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Abstract

Smart farms, as a part of high-tech agriculture, collect a huge amount of data from IoT devices
about the conditions of animals, plants, and the environment. These data are most often stored
locally and are not used in intelligent monitoring systems to provide opportunities for extracting
meaningful knowledge for the farmers. This often leads to a sense of missed transparency,
fairness, and accountability, and a lack of motivation for the majority of farmers to invest in
sensor-based intelligent systems to support and improve the technological development of their
farm and the decision-making process. In this paper, a data-driven intelligent monitoring
system in a cloud environment is proposed. The designed architecture enables a comprehensive
solution for interaction between data extraction from loT devices, preprocessing, storage,
feature engineering, modelling, and visualization. Streaming data from IoT devices to
interactive live reports along with built machine learning (ML) models are included. As a result
of the proposed intelligent monitoring system, the collected data and ML modelling outcomes
are visualized using a powerful dynamic dashboard. The dashboard allows users to monitor
various parameters across the farm and provides an accessible way to view trends, deviations,
and patterns in the data. ML models are trained on the collected data and are updated
periodically. The data-driven visualization enables farmers to examine, organize, and represent
collected farm’s data with the goal of better serving their needs. Performance and durability
tests of the system are provided. The proposed solution is a technological bridge with which
farmers can easily, affordably, and understandably monitor and track the progress of their farms
with easy integration into an existing [oT system.

AbcTpakT

HuaTenureHTHUTE (l)CpMI/I, KaTo 4aCT OT BUCOKOTCXHOJIOTHYHOTO 3€EMEACIHNC, C'I)6I/IpaT OrpOMHO
KOJIMYECCTBO JaHHU OT IoT YCTPOﬁCTBa 3a YCJIOBUATA HA X)KUBOTHUTC, paCTCHUATA U OKOJIHATA
cpeaa. Te3n JaHHH Haii-4ecTo ce ChbXpPaHABAT JIOKAJIHO U HC CC€ MU3MO0JI3BAT B MHTCIUICHTHU
CHUCTCMHU 3a MOHUTOPHUHT, 3a 1da NPCAOCTABAT Bb3MOXKXHOCTHU 3a U3BJIMYAHC HA 3HAYMMU 3HAHUA



3a hepmepute. ToBa yecTo BOAM A0 ycellaHe 3a MPOoITycHaTa MPO3pavyHOCT, CHPABEAIUBOCT U
OTYETHOCT U JIMIICa HAa MOTHBALIKS 38 MHO3UHCTBOTO OT (pepMepuTe Aa HHBECTHPAT B Oa3upaHu
Ha CEH30pH HMHTEJIMICHTHU CHUCTEMH 3a MOJANOMaraHe W MOAOOpsBaHE Ha TEXHOJIOTMYHOTO
pasBUTHE Ha TAXHATa ¢epMa M Ipolieca Ha B3eMaHe Ha pelieHus. B Ta3u craTus ce mpeasnara
yIOpaBisiBaHa OT JaHHHM WHTEUIEHTHA CHCTEMa 3a MOHHMTOPHMHI B oOJayHa cpena.
[IpoexTupanara apXUTEKTypa TMO3BOJIABA LAJOCTHO PEIICHUE 32 B3aUMOJAEHUCTBUE MEXKIY
n3Bnuyane Ha JanHu oT loT ycrpoiicTBa, mnpenBapuTenHa o0pabOTKa, CbXpaHEHHE,
WH)KEHEPHUHT Ha (PyHKIMH, MOJICIUPaHe U BU3yalIn3alys. BKIIOueHO € MOTOYHO MpeaaBaHe Ha
naHHu oT loT ycTpoiicTBa KbM MHTEPAKTUBHU OTYETH HA )KUBO 3a€IHO C BIPaJIE€HU MOJENH 32
MammHHO oOyyenune (ML). B pesynrar Ha mnpemiokeHata WHTEIMICHTHA CHCTEMa 3a
MOHUTOPHHT, ChOpaHUTE NaHHM U pe3ydarature oT ML MoaenupaneTo ce BU3yalu3HpaT C
MOMOIITa Ha AWHAMHYHO Tabjo. TabmoTo mo3BoJsiBa Ha MOTpeOMTENMTE Aa HaONOAaBaT
Pa3In4HU MapaMeTpH BbB pepMaTta U IpeIoCTaBs JOCTHIICH HAUKH 3a Nperiiesl Ha TeHACHIUH,
OTKJIOHEHHS M Mojenu B aaHHute. ML Mozenute ce oO0ydaBaT Ha ChOpaHWUTE AaHHH U Ce
aKTyaJIM3upaT MNepuoauyHO. Busyanuszaumsrta, ynpaBisBaHa OT JaHHHW, II03BOJISIBA Ha
(bepMmepuTe 1a pasriekaaT, OpraHUu3UpaT 1 NPEeACTaBsIT chOpaHuTe AJaHHHU OT (epmata c 1en
1mo-100po 0Oy XBaHe HAa TEXHUTE HYKIH. [IpeocTaBeHr ca TECTOBE 32 MPOU3BOAUTETHOCT U
U3JIPBAJINBOCT Ha cUcTeMara. [Ipeanmo’keHOTO pelleHuE € TEXHOJIOTMYEH MOCT, C KOMTO
(epMmepuTe Morar JIeCHO, JOCTBITHO M pa3dupaeMo Ja HaOJroaBatT 1 MpociensBaT HalpeabKa
Ha cBOMTE (epMH C JIcCHa MHTerpauus B chinectByBama [oT cucrema.
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Abstract

In the ecological future of the planet, intelligent agriculture relies on CPS and IoT to free up
human resources and increase production efficiency. Due to the growing number of connected
IoT devices, the maximum scalability capacity, and available computing power of the existing
architectural frameworks will be reached. This necessitates finding a solution that meets the
continuously growing demands in smart farming. Cloud-based IoT solutions are achieving
increasingly high popularity. The aim of this study was to design a scalable cloud-based
architecture for a smart livestock monitoring system following Agile methodology and
featuring environmental monitoring, health, growth, behaviour, reproduction, emotional state,
and stress levels of animals. The AWS services used, and their specific tasks related to the
proposed architecture are explained in detail. A stress test was performed to prove the data
ingesting and processing capability of the proposed architecture. Experimental results proved
that the proposed architecture using AWS automated scaling mechanisms and IoT devices are
fully capable of processing the growing amount of data, which in turn allow for meeting the
required needs of the constantly expanding number of CPS systems.

AbcTpakt
B ekomnormuHOTO OBIEIIC Ha IJIaHETaTa MHTEIMICHTHOTO 3EMEJeNHe pa3unTa Ha KuOep-
¢usnunnte cuctemu (CPS) u Mateprer Ha Hemiara (IoT), 32 1a 0cBOOOM YOBEIIKH pecypcu
Y Ja TTIOBUIIY e()eKTUBHOCTTA Ha MPOou3BoACTBOTO. [lopaau HapacTBamius Opoii cBbp3anu [oT



YCTpOWCTBa 1Ie OBJIe TOCTUTHAT MAKCHUMATHUAT KamalUTeT 32 CKaIHNpyeMOCT M HaIW4YHATa
M3UHCIUTENHA MOIIHOCT Ha CBHUICCTBYBAIIUTE AapXUTEKTypHH paMKd. ToBa Hajara
HaMHPaHETO HA pEUICHUE, KOETO J1a OTTOBaps HAa HEMPEKbCHATO HAPACTBALIUTE U3UCKBAHUS B
WHTEIMTCHTHOTO 3eMmenenue. basupanute B obnak loT pemieHust mocTuraT BCe IMO-TroiisiMa
nomynsipHocT. llenTta Ha ToBa mpoydBaHe € Ja Ce NPOCKTHpa Malnadupyema obOiadHa
apXUTEKTypa 3a WHTEIMICHTHA CHUCTeMa 3a HaONIoJeHue Ha JoO0WTHKa, cjenBamia
Metojonorusita Agile u BKJIFOYBalla MOHHUTOPUHI Ha OKOJIHATa Cpefla, 3ApaBe, PacTek,
MOBEJICHUE, BB3MPOU3BOACTBO, EMOIMOHAIHO CHCTOSIHUE W HUBA HA CTPEC HA KUBOTHHTE.
Uznon3sanure AWS (Amazon Web Services) ycnyrm M TeXHHUTE CHEUM(PUYHH 3a4a4H,
CBBP3aHH C MPEUIOKECHATA apXUTEKTYPa, ca 00sICHeH! TojpoOHO. 3BBpIIIEH € CTpec TecT, 3a
Jla ce JIOKaXe BB3MOXKHOCTTA 3a MOTIbIIAaHE W 00pabOTKa Ha JaHHU Ha MPEIoKeHarTa
apxutektypa. EKcnepuMeHTamHUTe pe3yiTaTH [oKas3axa, 4e MpeiokKeHaTa apXUTEKTypa,
M3I0JI3BAIlla MEXaHU3MHU 3a aBToMaru3upano mamabupane Ha AWS u loT ycrporicTsa, ca
HAITBJTHO CIIOCOOHM J1a 00paboTBAT HAPACTBAIIOTO KOJIMUYECTBO JIAHHH, KOETO OT CBOSI CTpaHa
MO3BOJISIBA MTOCPEIIaHe HA HEOOXOAMMUTE HYXKIH Ha ITOCTOSHHO yBenndaBaius ce opoit CPS
CHUCTEMHU.
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Abstract

Monitoring air quality in livestock farming facilities is crucial for ensuring the health and well-
being of both animals and workers. As livestock farming can contribute to the emission of various
gaseous and particulate pollutants, there is a pressing need for advanced air quality monitoring
systems to manage and mitigate these emissions effectively. This study introduces a multi-sensor
air quality monitoring system designed specifically for livestock farming environments. Utilizing
open-source tools and low-cost sensors, the system can measure multiple air quality parameters
simultaneously. The system architecture is based on SOLID principles to ensure robustness,
scalability, and ease of maintenance. Understanding a trend of evolution of air quality monitoring
from single-parameter measurements to a more holistic approach through the integration of
multiple sensors, a multi-sensor platform is proposed in this work. This shift towards multi-
sensor systems is driven by the recognition that a comprehensive understanding of air quality
requires consideration of diverse pollutants and environmental factors. The aim of this study is
to construct a multi-sensor air quality monitoring system with the use of open-source tools and
low-cost sensors as a tool for Precision Livestock Farming (PLF). Analysis of the data collected
by the multi-sensor device reveals some insights into the environmental conditions in the
monitored barn. Time-series and correlation analyses revealed significant interactions between
key environmental parameters, such as strong positive correlations between ammonia and
hydrogen sulfide, and between total volatile organic compounds and carbon dioxide. These
relationships highlight the critical impact of these odorants on air quality, emphasizing the need
for effective barn environmental controls to manage these factors.

