog computing, when the intermediate server is owned by the
mobile operator, and recently the idea of dew computing appears as a solution that brings the computing even
closer to the user. In this paper, we discuss different architectural approaches for 10T solutions explaining
details on the organizational overview of micro services, server architectures, etc. The intermediate and dew
computing layers are explained in the overall cloud-based architecture for 10T solutions. Specific goals and
requirements are specified to extract the differences along with a discussion of benefits, advantages and
disadvantages. We also focus on data processing and communication needs in order to collect, process and/or
offload data from the 10T sensors and devices.

RTI 1.2

MODEL-BASED LOAD TESTING IN IOT SYSTEM

Eleonora Nan, OBLO Living, Novi Sad, Serbia

Marija Anti¢, Faculty of Technical Sciences, Novi Sad, Serbia

Una Radosavac, OBLO Living, Novi Sad, Serbia

Boris Petelj, OBLO Living, Novi Sad, Serbia

Roman Paviovi¢, RT-RK Institute for Computer Based Systems, Novi Sad, Serbia

The increasing number of physical objects are being connected to the Internet at an incredible rate, forming
the Internet of Things (10T). This phenomenon not only increases the volume of data on the Internet, but also
requires the development of complex software solutions, which need to be thoroughly tested. Testing of l1oT
systems represents a challenge, since it requires connecting a variety of physical devices to the system. Also,
some problems can only be detected if there are a large number of active users in the system, or there are
some users generating large data volumes. Simulations and software modeling of system components play
an important role in the testing process. They allow to scale the usage of the system at a very low cost, and
to perform various testing scenarios. In this paper, software models of components are proposed, which
simulate real users’ behavior in a home automation IoT system. Using the created models, the high load for
the 10T cloud is created, and the system behavior is observed.

RTI1.3



MODEL-DRIVEN APPROACH FOR DEPLOYMENT OF CONTAINER-BASED APPLICATIONS IN FOG
COMPUTING

Nenad Petrovi¢, Faculty of Electronic Engineering, University of Nis

Fog Computing extends the Cloud Computing to the Edge of the network, closer to the things that produce
and act on data including different types of devices, ranging from personal computers, laptops, workstations
to IoT devices, wearable gadgets and sensors. The heterogeneity and variety of devices doesn’t make just the
activities of application design harder, but serious effort is also required when it comes to configuration,
deployment, re-deployment and testing of the applications executed in Fog environments and it is often time-
consuming, trial and error process. As the data could be produced and consumed at both Edge and Cloud, it
means that application also needs to be compliant with given data privacy and security policies due to legal
constraints, laws and regulations which restrict the freedom of data movement. Therefore, it should also be
possible to move computation tasks between devices regardless of their location (Cloud or Edge), even in the
case of different computing architectures, which means that the applications should be as flexible as possible.
In this paper we focus on automating the deployment activities and increasing the flexibility of applications
executed in Fog environment by providing a visual tool utilizing the concepts of metamodeling, automated
code generation and container-based virtualization.

Session RTI2: Parallel and Distributed Systems
Tuesday, June, 12, 09:30 — 10:30, Hall 2

Chair: Miroslav Popovié, Faculty of Technical Sciences, Novi Sad, Serbia

RTI2.1

A SOLUTION OF CONCURRENT LIST ON PSTM
Marko Popovic, RT-RK Institute for Computer Based Systems, Novi Sad, Serbia

Branislav Kordic, Faculty of Technical Sciences, Novi Sad, Serbia

Miroslav Popovic, Faculty of Technical Sciences, Novi Sad, Serbia

Ilija Basicevic, Faculty of Technical Sciences, Novi Sad, Serbia

RTI12.2

Although TM makes parallel programming easier, designing even simple concurrent data structures, such as
lists, queues etc., pose still open research challenges. In this paper, we developed the two concurrent lists in
Python, namely the concurrent list on Python STM, and the lock-based concurrent list in Python Array. We
also developed the four benchmark workloads: conflict-free, conflicting adds, conflicting removes, and
conflicting adds and removes. Finally, we conducted a case study, on small lists and three concurrent
processes, in order to evaluate the performance of the two concurrent lists. The case study shows that for all
the workloads, concurrent list on Python STM is superior to concurrent list in Python Array. The relative
speedup is 1.24 on average.

PERFORMANCE COMPARISON OF HYPERVISOR-BASED AND CONTAINER-BASED VIRTUALIZATION

Borislav Djordjevic, Institute Mihailo Pupin, Belgrade, Serbia

Aleksandar Marinkovic, National Bank of Serbia, Belgrade, Serbia

Nikola Davidovic, University of East Sarajevo, Faculty of Electrical Engineering, East Sarajevo, RS, Boshia and
Herzegovina

Valentina Timcenko, Institute Mihailo Pupin, Belgrade, Serbia

The focus of this paper is on a performance comparison of hypervisor-based virtualization, with Linux KVM
as a representative, and container-based virtualization represented by Docker. The file system performance



has been selected from a range of performance classes. The measurements are carried out under equivalent
conditions and applying the same test method, using the Filebench software, which guarantees equality and
independence from the impact of hardware or other system environments. We have used the latest CentOS
Linux version 7.4.1708 with the newest updates as the basis for all test procedures, taking a role of the HostOS
for both KVM and Docker. Performances are compared for the native host, KVM with one, two and three
virtual machines (VM) and for Docker with one, two and three containers. We have analysed the expected
behaviour, verified the assumptions with Filebench test software, and provided the concluding remarks.

RTI12.3

DESIGN AND IMPLEMENTATION OF NETWORK INTRUSION DETECTION SYSTEM ON THE APACHE
HADOOP PLATFORM

Vladimir Ciric, Faculty of Electronic Engineering, University of Nis, Nis, Serbia
Dusan Cvetkovic, Faculty of Electronic Engineering, University of Nis, Nis, Serbia
Ivan Milentijevic, Faculty of Electronic Engineering, University of Nis, Nis, Serbia

Growing influence of computer networks and Internet to everyday life, with more and more devices
connected to global network, opens a new possibilities for malicious activities, while exposing the users to
attacks even more, including their data and privacy. Due to the amount of data that need to be processed in
order to detect such activities, intrusion detection and prevention systems become a challenging topic. The
goal of this paper is the implementation of Intrusion Detection System (IDS) on the Apache Hadoop platform.
The Hadoop implementation will enable task parallelization on multi-core processors. The proposed system
will be evaluated and compared with popular Snort IDS on a two-core i3 processor. The obtained results
show that proposed Hadoop based IDS is about 25% faster then the Snort IDS.

RTI12.4

ADDING SUPPORT FOR GLOBAL INSTRUCTION SELECTION PASS FOR MIPS32 ARCHITECTURE IN
LLVM

Petar Avramovic, RT-RK Institute for Computer Based Systems, Novi Sad, Serbia
Milena Vujosevi¢ Janici¢, Faculty of Mathematics, University of Belgrade, Serbia
Gordana Cmiljanovié, RT-RK Institute for Computer Based Systems, Novi Sad, Serbia
Marija Anti¢, Faculty of Technical Sciences, Novi Sad, Serbia

LLVM is one of the most popular complier infrastructures. By adding new features and with improvements
of existing ones, it tends to keep the reputation of the most modern and innovative figure on the market. In
this paper we present a new approach proposed for improving instruction selection in LLVM back-end, called
Global Instruction Selection or GloballSel. Some of its most important goals are transparent algorithm,
human readable intermediate representation, easier debugging and compilation speed. The main contribution
of this paper is a successful implementation of these concepts for MIPS architecture. We present our results
showing that we notably improved compilation speed with a reasonable cost on code quality.

Session RTI13: Software Systems
Tuesday, June, 12%, 14:30 — 15:30, Hall 2

Chair: Marjan GuSev, University Ss Cyril and Methodius, Faculty of Computer Science and Engineering,
Skopje, Macedonia




RTI3.1

DEVELOPMENT OF CONTEXT-AWARE APPLICATIONS FOR SMART MOBILE PHONES

Bojan Rakita, RT-RK Institute for Computer Based Systems, Novi Sad, Serbia

Zlatko Bundalo, University of Banja Luka, Faculty of Electrical Engineering, Bosnia and Herzegovina
Dusanka Bundalo, University of Banja Luka, Faculty of Philosophy, Banja Luka, Bosnia and Herzegovina
Mirko Saji¢, Sberbank a.d. Banja Luka, Bosnia and Herzegovina

This paper considers and describes the advantages of contextual awareness use in development and design
of mobile applications. The basic concepts in context awareness domain are defined: the context
information, their sources, the context itself, and the process of constructing the context. The general
requirements that one conceptual generic framework for the development and design of context-aware
applications for smart mobile phones should meet are investigated and described. A model for such generic
approach in mobile applications development for smart mobile phones using Android operating system is
proposed, implemented and described. Special care was given to ensure fast and quality development,
reduction of complexity, improvement of possibilities of maintaining and further development of context-
aware software. It was achieved through introduction of formalism in the representation of information and
the introduction of a higher level of abstraction to the processing of this information.

