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HAYTIHO-HACTABHOM BIIJEhY EJIEKTPOTEXHI{qKOT OAKYJITETA

CEHATY YHI,IBEP3IITETA Y UCTOIIHOM CAPAJEBY

Ilpegruer: l4srjeurraj xourcraje o nprajaareuxM KaHAI4AaruMa 3a u:6op y aKaIeMcKo 3Balbe

BaHpeAHor npo$ecopa I4n[ AoueHra' yxa Hayr{Ha o6nacr PauyHapcre uayxe

Ognyxou Hayuuo-HacranHor nujeha Elerrpo'rexHl'Itl1or r[axynre'ra YHunepeurcra y I4crouHOu

capale"y, Opo.l O3,-tZSO 122, op,28,10.2022, rIMeHoBaHI4 ctrlo y Kotrluctjy za pa3Marpalbe KoHKypcHor

rr,1arepujana 14 nl,Icalbe usnjeuraja rlo KoHKypcy o6janrueuou y AHeBHoM lucry "fllac Cpncre" o4

5.10.2d22. roAuHe,:a ras6op y aKaAeMcKo 3Barbe BaHpe4uor npo4ecopa I4JII4 AoLleHra, yxa HayqHa

o6racr PauyHapcre HaYKe.
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Ha nperxogHo HaBeAeHu KoHKYPc rP ujauwo ce 1 (eaan) KaHAHAaT:

Ha ocuony nperuIeAa KoHKypcHe AoKyMeHrauwje, a n-oruryjyhu 3axou o BHcoKoM

o6pasonamy (,,cnyx6enu uaiuur Peny6lnxe CpncKe'6, 6poj: 67120), flpaauluutc o

y.rorr*u sa ras6op y HayqHo-HacraBHa, yujernu'mo-'u'T11lu, HacraBHa n capa'4Hl'IqKa

"ru*u 
(,,CnyN6eu, iru"rrn Peuy6lraxe Cpncxe'., 6poj: 2122)' Craryr Vuunepsurera y

I4croqnorra iapajeny u flpauluul4K o ;locryr6y 14 ycnoBI'IMa r4:6opa aKaAeMcKoI oco6rsa

t;;;.p;;r"tu y U.torroru Capajeey, Korr,'r'rcuja 3a nl'Icalbe r'rsnjeruraja o npujarrseuuvt

KaHA[AarHMa 3a ns6ope y 3Ba]ba, Hay.ruo-uacTaBHOM nujehy ElerrporexHl',IqKol

$axylrera n CeHary Vuranepsurera y HcrouuoNr CapajeBy noAHocu c6e4ehu usojeruraj

Ha AaJbe oAnyq14BarLe:
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3. HAYIIHA/YMJE THI4IIKA THOCT TA
ltlvilLt IIocJbeAlbereIIt4

Vrireol,r:r:cl llcro,riiom Ca1;alcayl Uirl\,/rrsrly 0F East Saralevo

o6j an.menu y HayrrHHM qaco[ucrlMa HauIroHaJI Hor 3Harlai a

Cosovi6, S. Obradovid, "Ensemble methods for classifying BGP anomalies," Ind.

echnolog., vol. 4, no. 1, pp. 12-20, June 2017 .

o6jan.reura y 360pHuIIrMa MeDyHapoAHIrx HayrrHux cKyrloBa

iosovi6, S. Obradovii, and E. Junuz, "Deep Learning for Detection of BGP Anomalies,"
Proc. Int. Work-Conf. On Time Series Analysis, Granada, Spain, Sept. 2017, pp. 487 -498

Cosovi6, S. Obradovi6, "Application of supervised machine learning in BGP anomaly

," in Proc. Int. Conf. on Theoretical and Appl. Comput. Science and Eng.(CTAC
1 7), Ankara, Turkey, Nov. 20 1 7, pp. 27 .

Be6irovii, M. eosovi6, "Machine learning techniques for short-term load forecasting," in

of the 4th Int. Symp. on Environmentaly Friendly Energies and Appl., Belgrade,

Sept.2016, pp. 1-4"

eosovi6, S. Obradovid, and Lj. Trajkovii, "Classifuing anomalous events in BGP

" in Proc. 29th Annu. IEEE Can. Conf, on Electr. and Comput. Eng., Vancouver,
May 2016,pp.697100.

Cosovid, S. Obradovii, and Lj. Trajkovid, "Performance evaluation of BGP anomaly
lassifiers," in Proc. Int. Conf. on Digital Inform.,Networking and Wireless Commltn.,

, Russia, Feb.2015, pp.l l5-120.

Cosovi6, S. Obradovi6, and Lj. Trajkovii, "Using databases for BGP data analysis," in
Int. Scientific Conf. UI{ITECH 2014, Gabrovo, Bulgaria, Nov. 2014,vol,.2,pp.367-

70

eosovi6, S. Obradovid, "Security in BGP Protocol," Int. Scientffic Symp. INFOTEH'
'R[N.4 2014, Vol. 13, Ref. KST-3-6, p.496-500, March 2014.

tosovid, S. Obradovid, and Lj. Trajkovid, "Feature selection techniques formachine
ing," in Proc. Int. Scientific Conf,, LTNITECH 20 1 3, Gabrovo, Bulgaria, Nov. 201 3, no.

l, pp. 85-89

Cosovi6, S. Obradovid, and Lj. Trajkovi6, "Algorithms for investigation of abnormal BGP

" in Proc. Int. Scientific Conf., UNITECH 2013, Gabrovo, Bulgaria, Nov. 2013, no. 2,

.253-257

fosovi6, M. Maksimovi6, and S. Obradovid, "Role of data mining techniques in wireless
nsor networks," in Proc. XI Int. Conf. ETAI, Ohdd, Macedonia, Sept.2013, ISBN-978-
89-630-68-2

eosovid, M. Maksimovii, ,,Sensor Networks Energy Efficiency in Subthreshold Voltage

, INFOTEH-JAHORINA Vol. 12, Ref. KST-3-5, p.445-449, March 2013. ISBN
8-99955-763-1-8