AbcTpakT
MOHUTOPUHIBT HA KAUYECTBOTO HA BB3AyXa BbB (DEPMHU 32 )KUBOTHH € OT CHIIECTBEHO 3HAYCHUE
32 OCHUTYpSIBAHETO HAa 3/ApaBeT0 W ONaromojy4ueTo KakTo Ha >XKMBOTHHUTE, Taka W Ha
pabotHunmte. THil KaTo >KUBOTHOBBACTBOTO MOXKE JAa JONpPUHECE 32 EMHCHU Ha Pa3InyHU
ra3oo0pa3Hd H MPaxooOpa3HM 3aMbpPCUTENH, ChHIIECTBYBa HAJIEXKalla HYyXAa OT
YCBBBPUICHCTBAHN CHCTEMHU 38 MOHUTOPUHT Ha KA4eCTBOTO Ha BB3IyXa, KOUTO €PEKTHBHO Aa
yIpaBisBaT U HaMaJsBaT T€3M EMUCHH. 10Ba M3CJeIBaHE MPEICTaBsI MHOTOCEH30pHA CHCTEMa
32 MOHMTOPMHI Ha KaueCTBOTO Ha BB3Jyxa, MNpeAHAa3HAUeHa CIELUaJHO 3a Cpeaud 3a
JKUBOTHOBBJACTBO. M3MON3Baiikl MHCTPYMEHTH C OTBOPEH KOA M CEH30pH C HHCKa LieHa,
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cucTeMara MOKe €IHOBPEMEHHO J1a U3MEpBa MHOKECTBO ITapaMeTpy Ha KAUeCTBOTO Ha BB3yXa.
ApxuTekTypaTa Ha cuctemata € Oasupana Ha mnpuHuunute Ha SOLID, 3a ga ocurypu
YCTOMYMBOCT, MaIabupyeMocT U JIeCHA MOAIPHKKA.

Pasrnexxnaiiku eBoMOLMSATa HA MOHUTOPHHIA Ha KaueCTBOTO Ha BB3AyXa OT M3MEPBAaHUS Ha
eIMHUYHH NTapaMEeTPH KbM MO-XOJUCTUYEH MOAXO0] Ype3 HHTErPUpaHe Ha MHOXKECTBO CEH30PH,
B TOBa WM3CIEABaHE ce€ Ipeajara MHOroceH3opHa maTdgopma. Ta3u mpomsHa KbM
MHOTOCEH30PHH CHUCTEMH € NPOJAMKTYBaHa OT pa3OupaHeTo, 4e IUIOCTHOTO pa30upaHe Ha
KayecTBOTO Ha BB3AyXa HM3MCKBAa OTYWTAHE HAa Pa3HOOOPAa3HM 3aMBPCUTENH U EKOJIOTUYHHU
¢axTopu. LlenTa Ha ToBa U3cIeqBaHE € 1a CE N3rPaJd MHOTOCEH30pHA CUCTEMA 32 MOHUTOPHHT
Ha Ka4eCTBOTO Ha Bb3AyXa, N3MOI3BANKN HHCTPYMEHTH C OTBOPEH KOJ M CEH30PH C HUCKa IIeHa,
kato mHCTpyMeHT 3a [IpemmsHo JKuBorHOBBACTBO (Precision Livestock Farming - PLF).
AHanu3bT Ha JaHHUTE, CHOPaHH OT MHOTOCEH30PHOTO YCTPOMCTBO, pa3KpHBa MpPO3PEHHsS 3a
EKOJIOTHYHHTE YCIOBHsI B HaOMoAaBaHata epMa. AHAIU3UTE HA BPEMEBU CEPUH U KOpPEIaliuu
pasKpuxa 3HAYUTEIHN B3aUMOICHUCTBHSI MEXIY KJIIOYOBU €KOJIOTHYHH MapaMeTpH, KaTo CHIHU
MOJIOKUTEIIHU KOPEJIAllMi MEXIy aMOHSK M CEPOBOJOPOJ, KaKTO W MEXIY OOIIMTE JETIMBU
OpraHUYHU CHEIMHEHHS M BBIVIEPOACH OHOKCHA. Te3d BPB3KH MOAYEPTaBAT KPUTUIHOTO
BB3ICHCTBHE Ha TE3W 3aMBbPCUTEIH BBPXY KaudeCTBOTO Ha BbB3JAyXa, [OAYEpTaBaAUKU
HEOOXOIUMOCTTa OT €PEeKTHBHU KOHTPOJIM Ha OKOJHATA cpelia BB (pepMuTe 3a ynpaBieHHE HA
Te3u GaKTopu.
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Abstract

The health and welfare of livestock are significant for ensuring the sustainability and
profitability of the agricultural industry. Addressing efficient ways to monitor and report the
health status of individual cows is critical to prevent outbreaks and maintain herd productivity.
The purpose of the study is to develop a machine learning (ML) model to classify the health
status of milk cows into three categories. In this research, data are collected from existing non-
invasive loT devices and tools in a dairy farm, monitoring the micro- and macroenvironment
of the cow in combination with particular information on age, days in milk, lactation, and more.
A workflow of various data-processing methods is systematized and presented to create a
complete, efficient, and reusable roadmap for data processing, modeling, and real-world
integration. Following the proposed workflow, the data were treated, and five different ML
algorithms were trained and tested to select the most descriptive one to monitor the health status
of individual cows. The highest result for health status assessment is obtained by random forest
classifier (RFC) with an accuracy of 0.959, recall of 0.954, and precision of 0.97. To increase
the security, speed, and reliability of the work process, a cloud architecture of services is
presented to integrate the trained model as an additional functionality in the Amazon Web
Services (AWS) environment. The classification results of the ML model are visualized in a
newly created interface in the client application.

AbcTpakt

3z[paBeTo U OJIarOChCTOSTHUETO Ha ,I[06I/IT’BKa Ca BAXXHHU 3a OCUT'YpsIBAHC Ha YCTOfIqPIBOCT u
pCHTa6I/IHHOCT Ha CCJICKOCTOIIaHCKaTa WHAYCTpPUS. HaMI/IpaHCTO Ha C(i)CKTI/IBHI/I Ha4yWHU 34



HaOJroneHue 1 JOKIaABaHe Ha 3ApaBHUI CTaTyC Ha OTJICIIHUTE KPaBH € OT pEeIlaBallo 3HAYCHUE
3a IpeloTBpaTsABaHe Ha OTHUILA W MOAIbp)KaHe Ha MPOXYKTHBHOCTTA Ha cTafoTo. Llenra Ha
W3CIEBAHETO € a ce pa3padoTH MoJen 3a MaMHHO o0y4yenue (ML), xoliTo na knacuduuupa
3IpaBHUS CTaTyC Ha MJICYHHUTE KpaBH B TP KaTteropuu. B ToBa n3cnensane ce chOupaT JaHHU
OT chlIecTBYBalM HenHBa3uBHU loT ycTpoiicTBa 1 MHCTPYMEHTH B MileuHa (epma, KaTto ce
HabIroaBa MUKpPO- M MakpocpeJara Ha KpaBaTta B KOMOMHALUS C KOHKpeTHa HH(popManus 3a
BB3pACTTa, AHUTE B MJLIKOTO, JaKTausTa M JIp. PabOTeH MOTOK OT pa3iuyHd METOAU 32
00paboTKa Ha JaHHU € CHCTEMaTU3UpaH U MPEICTaBEeH, 3a Jia ce Ch3Ja/le IbJIHA, e(DEeKTUBHA U
MHOT'OKPaTHO M3I0JI3BaeMa IbTHA KapTa 3a 00padoTKa Ha JaHHU, MOACIHPAHE U MHTErpauus
B peannus cBaT. CrnenBailku npeiokeHus padoTeH Mpoliec, JaHHUTe 0s1xa 06paboTeHH U meT
pasnuuan ML anropurbma 0sixa 00Oy4eHH U TECTBaHH, 3a Aa ce U30epe Hail-onmucaTeTHUAT 32
HabJroIeHNe Ha 3paBOCIOBHOTO ChCTOSHUE HA OTAETHNUTE KpaBu. Hali-BHCOKUAT pe3ynTar 3a
OLIEHKA Ha 3[paBHU CTAaTyC ce Mmoiy4asa upe3 Kiacudukarop Random Forest Classifier (RFC)
¢ tounoct 0,959, mpunomusine 0,954 u Tounoct 0,97. 3a Aa ce MOBUILM CUTYPHOCTTA,
CKOpOCTTa M HaJeKTHOCTTA Ha pabOTHUS MpoLeC, € IMpeAcTaBeHa o0IayHa apXUTEKTypa Ha
YCIIyTH 32 HHTETpHpaHe Ha 00y4YEeHHUsI MOJIEN KaTo AOMBIHNUTENHA (YHKIMOHAIHOCT B CpeaaTa
Ha Amazon Web Services (AWS). Pesyntatute ot knacudukanusta na ML monena ce
BU3yalU3UpaT B HOBOCH3AaleHU HHTEP(ENC B KITUEHTCKOTO MPUIOKEHHE.