RTI 3.2

AUTOMATING OF NANOINDENTATION RAW RESULTS PROCESSING WITH PYTHON MODULE
Jovana Lazarevié, Faculty of Technical Sciences, Novi Sad, Serbia

Mihailo Drijaca, BioSense Institute, University of Novi Sad, Novi Sad, Serbia

Sanja Brdar, BioSense Institute, University of Novi Sad, Novi Sad, Serbia

Bojan Petrovi¢, Faculty of Technical Sciences, Novi Sad, Serbia

Sanja Koji¢, Faculty of Technical Sciences, Novi Sad, Serbia

Goran Stojanovic, Faculty of Technical Sciences, Novi Sad, Serbia

For more than 100 years, researchers in the mechanical sciences have acknowledged that surface contacts
between materials are highly reliant on their mechanical properties. In that light, Nanoindentation at small
scales has become a conventional tool for the measurement of mechanical properties. Continuing
advancements in indentation data analysis increased the method’s utility in the characterization of
biomaterials. The mechanical characterization of tissues and other biological materials is of utmost
importance in clinical medicine and the field of biomaterials. Since the interpretation of nanoindentation raw
results appeared as time consuming, the necessity for more rapid approach was recognized. With that in mind
the Python module with specific functionality was developed. The enclosed results for multiple test
processing with and without proposed optimization show that presented method demonstrates faster and more
accurate performance in all cases.

RTI13.3

IMPROVEMENT OF SENTIMENT CLASSIFICATION ACCURACY IN SERBIAN LANGUAGE BY STEMMER
USAGE

Petra Anti¢, Faculty of Electronic Engineering, University of Nis, Serbia

In this paper, the effects of stemming in sentiment classification of documents in the Serbian language were
analyzed. The dataset used for training and validation was Serbian Movie Review Dataset. The stemmer for
the Serbian language was iteratively upgraded with new rules, based on the list of the most predictive
attributes obtained using attribute selection. The final results showed that introducing particular rules for
stemming can enhance classification accuracy significantly, which can be compared to the effects of using
more advanced machine learning methods.

RT13.4



SMART TRANSPORTATION IN THE SERVICE OF IMPROVING HEALTHCARE IN SMART CITIES
Zeljko Jovanovié, Faculty of Technical Sciences, University of Kragujevac, Cacak, Serbia

Aldina Avdi¢, Department of Technical Sciences, State University of Novi Pazar, Novi Pazar, Serbia
Dragan Jankovic, Faculty of Electronic Engineering, University of Nis, Serbia

Dejan Vujici¢, Faculty of Technical Sciences, University of Kragujevac, Cacak, Serbia

The daily increase in the percentage of urban population in the world, as well as the increasing use of
information technology has led to the creation of a new concept - the concept of smart cities. The basic idea
of smart cities is to improve the quality of life of population in various fields, such as economy,
administration, health, traffic, education, etc. This paper shows the synergy between the components of smart
cities, smart transport, and smart healthcare. Service proposals which are presented are one of the results of
this synergy and their implementation in the form of an information system can provide better quality, safer,
and more efficient transport to the patient.

Session RTI14: Computer Systems and Services
Tuesday, June, 12, 15:30 — 16:30, Hall 2

Chair: Zora Konjovi¢, University Singidunum, Belgrade, Serbia

RTI 4.1

STUDENTS’ MOBILITY MANAGEMENT PORTAL BASED ON MICROSERVICE ARCHITECTURE
Nina Marjanovié, Faculty of Technical Sciences, Novi Sad, Serbia

Milan Segedinac, Faculty of Technical Sciences, Novi Sad, Serbia

Goran Savi¢, Faculty of Technical Sciences, Novi Sad, Serbia

Zora Konjovi¢, University Singidunum, Belgrade, Serbia

As digital representation of learning opportunities specification contributed to easier advertising, finding and
comparing learning opportunities, a portal that enables advertising of learning opportunities and students’
mobility management has been developed. The portal provides students with an insight into offered learning
opportunities, tools enabling comparing and recommending learning opportunities, as well as applying for a
particular study program. The portal also provides institutions with an opportunity to advertise their learning
opportunities and improve communication with prospective students. Because using microservices as an
alternative approach to scalable application development, offers a number of benefits like application
modularity, parallel development, less-effort testing and maintenance, etc., this paper presents an approach
to creating students mobility management portal relying upon microservice architecture.

RTI1 4.2

USE OF QT FRAMEWORK IN UNIVERSITY COURSES ON DEVELOPMENT OF NETWORK SOFTWARE
Milos Pilipovic, Faculty of Technical Sciences, Novi Sad, Serbia

Tijana Srejic, Faculty of Technical Sciences, Novi Sad, Serbia

Marko Vucicevic, RT-RK Institute for Computer Based Systems, Novi Sad, Serbia

Ilija Basicevic, RT-RK Institute for Computer Based Systems, Novi Sad, Serbia

Miroslav Popovic, Faculty of Technical Sciences, Novi Sad, Serbia

At Faculty of Technical Sciences, Novi Sad, we started using Qt framework in the context of Intercomputer
Communications and Computer Networks course. The students are introduced to the area of development of
network software using Qt framework, which they also use for implementation of their project assignments.
This paper presents an overview of the findings in the process of preparation of Qt-based labs and



RTI14.3

assignments. Qt is now used in parallel with FSM Library framework that has been developed at our
department and used both in education and in commercial projects. The methodology for development of
network based applications starting from a graphical form version of languages for formal specification of
protocols, particularly, SDL (Specification and Description Language) and MSC (Message Sequence Chart)
diagrams, using Qt and FSM Library framework is presented. The paper presents a comparison of the two
frameworks, as well.

SERBIAN AIRPORTS WEATHER ACQUISITION SYSTEM SAWASII

Una Kisic, Institute Mihailo Pupin, University of Belgrade, Serbia

Andjelka Markovic, Institute Mihailo Pupin, University of Belgrade, Serbia

Olivera Kadic, Institute Mihailo Pupin, University of Belgrade, Serbia

Ina Masnkosa, Institute Mihailo Pupin, University of Belgrade, Serbia

Marija Minic, Institute Mihailo Pupin, University of Belgrade, Serbia

Sinisa Marinkovic, Institute Mihailo Pupin, University of Belgrade, Serbia

RT14.4

The Serbian Airports Weather Acquisition System (SAWASII) is a meteorological information system which
collects data from automatic weather stations, process collected data, generates derived values and
metrological reports and makes all information available for users in Air Traffic Control tower and airport’s
meteorological service. It enables generation and distribution of important meteorological reports (METAR,
SYNOP, TAF, AIRMET, SIGMET, GAMET, OTHER, WRNG and ADWRNG) for local and international
exchanges of meteorological data. Data obtained from the SAWASII automated subsystem meets appropriate
standards and recommendations of international organizations World Meteorological Organization (WMO)
and International Civil Aviation Organization (ICAQO) and implements the adopted procedures of local
aviation authorities of Serbia and Montenegro Air Traffic Services SMATSA llc. In this paper we are
presenting overall architecture of SAWASII software system.

ONE BIT PER POSITION ENAX ENDGAME DATABASES

Vladan Vuckovic, Faculty of Electronic Engineering, University of Nis, Serbia

This paper introduces a new format of uncompressed endgame databases named ENAX endgame with a very
fast linear access using only one bit per position to memorize. Unlike traditional retrograde approach for the
construction of the database, we applied a very efficient linear translation algorithm using Nalimov 5-men
endgame database as the core. In the construction stage of ENAX database, the algorithm passes once through
all defined positions in Nalimov database and sets the appropriate bit positions in the ENAX database using
their evaluations. This new type of endgame database was successfully tested and applied in the author’s
experimental program Axon.

Session RTI15: Computer Networks and Applications
Tuesday, June, 12™, 16:30 — 17:15, Hall 2

Chair: Vladimir Ciri¢, Faculty of Electronic Engineering, University of Nis, Serbia

RTI5.1

INTERNET AS INFRASTRUCTURE FOR DIGITAL TELEVISION

1lija Basicevié, Faculty of Technical Sciences, Novi Sad, Serbia

Nenad Lovéevié, RT-RK Institute for Computer Based Systems, Novi Sad, Serbia

Nenad Soski¢, Faculty of Technical Sciences, Novi Sad, Serbia



Milan Acanski, RT-RK Institute for Computer Based Systems, Novi Sad, Serbia

This paper contains a perspective on an important trend in digital television - transition to Internet-based
network. An analysis of certain issues related to this transition is provided, as well as an overview of two
competing technologies for transmission of TV content over IP networks, namely IPTV and Internet
television. The zapping delay problem and some existing solutions are presented.