Cosovi6, Z. Babi6, ,,Energy efficiency comparative analysis of modular
ules based on Barrett and Montgomery algorithms", in Proc. X Int. Conf, ETAI,

a, September 201 l. ISBN -978-9989 -211 5 -9-3
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o6janrseuu y rrcTaKHyTr.rM HayqHuM qacorucuua ue[ynapoAHof :uauaja

eosovi6, S. Obradovi6, "BGP Anomaly Detection with Balanced Datasets," Tehnidki

ik, vol, 25,no.3,pp.766-775, June 2018'

We use machitrc learning teohrliclucs to build prcdictive models for anomaly detection in Border

Protocol (BGP). Imbalanced datasets o1'network anomal ies pose limitations to building predictive

s tbr anomaly detection. In order to achieve better classitlcation pertbrmance measures, we use

to balance classes in the datasets. We use undersamp,ling, oversampling and combination techniques to

class distributions ofthe datasets. In this paper we build predictive models based on preprocessed

anomaly datasets olknorvn lt'ltcrnet nct\fork anomalies and observc improvement in classifi er

measures compared to those reported in our previous work. We propose to use resampling

techniclues on datasets along with Decision Tree and Naive Bayes classiflers in order to achieve the

trade-o1f betrveet.r ( I ) the F-measure and the length of model training time, and (2) avoiding overfitting and

of infbrmation.

o6janreuu y HayrrHrM qaco[ucrMa MebyHapoAHor 3Haqaja

eosovid and B. R. Brki6, "Game-Based Leaming in Museums-Cultural Heritage

ications,"lnformation, vol. 11, no. 1, p.22,Dec.2019

.bstract-As traditional museums migrate to the virtuat world, they off'er wider access to the exhibit collections

often fail to present content ofthose col lections in more engaging way. Game-based learning is one of the

lutions 1o nritigate this inevitable transition and supporl active learning in the process. It is increasingly

interest fiom the cultr.rral heritage scienti fic community for the purpose of promoting cultural heritage,

awal'el'less of its importance and nlotivatirrg users to visit cultural institutions such as museums more
'['here are nun]e I'olts eramplcs of scrious garlles that are based on or contain heritage content' Tangible

fhoi:": ,.lilit ,;I'J?t.:):331):320 15'l Jj., '1o- fa' r:ir / .'l lt" J"'l)

Maksimovii, M. eosovi6, ,,BER perforrnanse digitalnih Sema baziranih na

ulacijama", VII Simpozijum Energetska Elektronika, INDEL 2008, p. 163-168,

-8

realizacijaAFPGanalizaZ.A. Babii, Uporedna energetskaCosovi6,
897(( March 120 1 SBN-873869A ol. Ref. VIE-oAH RIN -6,TEH.J 0 pINFO

aboratorijDamj
izdavadnrererya

ske ,beEZ IZZA"PraktikumForcan.M. VJMM eosovi6,anln,anovi6, Banj
I IstodnoIstodno S evo,lektrotehnidkiE fakultet Sarajarajevo,

lementacije uE,CCARS algoritamastioZ lmpgudno,,MBabi6,Cosovi6,
7ol. Ref. VIEAH-J RINAoFOTEHIN 9,mnozacaenenomtma MontgompnmJ

mnoLada", Simpozijumizacija VIIIlarnihmoduBabZ. IC, ,,Realeosovi6,
55-46-038-999ISBN-971 020ovembarN1 96- 1ELIND 20 00, Luka,0, Banjap

ementacS
ika,

AES Sifrovanjaalgoritmae
L822008INDEL Banj86,Elektron pVII Energetskaclpu

ovembar 2008. I SBN -97 8 -999 5 5 -46-01 -4

ure, yq6euuqu, [paKTIrKyMIr

1 6. godine. ISBN 978-9997 6-682'2-6

7-85 l, March 201 0. ISBN -99938-624-2-8

Novembar 2008. I SBN -97 8-999 5 5 -46-0 I -4

osovi6, V. Litovski, ,,O jednom konceptu imp

PaAonu e IIOCJbeAr*,eI 11360

htii)rl'w!v*.Lrur;.i5- L)ill

Akagi6,

,

Simpozijum



vHfi BCI]3HlOr Y ICTO'lHOH
Urliversily of Iast Saraievcr

Itural heritage is more represented in the virlual worlds and mainly based on appl ications of 3D technologY

, intangible cultural heritage is gaining more visibility within cultural heritage scope as a domain in

ganre-based learning could assist in its preservat ion. This paper attempts to address pros and cons of

leaming in general and reflect on the choices of using serious games in the museum environment.

Cosovic and E. Junuz, "BGP Anomaly Prediction Using Ensemble Learning,"

nternational Journal of Machine Learning and Computing vol' 9, no. 4, pp. 452'457,2019.

ls paper investigates anomalies such as worms, power outages, and routing table leak (RTL)

in Border GatewaY Protocol (BGP) that can cause connectivity and data loss issues. Ensemble

ng is a machine learning model employing multiple classillers in order to reliably identifi network

We use bagging, boosting, and random forests ensemble models trained on network anomaly datasets

classitlcation in.rprovement. Models rvere cornpared u'ith respect to the following performance metrics; F'

easufe! M atthews correlation coefll cier.rt ( M CC), Receiver operating characteristic (ROC) curve, precision-

(PR) curu'es attd model execution time. We observed irll provement in performance measures when

e classi llers realized in Python were used in compat'ison to oul previously reported results on single

Furthel improvement in rlost perlormance measures r'vas observed by using sampling techniques

pling and undersamPling) on anomalous datasets. This approach increases model execution time which

s not favorable for real-time anomaly detection models.

o6janreHu Ha HayqHIrM cKyrIoBIrMa MebynapoAHor 3Harraia

Maksimovi6 and M. eosovi6, "Towards the Implementation of loT System for

on: the church of Holy Archangels Michaeland Gabrielcase study",2lst
nternational Sympos ium INFOTEH-JAHORINA (INFOTEH), East Sarajevo, Bosni a and

govina, 2022, pp. l-6, doi: l0' I 1 09/tN FOT F,H537 37 .202297 5 1248

Chulch of the Holy Archangel s Michael and Gabriel located in Sarajevo is a national monument

,longing to Eastem Orthodox cultural heritage. It is a very well-preserved sacral object considering the date of

mention is 1539 and it has been used to date lbrthe religious purposes. On the other hand, deterioration of
historical/r'eligious buildings is incvitablc proccss composed of cunrulative, progressive and nonlinear

Hence, in order to maintain their best condition lor as long as possible compliance with guidelines and

s lbr cultulal heritage presen,ation is needed. Cllimate control within historicalireligious buildings

as an inrportant research area as indoor clinrate is changing in recent times. Humans have alwaYs

their cnvit'ontlent by desile to enioy concurrently the comfbrl of modern living as well as preserve the

fbr tuture genct'ations. Irot'example, use olheating systems in historical/religious buildings are

new challenges for their presewation. This paper is an attempt towards the implementation of Intemet

Things (loT) system with tbcus or.r preservation of the national monument using a simulation of climate

,l in the Church of the Holy Archangels Michael and Gabriel.