I'-1. Dineva, K., Atanasova, T. ,,Architectural ML Framework for IoT Services Delivery Based
on Microservices* (2020) Lecture Notes in Computer Science (including subseries Lecture Notes
in Artificial Intelligence and Lecture Notes in Bioinformatics), 12563 LNCS,
pp. 698-711.

SJR:0.320 (Scoprus), WOS, ACM DIGITAL LIBRARY

ISBN:978-3-030-66470-1
https://doi.org/10.1007/978-3-030-66471-8 53

Abstract

The Internet of Things (IoT) is the interconnection of devices and services that allows free data
flow. Managing and analyzing this data is the actual added value that IoT is beneficial for.
Machine learning plays an increasingly important role in performing data analysis in IoT
solutions. This paper presents an architectural framework with machine learning solutions
implemented as a service in the microservice group. This architectural framework for IoT services
delivery is designed following the Agile methodology. The requirements for the software
architecture and expected functionalities of the system are defined. The microservices collection
is explained by providing a separate description for every service. Machine learning (ML)
analytics on loT (as the processing paradigm for intelligently handling the IoT data) is represented
as a part of the microservice platform. Several strategic advantages of the proposed microservice-
based IoT architecture over others are discussed together with implementation issues.

AbcTpakT

Wntepuer Ha Hemata (IoT) e B3auMHOTO CBBbp3BaHe Ha yCTPOICTBA U YCIIyTH, KOETO MO3BOJISABA
CcBOOOJICH MOTOK OT JaHHH. YTPABICHUETO M aHAJTH3UPAHETO HA TE3W AaHHU € JACHCTBHUTEIIHATA
nobaBeHa CTOMHOCT, 3a KosiTo [oT e oT monza. MammHHOTO 00y4eHue urpae Bee Mo-BaskHa POIIs
MIpY U3BBPIIBAHETO HA aHanu3 Ha AaHHU B loT pemenus. Tazu craTus mpeacTaBs apXUTEKTypHA
paMKa ¢ pemieHus 3a MallMHHO 00y4YeHre, BHEIPEHHU KaTo yclyra B rpynaTa Ha MUKPOCEPBU3HUTE.
Ta3u apxuTekTypHa pamka 3a mpefgoctaBsHe Ha [oT ycimyrn e mpoekTHpaHa cieqBaKu
Metoponorusita Agile. Jlebunupann ca H3MCKBaHUATa KbM cOTyepHAaTa apXUTEKTypa H
ouyakBaHHUTE ()YHKIHOHAIHOCTH Ha cucTeMata. Konekuusita OT MUKpOYCIIyTH ce OOsICHSIBA 4pe3
MPEIOCTaBSIHE Ha OTACIHO OMHUCAHUE 3a BCSKA yciayra. AHaIu3bT Ha MamHHO 00ydeHue (ML)
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3a [oT (kaTo mapaaurma 3a o0paboTKa 3a HHTETUreHTHO onepupane ¢ loT ganHM) e mpencTaBeH
KaTro dYacT OT IulaTgopMaTra 3a MHUKPOCEpBU3M. HSKOIKO cTparerndeckd NpeAMMCTBa Ha
npennoxenara [oT apxutekrypa, 0azupaHa Ha MUKPOYCIIYTH, c€ 00CHKIAT 3a€HO C IPOOIIEeMHUTE
Ha BHEJIPSIBAHETO.

I'-2. Dineva, K. and T. V. Atanasova. ,,Modelling And Simulation of Cloud-Based Digital Twins
in Smart Farming®. (2022) International Multidisciplinary Scientific GeoConference Surveying
Geology and Mining Ecology Management, SGEM, 22 (6.2), pp. 241-248.
SJR:0.123(Scopus)
ISBN:978-619-7603-52-1,
ISSN:1314-2704
https://doi.org/10.5593/sgem2022V/6.2/s25.31

Abstract
Digital Twins can be seen as powering the next generation of IoT-connected solutions. Digital
Twins model the real world by using historical and real-time data to represent the past and present
and simulate the predictable future. Digital twins are related to a set of concepts such as digital
representation and 3D visualization, integration, monitoring, control, computation, prediction,
and decision-making. They are digital replicas of physical objects having bidirectional data flow.
The physical object and its digital twin are synchronized, and the simulations, optimizations and
visualizations are in real-time.
Using Digital Twins supports the processes of gaining insights that drive better products, optimize
operations, reduce costs, and improve the customer experience. These benefits can be used in any
type of environment, including buildings, factories, farms, power grids, and even entire cities.
Data gathered as a result of the implementation of Precision Livestock Farming (PLF) techniques
allows the creation of digital twins though out the farm. As a result, farmers can manage the farm
remotely based on real-time digital information, rather than relying on direct observation and
manual tasks on the ground. This allows them to act immediately in case of deviations, simulate
the effect of interventions based on real-life data and automate various decision-making
processes.

The main goal of the article is modelling and simulations of digital twins for smart farming in a
Cloud environment. During operational use, digital twins can be used not only to monitor and
simulate the effects of interventions but also to remotely control objects by using automated
actuators. Finally, digital twins are also very valuable for traceability, compliance, and training
as they optimize farm operations and provide measurable data for increasing sustainability.

AbcTpakT

Hudposure 6nuznanu (Digital Twins) Morat fga ce pasriekaar KaTo 3aXpaHBally CIEABAIIOTO
nokoneHue pewenus, cebp3anu ¢ loT. Digital Twins Mozxenupat peanHusi CBST, KaTO H3MOI3BAT
WCTOPUYECKU JaHHU U JJaHHU B PEajHO BpeMe, 3a J1a MPEACTaBsIT MUHAIOTO M HACTOSILETO U A2
CHUMYNHUpAT npeackasyemoTo obaenie. Lupposure 6nu3Hanu ca cBbp3anu ¢ HA0Op OT KOHLICIINN
Kato nu¢poBo mpeAcraBsHe u 3D BU3yanuzanus, WHTETPalys, MOHUTOPHUHI, KOHTPOI,
W3YHCIICHUE, TPOrHO3UpaHe U B3eMaHe Ha penieHus. Te ca mudpoBu konus Ha GU3NUECKH 00EKTH
C JBYIOCOYEH IMOTOK OT JAaHHU. Du3nyecKHAT OOEKT M HEeroBHAT LUQPpPOB ONM3HAK ca
CHUHXPOHM3UPAHH, a CHMYJIAIIMUTE, ONTUMU3ALUNTE U BU3yallU3allUTe Ca B PEaHO BpeMe.

Uznon3sanero Ha Digital Twins monabpska mpouecute Ha MOMy4YaBaHE HA MPO3PEHUs, KOUTO
CTUMYJIUpAT M3TPakAaHe Ha MO-JOOpHM NPONYKTH, ONTHMHU3HUPAT ONEpaluUTe, HamaisBatr
pa3xonuTe U MoJ00psBaT UIKUBSBAHETO HA KITMEHTHUTE. Te3u MpeguMcTBa MOTaT Aa ce U3I0I3BaT
BBB BCAKAKBB TUII CpeJia, BKIIOUUTETHO crpaau, (Gabpuku, GepMu, eIeKTPUIECKH MPEXH U JOPU

6



LIEJIN TPaJOBe.

JlannuTte, cbOpaHu B pe3yNTaT Ha MPUIAraHeTo Ha TEXHUKHUTE 3 MPEUU3HO KUBOTHOBBICTBO
-Precision livestock farming (PLF), mo3BosisiBaT ch31aBaHeTO HA JUTHTAIHU ONU3HALM HW3BBH
¢depmara. B pesynrar Ha ToBa depMepuTe MOrar Ja ynpaBisiBaT epMmara AUCTAHIUOHHO Bb3
OcHOBa Ha 1HM(poBa WHPOpPMALUs B pPEATHO BpeMe, BMECTO Ja pa3yUTaT Ha TUPEKTHO
HaOJrofeHNe W PHYHO M3MBIHEHWE Ha 3aJaud Ha MsCTO. ToBa MM MO3BOJSIBA Jla ACHCTBAT
He3a0aBHO B CiIy4ail HAa OTKJIOHEHHsI, 1a CUMYJHpaT eeKkTa OT MHTEPBEHLUUUTE Bb3 OCHOBA Ha
JAHHU OT peaHHs JKMBOT U Ja aBTOMAaTU3UPAT Pa3IUYHHU MPOLECH HA B3€MaHE Ha PELICHUS.
OcHoBHaTa LeN1 Ha CTaTusATa € MOACIMpPaHEe M CUMYyJNalud Ha UUGpOBH OMu3HAUM 3a
WHTEJMTeHTHO JXMBOTHOBBJICTBO B oOnayHa cpena. [lo Bpeme Ha omepaTuBHa ymnoTpeda
nudposuTe ONM3HAIM MOTAT Ja CE HM3IOJ3BAT HE caMO 3a HaOMIoJeHHWE W CUMYJIHpaHe Ha
eeKTUTEe OT MHTEPBEHIINHY, HO U 32 TUCTAaHIIMOHHO YIPABJICHUE HAa OOCKTH Ype3 U3MO0JI3BaHEe Ha
AaBTOMATU3MPAHU 3aBIDKBAILM MEXaHU3MH. M Hakpas, IMTUTATHUTE OIM3HAIM ChHIIO Ca MHOTO
LEHHHU 32 MPOCIEINMOCT, ChOTBETCTBUE H 00yUeHHE, Thi KaTO T€ ONTUMHU3UPAT ONepalunuTe Ha
(depmara U peaoCTaBIT U3MEPUMH JaHHU 3a MOBUIIABAHE HA YCTONUUBOCTTA.

