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!c cTAHOBXI{E
Bbpxy At4cepraq14oHeH rpyA

aa npr4o6reaue Ha o6paaoaarenHa h HayqHa creneu "4oxrop"
ABTop Ha Ahcepra L{hoHH r4F TpyA: Mar. xHx. HrKep Arraxoa f,xog

a Ha AhcepraqhoHHrn rpyA: ,,l,lrcaegeaxe Ha Br3MoxHocrrre sa parpa6orBaHe Ha

Hacronqara peqeH3hs e h3rorBeHa B KaqecrBoro Mh Ha q.[eH Ha HayqHo xyph,
Ha3HaqeHo c'uc 3anoeeg N9 OIH-S.3-11/29.O2.2024 r. Ha PeKropa xa Texurlqecxr
yn reepcrrer-CoQnn r nporoxon or n'bpBo 3aceAaHhe Ha HayqHoro xypl4 or 12.O3.2024 r.

1. Axryaanocr xa paapa6oreaxhn B Axcepraq,hoHHrn rpyA npo6aervr B HayqHo x HayqHo-
np}l,loxHo oTHouteH1,|e

llpe4craeexunr AhcepraqhoHeH rpyA e HacoqeH KbM h3c,rreABaHe Ha At4ruTanv3a\AAra
h aBroMaTh3aq[nTa B opaHxepu xoro 3eMeAenhe B cboTBeTcrBhe c napaAhrMaTa Ha

l4x4ycrpnn 4.0. C'uapemexHoro pa3Bnrhe Ha ceH3ophre 3a h3MepBaHe h cpeAcrBara 3a

HHAycrphanHa xoMyHhKaqhn, 14HTepHer Ha Heu{ara (loT) ra r:xycraex nxrenexr (Al)
n03BonnBar r3rpaxAaHe Ha yMHr,t (a eronnarrsu pa ura) opaxxepnr c B'b3Mo)r{Hocr 3a
npeBaHThBHrl 4eicrarn B 3aBrchMocr or RoHKperHh ycnoBvt+ r Qaxropure Ha oxonHara
cpeAa. CncreMhre 3a aBToMarh3aLlhF Ha opaHx{ephh no3Bo,nrBar 4a ce nogo6pr,t
eQexrraxocna npu npoh3BoAcrBoro h Aa ce noBhnJh KaqecrBoro Ha Kyrryphre. OT Apyra
cTpaHa onpeAerrHeTo Ha onThManHo HhBo Ha aBToMaTh3aqHg h r4HTerphpaHeTo Ha

pasnoo6pa:ur rexHo,nor h B yMHh opaHlRephh nocraBfl MHox<ecrBo n peAh3BhKarencrsa h

h3hcxBa BH!4MareneH aHa,nh3. AhcepraqhoHHhBT TpyA ce Qoxycrpa Bbpxy t43creABaHe Ha

Bb3MO)l{HOCrhre 3a Cb3AaBaHe Ha hHTerphpaHa chcTeMa oT opaHH{ephh, h3no.r3Baula
nphHu,hnhre na hH4ycrprn 4.0, KoflTo Ma 3a qen Aa noBhtuh oneparrBHara e$exrneHocr,
KaqecrBoro r ycroIvreocrra Ha chcreMara qpe3 o6meH Ha rH$oprvraqun anex4y
opaHxeph Te n Aa onrnMustlpa B3eMaHero Ha peuJeHhfl, pa3npeAeneHheTo Ha pecypchre h

HaMarflBaHero Ha phcxa B cencxocrona Hcxhre npaKrl4Kh. B'ue ep'uaxa c $oprvryara panara qen
Ha AhceprallhoHH n rpyA h Ha 6asara Ha aHa.nh3 Ha rexyuloro clcrof,Hhe ua npo6lenaxara
o6lacr ca Qoprvryrr,rpanr RoHKpeTHh 3aAaqh 3a nocrhraHe Ha nocraBeHara qen.
Onpe4ennxero Ha Llenra ta 3aAaqhre Ha AhcepraqhoHHrin TpyA ca o6ocnoaanh or aBTopa
l{opeKrHo ,1 143'{epnaren Ho.