Kuchanskyy, O. Rubanenko, M. iosovid and I. Hunko,"Analyzing the Effects of
bnormal Resonance Voltages using Artificial Neural Networks", 21st International

mposiurx INFOTEH-JAHORINA (INFOTEH), East Sarajevo, Bosnia and Herzegov ina,

, pp" 1-6

'l'he possibilities ol' usirrg artificiat neural networks (ANNs) for quick decision-making in the events

prolonged surges are presented in this papcr cbnsidering that neural networks can establish non-linear

lationships betrveen the pararneters ofan ultla-high voltagc transmission line. Research has been carried out

on theoretical models as well as practical problerns aiming at the analysis of resonant ovewoltages during

r occurrence, development and existence. Detcrmining of ovcrvo Itage characteristics was carried out in the

of a signiticarrt number of fuzzy specified factors aff-ecting the accuracy. T'he multilayer model,

,le lol identifying the f-acto|s having the greatest inlpact on the occurrence, liequency and multiplicity of
in electrical rretr.vorks, is applied. '['he resonant overvoltages were generated by connecting the

er to the electrical bulk network. The results ofdetermining the characteristics ofresonant

using ANNs are presented in this paper. To achieve this goal, the following four tasks were

ulated: (i) overvoltage characteristics using neural network methods were determined, (ii) neural network

corresponding to power line initial data was built, (iii) forecasted results were obtained, and (iv) the

of constructed model was evaluated.
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YHMBcpifllcr v l,4crovHoM CaFaleEY
UIvtlslty of Li]st ajilril]cvo

Jankovi6, A. Arnelio and M. eosovi6, "Analyzing the Effects -of Mobility and Season on

ID-19 Cases Using Negati ve Binomial Regression: a European Case Study", 20th

Sympo sium INF OTEH -JAH O NNA
2a21, pp. l-6.

(INFOTEH), East Sarajevo, Bosnia and

paper develops a ceneralized Linear Model using the Negative Binomial Regression with log

f unction to analyze the eftects of mobility trends and seasons on COVID- I 9 cases. The data of four

countl'ies rvas used, natnely Austria, Creece. Italy, and Czech Republic, The dataset includes daily

ons of registered COVID-19 cases, and the data of six types ofmobility trends: retail and recreation,

and pharmacy, parks, transit stations, rvorkplaccs. and lcsidcntial mobility fbr the Period Feb l5 - Nov

15.2020. The results suggest that the number of COVID-19 cases dift-ers between seasons and different mobility

Cosovic, O. Rubanenko and S. L. Gundebommu, "Analysis of the distributed power

with focus on power plant technical conditions," 2 1th International Sympo s ium

'RLNA (INFOTEH), East Sarajevo, Bosnia and Herzegovina, 2021, pp' 1-6,

I 0. 1 1 O9/INFOTEHS 1 03 7 .2021 .94007 02.

very yeal' installed capacitl' of renovable energy sources in the World and Ukraine increases' This

preserlts a nrethod oldetermining of technical oondition of the photovoltaic model (PVM) with the usage

rreulo-tuzzy modeling. The lclevar.rce olthe transition fiom traditional to renewable energy sources (RES) is

in the article. The most popular RESs for Uklaine and the world are highlighted. The tendency of

ange of elcctricity generation by photovoltaic stations is analyzed. Peculiarities in functioning ofthe electric

employing RES are considered. The optimality criterion components of the power system (PS) normal

with high level o1'photovoltaic porver plants integratiot.t is presented''I'echnical condition of the PVM was

ated by means ol'r'esidual resout'ce coefllcient. PVM residual resource coefflcient which considets the

of all diagnostic parametet's rvas delermitred using ANFIS librarY in MATLAB.

Rubanenko, S. L. Gundebommu, M. Cosovic and V. Lesko, ' 'Predicting the Power

from Renewable Energy Sources by using ANN," 202120th lnternati onal

INFOTEH-JAHORTNA oNFOTEH), East Sarajevo, Bosnia and Herzegovina,

l, pp. l-6, doi: 10.1 109/INFOT8H51037.2021.9400527

s paper proposes Power generation fbrecasting for photovoltaic power plants by using Adaptive

Inference Systems library in MATLAB and considering meteorological factors. Renewable energy

(RES) introduce compensation instability problems in the grid hence fbrecasting methods are

Especially impoftant for grid operators is a day ahead forecasting as it can reduce negative

ance price. Means of ensuring the balance reliability of the power system in terms of RES integration are

'I'hc instal lation ttl' chalging stations tbr electric vehicles or use ofhydrogen technologies and modem

systems can provide grid balance. ln addition, decreasing the deviation ofthe current (real) value from

predicted vallte ol'pouer gelleratioll is a way 10 compensate fbr porver unbalance.

eosovi6 and B. Rami6-Brki6, "Application of Game-Based Learning in Cultural

in Proc. 2'd Int. Workshop on visual Pattern Extraction and Recognition Jb,
Heritage (Jnder s t anding (VI P E RC 2 0 2 0), Bati, ltaly, Jan. 2020, Y ol' 2602, pp' 5 8-

the end of Moore's law has been predicted tbr many years, the capacity to store information

infonnation and communication tech- nology is still progressing in ways we could not imagine' Hence, the

environments are also benefiting fiom improvements in data collection, storage and processing as well

allowing the great body of information within cultural heritage domain to be applied through interesting

in the museums, one of which is garne-based leaming. Although, concept of employing games in the

process is known for a long-time research teams in gam e-based learning and in the CH field in general

lack unified approach with results that are extended globally and team effort contributing to a larger

atically organized body of knowledge. In this paper we identity advantages and disadvantages of game-

learning application in the museums. By doing this we attempt to tackle promotion of cultural heritage.