RTI 5.2

FRAMEWORK LIBRARY WITH GUIDELINES FOR EFFECTIVE TV APPLICATION DEVELOPMENT
Nemanja Kovacev, RT-RK Institute for Computer Based Systems, Novi Sad, Serbia

Veljko Ilki¢, RT-RK Institute for Computer Based Systems, Novi Sad, Serbia

Dejan Nad, RT-RK Institute for Computer Based Systems, Novi Sad, Serbia

Nikola Vranié, RT-RK Institute for Computer Based Systems, Novi Sad, Serbia

TV application development is becoming an important field of software industry. As with the software
development in general, the aim is to build a high-quality and cost-effective application which is as fast to
build and as easy to maintain as possible. We noticed several issues with the existing approaches to TV
application development. This paper presents a framework with guidelines for effective TV application
development along with benefits of using this kind of framework in solving those issues.

RTI15.3

ONE SOLUTION FOR RECOMMENDING TV CONTENT BASED ON MACHINE LEARNING ALGORITHMS
IN ANDROID TV

Viadimir Zbilji¢, RT-RK Institute for Computer Based Systems, Novi Sad, Serbia
Dorde Glisi¢, RT-RK Institute for Computer Based Systems, Novi Sad, Serbia
Nikola Vrani¢ RT-RK Institute for Computer Based Systems, Novi Sad, Serbia,

Paper presents one solution for recommending digital television content to the end user based on their
preferences, integrated into a set top box device. Designed environment is equipped with necessary tools for
collecting and processing accumulated user data making it convenient for machine learning algorithms.

Sesija RT5: Distribuitani sistemi
Sreda, 13. Jun, 08:30 — 09:30, Sala 2

Predsedavaju¢i: Ivan Milentijevic, Elektronski fakultet, Univerzitet u NiSu, Ni§, Srbija

RT 5.1

POREDENJE PERFORMANSI HOMOGENOG I HETEROGENOG HADOOP KLASTERA NA PRIMERU
TERASORT ALGORITMA

Strahinja Djurkovic, Elektronski fakultet, Univerzitet u Nisu, Nis, Srbija
Vladimir Ciric, Elektronski fakultet, Univerzitet u Nisu, Nis, Srbija
Natalija Stojanovic, Elektronski fakultet, Univerzitet u Nisu, Nis, Srbija

Popularnost Apache Hadoop okruzenja je u poslednjih nekoliko godina znacajno porasla. Razlog tome je
dobra skalabilnost i otpornost na otkaze, §to ga ¢ini dobrim kandidatom za kreiranje klastera sa velikim
brojem racunara. Obi¢no se u takvim klasterima novi ¢vorovi dodaju nakon nekog vremena, kada se za to
ukaze potreba, pa se samim tim razlikuju po performansama od ¢vorova koji se ve¢ nalaze u klasteru. Zbog
ovoga vecina klastera sa velikim brojem ¢vorova ima cvorove koji se medusobno razlikuju po
performansama. Cilj ovog rada je testiranje i poredenje performansi heterogenog i homogenog Hadoop
klastera sa standardnim YARN (eng. Yet Another Resource Negotiator) sistemom za upravljanje resursima



klastera. Testiranje ¢e biti izvrSeno TeraSort algoritmom nad skupovima podataka razlicitih veli¢ina, od
100MB do 5GB. Biée pokazano da se neravnomernom raspodelom zadataka na ¢vorove klastera moze postic¢i
znacajno ubrzanje.

RT 5.2

REALIZACIJA MOBILNE APLIKACIJE UPOTREBOM KOTLIN PROGRAMSKOG JEZIKA |
RACUNARSKOG OBLAKA

Mihailo Matijevic, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija
Marija Punt, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija
Drazen Draskovic, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija

Android operativni sistem je danas najpopularnija platforma za razvoj mobilnih aplikacija i veliki broj
kompanija koristi takve aplikacije u poslovnoj primeni. Aplikacije za ovu platformu mogu da se pi$u u
Android izvornoj tehnologiji, baziranoj na programskom jeziku Java i XML tehnologiji, ili u kombinaciji
Android tehnologije sa drugim jezicima ili radnim okvirima. U ovom radu prikazano je softversko resenje,
realizovano u potpunosti upotrebom Kotlin programskog jezika, kod kojeg je klijentska strana realizovana
kao Android mobilna aplikacija, a serverska strana kao Spring aplikacija koja se izvrSava u racunarskom
oblaku. Prednost ovakvog softverskog sistema je u dobro definisanoj arhitekturi, sastavljenoj od komponenti
klijentske i serverske strane i sloja podataka, koje ¢ine jedan modularan sistem, u kome su primenjene
najmodernije Klijent-server i mobilne tehnologije.

RT 5.3

INTEGRACIJA PARTICLE PHOTON IOT UREDAJA SA GOOGLE CLOUD PLATFORMOM
Dejan Vujici¢, Fakultet tehnickih nauka u Cacku, Univerzitet u Kragujevcu, Cacak, Srbija
Dijana Jagodi¢, Fakultet tehnickih nauka u Cacku, Univerzitet u Kragujevcu, Cacak, Srbija
Zeljko Jovanovié, Fakultet tehnickih nauka u Cacku, Univerzitet u Kragujevcu, Cacak, Srbija
Sinisa Randié, Fakultet tehnickih nauka u Cacku, Univerzitet u Kragujevcu, Cacak, Srbija

U ovom radu je opisan Particle Photon uredaj sa aspekta IoT sistema. Prikazane su njegove osnovne
karakteristike, kao i nacin povezivanja sa raCunarom, pisanje programa i prikazivanje prikupljenih podataka.
Kreiran je jednostavan sistem za merenje temperature i relativne vlaznosti vazduha koriste¢i senzor SHT11
i Particle Photon uredaj. Prikazana je mogucénost prikaza podataka preko iOS ili Android aplikacije, kao i
slanje izmerenih podataka na Google Cloud platformu. Podaci se ¢uvaju u Firebase bazi podataka, a potom
se mogu prikazivati i nad njima vrsiti dalja obrada.

RT5.4

JEDNA IMPLEMENTACIJA RTSP PROTOKOLA ZA DIGITALNE TV PRIJEMNIKE SA OGRANICENIM
RESURSIMA

Nebojsa Rablov, Fakultet tehnickih nauka, Novi Sad, Srbija
Radovan Markovic, RT-RK.doo, Novi Sad, Srbija

Milan Acanski, RT-RK.doo, Novi Sad, Srbija

Ilija Basicevic, Fakultet tehnickih nauka, Novi Sad, Srbija

U ovom radu je predstavljeno jedno reSenje implementacije RTSP protokola za digitalne TV prijemnike.
Resenje je implementirano i optimizovano za rad na sistemima sa ograni¢enim resursima. Cilj ovog rada
jeste prikaz proSirenih moguénosti RTSP protokola primenjenog u digitalnoj televiziji, sa ciljem poboljSanja
kvaliteta i1 usluge koje digitalna televizija omogucava minimizujuci utroSak radne memorije i centralnog
procesora §to je problem identifikovan koris¢enjem dostupnih RTSP biblioteka. Takode jos jedan od ciljeva
jeste i unapredenje interakcije sa korisnicima.



Sesija RT6: Softverski sistemi
Sreda, 13. Jun, 09:30 — 10:30, Sala 2

Predsedavajuéi: Miroslav Popovi¢, Fakultet tehni¢kih nauka, Novi Sad, Srbija

RT6.1

SYSTEM FOR TESTING VOICE COMMANDS IN SMART HOMES
Nebojsa Rajic, Fakultet tehnickih nauka, Novi Sad, Srbija

Nenad Cetic, RT-RK.doo, Novi Sad, Srbija

Miroslav Popovic, Fakultet tehnickih nauka, Novi Sad, Srbija

Sreten Tanackovic, RT-RK.doo, Novi Sad, Srbija

U ovom radu je prikazano jedno resenje za ispitivanje uspesnosti sistema za upravljanje glasom u pametnim
kucama. Glas kao moderna sprega sa korisnikom sve viSe pronalazi primenu u uredajima potrosacke
elektronike. Po nasem misljenju, glavni pokreta¢ ovog fenomena je snaga udaljenih racunarskih sistema —
korisnike tako i za same proizvodace i dobavljace usluga. Primena glasovnih komandi u Zivotnom prostoru
sa sobom i dalje nosi velike izazove. U ovom radu dajemo prikaz ispitivanja uspes$nosti prepoznavanja
komandi u razli¢itim situacijama.