2. Crenex Ha no3HaBaHe cbcyonHrero xa npo6aerua H TBopt{ecKa xHTepnperaq,uf, Ha

,hTeparypHxa MaTepua,

llrcepra qroxx r,rFT TpyA o6xaaqa reMarhKa, Koaro BK.nor{Ba xeo6xogrrvrocr or
no3HaBaHe ua oco6esocrrre Ha npeAMeruara o6nacr, cBbp3aHa c aBToMarh3aqhn Ha

ua6ao4ennero h HoHrpona h npeBeHqhff a opaxxepniuoro npoh3soAcrBo. Hanpaaeurnr
nl4TeparypeH o6sop can4erelcrBa 3a no3HaBaHero Ha npeAMerHara o6lacr or crpaHa Ha

AoxropaHra. 5ra6r rorpaScxara cnpasxa c'bAbpx{a o6qo 92 h3ToqHhxa Ha asrnu cxr esnx.
l-lhrhpaHhre ,taTeparypHh h3ToqHhu,r4, Ha Kohro e 6a:rpau nhreparypHhR aHann3,
o6xaauqar HayqHh h3cneABaHnA A crarvt I HayqHh [3AaHhfl H Mer{AyHapoAH}4
xoxSepeHqrr, Karo eAHa rpera or rnx ca ny6arxyBaHh B nocreAHxre 5 roAhHh. ToBa
cB[AerercrBa aa 4o6po no3HaBaHe Ha npo6aennarrKara h cbBpeMeHHhre nocrhxeHhFTa B

o6aacrra or crpaHa Ha AoxropaHra.
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3. CborBercroxe Ha r36paHara MeroAuxa Ha h3cneABaHe c nocraBeHara qer h 3aAaqh Ha

AxcepraqxoHHxn rpyA

l4s6paxara MeroAhKa 3a npoBe*(AaHe Ha HafrHhre A3cneABaHAA ce 6aanpa na

cpaBHhreneH aHaAV3 Ha oco6enoctrre h pa3,nhL{Hhre acneKT Ha pa3rnexAaHara

TeMarhqHa o6nacr, na ocHoBara ua xofiro e HanpaBeH o6ocxosax na6op xa MeroAh h
cpeAcrBa 3a peuaBaHe Ha nocraBeHhre 3aAaqh xa 6agara Ha apryMeHrrpau ra6op,
TeoperhqHa o6ocHoexa h excnep[MeHTanHa olleHKa Ha B-b3MoxHocrr4Te 3a h3non3BaHero
hM. MeroAhqecxh Ahcepra qhoHH r4f,r rpyA e aAekBareH no orHolxeHre ua r:6pauara r
nph,nox{eHa MeToAhHa Ha npoBe}HAaHe Ha HayqH Te h3c.neABaHhF.

4, HayqHx ufuau xaytuottplnoxHH npr,rHoch Ha AhcepraqhoHHxn rpyA

npr4Hocx, nocrhrHarh B pe3ynrar Ha h3B-bpuJeHhre HayqHh v3cAeABaHVA ttirorar 4a 6tgar
o6o6qeur KaKTo creABa:
r HaY'{ H 14 nP Hocl',:

- npeAnoxeHa e crparerrs 3a HoHTpol Ha H.flhMara B opaHxephl4 Ha 6a3ara Ha

MOAenHO npeACRa3BaqO ynpaBneHhe, Korro n03Bo.nflBa Aa ce MhHhMh3rpaT

o6qure pasxo4h 3a eHeprhn h Aa ce noBhr.lJh n poh3BoAhre, Hocrra Ha chcreMara
6e: Qra:nuecxra npoMeHh B c-bqecrByBaqara rH$pacrpyxrypa;

r HayqHo-npxroxHh n pl4 Hocri:

- npeAnox(eH e noAxoA:a n4eurr$rqrpaxe ua ueo6xoAr4Mocrra or aBToMarh3aqhn h

geQuxr,rpaHe Ha onrhMarHo HhBo 3a aBroMarh3!4paHa cficreMa 3a opaHxeprx c

npenopbxr 3a qn,nocrHa apxhreKrypa hHTerprpaqa na6op or pa3AV,rHA rexHororhh;
- npegoxeHh ca aAanrhpaHh MeroAo.norhh Agile u Kaizen sa hreparhBHo

paepa6oraaxe, HenpeK'bcHaro ycbBbpueHcrBaxe r e$exrreHo peuiaBaHe Ha

npo6nerur npx npoeKThpare r paepa6orBaHe Ha aBToMa*'r3hpaHa cvcreMa 3a

opaHlKep h;
r nphnoxH14 npr| Hocl4:

- npeAnoxeHa e chcTeMa 3a cBbp3BaHe Ha aBToMaTh3r4paHh opaHxep[A, Koqro
no3Bo,nflBa cb3AaBaHe Ha Mpexa oT aBToMaTh3hpaHh opaHxephh, KoMyHr4Khpaul

noMexAy crl;
- npeArox{eHh ca npaKThqecKh peuJeHhF 3a npeoAorFBaHe Ha n peAh3Bh KaTencTBa

np!4 nphnaraHero Ha aBroMar 3 paH KoHTpon 3a opaHxep[, ria 6asara Ha MoAe,nHo

n peAcKa3Ea u.lo ynpaBneH14e;

- [srpaAeH e nporor[n Ha chcreMa :a c'u6rpaue, o6pa6oraaxe h aHa.n 3fipaHe Ha

r,rx$opruaqun c qen no4o6pnBaHe Ha n poh3BoAhre, Hocrra h npoAyxThBHocrra Ha

a rpa pH14 npeAnphsTl4F.

flpruocnre Morar Aa ce orHecar K'bM Karerophr4re o6orarnaaue Ha c'bulecrByBaulo
HayqHo 3HaH e, KaRTO l,'t c'b3AaBaHe Ha HoBr,l ra nao4r,r$ra qr.rpa xe Ha clqecTByBaulh MeToAh,

noAxoAr,r, MoAenh A atfopArM|,,. 3a peuaBaHe Ha nocTaBeH Te B AhcepTaLlhoHHr4s rpyA
3aAaqh.

5. npeqeHKa xa ny6auxaqnure no AxcepraqxoHHlrn ypyA

flonyveHrre or aBTopa pe3yrrarh or Ahcepra qLioH Horo r43cneABaHe ca ny6rttxyoaxr e

5 xayvxr,r ctatnn. Tpu or crarh,4re ca AoKnaABaHh Ha MelKAyHapoAHh Hay'.tHh

xouQepeHqrar,r, npoBeAeHu a 6'uaraprr (XXX lnternational Scientific Symposium Metrology
and Metrology Assurance, Co:onor, 2020, XVlll International Conference ,,Challenges in

Higher Education and Research in the 21st Century", Co3ono^, 2027; lY International
Conference on High Technology for Sustainable Development, Co$r,rn, 2021). flpyrr,rre 4ee
crarrr ca ny6nrxyaaHr o [ogrunnx Ha ry-Co$r4e.
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fly6rrxaqrnre ca HanpaBeH14 B nephoAa 2020-2024 toAAHa A noKphBar reMartaKara Ha

npeAcraBeHara AhceprallhoHHa pa6ora Karo orpa3aBar ocHoBHrire nocr rHarh pe3ynrarn u
npl4Hocr4. Bclz,trtr crarvl ca na aurarficxr e3vl* n ca ny6lrxyeaxr B c'baBropcreo c HayqHhre
pbKoBoAhrenh Ha AoKTopaHTa, Karo h B nerre crarhh AoKTopaHra e n'bpBr4 aerop. Hnana

AaHHt,t 3a ga6enngaur q!4ThpaH F Ha ny6lnxaqrrre.

6. Mxexrn, npenopbKx I 6erexxt
Ktna npe4craeeuhn AhcepraqhoHeH TpyA hMaM cneAHhre aa6erexxr:

- n'bpeara rnaBa, cbAbpxaqa o63op A a+anv3 Ha c'bBpeMeHH[ pe[ueHr4n e c rBbpAe
rornm o6em B cpaBHeHhe c Apyr re Tph rnaBh;
- ,hncBaT ocHoBHl4 h3BoAh K-bM BCflKa OT r.naEhTe B AhCepTaLlhoHHhs TpyA;
- n|,4.ncBa FcHo pa3rpaH qaBaHe Ha aBTopcKhTe npeAnoxeHhR h cpaBHeHl4e cbc
cbu{ecrByBau.lh peueHhfl ;

- He ca nocoqeHr,l pe$epeHqhh KbM h3Tor{Hl4K 3a Hnxoh or $r,rryprre n ta6nn4nte, xov;o
He ca a BropcRt4;

- Snryprare, rpa$rxrre A Ta6Ara\Are xe ca pe$eprpaHta a rexcra;
- nl",.ncBa HoMephpaHe Ha ypaBHeHhETa, [3nor38aHh B TeKcTa Ha AhCepTaLlhETa;
- AonycHarh ca HFKor4 Hero'.rHocrl4 npn 6n6nv'orpa$cKoro onhcaH e Ha ny6nhKaqhhre no

Ar4cepra qr4oHH hn rpyA, KaKro h Ha HrKoh or LlhrhpaHhre h3ToqHhtll4 e 6n6nuorpa$uata;
- B A CepraquoHHh, rpyA hMa repMhHt4 Ha a{tr|Ailc\A e3hK, 3a HohTo He e npeAocraBeH
npeBoA;