I'-3. Dineva, K., Atanasova, T. ,,Systematic look at machine learning algorithms - Advantages,
disadvantages and practical applications” (2020) International Multidisciplinary Scientific
GeoConference Surveying Geology and Mining Ecology Management, SGEM, 2020-August
(2.1), pp. 317-324.
SJR:0.123 (Scopus)

ISBN:978-619-7603-06-4
ISSN:1314-2704

https://doi.org/10.5593/sgem2020/2.1/s07.041

Abstract

Machine Learning (ML) is the study and the usage of the mathematical algorithms which can
improve their performance without the need for human interaction. These algorithms are
considered as a subset of Artificial Intelligence (Al). Machine learning algorithms use past data
as input and produce new predicted values as an output. Machine learning algorithms have been
used in many areas for solving an innumerable number of tasks. However, the various tasks need
applying of different machine learning algorithms for obtaining maximum accuracy of the target
results. In this paper, an analysis with consideration of the advantages, disadvantages, and
different areas of applications in the real world are made for each of the four ML algorithm groups
- supervised, unsupervised, semi-supervised, and reinforcement learning. After the comparative
analysis is done, the ensemble methods boosting, stacking, and bagging are introduced, described,
and compared. Emphasis is done on defining the accuracy of which ML algorithms can be
improved and which ensemble methods can be used for that. Machine Learning algorithms
combined with ensemble methods are highly competitive and provide the best results in most
cases where they are applicable.

AbcTpakT
Mammanoto o0yuenue (ML) e u3ydaBaHETO M M3MOJI3BAHETO HA MATEMAaTHYECKU AITOPUTMH,
KOUTO MOTaT Ja MNOJOoOpAT TAXHATa NPOU3ZBOAUTENHOCT 0O€3 HEOOXOAMMOCT OT YOBELIKO
B3auMoJeicTBUE. Te3n aNropuTMu ce CYUTAT 3a TTOAMHOKECTBO OT aJlTOPUTMHU Ha M3KYCTBEHHS
uHTeneKT (Al). AnropuTMuTe 3a MaIMHHO OOydYeHHME W3MOJ3BAT MUHAIM JAaHHH KaTo BXOX U
MPOMU3BEXKAAT HOBH CTOMHOCTH KaTO H3XOA. AJTOPUTMHUTE 3a MAIIMHHO OOydeHue ca Owin
W3M0JI3BaHH B MHOTO 00JIaCTH 3a pelaBane Ha 6e30poii MHOTO 3a1auu. PaznuunuTte 3amaun odaue
W3UCKBAT MpWJaraHe Ha pa3IM4HU alrOpUTMH 3a MAallMHHO OOy4yeHHE 3a IOCTUTaHE Ha
MaKCHMaJHa TOYHOCT Ha LeJIeBUTE Pe3yNTaTu. B Ta3u craTus e HampaBeH aHaIn3 C OTYUTAHE Ha
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NpeIUMCTBATa, HEAOCTATHLUTE U PA3TUUHUTE 00JaCTH Ha IPUIIOKEHUS B PEATTHUS CBAT 3a BCSAKA
OT YETUPHUTE TPYIH aNropuT™u 3a ML - caMo00y4eHHeTo ¢ yunuTell, caMooOydeHHETo 0e3 yuuTen,
cMeceHo caMoo0ydeHne 1 o0ydenue ¢ nojacuiaBane. Cres U3BbPIIBaHE HA CPAaBHUTEIHUS aHATIN3
ce BBBEXKIAT, ONMUCBAT M CpaBHJIBAT METOJAWTE HAa aHCaMOBbjia 3a yCWIBaHE, MOAPESKIAHE U
MaKeTupaHe. AKIEHTHT € IOCTABEH BbPXY ONPEACISTHETO HA TOUHOCTTA Ha KOM aJITOPUTMH 3a ML
Morar J1a ObAaT MmoJoOpeHH M KOM METOAM Ha aHcaMObJl MOrarT Ja ce H3IIOJ3BaT 3a TOBA.
AJroputMuTe 3a MalIMHHO caMooOy4yeHHe, KOMOMHMpaHU ¢ METOOM Ha aHcaMOBJ, ca CHIIHO
KOHKYPEHTHH M OCUTYPsIBAT Haii-100OpH pe3ynTaTH B IOBEYETO CIyyaH, KOraTo ca MPHIOKIMH.

I'-4. Dineva, K., Atanasova, T. ,Machine learning solution for IoT big data“ (2020)
International Multidisciplinary Scientific GeoConference Surveying Geology and Mining
Ecology Management, SGEM, 2020-August (2.1), pp. 207-214.
SJR:0.123 (Scopus)
ISBN:978-619-7603-06-4
ISSN:1314-2704
https://doi.org/10.5593/sgem2020/2.1/s07.027

Abstract

Nowadays it is critical to have the ability to quickly and reliably fetch huge amounts of
heterogeneous data and apply Machine Learning (ML) models against it for better decision
making. Successful processing of streams with data is crucial for real-time operations like
extracting, filtering, transforming, aggregating with other data sources, persisting data to data
warehouses, publishing to a different messaging topics or pipelines. With Machine Learning
gaining high in popularity serious concerns are appearing around the performance of the Machine
Learning models in production and there is a reason for that. It is essential to choose wisely the
right technologies used for creating robust data pipelines, deploying accurate Machine Learning
models and monitoring the performance in production environments. In this paper, an approach
is proposed for building a distributed platform using a messaging system which is capable of
extracting, processing, and analyzing information from streaming data in real-time. Kafka
streaming concepts for ingesting data are discussed along with ways to operationalize the data
pipelines. Using Spark Structured Streaming for enriching Kafka events with a Machine Learning
algorithm is shown. With streaming data continuing to arrive, the Spark engine will react to the
data changes and will incrementally and continuously process the data. Important conceptual
reasons are discussed that are explaining the factors which have a huge impact on the accuracy
and the performance of the deployed Machine Learning models in a production environment. The
overall improved result can be used later to produce the proper conclusions and better predictions.

AbcTpakT
B nHemno Bpeme € M3KIIOYUTEIHO BAXKHO Ja MMa CIIOCOOHOCTTa OBpP30 M HAalISKIHO 1A ce
W3BIMYAT OTPOMHHU KOJHMYECTBA PA3HOPOAHHW JAaHHMA M Ja ce MpujiaraT MOAETH Ha MAaIInHHO
camoo0ydenue (ML) BbpXy TsX 3a mo-go0po B3eMaHe Ha pelleHus. YcnemHara oopaboTka Ha
MOTOLM C JaHHHW € OT pellaBallo 3HAuYeHHE 3a OIepalrd B PEalTHO BpEME KaTO M3TErJIsHE,
¢untpupane, TpaHcGopMUpaHe, arperupaHe ¢ Ipyryd U3TOUHUIM Ha JaHHU, 3alla3BaHe Ha JaHHU
B XpaHWINILA 32 JaHHH, MyOJIMKyBaHe B pa3NnuHu KaHaiuu. C HapacTBaHETO Ha MOIMYJSPHOCTTA
Ha MalIMHHOTO OOy4YeHHE CE MOSBSIBAT CEPUO3HM OMACCHHS OTHOCHO MPOM3BOJUTEIHOCTTA HA
MOJENUTe Ha MAalIMHHO caMOoOyueHHe B pEalHd YCIOBHS M HMMa mpuyuHa 3a ToBa. OT
CBILECTBEHO 3HAUYEHHE € Ja ce u30epe pasyMHO MPABUIHHUTE TEXHOJOTHH, W3MOJ3BaHM 32
Ch3/1aBaHe Ha CTAOWJIHM KaHaJM 3a JaHHU, BHEAPSABAaHE HA TOYHU MOJIEJIM HA MAIIMHHO 00yueHHe
1 HaOJIoICHNE HAa MPOU3BOAUTEITHOCTTA B IPOU3BOACTBEHH cpenu. B Tasu cratus ce mpemara
MOJXOJ 3a M3rpakIaHe Ha pasmpenerneHa miardopma, M3MON3Balla CUCTEMa 3a ChOOICHHMS,
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KOSITO € B ChCTOSIHHE Ja U3BIMYa, 00paboTBa M aHaIM3upa MH(POpMaKs OT MOTOYHU JAaHHU B
peanno Bpeme. Konuenuuunte 3a motoyno npenaBane Ha Kafka 3a mormbimane Ha naHHU ce
00CBHKAaT 3aeIHO C HAYMHUTE 3a OINEpHpaHe Ha cepHs OT CTHIKU 3a 00paboTKa Ha JaHHH.
ITokazano e u3nomn3Banero Ha Spark Structured Streaming 3a o6oratsBane Ha Katka ce0urtus ¢
ITOPUTHM 32 MAIIMHHO OOyueHHe. ThH KaTO MOTOYHHUTE NAHHHM MPOABIDKABAT Aa MPUCTHUTAT,
cucremara Spark mie pearmpa Ha NPOMEHUTE B JaHHUTE W 1€ 00pabOTBa MOCTENEHHO U
HEeTpeKbcHAaTO JaHHuTe. OOCHXKIAT ce BaKHM KOHLENTYyalHH NPUYMHH, KOUTO OOSCHSBAT
(akTOopHuTe, KOUTO OKa3BaT OTPOMHO BIMSHHUE BBPXY TOUHOCTTA M IPOHM3BOAMTEIHOCTTA HA
pasrppHaTHTE MOJEIH Ha MAIIMHHO CaMOO0Yy4YeHUE B IPOU3BOACTBEHA cpena. O0musaT nogoopex
pe3yaTaT ce HM3MOM3Ba MO-KbCHO, 332 Ja CE HANpaBAT NPAaBMWIIHUTE 3aKJIIOYCHUS W MO-100pH
MPOTHO3H.