sit cultural insti- tutions such as museums more often.
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ia and Herzegovina, 2020, PP. l-6

- The paper Presents the possibi lity of using criterion programmlng and neuro-fuzzY modeling in

ining the value o1'Planning tcchnical power losses. Proposed is an clPtim al control in normal mode Power

s r'vhich considers the value ol- planned technical porvet' losses. lmProved m ethod for determining normative

of technical errergy losses using the critelia programmlng and neuro-1uzzY modeling is Presented.

eosovid and R. Jankovi6, "CNN Classification of the Cultural Heritage Images" ,19th

Symp o s ium IN F OTEH -JAH O NNA
2020, pp. l-6.

(INFOTEH), East Saraievo, Bosnia and

cultural heritage image classifi cation rcpresents one of the most important tasks in the process of

In this paper, a deep learning neural network was applied in order to classiff images of

itectural heritage belonging to ten categories, in particular: (i) bell tower, (ii) stained glass, (iii) vault, (iv)

lurnn. (v) outer dome, (vi) altar,, (r,ii) apse. (viii) inner domc, (ix) flying buttress, and (x) gargoYle. The

nvolutional neural netu'tlrk rvas used lbr irnage classillcation, rvith the same architecture applied on two sets

the ilata: the lirll dataset corlsisting ol I0 categories as well as dataset with 5 different image categories. The

shorv that both architectures perlbrrned r'vell and obtained accuracY of uP to 90%.

M. eosovi6, and E. Junuz,'Neural Network approaches for Air Pollution Prediction," in

Int. Conf. On Time Series and Forecasting, Cranada, Spain, Sept. 2019, PP. 899-913.

stract-According to World Health Organization exposure to elevated levels ofair pollutants is directly

inked to health issues. Air pollution in the countries of Western Balktrns is an evidcnt problem. Saraievo, the

o1- Bosnia and Herzegovina, is at the end ol'201 8 Presetrted as the world's most polluted city' Previous

it lvas a runner up being amongst llve most polluted cities together with cities tiom Macedonia and

Air pollution fbrecasting cou ld be pelfblmed using machine learning techniques. Deep leaming

are proving usetul since rvetilher behavior can be ana-lYzed as time series data. We observed hourly,

, rveekly and seasonal perio-dicities ofthe air pollutant and meteorological data. Furthemore, this PaPer

performance of several neural network architectures aPPIied to weather data in greater Sarajevo area

the 2014-201 8 Period' Urban air quality is of outmost importance to the public hence we comPare Prediction

es ofthe proposed lbrecasting nrodols.

eosovi6, A. Amelio and E. Junuz, "Classification Methods in Cultural Heritage," in Proc'

Pattern Ertraclion 0nd Recogn ition for Cultural Heritage [Jnderstanding

' ERC 2 0 I g) Wor lcshop, Pi sa, ltaly, J an. 20 19, Y ol' 2320, pp' 1 3 -24.

This paper describes relevant classiflcation methods appl ied to the cultural heritage context. In

cular', a categorisatiol-t of the classiflcation methods is provided according to tangible and intangible cultural

where movable and immovable objects can be in the tbcus. A short description of each method is

fbl each cultulal heritage catcgot,v in terms of f'eature lepresentati on, classiflcation aPProach and

results. The ploposed surveY can be useful in the research cotllmunity of pattern recognition and visual

puting fbr exploring the current lite rature about the topic. lt will hoPefullY provide new insights tbr the

ofknowledge discovery in cultural heritage.

. Rami6, M. eosovid and S. Rizvi6, "Cultural Heritage Di gital ization in B iH-state-of-the-

review and future trends", in Proc. Visual Pattern Extruction and Recognitionfor

Under standing (VIP ERC 2 0 I9) lhrt<shop Pisa,ltaly, Jan.2019, Vol. 2320,pp'39-

heritage sites in Bosnia and Herzegovina (BiH), a country rich in religious buildings and

stfuctures, ate in constant need ofpreservation and reconstruction. In addition, tangible cultural heritage

been subject to war destruction and the only feasible option for reconstructing some of them is digitalization.

the contrary, the intangible cultural heritage encompassing oral traditions and exPressions, traditional skills,

rvell as science and habits related to rlatut'c and r'l'orld are a vi tal expression ofcultural heritage and in the

htlp : llwww. u e5. r.l. biil
phone: t387 57 320 330 i :l2O- 1 50 ii40 4{i4 lar: +387 57 320 :J3{)



yHfi Bcilitrrar v t4crc'lHolul CaPaicsv Urliversily of Ua$l 5;lraievo

of preservation. Over the past years, with the availability of techno,logy and the identified research interest

d the potential, significant progress has been made towards the preservati on of cultural heritage. Motivated by

t'acts, th is state-of-the-art report summarizes recent trends and discusses its value to the society. This paper

gives an overviel ol-the too,ls and the current state of digitalizatioll of cultural heritage sites in BiH in

attempt of contributing to its preselvation.

Jankovid, M. fosovid and A' Arnel io, "Time Series Predictions of Air Pollutants: A case

for Serbia, Bosnia and Herzegovina and ltaly", lSth International Symposium

'RINA (INFOTEH), East Sarajevo, Bosnia and Herzegovina, 2019, pp' l-6'

stract-Pollution levels are highly dependent on the meteorological parameters' as the weather conditions

ctate pollution dispersion and concentration. With the rise of gl obal environmental Protection initiatives, there

also a need tbr accurate prediction of pollution levels. This paper presents a time series prediction of NO2 and

given fbur meteorological parameters: (i) air pressure, (ii) relative humidity, (iii) average daily temperature,

d (iv) wind speed. using a Nonlinear Autoregressive Exogenous (N ARX) neural network. The research is a

study ofthree EuroPean countries: (i) Serbia, (ii) Bosnia and Herzegovina, and (iii) Italy, and involves data

2014 to 20 I 6 for a total of 1096 instances. The results show that the best predicti on accuracy is obtained

CO for data regarding Italy and Bosnia and Herzegovina, and for NO2 for data regarding Serbia. Moreover,

best predictor variables of NO2 are air pressure and relative humidity, tbllowed by the wind speed. The best

variables of CO are pressure and temperature for Bosnia and Italy, and wind speed for Serbia.