- B TeRCTa hMa HtKOl4 Crl,i.rOBA h TeXHh'lecKh rpeuiKh.
B'unpexr HanpaBeHhre 3a6enexKh npeAcraBeHtarr AhcepraqhoHeH rpyA cBuAerercrBa

3a Ao6po 3ano3HaBaHe Ha aBTopa c npeAMeTHara o6nacT, noHa3Ba ro,neMr4f, o6eM h
3aAbn6oqeHocr Ha 3creABaHhflTa 14 AaBa Bb3MolxHocr 3a pa3Bhrhero hM h npakrhqecKoro
hM h3no,n3BaHe. flpenop'bKr/Te Mh xbM AoKropaHTa ca Aa npoAlnxh HayqHl,4re ch
h3cneABaHhe no TeMara Ha AhcepTaqhoHHhfl TpyA h Aa Hacoqh yc|,/.n[nTa ch KbM

EHeAptBaHe Ha nory'reHhTe pe3ynTaTr B npaKThKaTa c qen nocT[raHe Ha npeK[ npt4roxHr4
pe3ynraTrl.

7,3axapqexlre

Ha ocxoeaHhe Ha h3,noxeHoro cqhraM, qe Ataceprar{hoH Hl4F TpyA orroBapn Ha

v3vlcKBaHAAra Ha 3axoHa 3a pa3Bhrr4e Ha aKaAeMrqHh, cbcraB B Peny6nhxa Sbnrapr4s, Ha

flpaerrHrxa 3a nph,naraHe Ha 3aKoHa h c-borBerHhf, npaBhnHhK Ha TexHhqecR
yH nsepchrer-CoQnn. tlpoee4exhre HayqHh h3cneABaHhf, ca B a(ryanHa o6nacr, aBropxara
e nocThfHara nocraBeHuTe \enh v 3aAaqn, nonygeH Te pe3ynrar[ cbA'bp]+(aT HayqHo-
nph.nox{Hh A nptArorx+V npAHocA,l{ohro ca orpa3eHh B HayqHr.t ny6nvxa\Al-

Ero:aqo AaBaM cBosra nono>+{Hre.nHa oqeHKa Ha npeAcraBeHhn AhcepraqhoHeH TpyA
h npeAnaraM Ha yBaxaeMure qneHoBe xa Hayvnoro xyph Aa 6'u4e nprc'u4eua
o6pa3oBarenHara h HayqHa creneH ,,AoKTop" sa nnar. utx. l4nxep Aaraxog flxoB no HayqHa

cneqharHocr ,,ABToMarh3hpa Ht4 cncrewn:a o6pa6orxa Ha rzrnSopmaqrn h ynpaBneH e" B

npooechoHarHo HanpaBneHhe 5.3 HoruyurxaqroHHa r KoMnrcTbpHa rexH14Ka.

qneH Ha HayqHo xyplr:

/ npoQ. e-p MxreHa /laaapoga-Mr.rqega /
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OPINION
on a dissertation for "Doctor of Philosophy" degree

Author of the dissertation: MSc. Eng. llker Altanov Yahov

Title of the dissertation: "Exploring the possibilities of developing an architecture for data
processing in the industry of next generation"

Scientific jury member: Prof. Milena Kirilova Lazarova-Mitseva, PhD

Dept. Computer Systems, FCST, Technical University of Sofia

This opinion is prepared in my capacity as a member of the Scientific Jury appointed by an
Order Ns O)+{-5.3-11/29.02.2024 of the Rector of the Technical University of Sofia and
Protocol No.1,/L2.O3.2024 from the first meeting of the Scientific .Ju ry.

1. Relevance of the dissertation topic in scientific and applied aspects

The dissertation focuses on an investigation of the digitalization and the automation in
greenhouse agriculture in accordance with the Industry 4.0 paradigm. The recent
development of variety of measurement sensors and industrial communication tools,
lnternet of Things (loT) and Artificial lntelligence (Al) allow building smart (automated)
greenhouses with the possibility of preventive actions depending on specific conditions and
environmental factors. Greenhouse automation systems allow improvement of the
production efficiency and increase of crop quality. On the other hand, determining the
optimal level of automation and integrating a variety of technologies in smart greenhouses
poses many challenges and requires careful analysis. Therefore, the research topic of the
dissertation emphases on exploring the feasibility of creating an integrated greenhouse
system using lndustry 4.0 principles that aims to increase the operational efficiency, the
system quality and the sustainability by sharing information between greenhouses and
optimizing decision making, resource allocation and risk reduction in agricultural practices.
ln connection with the formulated aim of the dissertation and based on analysis of the
current state of the art in the problem area, several objectives and research tasks are
defined. The dissertation aim and the objectives related to its achievement are correctly and
thoroughly formulated and d efined.