I'-5. Dineva, K., Atanasova, T. ,,Expandable loT Architecture for Livestock in Agriculture 5.0
(2021), International Multidisciplinary Scientific GeoConference Surveying Geology and Mining
Ecology Management, SGEM, 21(6.1), pp. 93-100
SJR:0.123 (Scopus)
ISBN: 978-619-7603-30-9
ISSN: 1314-2704
https://doi.org/10.5593/sgem?2021/6.1/s25.19

Abstract

The technological progress naturally leads to a transition from Agriculture 4.0 to Agriculture 5.0,
which includes key technologies as Wireless Sensor Networks, Internet of Things, Cloud age,
Artificial Intelligence, and Machine Learning accompanying agronomic activities. These
technologies allow collection of information, analyzing and drawing meaningful insights from it
in a more accurate, timely and reliable manner. IoT in this context refers to the use of IoT devices
to convert data from surrounding elements and actions related to agriculture. The number of IoT
agricultural active connections in the EU in 2016 is reported to be 0.51 million, increasing to
12.03 million in 2019 and expected to reach 46.92 million by 2022 and 70.26 million connections
by 2025. Moreover, [oT technologies (sensors, cameras, drones, and connected devices) are
considered as the main reason agriculture can generate so much valuable information. The
agriculture sector as expected is highly influenced by the advances in these technologies. Smart
Farming is in focus now. There are various proposed solutions utilizing the loT concept in Smart
Farming. However, the architecture of these developments is very difficult to reorganize to
provide for the expansion of their functionality, the integration of new loT devices and data
sources using various communication protocols. Finally, managing IoT devices is still a
challenge. Catching up with the ever-increasing demands and technologies, Agriculture 5.0 needs
an effective approach to the design of extensible loT architectures. By adopting AWS Cloud loT
services this paper proposes an expandable [oT architecture, which can work with a variety of
communication protocols, allowing centralized device management and Big Data processing
abilities.

AbcTpakT

TeXHOIOTHYHMAT MPOrpec ECTECTBEHO BOAU 0 mpexon oT 3emenenue 4.0 keM 3emenenue 5.0,
KOETO BKJIIOYBA KJIIOYOBU TEXHOJIOTUH KaTo OE3KMYHH CEH30pHH MpexH, VIHTepHeT Ha HelaTa,
0o0JaYyHUTE W3YMCICHUS, HW3KYCTBEH UWHTEJCKT M MAIIMHHO OOy4YeHHe, ChIIBTCTBAIIN
arpOHOMHUYECKUTE AEHHOCTH. Te3u TEeXHOJOrWM MO3BOJSBAT chOMpaHe Ha uHGOpManus,
aHaJM3MpaHe U U3BIIMYAHE HA 3HAYMMH IPO3PEHHS OT Hes 110 T0-TOYEH, HABPEMEHEH U HAZEKIeH
HauuH. [oT B TO3u KOHTEKCT ce oTHacs 10 u3non3BaHeTo Ha loT ycrpoiicTBa 3a mpeobpasyBane
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Ha JaHHU OT OKOJIHUTE €JIEMEHTH U IEUCTBUS, CBBP3aHU ChC CEICKOTO cTOonaHcTBO. bpost na loT
ceJicKocToraHckuTe akTiuBHY Bpb3ku B EC mipe3 2016 T. ce cpobmaBa Ha 0,51 MunnoHa, Kato ce
yBenuyana a0 12,03 munuona npe3 2019 r. u ce oyaka na gocturue 46,92 munuona o 2022 r.
n 70,26 Munuona Bpb3ku 70 2025 1. OcBer ToBa [oT TexHomoruute (CeH30pH, KaMepH, TPOHOBE
Y yCTPOWCTBA 32 CBBP3BaHE) CE CUMTAT 32 OCHOBHATA MPUYHHA CEJICKOTO CTOMIAHCTBO Ja F'eHeprpa
TOJIKOBa MHOTO IleHHa nH(popmanus. CeKTOphT Ha CEJICKOTO CTOMAHCTBO, KAKTO CE OYaKBa, €
CHJTHO TIOBJIMSIH OT HampebKa B Te3U TEXHOJIOTHH. IHTETUreHTHOTO 3eMeienue € Ha (JOKycC cera.
Hwma pa3nuyHu NpeanoKeH! pelleHus, u3noi3Bamy konuenuusata 3a loT B Smart Farming.
ApxuTekTypaTa Ha Te3H pa3paboTKu 00ade € MHOTO TPYAHA 32 peOpraHu3UpaHe, 3a 1a Ce OCUTYpHU
pasmmpsiBaHe Ha TAXHATA (QYHKIIMOHAITHOCT, HHTErpupaHe Ha HOBH [0T ycTpolcTBa M M3TOYHUITN
Ha JaHHU, U3MO0JI3BAIIM PA3IMYHU KOMYHHUKAIIMOHHU MPOTOKoIu. M Hakpas, ynpaBieHHETO Ha
IoT ycTpoiicTBa Bce omie € mpenus3BukatencTBo. HaBakcBailku HENMpPEeKbCHATO HApacTBAILIUTE
M3UCKBaHWS © TexHonoruu, Agriculture 5.0 ce Hyxmae OT eQeKTUBEH NOIXOA KbM
npoekTupanero Ha pasmupsiemu loT apxurekrypu. Upes npuemanero Ha oonaunu loT ycmyru Ha
AWS (Amazon Web Services) B Tazu craTus ce npeara pasmmupsiema [oT apxurektypa, KosITo
MOXe Jia paboTU C pa3ivyHU KOMYHHKAIIMOHHHU MPOTOKOIH, MO3BOJIIBAUKH IEHTPATH3UPAHO
yIpaBleHNUE HA YCTPONCTBA U Bh3MOXKHOCTH 32 00pabOTKa Ha TOJIEMH JTaHHHU.

I'-6. Balabanov, T.D., Blagoev, L.I., Dineva, K.I. (2018). “Self Rising Tri Layers MLP for Time
Series Forecasting”. In: Vishnevskiy, V., Kozyrev, D. (eds) Distributed Computer and
Communication Networks. DCCN 2018. Communications in Computer and Information

Science, vol 919. Springer, Cham.
SJR:0.194 (Scopus)

ISSN 1865-0929
ISBN 978-3-319-99447-5
https://doi.org/10.1007/978-3-319-99447-5_50

Abstract

Time series forecasting is an attractive and heavily researched area. A very popular approach in
this field is the usage of artificial neural networks. Some artificial neural network are oriented to
deep learning as training algorithm. In this study instead of hidden layers number extension the
size of input layer of tri layers multilayer perceptron is extended. The network starts with 1-1-1
topology. The input layer rise to n, according the size of input time series. In parallel hidden layer
goes to m by application of pruning algorithm. Achieved topology n-m-1 is trained with classical
backpropagation of the error.

AbcTpakT

[IporHo3upaneTo Ha BpeMEBH pEAOBE € MpHUBJIEKATENHa M CHUIIHO MpoydeHa obiacT. MHOro
MOIyJISIPEeH MOAXO0 B Ta3W 00NacT € M3MOJI3BAHETO HA M3KYCTBEHH HEBPOHHHM Mpexu. Hsxoun
W3KYCTBEHH HEBPOHHH MPEXHU Ca OPUCHTHUPAHH KBM 3aIbJI00UEHO 00YUECHUE KaTO aNTOPUTHM 32
oOyuenue. B ToBa u3cienBaHe ce pasriexzaa MOAXOX 3a pasUIMpsiBaHe Ha Oposl Ha CKPUTHTE
CJIOeBE U pa3Mepa Ha BXOJHHSA CJIOH Ha TPUCIOWHHUS MHOTOCJIOCH MepuenTpoH. MpeskaTa 3armousa
¢ toronorust 1-1-1. BXogHuAT cioii ce moBHIIaBa A0 N, CIOpe] pa3Mepa Ha BXOIHATa BpEMEBa
cepusi. [lapanenHo CKpUTHST CIOH NpeMHHaBa KbM M 4Ype3 MpuWilaraHe Ha alropuTbM 3a
noapsizBane. Ilocturnatara Ttomonorusi n-m-1 ce oOydaBa C KJIACHYECKO 0OpaTHO
pasnpocTpaHeHNE Ha TPEIIKaTa.