Maksimovid and M. Cosovi6, "Preservation of Cultural Heritage Sites using IoT", lSth

S), nr p o,t iu m Il'{ F OT E H -JA H O RINA

20I9, pp. I-1.
(INFOTEH), East Sarajevo, Bosnia and

igious/historical buildings ought to bc pleselved for as long as possible. The ancient structures

emselves and the rich collections they store represent irreplaceable wealth tbr future generations. They also

de the space for the customs and traditions to sustain. In addition , cultural heritage sites can stimulate

growth but need to be maintained as well. This paper propo ses an effective and affordable solution for

monitoring of preservation conditions of the Church belonging to Eastern Orthodox cultural heritage. The

loll is based on utilization of ntociern Infbrnratiol ancl Conttuunication ]'echnologies (lCT) and services

general structure and main design principles using the threc-laycr loT architecture. This lesearch is an

wor.k only involving the tirst stcp torva|ds |calization o1'preservatiotl monitoring system

Cosovi6, and E. Junuz, "Air Pollution Forecasting using Machine Learning Techniques,"

Proc. Int. Conf. On Time Series and Forecasting,Granada, Spain, Sept' 2018, pp'264-273'

pollution in Sarajevo, the caPital of Bosnia and Hercegovina, is an ever-increasing problem' Very

ittle research is being conducted in the domain of air pol lutants' impact on public health in B&H. Recently,

has been an ini-tiative ofseveral parties for deployment ofa partic:le matter (PM2.5) sensor net-work in

evo, and based on this valuable data, future research can be con -ducted. Weather behavior can be analYzed

time seri es data rvith hoully, daily, r'veekly, and seasonal periodi cities. Machine learning techniques are

ng usef ul Ibr air pollution fbrecasting. ln this papcr rve cvaluate thc perlbrmance of several rna-chine

ing algorithnrs applied to air rluality and nrcteorology datascts' 
-fhe network architecture based on

layer perceptlon (ML.P1. rvh ich is a f-eed-lbru'ard ti'pe olartilicial treural network, was used fbr air

llution tblecasting. We also uscd Long Sliort-'let'rl Mentory (LSTM) units for building a Recurrent Neural

capable oflearning data long'-term dependencies. We compare prediction accuracies ofurban air

, as this is of significant imPofiance to the public.

iosovi6, S. Obradovi6, "Merolonoruja AereKqnje aHoMarlHja y BGP-y," International

entific Symposiurn INFOTEH-JAHORINA 2018, Vol. 13, Ref. RSS-3-3, pp.397-402,

arch 2018

Y pa.qy je onHcaHa ueroAorornia Aererqrzie auoruanrzja y BGP-y (eur. Border Gateway Protocol).

Aerer(urrje aHoura.nuja npncyran je y pa3,'ruqrrrl.rM AoMeHI4Ma. Baxsocr MeroAoJIoIxKor npllcryna

BerHKOr:nauaja y AoMeHy gerer<r1nje auorr,ranr'rja y BGP-y raro 3a l4crpaxuBatle raKo lt 3a MpexHe

Ilprarca:au ie 4r,rjarparr,r roxa 4ererqr'tje auo vunjay BGP-y ['t AerarbHo cy pa:pafene ryra $a:e
flpuy $asy vuHe oga6up noAaraKa, o6paga n oAaraKa u ercrpaxurlje caojc'rara, 3arnu cnuje4e

aJrH3a nprzrynJbeHux L o6palenrax rloAaraKa h3 [pBe Sa:e nprauieuoM MeroAa cenerrluje ceojc'rara I4 MeroAa

htlp:/,rww!v.uss. rsj.bfi yrhone: ri)BI57 al2li 3lJll: ii2+15il,:j40 404 fax: r381 57 i20 330



YuilBCp3[Tcr,\' t4L]To ltlol"l
Uf iversily of Eal$t $.lraje?o

yqerLa. v nocn,eAruoi $a:u ce uHrepnperl'lpajy Ao6l4i eH H pe3ynrare y cKnaAy ca MiepaMa

MOAeJIa yqena.

HrrBep3lrreTcKlr yu6eHIrIIH

hocoelrh, f(
2022.

H nporpaMuparbe y MA1'JIA6-y npBeHcrBeHo je yu6eur'rr< Harvuj e}+,eH cTyAeHTI'IMa I1pBe roAI4He

Saryilre'ra, YuuseP:ure'ra y I4crourroll CaPal eBy, aJIH ra Mory KopI',ICTHTH r.r cBr4 Apyrl4 rojn nurajy

3a eJIeMeHTapHuM 3HarLeM u3 o6Jracrl'l r'rHr[opuarltre Ir nporpaMnparla H Koje 3aHuMa upo6leuarura

a ce y oBt4M o6,lacruua Pa3Ma1Pa. Vu6esnr y nornyHocru nparu HacraBHl{ nflaH I4 nporpaM npeAMeTa

H nporpaMl4pame" rcojll cryAeHl'H Mau r.rucxor dlarcY'Jrrera y Hcroquou Capajeey cayuajy Kao

tIpeANrer y IlpBoM ceMec'rpy llpBol- uHKryca cryAHja. nopeA oBor npeAMera, sa rcoju oBaj Yu6eHnK

o6anerHy .tt urePar)'PY, Y u6et{HK 'rar<of e Moxe 6urt4 oA Kopl4crl4 Kao AonyHcKa Jllrreparypa Ha

rHN,r [peANrcrnvra xo.in ce 6aue rloN{eHy'roNl npo6'reuarurou

y K}[ II3II

fosovi6, S. Obradovid, and E. Junuz, "Deep Learning for Detection of BGP Anomalies,"

Time Series AnalYsis and

Pomares, O. Valenzuela,
,18, pp. 95-1 13'

Forecasting (Selected Contributions from ITISE 2017),1. Rojas,

Eds. Springer Internationa 1 Publishing AG, Cham, Switzerland,

-I'he lnternet uses Border Gatervay Protocol (BGP) fbr exchange of routes and reachability information

Autonomous SYstems (AS). Hence, BGP is subject to anomalous traffic that can Qause problems with

and traffic loss. Routing Table Leaks (RTL) are considered anomalous in the sense that theY can

Internet routing and cause slou'dorvns o1'valying se-vet'ity, which leads to packet delivery reliability

Deep learning, a subfield of machine leaming, could be applied in detection of BGP anomalies. Studying

events are of interest to network operators and researchers alike. ln this pa-per we consider datasets of

RTL events, all of which caused large-scale Internet outages' We use artificial neural network (ANN)

s based on a backProPagation algorithm for RTL event classification.