RT6.2

SISTEM ZA AUTOMATSKO GENERISANJE, SKENIRANJE | PREGLEDANJE TESTOVA
Jovan Dukié, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija

Kristijan Ziza, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija

Marija Punt, Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija

U ovom radu predstavljen je realizovani softverski sistem za potrebe automatskog generisanja, skeniranja i
pregledanja testova. Sistem je implementiran sa ciljem da se upotrebljava na Elektrotehnickom fakultetu u
Beogradu, na Katedri za racunarsku tehniku i informatiku prilikom pregledanja masovnih ispita i u
slu¢ajevima kada nije moguce organizovati polaganje ispita koriS¢enjem racunara. Sistem je realizovan kao
klijent-server aplikacija u kom je klijentski deo zaduzen za skeniranje testova, a serverski deo za generisanje
testova, ocenjivanje i vodenje evidencije o rezultatima. Kori§¢enjem realizovanog reSenja mogude je
generisati 1 oceniti razli¢ite vrste testova.

RT6.3

NAPREDNA KONTROLA UREDAJA NA OSNOVU LOGICKIH ZONA U PAMETNIM SISTEMIMA
Aleksandar Tanaskovié, Fakultet tehnickih nauka, Novi Sad, Srbija

Miodrag Dukié, Fakultet tehnickih nauka, Novi Sad, Srbija

Milos Milanovi¢, OBLO Living, Novi Sad

Istvan Pap, OBLO Living, Novi Sad

U ovom radu opisan je koncept i implementacija reSenja koji unapreduje postojeéi sistem logickog grupisanja
uredaja u pametnim sistemima uvode¢i koncept zona i kontrolera zona. Kontroleri zona mogu da realizuju
slozene operacije nad srodnim uredajima, bez znacajne intervencije korisnika. PoboljSanje je imenovano
Advanced Zone Control (AZC). Iznete su osnovne razlike i prednosti podele ku¢e po zonama u odnosu na
postojeée reSenje gde su uredaji rasporedeni po spratovima i sobama. Opisan je osnovni protokol
komunikacije MQTT (engl. Message Queue Telementry Transport). Dat je uvid u strukturu postojeceg
reSenja pametne kuée i sprega izmedu glavnih komponenti sistema u kome ucestvuju: Gejtvej (engl. Gateway
— GTW), aplikacija za mobilni telefon i cloud.



RT6.4

ANALIZA EFIKASNOSTI IZVRSAVANJA FUNKCIONALNIH TEST PLANOVA NA NEDELJNOM NIVOU
Dako Banika, RT-RK.doo, Novi Sad, Srbija

Zvonimir Kaprocki, RT-RK.doo, Novi Sad, Srbija

Vukota Pekovic, RT-RK.doo, Novi Sad, Srbija

Djordje Miljkovic, RT-RK.doo, Novi Sad, Srbija

Gordana Velikic, RT-RK.doo, Novi Sad, Srbija

Ogranicenost resursa dostupnih za sprovodenje testnih aktivnosti, diktira da vreme i resurse kojim
raspolazemo moramo iskoristiti §to efikasnije, kako bi krajnji proizvod dostigao zadovoljavajuéi nivo
kvaliteta. U radu su dati rezultati analize, koja je radena u cilju pracenja efikasnosti izvrSavanja testnog plana.
Efikasnost vezujemo za broj detektovanih greSaka sa svakim izvrSavanjem testnog plana, §to je u ovom
slu¢aju bilo na nedeljnom nivou. Testni plan je bio fokusiran na funkcionalno testiranje, gde je deo testova
pokretan sa ciljem pronalaska regresija, a deo sa ciljem verifikacije novih funkcionalnosti.

Sesija RT7: Sistemi za testiranje
Cetvrtak, 14. Jun, 11:00 — 12:00, Sala 2

Predsedavajudi: Jelena Kovacevié¢, Fakultet tehnickih nauka, Novi Sad, Srbija

RT 7.1

PROGRAMSKA PODRSKA ZA GENERISANIJE TESTNIH SEKVENCI ZA MIKROKONTROLERE
Jozef Sandor, RT-RK.doo, Novi Sad, Srbija

Milan Stankic, RT-RK.doo, Novi Sad, Srbija

Dragan Samardzija, RT-RK.doo, Novi Sad, Srbija

Ivan Petrovic, RT-RK.doo, Novi Sad, Srbija

RT 7.2

U ovom radu predstavljeno je jedno reSenje programskog alata za generisanje testnih sekvenci u svrhu
konfigurisanja mikrokontrolera. Generisanje izlaznog toka podataka se vr$i na osnovu ulaznih podataka
organizovanih u obliku XML sadrzaja. Cilj je da se predstavi mehanizam, koji ¢e krajnjim korisnicima
omoguditi jednostavan i intuitivan nacin organizovanja ulaznih podataka. Izlazni sadrzaj predstavlja uredenu
strukturu niza podataka u obliku koji odgovara Intelovoj MCS-51 (8051) opstonamenskoj familiji
mikrokontrolera.

AUTOMATIZACIJA PROCESA PRIPREME I PROVERE JEDINICNIH TESTOVA
Sladan Jordakovié, RT-RK.doo, Novi Sad, Srbija

Srdan Tikvi¢, RT-RK.doo, Novi Sad, Srbija

Velibor 1li¢, RT-RK.doo, Novi Sad, Srbija

Bogdan Pavkovi¢, RT-RK.doo, Novi Sad, Srbija

Sa porastom zahteva trziSta raste i funkcionalna kompleksnost namenskih sistema, posebno u oblasti
automobilske industrije gde je potrebno zadovoljiti visoke standarde bezbednosti korisnika. Primarni cilj
postaje obezbediti visok kvalitet softvera, §to se postize verifikacijom i testiranjem u vise iteracija tokom
razvoja sistema. Bitan korak svake iteracije je testiranje jedini¢nih funkcionalnosti (eng. Unit testing) sitema
pomocu alata za testiranje kao Sto je VectorCast. Testiranju jedinice prethodi priprema testnog okruzenja
koja podrazumeva dobavljanje odgovarajucih biblioteka, a nakon testiranja je potrebno i dokumentovati na



koji su nacin jedinicne funkcionalnosti testirane. U ovom radu su prepoznate i automatizovane procedure
koje su se obavljale ru¢no ¢ime je postignuto znacajno ubrzanje procesa testiranja.

RT 7.3

TESTIRANJE KOMUNIKACIJE IZMEDBU SOFTVERSKIH KOMPONENTI NA ELEKTRONSKIM
UPRAVLJACKIM JEDINICAMA

Grujica Corluka, RT-RK.doo, Novi Sad, Srbija
Malisa Marijan, RT-RK.doo, Novi Sad, Srbija
Velibor llic, RT-RK.doo, Novi Sad, Srbija
Danijel Spasojevic, RT-RK.doo, Novi Sad, Srbija

Za razvoj elektronskih upravljackih jedinica (ECU) potrebno je angazovati veci broj timova koje se bave
razvojem pojedinih segmenata ili modula sistema. ECU se upotrebljavaju u savremenim proizvodima i
uredajima kako bi se dodale nove i automatizovale postojece funkcije. Svaki od uéesnika u procesu razvoja
vrsi nezavisno testiranje delova sistema ili komponenti koje razvija. Za ovakva testiranja neophodno je
koristiti automatizovana okruzenja za testiranje koja generisu detaljne izvestaje o svakom segmentu sistema.
U ovom radu je opisano okruZenje koje koristimo za testiranje komunikacije izmedu softverskih komponenti
na ECU kao i generisanje sumiranih izvestaja koji pojednostavljuju tumacenje rezultata testova.

RT 7.4

RAZVOJ ALATA ZA PROVERU BEZBEDNOSTI AUTOMOBILSKE PROGRAMSKE PODRSKE
Ivan Lazarevi¢, RT-RK.doo, Novi Sad, Srbija

Radovan Prodanovi¢, RT-RK.doo, Novi Sad, Srbija

Malisa Marijan, RT-RK.doo, Novi Sad, Srbija

Danijel Spasojevi¢, RT-RK.doo, Novi Sad, Srbija

Savremeni ugradeni sistemi u automobilskoj industriji koji imaju uticaj na bezbednost u¢esnika u saobracaju
regulisani su standardom ISO 26262. Ovaj standard definiSe nekoliko nivoa integriteta programske podrske
u zavisnosti od Stete koja bi mogla da nastane usled otkaza iste. Samim tim, tokom izrade programske
podrske, neophodno je vrsiti proveru da li je ona u skladu sa ISO 26262 standardom. Proces izrade
programske podrske se znatno moze ubrzati kori§éenjem alata koji proveravaju uskladenost sa principima
ISO 26262 standarda. U radu je predstavljeno jedno reSenje alata koji omogucava proveru programske
podrske ispitujuci da li se u njoj pojavljuju neregularnosti predvidene standardom. Ukoliko se neregularnosti
pojavljuju, alat generiSe izvestaj sa jasnim naznakama gde i zbog ¢ega dolazi do sukoba sa standardom.
Koris¢enjem alata kroz graficko korisnicko okruzenje korisniku je omoguceno da kroz par jednostavnih
koraka odabere programsku podrsku za proveru, dodeli nivoe integriteta funkcijama i globalnim
promenljivama, kao i da pristupi izveStaju. Na taj nacin se Stedi na vremenu koje bi bilo utroSeno na
uskladivanje programske podrske i ISO 26262 standarda.