I'-7. Dineva, K., Atanasova, T., Balabanov T., “Cloud Dataflow for Machine Learning Modeling
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on IoT Data in Smart Livestock Farming”, 22nd International Multidisciplinary Scientific
GeoConference SGEM 2022, 2 - 11 July, 2022, Albena, Bulgaria, Vol.22 (6.1), 73-80,

SJR:0.123 (Scopus)

ISSN 1314-2704
ISBN 978-619-7603-48-4
DOI:10.5593/5sgem2022/6.1/s25.09

Abstract

The development of modern dairy farming is aimed at creating larger farms with more intensive
production in accordance with the market needs. New larger livestock facilities need new
approaches to management and logistics. The Internet of Things (IoT), machine learning (ML)
and cloud computing are forming the basis of digital animal husbandry as they are increasingly
being introduced into dairy farming. The collection of loT sensor data and their storage in the
information cloud allows the use of machine learning methods for predicting events in livestock
farms. ML is characterized by its hunger for computing resources in all its phases, which can be
resolved using cloud computing. Collected data by loT devices require cleaning and scaling.
Building a model requires training, testing, and validation. All these activities should be carried
out in a timely sequence.

The purpose of this article is to build models trained to predict the future amount of milk with the
greatest accuracy for each individual animal. To achieve this goal, a pure Azure Cloud DataFlow
(ADF) has been created, which monitors the processes from collecting and storing IoT data, to
data processing, modelling, and model evaluation to visualization of results. Following this data
flow, the experimental studies described in this article are performed. Three regression machine
learning models were trained on the data collected from a Smart Livestock farm. Testing of the
developed models has proven the applicability of the developed Cloud DataFlow, as the Boosted
Decision Tree Regression Model shows the highest accuracy in predicting the amount of milk
produced by each individual animal.

AbcTpakT

Pa3BuTHeTO Ha CHBPEMEHHOTO XMBOTHOBBJCTBO € HACOUYEHO KbM Ch3AaBaHE Ha MO-TOJIEMU
(depMu ¢ MO-UHTEH3UBHO MPOU3BOJICTBO, ChOOpa3eHu ¢ moTpeOHoCTUTE Ha naszapa. HosBure mo-
TOJIEMH XKUBOTHOBBJIHH OOCKTH C€ HYXAASAT OT HOBM IMOJIXOAU 3a YNpPaBJICHHE W JOTHUCTHKA.
Wnteprer Ha nvemata (IoT), mammuaHoTo 00yuenue (ML) u obnaunute n3uncieHust GpopMupar
OCHOBaTa Ha JUTHTAJHOTO >KMBOTHOBBACTBO, THhi KaTo Bce IMOBEYE CE BBHBEKAAT B
MIIeKOTIpon3BoAcTBOTO. ChOupaneTo Ha gaHHM OT loT ceH30pM M TAXHOTO ChXpaHEHHE B
WHPOPMAIMOHHHS O0JaK MO3BOJIABA H3MOJ3BAaHETO HAa METONU 3a MAIlMHHO OOy4yeHue 3a
MPOTHO3MpaHEe Ha CHOUTHS B )KUBOTHOBBAHU (epMu. ML ce xapakTepusupa cbC CBOSI HEIOCTHUT
32 M3UMCIIUTEIHNA PECYPCU BbB BCHUKUTE MY (ha3u, KOUTO MOrar J1a ObJaT pelieH: ¢ OMOIITa Ha
oOmaynn wu3umcienusi. CoOpanure manHu oT loT ycTpoiicTBa H3HCKBAT MOYHCTBAHE U
Mamabupane. M3rpaxkaaneTo Ha Mozaed M3UCKBa OOydeHHe, TeCTBaHE W BaluaupaHe. Beuuku
Te3Uu IeHHOCTH TPpsAOBa Aa ce M3BBPIIBAT B ONpPEEIeHa OCIEA0BATEIHOCT.

Lenta Ha Ta3u CTAaTHs € 1A CE U3TPAAAT MOJIEINN, 00YUEHH J1a IPOTHO3UPAT OBACIIOTO KOIUIECTBO
MIIIKO C HaW-TONIsiMa TOYHOCT 3a BCSIKO OTHENHO XMBOTHO. 3a IOCTUTAHETO Ha Ta3u el €
ce3panen uuct Azure Cloud DataFlow (ADF), koiito crieam mpouecute OT chOMpaHe U
cpxpaHsBane Ha [oT manHu, mpe3 o0paboTKa HA AaHHH, MOJCIHMpAHE W OLEHKAa Ha MOAeIa 10
BU3yanu3anus Ha pesynratute. Ciiea TO3U MOTOK OT JaHHH C€ W3BBPLIBAT EKCIICPUMEHTAIHUTE
W3CIeBaHus, ONMCAaHN B Ta3W cTaTus. Tpu Mojena Ha perpecCHOHHO MAalIMHHO oOyueHue Osixa
o0yyeHH ¢ JaHHUTE, CBHOpaHHM OT ¢epMa 3a HHTEIUTCHTHH >XHUBOTHH. TecTBaHETO Ha
pa3paboTeHnTe MOJENU A0Ka3a NpUiIoKkuMocTTa Ha paspadorenus: Cloud DataFlow, Teii kato
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Boosted Decision Tree Regression Model noka3pa Hali-BHCOKa TOYHOCT IPH MIPOTHO3HPAHE HA
KOJINUECTBOTO MIISIKO, TPOM3BENEHO OT BCAKO OTAEITHO KHUBOTHO.

I'-8. K. Dineva, T. Atanasova ,,Analysis Of Dairy Cow Behavioral Patterns Using A
Combination Of Jot Data And Signal Processing Techniques” 23nd Int. Scientific
Multidisciplinary Conf. on Earth and Planetary Sciences SGEM 2023, 3-9 July, 2023, Vol. 23
(6.1) 121-128

SJR:0.123 (Scopus)

ISSN 1314-2704
ISBN 978-619-7603-61-3
DOI: 10.5593/sgem2023/6.1/s25.14

Abstract

This article presents a study focused on animal activity recognition using a combination of IoT
devices and signal processing techniques. The study involves collecting data from IoT devices
placed on the cow's neck, which are equipped with an accelerometer and gyroscope, along with
a synchronized video camera. The objective is to accurately recognize and classify four key
activities exhibited by the COW.
To prepare the collected signals for analysis, various signal processing techniques are applied.
This includes essential pre-processing steps to clean the data, such as noise removal and filtering,
ensuring reliable and accurate activity recognition. Additionally, feature extraction processes are
performed to enhance the accuracy and precision of behavioral models. The study also examines
the boundaries and allowable variations for each specific cow movement. Furthermore,
dimensionality reduction techniques are applied to reduce the complexity of the data.
This study aims to develop an approach to analyze the behavior patterns of cows using IoT
devices. The results contribute not only to our understanding of cow behavior but also hold
potential implications for livestock management, health monitoring, and precision agriculture.
This research paves the way for further exploration and development in the field of animal
behavior studies, ultimately leading to improved welfare and productivity in livestock
management practices.

AbcTpakT

Tas3u cratust mpeacTassi NpoyuBaHe, POKycHpaHO BBPXY pa3lO3HABAHETO Ha aKTHBHOCTTA Ha
JKUBOTHHTE, M3M0M3Baliku komOuHauwms ot loT ycTpoiicTBa 1 TeXxHUKH 32 00padOTKa Ha CUTHAIIH.
[IpoyuBaneTo BkIt04UBa chOUpane Ha gaHHH OT [oT ycTpolicTBa, mocTaBeHH Ha BpaTa Ha KpaBaTa,
KOMTO ca o00OpyIBaHM C aKceJIepOMETbP W JKMUPOCKON, 3a€AHO ChC CHHXPOHHM3MPAHA
Bueokamepa. Llenra e TouHO 1a ce pas3mo3HaAT U KIacHu(pUIUpaT YETHPH KIIOUOBH JIEHHOCTH,
MPOSIBSIBAHU OT KpaBaTa.

3a ma ce MOATOTBAT CHOpPaHWUTE CHUTHAIM 3a aHAIW3, Ce MpUIaraT pa3iuyHU TEXHUKU 32
00paboTka Ha curHanyd. ToBa BKJIIOYBA OCHOBHM CTBIIKH 3a INpeaBapuTenHa oOpaboTka 3a
MOYKMCTBAaHE HAa JaHHUTE, KaTO MpeMaxBaHe Ha IIyMa U (QuiITpupane, OCUTYPSBANKU HaJSKIHO
W TOYHO pa3no3HaBaHe Ha akTHMBHOCTTa. OCBEH TOBa Ce U3BBPIIBAT MPOLECH 3a U3BIMYAHE HA
XapaKTEePUCTUKH, 33 Ja c€ NOAOOpPH TOYHOCTTA M MPEIHM3HOCTTA HAa MOBEICHYECKUTE MOJACIH.
[Ipoy4BaneTo chIO Taka U3CieABa TPAHULINTE U JOMYCTUMUTE BapUalllU 33 BCSIKO KOHKPETHO
IBIKEHHE Ha KpaBara. OCBEH TOBa ce IpWIaraT TeXHUKH 32 HamMaJisiBaHE Ha Pa3MEpPHOCTTa, 32
Jla ce HaMaJIu CJIOKHOCTTA Ha TaHHHTE.