Ramic-Brkic, M. Cosovic, E. Begic (2021) Physical and Cognitive Therapy Enhancement

slllg Game-Based Leaming. In: Avdakovi 6 S., Volii I., Mujdi6 A., Uzunovi6 T',

uJezlnov i6 A. (eds) Advanced Technologi es, Systems, and Applications V. IAT 2020

Notes in Networks and SYstems, vo I 142. Springer, Cham

: I I doi.or gl 1 0.1 007 I 97 8-3 -030-5 47 65 -3 74

intelligence has been used in the mecJical fleld tbr nlany yeals finding its rvay in assisting

prot'essionals to solrre complex lasks in almost ever--"- appl ication domain. Patient care and health care

are in the tbrefi'ont of anY medical system. With the elnergence of electlonic games (EC), originally

ing in nature, potential was seen tbr theil application in the rredical fleld in terms of exPloring the

es of educating Patients in the areas o1- need. Design ol serious ganres emerged with a focus on helPing

the patient's therapeutic m odal ity Some of the medical tield serious games are pafi of the daily work of a

professional With the develoPment of mobile devices, this type of gaming has also become available to

wider population. The aim of this research was to demonstrate the possibil ities and benefits of using EG in

daily clinical work of medical professionals. This work has a descriptive character where a section of the

iterature is given outlining the increased research interest in using serious games as therapy enhancements. We

ourselves to research involving patients who need medical treatment or intervention'

Cosovic, R. Jankovic, B. Ramic-Brkic (2021) cultural Heritage Image classification. In:

,lhi A., Bouras A., Al-Ali A. K., Sadka A. H. (eds) Data Analytics for Cultural Heritage.

urrent Trends and Concepts. Springer International Publishing AG, Cham, Switzerland,

l, pp. 25 -45. https ://d oi. org/ 1 0' 1 007 I 97 8'3 -030 -667 7 7 -1

age classitlcation in cultural heritage oontext represents one of the most important tasks in the process

lr.r these terms. classiflcation can be particularly challenging due to a high number of

lrlil)r;'irw$,w.!es. i5. bil phore tllll/ 57 :r2t llaJll: :120 15ll: 34t) 4'64 la(: t3ll 57 J'2() 3"'lli
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categories, f'eature var iability and the need fbr high reliabi litv Recent research shows that
age

classiflcation and that algorithms suchleaming techniques can be uti lized fbr image purposes,

ficial neural networks t I 2 l, decision trees [3, 4 l, and suppoft vector machines [5 l are able to obtain

of the classi fication rnethods accordingThis chapter will l'irst expl ofe the categorization

ications ln tangib le and intangible cu Itural heritage t6 l, lt1 which movable and immovable objects could

the fbcLrs. Fufthertnore, we propose conducting research work regarding tm age classiflcation of

cu Itural helitagc that can assi st I n futu digitalization process. In parlicular we would create

AS such uf kn ow ledge does not exist. containing rmagcs of Eastem Orthodox cultural

,ly l'rescoes and sacral ob.lects Th dataset wou 1d be made aval lable fbr the public, 'hich would

additional novelty of tliis researcrh. Di ffbrent classification methods I be app lied to the dataset with the

tinding thc most appropli ate con liguration that ll y iel d high classi flcation perfbrnrance.

4. OEPA3OBHA OCT A
BOT II/IIJIIIEJIATHOCT t4HA

e r43BoAr.rJra ayAHTopHe 14 na6oparopHjcKe njeN6e.

acucTeHT, NOTOMa3ailocJleHa Kaohocosuh 6vttaeHEV Mr aHaH 200s jfoA apHjBeM6pa
C vCTOTIHOM14M Pa4aToKyapaJeByHA Saoy vnTeTyACI,ICTEHT ErerrporexHI4tIKo

IHAAHfa)KOBAHA ElerrpoHuxa6uta npeAMeTLIMaJeJITETVrhaxy
HA2OcHoeLr KoJHTe,r e xo n,ty H H Katrl4j a, flpojexarErerrpnuuaII, eperba,MJ

CJIATHOCT TIOC,'III e [OC,'beAILef

u36opa y 3Babe AoUeHra, Mapujaua lhocoehh je anraxoea]Ha Ha u3Boberby

npeAMeruMa rpBoF uHKnyca cryAuja ElerrporexHHqKor $arcymera: Ann

flporparllcru [peBoAl4ouu, BjeurraqKa HHTeJIHTeHI-g4Ja, Kao u Ha

cryAhja: Hanpe4ue paqyHapcKe apxHreKrype.

rrpeAMeTy

aKaAeMcKe 2018119 roAHHe yqecrByje y peanv3awiv HacraBe Ha Mau
Jlrery Yunaepsurera y I,lcroquona Capajery Ha npeAMery HHSoprtaa'rurca

H raKobe je ayroP YU6eH uKa "I4HOopMarHKa u nporpaMuparle y MATJIAE

' uanr nj erueuor cryAeHrn M a M au n Hc Kot- QaKyJITera Vu u nepsurera y I4crortHona Capajery

jyha Hacrana
H r{36opa y 3BaH,e AoueHra, Mapujaua ihoconuh je oApxaJla ceMllHape HJII{ npeAaBarba

HeKOJII4KO yHI4Bep3I,ITeTa y I'IHOCTpaHCTBy

Instituto Nacional e Internacional de Posgrados (INIP), Universidad Militar Nueva

, Eorora, Korryvr6raja Ha EreKrporexHl4qroM $arynrery oA 30. nraja do 12. iYwa

19. roAprue.