TE Telecommunications / Telekomunikacije

Session TEI1: Telecommunications
Monday, June, 11% 14:30 — 16:30, Hall 3

Chair: prof. Dejan Mili¢, School of Electronics, University of Ni§, Serbia

TEI1.1

A SCHEME FOR CONGESTION AVOIDANCE USING OPENFLOW

Natasa Maksié,University of Belgrade, School of Electrical Engineering, Belgrade, Serbia
Aleksandra Smiljanié, University of Belgrade, School of Electrical Engineering, Belgrade, Serbia

Introduction of OpenFlow enables vendor independent implementation of network algorithms. This paper
presents one solution for adaptive congestion avoidance, in which controller constantly monitors links, and
reroutes flows as needed based on flow throughputs. The paper presents implementation which enables
lossless rerouting of flows and reduced amount of communication between controller and switches. The
implementation is based on Ryu controller. The paper also contains description of the development and
testing environment.

TEI1.2

EVALUATION OF SDNET PACKET PROCESSORS ON XILINX CHIPS

Mihailo Vesovié, University of Belgrade, School of Electrical Engineering, Belgrade, Serbia
Aleksandra Smiljanic, University of Belgrade, School of Electrical Engineering, Belgrade, Serbia
Andreja Radosevié, SANS R&D, LLC, 4901 Morena Blvd. #128, San Diego, CA

In this paper, we examine packet processing on the advanced Xilinx UltraScale+ chips. Xilinx developed
flexible SDNet platform for programming of high-speed data plane. It includes programming of the widely
used protocols, as well as the programming of the new protocols designed by users. We will evaluate the
SDNet platform, and examine its performance. The memory requirements will be analyzed for the critical
functionalities: IP lookup and packet classification.

TEIL.3

ADDRESS RESOLUTION PROTOCOL IMPLEMENTATION TO NETMAP PLATFORM ROUTER DATA
PLANE

Hasan RedZovi¢, Innovation Center of School of Electrical Engineering, University of Belgrade, 73 Bulevar kralja
Aleksandra, Belgrade, Serbia

Aleksandra Smiljani¢, University of Belgrade, School of Electrical Engineering, Belgrade, Serbia
Stevan Simi¢, University of Belgrade, School of Electrical Engineering, Belgrade, Serbia

The netmap platform bypasses slow kernel network stack and implements different optimization methods in
order to provide fast packet exchange between network cards and applications in user space of operating
systems. The netmap platform also has some downsides. Applications based on netmap API receive
unprocessed Ethernet packets, so it is necessary to implement packet-processing functions for ensuring
correct packet receiving. Also, the concurrent usage of same physical network port in netmap mode between
multiple applications demands implementation of complex algorithms. We developed Netmap Packet
Forwarding (NPF) application that provides fast packet processing and forwarding between physical ports,
but also connectivity to all applications in user space. We used NPF as a fast router data plane connected to
Quagga software, which represents router control plane in user space. The development challenge of NPF is
implementation of Address Resolution Protocol (ARP), which is necessary for creating completely functional



router data plane. In this paper, we describe in detail implementation and testing of ARP within NPF
application.

TEI1.4

MODEL DRIVEN TELEMETRY USING YANG FOR NEXT GENERATION NETWORK APPLICATIONS
Mioljub Jovanovic, Cisco Systems, Belgium

Milan Cabarkapa, University of Belgrade, School of Electrical Engineering, Belgrade, Serbia

Benoit Claise, Cisco Systems, Belgium

Natasa Neskovic, University of Belgrade, School of Electrical Engineering, Belgrade, Serbia

Milan Prokin, University of Belgrade, School of Electrical Engineering, Belgrade, Serbia

Djuradj Budimir,University of Westminster, Faculty of Science and Technologz, United Kingdom

This paper describes recent developments and methods in the field of model driven telemetry using YANG
data modelling language for next generation networking. It also outlines advantages of using YANG models
to configure network elements as compared to traditional approaches of using Command-Line Interface (CLI)
and Simple Network Management Protocol (SNMP) in order to manage network elements. The explanation
of shortcomings of SNMP when it is used for telemetry purposes with the recent scale of modern networks
is also given. Finally, this paper provides outline on recent tool chain available to easily produce YANG
based code as well as process model-driven telemetry data.

TEI1.5
EDUCATIONAL PLATFORM FOR VOIP COMMUNICATION LEGAL EAVESDROPPING

Marko Nerandzié, Vlatacom Institute of High Technologies, Belgrade, Serbia

Strahinja Trifunovié, University of Belgrade, School of Electrical Engineering, Belgrade, Serbia
Ranko Petrovi¢, University of Belgrade, School of Electrical Engineering, Belgrade, Serbia
Branka Stojanovié, Vlatacom Institute of High Technologies, Belgrade, Serbia

Miroslav Perié, Vlatacom Institute of High Technologies, Belgrade, Serbia

Protection against global terrorism requires constant trade-off between privacy and data accessibility for law
enforcement agencies — LEA. Legal eavesdropping - LE is present in primary law documents of almost all
countries with different degrees of LEA authorization. Introduction of Internet and wide usage of VolP
communication leads to special security requirements in telecommunication domain. This paper presents
laboratory environment for educational purpose simulation of LE scenario with additional voice analysis
capabilities and alarming on keywords. All used components (\VolP server, voice recording of specified target
phone, voice to text conversion and alarming) are either from open-source market or are developed for this
particular project. Experimental results of LE system, with alarming on predefined words in English language
are included. Additionally, two speech recognition engines are compared and their respective accuracy with
three different accents, where accuracy represents the percentage of words correctly recognized and
converted from speech to text.

TEIL.6

ANALYSIS OF THE EFFECT OF WHITE BALANCE AND COLOR TEMPERATURE ON IMAGE
COMPRESSION USING DIFFERENT ALGORITHMS

Vladimir Maksimovic, University of Pristina, Faculty of Technical Sciences, Kosovska Mitrovica, Serbia
Mile Petrovic, University of Pristina, Faculty of Technical Sciences, Kosovska Mitrovica, Serbia

Petar Spalevic, University of Pristina, Faculty of Technical Sciences, Kosovska Mitrovica, Serbia
Branimir Jaksic, University of Pristina, Faculty of Technical Sciences, Kosovska Mitrovica, Serbia

Ivana Milosevic, High School of Electrical Engineering and Computing of Vocational Studies , Belgrade



In this paper, using multiple compression algorithms (JPEG, JPEG2000 and SPIHT), an analysis of the effect
of the white balance and the color temperature on image compression was performed. The analysis was done
for different values of color temperature and number of bits per pixel (bpp). Image compression quality is
evaluated with the PSNR (Peak Signal Noise Ratio) parameter. The results are tabulated and graphically
presented on the basis of which it is possible to determine the quality of the applied compression algorithm
for different values of color temperature. JPEG2000 and SPIHT give approximately similar results but
significantly better than JPEG. These algorithms are not fully developed for values below 3000 K and over
6000 K.

TEI1.7

SIMPLE DETECTION OF BOTTLENECKS IN ZIGBEE NETWORKS USING THE DIAGNOSTIC CLUSTER
Bogdan Pavkovic, RT-RK Computer Based Systems, Novi Sad, Serbia

Ivan Cvetkovic, University of Novi Sad, Faculty of Technical Sciences, Novi Sad, Serbia

Djordje Glisic, University of Novi Sad, Faculty of Technical Sciences, Novi Sad, Serbia

Istvan Papp, RT-RK Computer Based Systems, Novi Sad, Serbia

The aim of this paper is to detect and offer hints on how to mitigate a commonly observed problem in ZigBee
networks: bottleneck nodes that can lead to traffic congestion and increased competition for the radio
resources. We provide several simple algorithms that are able to detect bottleneck nodes by collecting and
analyzing commonly available Diagnostic Cluster in ZigBee networks. We have demonstrated efficiency of
proposed solutions in detecting bottleneck nodes on application support (APS) and medium access control
(MAC) layer in simple topologies. Finally, we have offered a couple of simple actions that a user can perform
in order to alleviate detected and signaled problem.