ToBa mpoyuBaHe nMa 3a Iiell 1a pa3padOoTH MOAXOJ 3a aHAJIU3 Ha MOJCIHUTE Ha NMOBEACHUE Ha
Kpasw, nznonsBamu loT ycrpoiictBa. Pesynarature nompuHacsT He caMo 3a HalIeTo pa3dupaHe
3a TIOBEICHUETO Ha KPaBHUTE, HO CHIIO TaKa MMaT MOTEHIMAIHHU ITOCIEANIH 32 YIIPAaBICHUETO Ha
JIOOUTBHKA, MOHUTOPHHIA HA 3[PaBETO M MPELU3HOTO 3eMezenre. ToBa u3cienBaHe MPONpaBs
I'BTS 3a MO-HATATBIIHO MPOYYBAaHE W pa3BUTHE B 00JacTTa Ha M3CIEABAHUATA HA TOBEJICHUETO
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Ha KMBOTHHUTC, KOCTO B KpaﬁHa CMCTKa BOJIH A0 HO,I[06p$IBaHC Ha XYMAaHHOTO OTHOILICHHC U
MPOU3BOAUTCIIHOCTTA B ITPAKTUKHUTEC 3a YIIPABJIICHUC HA ):[O6I/IT’BK3,.
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This paper focuses on recognizing the activity of dairy cows using a non-invasive approach that
monitors four key behaviors: licking, feeding, standing, and lying. The study used IoT devices with
accelerometers and gyroscopes attached to the cow's neck to continuously monitor its movements. The
data collection process aimed to capture the dynamic and static nature of dairy cow behaviors, providing
a valuable data set for subsequent analysis. To efficiently process the raw data, we analyzed it and then
used long short-term memory (LSTM) neural networks, a type of recurrent neural network (RNN)
suitable for sequential data processing. The LSTM model was trained on the collected sensor data to
recognize and classify the four target activities. The model achieved an accuracy of 96%, indicating its
robust ability to accurately identify dairy cow activity. Furthermore, the model consistently maintained
a low loss value hovering around 0.25, demonstrating its generalization and predictive performance.
This research has important implications for dairy production and animal welfare. Accurate real-time
recognition of dairy cow activities can help improve farm management practices, enabling timely
interventions when needed.

AbcTpakT

To3u goKkyMeHT ce QokycHpa BbpXy pa3lo3HaBaHETO HA AKTUBHOCTTA HA MJICYHHUTE KPAaBH C TOMOIITA
Ha HEWHBA3WBEH IOAXOA, KOWTO HaOMIoJaBa YETHUPU KIIOYOBU IOBEIEHHS: OOJIM3BaHE, XpaHEHE,
ctoeHe W JexaHe. IIpoyuBanero mn3nmomsBa loT ycTpoiicTBa ¢ aKkcenepoMETpU U KUPOCKOIH,
MPUKpENeHN KbM BpaTa Ha KpaBara, 3a HeIPeKbCHATO HAaOM0ACHNE HA HelHuTe BrkeHus. [IpouecsT
Ha chOMpaHe Ha JaHHU MMaIle 3a Lell 1a YJIOBU TMHAMUYHUS U CTAaTHYCH XapaKTep Ha MOBEICHUETO Ha
MJICYHHUTE KPaBH, MPEIOCTaBSIHKN IIeHEH Ha0Op OT JaHHM 3a MOocJelBall aHajuu3. 3a aa o0padoThM
eeKTUBHO HEOOpaOOTEeHHTE AAHHHW, HWE TM aHAIM3UPAaxXMe M cJell TOBAa M3IMOJ3BaXMe HEBPOHHU
MpexHu C nabiara kparkocpouHa mnamer (LSTM), tum moBrapsma ce HeBpoHHa Mpexka (RNN),
MOJXO0dIIa 3a nocjenosaresiHa oopadorka Ha nanau. MonensT LSTM OGemie oOyueH Ha chOpaHuTe
CEH30PHU JIaHHH, 32 J]a Pa3MO3HAasT U KiacuQUIUpaT YeTUPUTE LeNIeBU JeiHOCTH. MOJEenbT IOCTUTHA
TOYHOCT 0T 96%, KOeTO MmoKa3Ba CTa0MIIHATa My CIHOCOOHOCT A3 MACHTU(HUIHNPA TOYHO aKTHBHOCTTA
Ha MiIeyHUTE KpaBU. OCBEH TOBA, MOJEIBT MOCTOSIHHO MOJAbPKa HUCKA CTOMHOCT HA TPELIKHU, KOSITO
ce aBwkHU okoio 0,25, neMoHCTpUpaliKu HeroBaTa reHepaju3aurs 1 MpOorHO3Ha eeKTUBHOCT. ToBa
W3CIIEIBAHE CHIbpPKA BaXXKHU NMPO3PEHMS 3a MIIEKONPOMU3BOJACTBOTO M XYMAaHHOTO OTHOLIEHHE KBM
JKUBOTHUTE. TOYHOTO paslo3HaBaHE B PEaHO BpeME Ha JEHHOCTUTE Ha MIICYHUTE KpaBU MOXKE Ja
MOMOTHE 3a MNOJOOpsABaHE Ha TMPAKTUKUTE 32 YNpaBlieHHEe Ha CTOMAHCTBOTO, IO3BOJISIBAMKH
HaBPEMEHHU MHTEPBEHIINHU, KOTaTo € He00X0AUMO.

I'-10. Atanasova, T., Dineva, K.,Muchanova, V.; ““Cognitive Decision Support System in loT
Applications”. WSEAS Transactions on Computer Research, 13, WSEAS Press, 2025, 85-91
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Abstract
The value of data from [oT systems can only be realized when intelligence is applied. There is
a need to bring intelligence to data using predictive and cognitive analytics by leveraging
machine self-learning and the ability to propose solutions with minimal human intervention. A
cognitive system is a technology that emulates human-like abilities to process data and learn
from it. Cognitive computing technologies, in combination with data produced by connected
devices and their actions, allow the design of Cognitive [oT (CloT). This paper proposes
processing complex data sets in CloT, including structured and unstructured data. With
machine learning techniques, cognitive loT systems gather data from multiple sources and
provide decision support with accurate classifications and predictions for various phenomena.
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AbcTpakT

CroitHocTTa Ha naHHuTe OoT loT cucreMuTe MOXe fa ce peannu3upa camo KOoraTo ce mpuiiara
MHTEJIUIeHTHOCT. ViMa HyXJa OT BHACsiHE HAa MHTEJIMICHTHOCT B JAHHWUTE C IOMOLITA Ha
Ipe/JCKa3Balll M KOTHUTUBEH AaHaJM3 4Ype3 H3IO0J3BaHE Ha MAIIMHHO CaMOOOydyeHHE U
CIOCOOHOCTTA Jia ce IpeJylaraT pelleHus ¢ MUHUMalHa 4YoBellka Hameca. KorHuTuBHaTa
cucTeMa € TEeXHOJIOTHS, KOSITO eMyJIMpa YOBELIKU CIIOCOOHOCTH 3a 00pabOTKa Ha JaHHH U
ydyeHe OT TAX. KOTHUTHBHUTE KOMMIOTBPHM TEXHOJOIMHM, B KOMOMHAIUS C JaHHH,
MIPOM3BEACHU OT CBBbP3aHU YCTPOMCTBA M TEXHUTE JEHCTBHS, MI03BOJISIBAT MIPOCKTUPAHETO HA
koruuTuBHUA uHTepHeT Ha Hemlata (CloT). To3u noxkymeHT npeanara o0padoTKa Ha CI0XKHU
Habopu ot manHu B CloT, BKJIIOUMTENHO CTPYKTYpUPAaHU U HECTPYKTypHpaHu aaHHU. C
TEXHUKHU 32 MAIIMHHO 0OydeHnue koruutuBHUTE 0T cuctemu crbupat JaHHU OT MHOXKECTBO
M3TOYHHUIIM M OCUTYpSABAT IOJKpena 3a B3€MaHE Ha pEIIeHUS C TOYHHU Kiacupukauuu u
MIPOTHO3M 3a Pa3IMYHU SBJICHHUA.

I'0-1. Dineva K., Atanasova T., Petrov P., Parvanov D., Mateeva G., Kostadinov G. ,,Towards CPS/IoT
System for Livestock Smart Farm Monitoring®. (2021), International Conference Automatics and
Informatics (ICAI), IEEE, 2021, 252-255
Scopus
ISSN:978-1-6654-2661-9
https://doi.org/10.1109/ICA152893.2021.9639460

Abstract

Cyber-physical systems (CPS) represent an information technology notion that involves the
incorporation of computing properties into physical objects of all kinds, biological or artificial. These
systems are called to free up human resources, increase modern production efficiency and be of great
help in improving the quality of production. Sensors built into agricultural equipment, located on
pastures or attached to farm animals, monitor certain parameters and send data for storage and
processing. This is done to optimize decision-making processes with the help of machine learning
software that can analyze large amounts of data and optimize processes in real time. The paper proposes
CPS system for monitoring the environment, health, growth, behavior, reproduction, emotions and stress
of animals, as well as GPS marking for tracking and counting animals using IoT devices. The system
collects heterogeneous data from various sensors and communication modules and provides modelling
of processes and phenomena with managing of large volumes of data and application of mathematical
and computational tools in AWS Cloud.