Departmenta de Ciencias de la Computaci|n e Inteligencia Artificial/ Departmento de

oquimica y Bio log{a Molecular,Yuvsep3urer y fpaHaAH, lllnaHuja, y ilepl4oAy oA 14' Ao

cerreM6pa 201 9. roluHe.
alysfok University Of Technologlt, Ilorucxa Ha EneKrporexHuLIKoM tfaxynrery oA 30

do 3. anprzna2022. roAuHe.

y rconaucujama:a og6paHy Macrep Ir Marl{crapcKlrx paAoBa

iL 6rara je ulau jegue rcouucuje sa oqjeHy u oA6paHy Magrep pa*avje4He xouncuje

npeDre.rr,, oqjeHy 14 oA6paHy Mal-HcrapcKor paAa.
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aHa TtocoBHh ltN.ra uosl4ruBHe ol{JeHe y cryAeHTcKHM aHKeraMa xoje ce peAoBHo cIIpoBoAe

YHu oep:urery y I'lcrouuotrt Capajeey.
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KAHAI4AATAa JeTIH14M o6suponl3aI4JIO6 IlpeAaBaH,eMnphcrynorpe6e

HAHACTABE uEcoxourxolcxoj ycTaHoBI,I.aHaaHfalKoBa v rasrofersyHr43 rOAHHAyxH

5. CTPYIIHA TATHOCT

paaeoj

VKaoKOHHV a, ypeAH14qKOl
14X SepeHurzj.T qJ]AH o46opaavqHLtxr-paMcKnpo

3AeoBa.HHXrlueBH KoopAuuarop JcKynvvca. nsarlujy HayKJb' v opraHyLIeH
uaKaAeMCKe CAHH 3ajE,re I]KOML1 CTPYr'l15aK' [peAcraBHHKHA nTery(rarcyKTpoTexH tfuauBuX.KBiLI]UTCTABAFbA ocHvt rypaH,aucoKorBV 3a o6paoAreuqr.rj

orpyKoBHor yApyxelba IEEE.

yfi !1BCl)3!!ier v L4cro't*otr Capajr:a-v
Url!,ersrly oF ElisL S.rra]evo

6. PE3YJITAT IIIITEPBJYA CA TI{MA
qacoBa1 ZI1 022..2 vJe vca KAHAHAATOM oAp)I(aHJ

I,lcroq HOM KauAuAar JeYNTETA CapajenyKOrr{ vHHBep3r4TeTaSaoy
cnoco6uocrceaKOMV vKOMTOM14

yBJepl4JIaaH LlCt4JI]pHJIyTHCaK
uo PaAao6pasoauorHACTABAK HCTpaxI4BaLIKOI3a HaytlHKAHAHAATA

BHcoKor o6pasonarra.
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hocosuh

flpasnluura O ycJtoBHMa ra r,rs6op y Hayr'IHo-HacTaBHa, yMJerHutIKO HacTaBHa, H

ra capaAHr,rqKa 3Barba ("CryN6eHu rJIacHuK Peny6.urar<e CpncKe", 6poj:2122).

erbyjy Lt3 3aroHa3A 3BarbeMMHHH AJIH14 us6op vceHa ycnoBuKAHAHAATA npurtlj
16HKH l20)fJlac CpncKe" 6pojPeny6rr.rrceB14COKOM (,,Cryx6eHuo6pasooarr v

uj
o6pa:oramy

IIoeH T14T HAB EJIAHAt4 KO La us6oparrpaBonv AB KAHAHAA Kopr{c'HKypc, Jp
PCIJI,BHCOKOMH 3arco oHAI]aFba (c"qBa){(I'1,'lH Ao cHafycryKOJLi Cy

67120).

Hasecrfi pe3ynrare paAa

(yrconano ncnyrraea)
ucnyraana/ue

r{crry}baBa
Musultarg pl ycnoBI,I 3a
ras6op y 3Balbe

axaar je npore"rra jelau tl:6oPut'l
oA y 3Barby AolleHra H3 yxe

o6racru y HacraBlr Ha

era Ma ElexrporexHn rIKor I'l

H 14 Bep3l4Tera y l,lcrouHona

eny. Hsa6paua je y 3Barbe

23.2.2018. roAHHe"

HHcKor Sarcynrery

14crryLbaBaKaHAuAar HMa [poBeAeH

Hajuaneje4aH ns6opHu
replroA y HacraBH y
3Barby AoIIeHTa

je HaxoH rzs6opa y 3Barbe

Kao ayrop-Koayrop
yKyrrHo 2l waywtu paA, oA

jegau paA y I,IcraKHyroM

ayt{HoM rracoflltcy rvrelyuapoguor
aqaJa, ABa pa4a y qaconl4cy

Be Ha HayqHI4M CKyTIOBIZMa

je rao ayrop o6janura rpu
'r'IaBJba y Kril4laMa crpaHl4x

3HaqaJa, a ocraJle

3HaqaJa.

HCIIyH,aBaKasAuAar Izlra Hajuame ner
HayqHHx paAoBa H3 HayLIHe

o6,.racril sa rcojy ce 6vtpa,

o6j as.iueHlzx y HayLIHH M

qaconucuMa u s6opultqunaa ca

peqeusrajon,r, o4 xojrax je jeaan

HayqHr,l paA y HayqHoM

l,{acon ilcv naehyuapoAHor
I

pHaqaJa HnH HayLIHoM cKYnY

lnaely HapoaHor :Hauaj a tl

luajrtaarue 
jegau nayuHu pal

lo6jaerueH 
y ucraKHyroM

luayuuoru qaconucy

lnrelyuapoauor suauaja. HaKoH

lra:6opa y 3Barbe AoueHra

l:HuEail3ilrcr -y llcro'ftoti Capa jtev

uua uajuame jegHy ucnvFbaBa

rraouorparfujy (ca

eu) ra: Hayr{He o6lacru ga

ce 6npa, utu
Bep3r{rercKr4 yu6en ur (ca

BN 6pojeu)

Ur)r\.,ursily 0i Liist !i;rr.rlcv.)

uua o6jaereu
yubeuux ca ISBN

eM, no.{ HacJIoBoM

opMarr4Ka pI [porpaMHparbe y
TJIAE-y"
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yHfi BCI-I3r1or v 14cro'iilori Capalce','
Uiliverstty oF llaJt Srri:1evo

r4Ma ro3I{TI{BHy ol{i eHy

pa[ay cTyAeHrcKHM

TOKOM nperxo,[Hol
I]ep14oAa.