TEIL.8

ANALYSIS OF JAMMING SUCCESSFULNESS AGAINST RCIED ACTIVATION
Miladen Mileusnié¢, Institute IRITEL, Belgrade, Serbia

Branislav Pavi¢, Institute IRITEL, Belgrade, Serbia

Verica Marinkovié-Nedelicki, Institute IRITEL, Belgrade, Serbia

Predrag Petrovié, Institute IRITEL, Belgrade, Serbia

Dragan Miti¢, Institute IRITEL, Belgrade, Serbia

Aleksandar Lebl, Institute IRITEL, Belgrade, Serbia

In this paper we first briefly present main features of active and reactive jamming of remote controlled
improvised explosive devices activation. We emphasized main problems in such systems implementation.
The characteristics of frequency sweep as the most widely used technique of active jamming are analyzed:
1) sweep speed, 2) condition for certainly successful jamming, 3) successful jamming probability if jamming
is not certainly successful, and 4) step of stepwise frequency change in practical frequency sweep realization.
The separate paper section is devoted to the successful jamming probability calculation in general. The
presented results are the contributions to jamming equipment development in IRITEL, but also are more
widely applicable to the analysis of the other similar jamming systems development.

Session TEI2: Telecommunications
Tuesday, June, 12" 8:00 — 10:30, Hall 3
Chair: dr Predrag Petrovi¢, Institute IRITEL, Belgrade, Serbia




TEI2.1
RELIABLE ELECTRONIC DEVICES, CIRCUITS, AND SYSTEMS (Invited paper)
Zoran Stamenkovié, IHP, Frankfurt, Germany

The paper describes a comprehensive approach (at the device, circuit, and system levels) to design,
implementation, integration, and verification of reliable communication systems on chips. The approach will
be illustrated on three examples: a middleware switch processor for reliable internal satellite com-
munications, a baseband processor for RF-MIMO wireless LAN transceiver, and a MAC processor for
reliable industrial wireless communications. The high reliability of the middleware switch processor is
achieved exploiting radiation-hard devices, redun-dant circuits, latchup protection switches, and power
gating. The RF-MIMO baseband processor based on an innovative spatial multiplexing in the analog domain
offers a higher reliability in advanced communication systems. The proposed MAC processor supports the
flexibility, mobility, and scalability of the industrial wireless LAN, approaching the reliability of the
industrial wired LAN.

TEI2.2

EVALUATION OF NONLINEARITIES IN A CLASS-J BALANCED POWER AMPLIFIER FOR WIRELESS
APPLICATIONS

Branko Bukvic, IMTEL komunikacije, Belgrade, Serbia
Milan Ilic, University of Belgrade, School of Electrical Engineering, Belgrade, Serbia
Djuradj Budimir, University of Westminster, Faculty of Science and Technologz, United Kingdom

In this paper we present an evaluation of nonlinearities of a Class-J power amplifier in balanced configuration
for wireless applications. The simulation studies are performed using 3 MHz and 10 MHz LTE signal sets at
1.5 GHz center frequency. We show the simulated output power, gain, drain efficiency, and power spectra
densities of the designed balanced power amplifier, as device under test (DUT).

TEI2.3

SPECTRUM SENSING IN COGNITIVE RADIO BASED ON SIXTH ORDER CUMULANTS OF VARIOUS
STRUCTURES

Rade Bozovic, University of Belgrade, School of Electrical Engineering, Belgrade, Serbia
Mirjana Simic, University of Belgrade, School of Electrical Engineering, Belgrade, Serbia

In this paper, spectrum sensing method based on higher order cumulants is proposed. The method was
analysed in an ideal channel with additive white Gaussian noise (AWGN), under the uncertainty noise
conditions. Under the assumption that a detected signal can be modelled according to an autoregressive
model, noise variance is estimated from that noisy signal. Spectrum sensing was done by statistical processing
based on the sixth order joint cumulants of different structures estimated values. Performances evaluation
expressed through probability of successful detection, done in MATLAB, confirmed high reliability for wide
range of signal to noise values.

TEI2.4

PERFORMANCE OF FREE SPACE OPTICAL COMMUNICATION IN MALAGA CHANNEL WITH
ZERO/NON ZERO BORESIGHT POINTING ERROR

Marko Smilic, Faculty of Natural Sciences and Mathematics, University of Pristina, Kosovska Mitrovica, Serbia
Dejan Milic, Faculty of Electronic Engineering, University of Nis, Aleksandra Medvedeva 14, Nis, Serbia
Petar Spalevic, Faculty of Technical Sciences, University of Pristina, Kneza Milosa 7, Kosovska Mitrovica, Serbia

Zorica Nikolic, Faculty of Electronic Engineering, University of Nis, Aleksandra Medvedeva 14, Nis, Serbia

In this paper, the bit error rate (BER) of intensity modulated Free-Space Optical (FSO) with direct detection



(IM/DD) in single—input single—output (SISO) over Malaga atmospheric turbulence channels has been
investigated. Analytical expressions in closed form for probability density function (PDF) over Malaga
atmospheric turbulence channels for zero boresight pointing error and non-zero boresight pointing error are
represented. Also, analytical expression in closed form for BER for zero boresight pointing error and nonzero
boresight pointing error are given. The results are evaluated numerically and graphically presented in terms
of BER and power penalty due to zero boresight pointing error and non-zero boresight pointing error.

TEI2.5

PERFORMANCE ANALYSIS OF TRANSMISSION VISIBLE WATERMARKED IMAGE OVER RICEAN
TURBULENCE CHANNE

Bojan Prlincevic, Higher Technical Professional School in Zvec¢an, Zvecan, Serbia
Zoran Milivojevic, College of Applied Technical Sciences, Nis, Serbia
Petar Spalevic,University of Pristina, Faculty of Technical Sciences, Kosovska Mitrovica, Serbia

In this paper we analyse transmission of visible watermarked image over Ricean turbulence channel. First,
we present visible watermarking (VWM) algorithm, and algorithm for FSO transmission simulation. Second,
we propose Ricean turbulence channel model. Further, we will observe standard performance criterions of
transmitted and recovered image, such are Bit Error Rate (BER), Mean Square Error (MSE), Peak Signal-to-
Noise Ratio (PSNR) Similarity versus parameter of observed FSO link k in order to determine whether the
visible watermarked image can be successfully transmitted through FSO channel, and recover image for
corresponding values of link parameters. Finally, performance analysis has been carried out, and it has been
shown that the image can be successfully recovered from transmitted image transmitted through FSO channel
with parameter value of k = 5 and block size parameter k = 2.

TEI2.6

PERFORMANCE OF WIRELESS TRANSMISSION UNDER WEIBULL FADING CONDITIONS IN THE
PRESENCE OF A-p INTERFERENCE

Danijel Djosic, University of Pristina, Faculty of Natural Sciences and Mathematics, Kosovska Mitrovica, Serbia
Dejan Milic, University of Nis, Faculty of Electronic Engineering, Nis, Serbia

Zorica Nikolic, University of Nis, Faculty of Electronic Engineering, Nis, Serbia

Petar Spalevic,University of Pristina, Faculty of Technical Sciences, Kosovska Mitrovica, Serbia

In this paper, wireless mobile communication system operating over interference limited environment in the
presence of fading is considered. Received signal experiences Weibull fading, and co-channel interference
experiences a-p small scale fading, resulting in system performance degradation. First and second order
performance measures are considered and efficiently evaluated. The influence the Weibull fading severity
parameter and a-p fading severity parameter on level crossing rate is analyzed and discussed.

TEI2.7

TOA/TDOA ESTIMATION BASED ON CARRIER PHASE OF ARRIVAL

Nenad Vukmirovié¢, University of Belgrade, School of Electrical Engineering, Belgrade, Serbia
Milos Janjié, University of Belgrade, School of Electrical Engineering, Belgrade, Serbia

Miljko Eri¢, University of Belgrade, School of Electrical Engineering, Belgrade, Serbia

This paper analyzes the performance of two coherent time (difference) of arrival (TOA/TDOA) estimation
algorithms based on carrier phase of arrival (CPOA) principle, previously proposed by the authors. The
algorithms are applied to a time and phase synchronized two-channel system. TDOA estimation is performed
when the both channels are receivers, whereas TOA estimation is performed in the case of one transmitter
and one receiver. The paper presents a detailed analysis of estimation error distribution using estimated
cumulative densityfunctions (CDFs) when the ambiguity is or is not resolved, for different system parameters



(such as carrier frequency, signal bandwidth, and signal-to-ratio (SNR)). The results are compared with the
Cram’er-Rao Bounds (CRBs), previously derived by the authors, and with the results of non-coherent
estimation.