AbcTpakT

Kubepdpusnunure cucremu (CPS) mpeacraBisBaT maes 3a MH)OPMAIMOHHHW TEXHOJOTHH, KOSTO
BKJIIOYBA BKJIIOUYBAHETO HA W3YMCIMTEIHU CBOWCTBA BBB (PU3MYECKH OOEKTH OT BCSKAKbB BHI,
OMONOTMYHY MJIH U3KYCTBEHHU. Te31 CUCTEMH UMaT 32 [eJT 1a OCBOOOAAT YOBEIIKU PECYPCH, Aa TOBHUILIAT
e(eKTUBHOCTTa Ha CHBPEMEHHOTO MPOM3BOJACTBO M Ja OBAAT OT roisiMa Ioi3a 3a MoJoOpsiBaHe Ha
KauecTBOTO Ha Mpoaykuusara. CeH30pH, BIPaJieHu B CEJICKOCTONAHCKA TEXHMKA, Pa3lOJIOKEHH Ha
Macullla WM TPUKPENEHH KbM CEJICKOCTONAHCKH >KMBOTHH, CIEAST OINpPENCIEHH MapaMeTpu U
W3MpallaT JaHHU 32 ChbXpaHeHHe u oOpaboTka. ToBa ce mpaBu, 3a 1a ce ONTHMHU3UPAT MPOLECUTE Ha
B3€MaHe Ha PELICHHUs C IMOMOIITa Ha cOPTyep 3a MAIIMHHO OOy4YeHHE, KOMTO MOXE Aa aHalu3Hupa
rojeMH KOJMYECTBa JaHHU U Ja ONTHMH3Mpa Ipolecute B peanHo Bpeme. Crarusara npemiara CPS
cucTema 3a HaOJIoIeHUE Ha OKOJIHATa cpejia, 3APaBEeTO, pacTexa, MOBEICHUETO, BB3IIPOH3BOJACTBOTO,
EeMOLIMHUTE U CcTpeca Ha XHUBOTHUTE, KakTo U GPS mapkupane 3a mpociensBane u npeOposiBaHe Ha
>kuBOTHH ¢ iomoura Ha [oT ycrpoiictBa. Cucremara cb0upa pa3sHOPOAHHU JaHHU OT Pa3IMIHUA CEH30pH
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Y KOMyHHMKallMOHHU MOJYJIM M OCUTYPsiBa MOJIEIIMpaHe Ha MIPOLIECH U SBJICHUS C yIIPaBICHHE HA FOJIEMU
o0eMH OT JaHHH W MpUJIaraHe Ha MaTeMaTHUECKH U U3unucauTenHu nHeTpyMenTd B AWS Cloud.

I'0-2. K. Dineva, T. Atanasova, T. Balabanov and D. Parvanov, "How to Process, Model and Apply
Heterogeneous Data Obtained from the IoT" 2023 International Conference on Engineering and
Emerging Technologies (ICEET), Istanbul, Turkiye, 2023, pp. 1-6
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Abstract

Now, IoT systems generate massive amounts of data in diverse formats and shapes. Integrating
information flows is essential for scientific, technical, and business practices. However, processing and
using data in different formats and forms requires appropriate competencies, making it difficult to
organize the entire process to achieve sustainable and reproducible results. Heterogeneity is one of the
main characteristics of the data obtained from IoT systems, and this is the main reason for the problems
arising in many cases of data analysis and application. This paper presents a systematized end-to-end
methodology for processing, modelling and implementing heterogeneous data obtained from IloT
devices. A general conceptual scheme of its development is offered. The theoretical-methodological
framework is described and explained in detail as phases, grouped into four main stages. The pipelines
are built by defining the stages, which show the necessary actions for each step. A systematized end-
to-end methodology can be applied in different areas where IoT systems are used. The proposed end-
to-end workflow is realized in the AWS cloud Serverless environment as a pipeline.

AbcTpakT

Cera IoT cucremurte reHepupar OrpOMHH KOJIMYECTBA JaHHH B pazaudyHu Gopmatu. MHTErprpaneTo
Ha MH(OPMAIMOHHU TOTOIM € OT CHIIECTBEHO 3HAUCHHE 332 HAYYHUTE, TCXHUYCCKUTE U OHM3HEC
npakTukuTe. OOpaboTKaTa M U3MOJI3BAHETO HA TAHHU B pa3uuHu hopMaTH 00aue H3UCKBA ITOIXO SN
KOMIICTEHIINH, KOCTO 3aTpyIHsIBA OPraHU3UPAHETO Ha IIEJIUS MPOIEC 32 MOCTUTAaHEe HAa YCTOWYUBH U
MOBTOPHO BB3MPOHM3BOIUMHU PE3YJITATH. XETEPOreHHOCTTA € €Ha OT OCHOBHHUTE XapaKTCPHCTHKU Ha
nanHuTe, noinydeHu ot loT cucremu, u TOBa € OCHOBHATAa NMPUYMHA 33 MPOOJIEMUTE, BH3HUKBALIM B
MHOTO Cilydyad TIpH aHaIW3 W TPWIOKECHHE Ha Te3W JaHHU. TO3M JOKYMEHT TpEICTaBs
CHCTeMaTH3MpaHa METOIOJIOTHS OT Kpal N0 Kpail 3a o0paboTka, MOAeNHMpaHe M BHEIpSBaHE Ha
XeTeporeHHu jaaHHu, noinydeHu ot loT ycrpoiicta. IIpenmara ce o0ma KoHLENTyanlHa cxema Ha
HETOBOTO pa3BUTHE. TEOpETHKO-METOA0IIOTHYECKaTa paMKa € OIHCaHa M Pa3sCHeHa MOAPOOHO KaTo
(a3u, rpynupaHd B YETUPU OCHOBHH eTama. TpbOOmpoBOIUTE ca M3rPaJcHU 4pe3 AeHHUpAHE Ha
eTanu, KOUTO NOKa3BaT HEOOXOAUMHUTE JICHCTBYS 3a BCsKA CThIIKA. [IpeioskeHaTa cucteMaTiu3npaHa
METOJIOJIOTHSI OT Kpaii 10 Kpaik MOXKe Ja ce MPHJIOKHU B Pa3In4HU 00JIacTH, KbIETO ce u3mon3Bat [oT
cucremu. [IpencraBeHusT paboTeH npolec € peanu3upan B odsaunara cpega Ha AWS Serverless kato
HanTUIaiH.

I'0-3. Danev, V., Atanasova, T., Dineva, K., Blagoev, I., Petrov, P., Markov, N., Hristov, M.,
Stoycheva, S., Mondeshka, L., Valova, 1., Valov, N., Mladenova, Ts. ,,Multisensor System for
Measuring Air Components in Intelligent Animal Husbandry*. 2024 9th International Conference on
Energy Efficiency and Agricultural Engineering (EE&AE) 27-29 June 2024, IEEE, 2024
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Modern animal husbandry prioritizes efficiency, but its consequences include animal welfare concerns,
environmental pollution, and health impacts. Sensors play a crucial role in intelligent animal husbandry;
they collect data from various aspects of the livestock and can detect various pollutants in the air. Most
research in the field relies on standard sensor devices collecting data for individual parameters.
Designing an affordable, easy-to-install multisensor device allows farmers to better monitor animal
health and make better-informed decisions to manage their farms. In this paper a multisensor system
for air quality measuring is proposed. The developed system is low cost, and it is based on open-source
software. The data collected by the system will help to monitor and improve the environment in which
the animals are kept.

AbcTpakT

CBBpPEMEHHOTO KUBOTHOBB/ICTBO J1aBa IIPHOPUTET HA KOJIMYECTBATA MPOIYKLUS, HO MOCICAUIIUTE OT
Hesl BKIIIOYBAT OITACCHUS 3a HapylllaBaHe Ha XyMaHHOTO OTHOIICHHWE KbM KHBOTHHTE, 3aMbPCSBAHE Ha
OKOJIHaTa cpena ¥ BB3JCUCTBHE BBPXY 3apaBero. CEH30pUTE WrpasT pellaBama pojs B
MHTEIIUTCHTHOTO JKUBOTHOBBACTBO. Upe3 TAX ce ChOMpAT TaHHU 33 Pa3IMYHU aCIEKTH HA TOOMTHKA U
MOraT Ja ce OTKPHAT Pa3IM4YHU 3aMBPCUTENIN BBB Bb3ayxa. [loBedeTo m3cienBaHusi B 0o0O1acTTa
pa3uMTaT Ha CTaHJAPTHU CEH30PHU YCTPOMCTBA, CHOMpAIIM [aHHH 3a OTICIHU IapaMeTpH.
[TpoekTrpaHeTo Ha JOCTBIIHO, JICCHO 33 MHCTAJHPaHE MYJITHCCH30PHO YCTPOMCTBO IO3BOJISIBA HA
(bepmepuTe Aa crOMpPAT MOBEYE M Pa3HOOOpPA3HH BaKHH MapaMEeTPH M Ja HaOJII0AaBaT MO-MPEIH3HO
3[]paBeTO Ha )KUBOTHHTE, CIICAOBATEIIHO U Ja B3eMar 1o-100pe HHGOPMUPaHH PEIICHUS 32 YIIPaBICHHAE
Ha cBoute (hepmu. B Ta3u craTus ce mpeaniara MyJaTHCEH30pHA CHCTEMA 32 M3MEPBaHE Ha Ka4eCTBOTO
Ha BB3Ayxa. PazpaboreHara cucrema € ¢ HHCKa IIeHa W ¢ 0a3upaHa Ha codTyep ¢ OTBOPEH KOJI.
CopOpaHuTE OT CHCTEMaTa IaHHU LI TIOMOTHAT 33 HaOJIF0ICHHE U MTOJ00psIBaHe Ha cpeaara, B KOsTO ce
OTIJICKIAT KUBOTHHTE.
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