HC11V[baBa

ocrr4, [o3Hrl4BHO je
oA BI4COKOIXKOJICKe

VITII4 VMA IIO3I,ITHBHY

Hy fleAarouKor paAa y

AEHTCKHM AHKCTAMA TOKOM

enoKyIIHOf npeTxoAHol

HACTABHHqKE

nep14oAa
je 6nna qraH jeAHe

3a oA6paHy Macrep paAav

eAHe KoMHCHje 3a oA6paHy
pala.

14CIIVH,aBa

hje 3a oA6PaHY Macrep

14 MarHcTapcKof paAa unLI

KropcKe AI,ICepTauHj e, L4Irt4

a ycnjeilrHo peanH3OBaHo

hnr4 TpeheM uuKJlycy

je 6r.ua uraH

KAHAI4AATA HA

je y ror<y u36opHor

ocrBapl'Irla MebyHapoAHy

y oKBHpy Mo6I,IrHOcTu

oco6Jba, 6oPalehu Ha rpu
H Bep3l4rera y I,IHOCTpaH cTBy

HCnVrbaBa

MarbeJeAaH oA rpH
eHra I43 qJIaHa 80. cras 2.

je ocreapula

IIKO IIX IIMAII CBAKI HITfH
X KAHAHAATA.HEMA

r.rs6ope y 3Balr,a, Konancraja je r.rssprur,ura yBfiA y AoCraBJbeHy AoKyMeHrauHJy Ir

o6aerra raHrepejy .u *urlrlurovr. tr4naajyhH y BI{Ay Aa je y nocJbeAE'eM us6opHorvt

Mapujaua

MJeTH14qKO-HacraBHa,
Craryra

Capajeny
Capajesy

L[ilUaLt,e3BKAHACTABHH npoSecopaBaHpeAHOf3a vt4 ras6opHa KoHKypcpacnI4caH
V ce Aou.AB o KAHAhAATKE JeAaHrl npKE, ujo6racr3AHTA Pauyuapc HayHyAoue Hayy)r(y

LIH3aro oa (,,C.nyx6enBHCOKOM o6pasoBarbyflo,rasehH oAcosuhhoAP
3AoKA vu:6op120'67 VCJIOBHMACKC IlcKgt'VTJIACH PeK flpann-nun'),p 6pojny6ru

3BaFbaKAV ,Cryx6euu(,HACTABHA capaAHI4r{vHayqHo-HacraBHa,
I4croqson,tUTCTAHHv vBep32122CHKEJIACHHKf, 6poj ),pncre'Peny6n

HAoco6rsar11 aKaAeMCKOoKA r,rs6opan VC.IIOB14MAt4 n ocrynKypaBunHu
3AM HHHMAJIHH ycJIoB14OM14croqu [porIHCaHHKOJHMa cyvVHunepsurery

pe3y
MapnjaH

,jehy
vJaH

cBeI1,.ilA Heo[xoAHe VCTOBE vihocoeHhaHa HCrryHAOII.KAHAHAAT MapAP wjrepHoAy
TE3BaFbeM aM 3A BaHpeAHol npoSecopa,ca n VTI t4 vcaHKJIc n:6opvcjloBt4poaAy

M A3OBHOMH H BAqKOHE 'nrare o6poucTpa)I(Hv yrlocrBapevmajyhu o6:npy3v
L'l cBehocoa euhuJbeFbaV Aou. CnVH,aBa

HCKou a M KAHALa vLar APuj jepaAy
HAt43BAttETIKOHACTABHH npoSecopBaHpeAH3aBEoI4CaHe vn:6opyc",rnpor

t, caH HO Kortlucr,rjaaBeAeHatr4croqHont ocHoByHL.I Capajenyv vBep3Hrery
'ITETAHt-IKOfvtHOM aKysH, ErercrporexnACTABHO-HAVqnpeAnaxe3aAOBOJbCTBOM

Tocosuhce u.HTETA HOM14cro.r Aa Ao .4p Mapl,l eByv v CapajHHBep3CeHary
H ao6lacrH3a3BaLbet4

frlil): i,'ws,\i.rol; 1 s. bir plrone: t3S7 57 lj20 3l;D: ;120-150: lj4(l 464 fax: 4:1A7 51 32Ai):'t')



yrlrBCir:firor ! llcro' jHoLl Calraltav Ufr,/ersily ol L:isl $.lra]B!a)

TI JI AH O B IIT K OM[I C I{ JE:

1

2.

a
J.

AP ujuh, npoQecop, VHneeP:urer Y

I,lcro.{ HoNa oBy, rcu Saxylrer I'Icroquo

Capajeso

Ap Bna4ran,rnp Byjonrah, u npoi[ecop, VHI'lnepsurer

y klcrouuou CapajeeY,

I4croqso Capajeao

ErerrporexHI,Ir{KH $arcYnrer

lrllilrlrYtru.ilcli.ll, i),1 phon"i ,ilal 57 :,21r:ill{i: :i20-150 340 4$a fax: f387 57 J20.i30



KOM14oBor e.

carJIaCaH oa AyxaHH36opyKOMH rpr4jeAnoroMoBaqIIAHHKO cHJe HHJeeKoKOJI[I oAv
Ht4qV AI,IOcacTaBHUL,Io6,rnucaHoM rcojr.rTL4[IJbe[bet4 KyM vAOCTaBHeHoe e H3ABoJcrojJ

':/rueci:r:nrot ! L'1cro' I snt'l ClapaicE-v

Mjecro: hc'roqso CaPajeno

,{arynr: 4.11.2022.

Unrvelslty 0F E.lsl trriljcvo

qJTAH KOMI{CIIJE:
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