TEI2.8

SOFTWARE FOR MONITORING OF DIRECT PATH TEST DATA FOR HFSW OVER THE HORIZON
RADAR

Pavle Petrovié¢, University of Belgrade, School of Electrical Engineering, Belgrade, Serbia
Nemanja Grbié, University of Belgrade, School of Electrical Engineering, Belgrade, Serbia
Bojan DZoli¢, Vlatacom Institute of High Technologies, Belgrade, Serbia

Nikola Lekié, Vlatacom Institute of High Technologies, Belgrade, Serbia

Miroslav Perié, Vlatacom Institute of High Technologies, Belgrade, Serbia

High frequency surface wave over the horizon radar - HFSW-OTHR is very effective solution for monitoring
sea area of exclusive economic zone. With a range of up to 200 NM HFSW-OTHR has a considerable
advantage over conventional microwave radars. Unfortunately, HF propagation and overall noise levels are
very dependent on the time of day/night, season of the year and geographic location where it is installed.
Thus, usage of the HFSW-OTHR requires constant monitoring, adjustment and optimization of system
parameters in order to achieve maximum performance. In this paper we describe the software solution which
primarily monitors noise level, transmitter to receiver crosstalk and nonlinear distortion. Experimental results
obtained from the HFSW-OTHR installation on the equatorial area coast line are given.

Session TEI3: Telecommunications
Tuesday, June, 12 16:00 — 16:30, Hall 3

Chair: Zoran Stamenkovi¢, IHP, Frankfurt (Oder), Germany

TEI3.1

SIMULATION OF SIMULTANEOUSLY FED 16-CHANNEL DWDM EDFA USING DIFFERENT PUMPING
SCHEMES

Hisham Alhejaji, Alfa BK University, Faculty of Information Technology, Belgrade, Serbia
Nebojsa Denic, Alfa BK University, Faculty of Information Technology, Belgrade, Serbia

In this paper, we present the performance of a simultaneously fed 16 channel dense wave division
multiplexing (DWDM) erbium-doped fiber amplifier (EDFA) using different pumping schemes (co-
directional pumping, counter-directional pumping and bi-directional pumping). The performance of the
amplifier is evaluated by means of simulation models in Optisystem software. The amplifier is characterized
in terms of its gain and noise figure under different pumping power (75 mW and 150 mW) and laser
wavelength (980nm and 1480 nm). A comparison study between the different schemes is presented.

TEI3.2

PERFORMANCE OPTIMIZATION OF MULTICHANNELS DWDM EDFA BASED ON DIFFERENT
PUMPING WAVELINGTH

Hisham Alhejaji, Alfa BK University, Faculty of Information Technology, Belgrade, Serbia
Nebojsa Denic, Alfa BK University, Faculty of Information Technology, Belgrade, Serbia

In this paper, we present the performance of a simultaneously fed multi channels (16 channels) dense wave
division multiplexing (DWDM) erbium-doped fiber amplifier (EDFA) using two different pump wavelengths
(980 and 1480nm). The performance of the amplifier will be evaluated by means of simulation models in



Optisys software. The amplifier is characterized in term of its gain and noise figure under different pump
wavelengths. A comparison study between the different schemes is investigated.

Sesija TEL: Telekomunikacije
Utorak, 12. Jun, 16:30 — 18:00, Sala 3

Predsedavajuéi: Zoran Stamenkovié¢, IHP, Frankfurt (Oder), Germany

TE1l.1

ANALIZA PERFORMANSI TAKTICKIH RADIO-KOMUNIKACIONIH MREZA U PRENOSU PODATAKA
Sasa Devetak,Univerzitet odbrane u Beogradu, Vojna akademija, Beograd, Srbija

Radovan Dragovic,Univerzitet odbrane u Beogradu, Vojna akademija, Beograd, Srbija

Jovan Bajcetic, Univerzitet odbrane u Beogradu, Vojna akademija, Beograd, Srbija

U radu su prikazani rezultati istrazivanja performansi vojnih taktickih radio-komunikacionih mreza VF i
VVF opsega u cilju analize prenosa podataka primenom e-mail servisa. U cilju analize prenosa podataka
formirane su dve radio-komunikacione mreze, konfigurisani vojni radio-komunikacioni uredaji VF i VVF
opsega u razli¢itim rezimima rada i istrazene veli¢ine potrebnih datoteka (poruka) za prenos na osnovu
dokumenata koja se razmenjuju u vojnim operacijama. Na opisanom scenariju izvrSena su merenja vremena
prenosa podataka za razli¢ite veli¢ine datoteka (dokumenata) i analizirane performanse prenosa.
Komparativnom analizom rezultata analize izvedeni su znacajni zakljucci vezani za moguénosti prenosa
podataka u taktickim radio-komunikacionim mrezama.

TE1.2

MODELOVANIJE PERIODICNIH PROMENA NIVOA PRIJEMNOG SIGNALA USMERENE MIKROTALASNE
RADIO KOMUNIKACIJE IZAZVANIH SUNCEVIM ZRACENJEM

Jovan Bajceti¢, Univerzitet odbrane u Beogradu, Vojna akademija, Beograd, Srbija

Milenko Andrié, Univerzitet odbrane u Beogradu, Vojna akademija, Beograd, Srbija
Branislav M. Todorovié,Univerzitet odbrane u Beogradu, Vojna akademija, Beograd, Srbija
Aleksandra Nina,Univerzitet odbrane u Beogradu, Vojna akademija, Beograd, Srbija

Rad predstavlja model jutarnjeg slabljenja prijemnog nivoa radio signala usmerene mikrotalasne
komunikacije koji je razvijen na bazi visegodi$njeg istraZivanja uticaja Sun¢evog zra¢enja na propagacione
karakteristike troposfere. U istrazivanju su koris¢eni nemodulisani, horizontalno polarizovani
elektromagnetski talasi u frekvencijskom opsegu od 2,4 do 5 GHz ¢&iji je nivo signala na prijemu celodnevno
meren. Da bi se adekvatno modelovala ustanovljena promena zavisna od frekvencije nosioca radio signala,
period u kojem prikazani model vazi je ograni¢en na vreme od trenutka izlaska Sunca do kraja vremenskog

intervala od 5 sati i 30 minuta.
TEL1.3
UTICAJ QUIC PROTOKOLA NA TRADICIONALNE MEHANIZME NADGLEDANIJA MREZNIH TOKOVA
Pavle Vuletic, Univerzitet u Beogradu, Elektrotehnicki fakultet, Beograd, Srbija
Slavko Gajin, Univerzitet u Beogradu, Elektrotehnicki fakultet, Beograd, Srbija

QUIC protokol je nov transportni protokol ¢ija standardizacija jos§ uvek nije zavrsena. Uprkos tome ve¢ danas
¢ini znacajan deo Internet saobracaja i neophodno mu je posvetiti paznju zbog njegove interakcije sa
uredajima i alatima koji su nastali u vreme kada nije bio uveden. Zbog promena koje nosi u na¢inu rada poput
kontrole toka na aplikativnom nivou, enkripcije kontrolnih poruka ili multipleksiranja vise tokova u okviru
jedne sesije, QUIC protokol je manje transparentan i predstavlja izazov za tradicionalne mehanizme



TE1l.4

nadgledanja mreza. U ovom radu je data kratka analiza dinamike QUIC protokola i nacina na koji se uoc¢ava
njegovo prisustvo u raCunarskim mrezama zabeleZena na reprezentativnom uzorku AMRES mreze, kao i
diskusija o pravcu u kojem bi trebalo da se promene tradicionalni mehanizmi pracenja rada mreza kako bi se
na kvalitetniji nac¢in nadgledao i ovaj protokol.

ROMING U IEEE 802.11 MREZAMA
Danilo Lazovi¢, Vojska Srbije, Beograd, Srbija

Zoran Stankovi¢, Univerzitet u Nisu, Elektronski fakultet, Nis, Srbija

Jovan Bajéeti¢,Univerzitet odbrane u Beogradu, Vojna akademija, Beograd, Srbija

TE1.5

Savremene Wi-Fi mreze koje su zasnovane na IEEE 802.11n, IEEE 802.11ac standardima predstavljaju

vaznu klasu bezi¢nih racunarskih mreza koje danas imaju sve masovniju upotrebu u svim sferama drustvenog
zivota. Arhitekture ovih mreza imaju sve vecu zonu pokrivenosti i u sebe ugraduju sve veci broj AR (access
point) uredaja preko kojih klijenti mreZe pristupaju Internet servisima.Veoma vaZna osobina ovih mreza je
mogucnost rominga korisnika izmedu AR uredaja bez gubitka Internet sesije i znafajne degradacije u
saobracéaju prema Internetu koji bi korisnici servisa mogli da primete. Stoga se danas alatima za analizu rada
i merenje performansi mreze u uslovima vr§enja rominga posvecuje velika paznja. U skladu sa tim, ovaj rad
je posvecen proucavanju mehanizama izvrSenja rominga u IEEE 802.11 mrezama i njegovoj
eksperimentalnoj karakterizaciji.

ANALIZA PAKETSKOG SAOBRACAJA VVF RADIO MREZE MALOG KAPACITETA

Danilo Stanojevié, Univerzitet u Nisu, Elektronski fakultet, Nis, Srbija

Dimitrije Stojanovi¢, Univerzitet u Nisu, Elektronski fakultet, Nis, Srbija

Boban Pavlovi¢, Univerzitet odbrane u Beogradu, Vojna akademija, Beograd, Srbija

TE1.6

Bezi¢ne radio mreze za prenos paketskih podataka zasnivaju se na brzom formiranju i sa zastiCenim
komunikacionim tokovima. Ovakve mreze se formiraju u VVF frekvencijskom opsegu primenom
frekvencijskog skakanja i tehnike pristupa medijumu zasnovane na CSMAJ/CD (Carrier Sense Multiple
Access — Collision Detection) principu. Komunikaciju je moguce ostvariti na udaljenosti do nekoliko
desetina kilometara. Prenos je zasticen primenom modulacionih tehnika za prenos i kljucevima koji se
implementiraju u same uredaje za prenos informacija. Ovakve mobilne zasticene ad-hoc mreze imaju brzine
prenosa svega nekoliko desetina kb/s, Sto je Cesto ogranicavajuci faktor prilikom prenosa paketa. Za
realizaciju ovog istrazivanja izradena je aplikacija u programskim paketima Microsoft Visual Studio 2013 i
Microsoft SQL Server 2012. U radu je prikazan i analiziran jedan realni mrezni scenario zasti¢ene ad-hoc
radio mreze u kojoj su ispitane moguénosti mreze sa aspekta prenosa fajlova u novoizradenoj aplikaciji.
Rezultati testiranja radio mreze su omogucili definisanje optimalne koli¢ine informacija koja moze da se
prenese u zahtevanom vremenu kroz radio mrezu.

REALIZACIJA SERVERA ZA REPRODUKCIJU ADAPTIVNIH AUDIO | VIDEO TOKOVA

Nikola Mitic, Naucno istraZivacki institut RT-RK, Beograd, Srbija

Nikola Bezanic, Naucno istrazivacki institut RT-RK, Beograd, Srbija

Nikola Vranic, Naucno istrazivacki institut RT-RK, Beograd, Srbija

Djordje Glisic, Naucno istrazivacki institut RT-RK, Beograd, Srbija

Dusan Zivkov, Naucno istrazivacki institut RT-RK, Beograd, Srbija

U radu je dat opis realizacije servera za adaptivnu isporuku video/audio sadrzZaja u uslovima promenljivog
propusnog opsega mrezne veze sa udaljenim serverom. Adaptivna isporuka doprinosi unapredenju



korisni¢kog iskustva prilikom reprodukcije multimedijalnih sadrzaja koji obezbeduje udaljeni servis.
Serverski deo resenja je implementiran u formi Node.js JavaScript servera koji originalni video/audio snimak
prevodi u niz segmenata pogodnih za adaptivni prenos, koriste¢i nekoliko alata i tehnika koje su u radu
detaljno opisane. Takode, dat je i opis klijentske aplikacije, koja vrsi reprodukciju sadrzaja sa servera na dva
nacina: 1) uz pomo¢ popularne Android ExoPlayer biblioteke i 2) pomoc¢u Android biblioteke za integraciju
ulaznog televizijskog sadrzaja poznate pod nazivom TV Input Framework (TIF).
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VII1.1

DEEP NEURAL NETWORK SPEECH SYNTHESIS BASED ON ADAPTATION TO AMATEUR SPEECH DATA
Tijana Deli¢, Faculty of technical sciences, University of Novi Sad, Novi Sad, Serbia

Sinisa Suzié¢, Faculty of technical sciences, University of Novi Sad, Novi Sad, Serbia

Milan Secujski, Faculty of technical sciences, University of Novi Sad, Novi Sad, Serbia

Viadimir Ostoji¢, Faculty of technical sciences, University of Novi Sad, Novi Sad, Serbia

The paper investigates problems related to the automatic creation of personalized text-to-speech (TTS)
synthesizers using small amounts of speech data recorded by amateur speakers in home conditions. The
personalization of a synthesizer is based on the adaptation of a neural network based model pretrained on a
large quantity of high-quality speech data recorded by a professional voice talent. In practice, both the
quantity and the quality of target speaker’s data used in the adaptation process are significantly inferior to
the original training material. This research analyses the quality of synthesis created by adaptation on amateur
data with the quality of synthesis created by adaptation on a high-quality speech dataset of the same size. The
results of subjective and objective evaluation confirm the usability of the proposed adaptation method for
efficient creation of new amateur TTS voices using a limited amount of adaptation data.

VII1.2
POTENTIALS OF USING ARTIFICIAL INTELLIGENCE AND EEG DATA IN ELECTRONIC ASSESSMENTS
Milos Antonijevic, Informatics and Computing Department, University Singidunum, Belgrade, Serbia

Goran Shimic, Center for Simulations and Distance Learning, Military Academy, University of Defense, Belgrade,
Serbia

Aleksandar Jevremovic, Informatics and Computing Department, University Singidunum, Belgrade, Serbia
Mladen Veinovic, Informatics and Computing Department, University Singidunum, Belgrade, Serbia

One of the important goals of electronic assessments is to achieve the smallest measurement error, with as
simple and shorter tests as possible. Activities for achieving this goal are usually directed towards the iterative
optimization of the pool of questions. An aspect that is not often considered is an analysis of the psychological
state of the respondents during the answering of questions. In this paper, we present our current results in
examining the potential of EEG data for the optimization of electronic ratings, as well as the technical
platform for this purpose.

VII1.3

SECRET KEY AGREEMENT BY PUBLIC DISCUSSION FROM EEG SIGNALS OF PARTICIPANTS
Milan Milosaljevic, Technical Faculty, Singidunum University, Belgrade, Serbia

Sasa Adamovié¢, Informatics and Computing Department, University Singidunum, Belgrade, Serbia
Aleksandar Jevremovic, Informatics and Computing Department, University Singidunum, Belgrade, Serbia
Milos Antonijevi¢, Informatics and Computing Department, University Singidunum, Belgrade, Serbia

This paper presents a new protocol for establishing sheared secret cryptographic keys based on common
randomness with an unlimited public discussion over an authenticated channel. The source of common
randomness lies in the mental states of the participants, measured by multi-channel EEG transducers. The



first experimental results show that just one session of 10 to 15 minutes, can produce an absolutely secret
shared key which size is over one hundred bits. A third party, which follows all the steps of the protocol,
except the knowledge of the image that causes the mental states of the legal parties, does not have the ability
to obtain any information about the established secret key

VIIl.4

DETECTION OF CAUSAL RELATIONSHIPS BASED ON MATCHED PAIRS DESIGN
Nebojsa Milosavljevié, BetterDoctor, Inc. 945 Bryant St, San Francisco, CA 94103

Milan Milosavijevi¢, Technical Faculty, Singidunum University, Belgrade, Serbia

In this paper we demonstrate power of so called matched pairs design (MPD), a special case of the
randomized block design in revealing hidden causality links. However, unlike the others, this design
explicitly controls for potential lurking variables. Detecting causal relationships becoming very important
step in designing invariant machine learning systems. We illustrate power of this method answering particular
question: does the price of totaled cars depends on selling location t.

VII1.5

ASSOCIATIVE WORD GROUPING ANALYSIS USING NATURAL LANGUAGE PROCESSING
Nebojsa Grujié, College of Applied Technology Science, Arandelovac, Serbia

Gradimir Milovanovi¢, Faculty of Engineering, University of Kragujevac, Kragujevac, Serbia

In this work we analyze the possibility of machine learning solution in the area of natural language
processing, applied on solving the association puzzle from the popular television quiz “Slagalica”. We find
that it is possible to predict a correct solution at a certainty of about 70% within 100 most probable words.
We also delve into the cases that did not fare well, and look into ideas of improving the result.

VII1.6

EKSTRAKCIJA KLJUCNIH IZRAZA 1Z TEKSTA ANALIZOM GRAFA SUSEDSTVA IZRAZA
Zeljana Vuceti¢, Ministarstvo odbrane, Beograd, Srbija

Zoran Denda, Ministarstvo odbrane, Beograd, Srbija

U ovom radu biée opisan postupak ekstrakcije kljucnih izraza iz teksta. Ekstrakcija klju¢nih izraza iz teksta
bic¢e realizovana kombinovanom primenom metoda i tehnika procesiranja teksta i metrika centralnosti
definisanih nad grafovima, i implementirana u formi RESTful Veb servisa kori§¢enjem Java programskog
jezika. Kako bi se stekao uvid u performanse i moguénosti servisa, bi¢e data uporedna analiza uspe$nosti
ektrakcije kljucnih izraza iz razlicitih tipova teksta..