2. Degree of knowledge on the dissertation topic and constructive interpretation of the
bibliography

The dissertation covers a research topic that require good awareness in the field of
automation of monitoring, control and prevention in greenhouse production. The presented
bibliography review indicates that the author of the dissertation is deeply aware on the
above topic and the research problems in the field of study. The list of references used in the
dissertation comprises 92 sources in English. The literature sources used include research
papers published in scientific journals and conference proceedings, one third of them
published in the last 5 years. The constructive interpretation of the bibliographic sources
demonstrates applicant's knowledge on the recent achievements in the targeted research
topics.

3. Consistency of the used research methodology with the dissertation aim and objectives

The research methodology in the dissertation is based on a comparative analysis of the
features and different aspects of the research field under consideration and thus consistent
decisions and selection of methods and means are made for solving the dissertation tasks
and objectives on the basis of which a reasoned choice of methods and means for solving
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the set tasks based on reasoned decisions, theoretical justification and experimental
evaluation of the possibilities of their usage. ln methodological point of view, the
dissertation is adequate in respect to the used research methodology.

4. Scientific and applied contributions of the dissertation

On the base of the results obtained in the dissertation the contributions of the dissertation
can be summarized as follows:
. scientificcontributions:

- a greenhouse climate control strategy based on model predictive control is proposed
that minimizes total energy costs and increases system performance without physical
changes to the existing infrastructure;

. applied-scientificcontributions:
- an approach to identify the need for automation and to define an optimal level for an
automated greenhouse system is proposed and recommendations for a

comprehensive architecture integrating different technologies is suggested;
- adapted Agile and Kaizen methodologies are proposed for iterative development,

continuous improvement and efficient problem solving in the design and development
of an automated greenhouse system;

. appliedcontributions:
- a system for connecting automated greenhouses is proposed which allows the creation

of a network of automated greenhouses communicating with each other;
- practical solutions are proposed to overcome challenges in applying automated control

for greenhouses based on model predictive control;
- a prototype system for collecting, processlng and analysing information to improve the

performance and productivity of agricultural businesses is built.
The contributions can be related to enrichment of the existing scientific knowledge as well
as development of new and modification of existing methods, approaches, models and
algorithms for the research field and the tasks solved in the dissertation.

5. Evaluation of the author's publications on the dissertation's topic

The results ofthe dissertation research obtained by the author are published in 5 scientific
papers. Three of the papers are presented at international scientific conferences held in
Bulgaria (XXX lnternational Scientific Symposium Metrology and Metrology Assurance,
Sozopol,2020; XVlll lnternational Conference "Challenges in Higher Education and Research
in the 21st Century", Sozopol, 2077; lV lnternational Conference on High Technology for
Sustainable Development, Sofia, 2021). The other two articles are published in the
Proceedings of TU-Sofia. The publications are made in the period 2020-2024 and cover the
topic of the presented dissertation presenting the results and the contributions achieved. All
papers are ln English and are co-authored with the PhD student's supervisors, in all five
articles the PhD student is the first author. No data for citations of the publications are
provided.

6. Comments, recommendations and remarks

I have the following remarks to the dissertation:
- the first chapter of the dissertation covering an overview of the current state of the art
in the field is too long compared to the other three chapters;
- the chapter does not conclude with a summary of the most important findings;
- no clear delineation is made of the authors' proposals and comparison with existing
solutions is missing;
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- source references of some of the figures and tables that are not author's work are
missing;
- the figures, graphs and tables are not referenced in the text of the thesis;
- the equations used in the text of the thesis are numbered;
- there are some inaccuracies in the bibliography of the publications on the dissertation
as well as in the bibliography of some of the cited sources;
- some terminologies is given in English only with no translation in Bulgarian;
- some stylistic and technical errors exist in the text.
ln spite of the above remarks, the dissertation demonstrates the author's comprehension on
the addressed scientific problems, reveals the amount and thoroughness of the research
carried out and provides an opportunity for its further development and practical utilization.
I would recommend the author to continue his research on the dissertation topic and to
focus his efforts on implementing the developed methods, algorithms and models in
practice in order to achieve direct applied results.

7. Conclusion

Based on the above said I consider the dissertation presented in the procedure for awarding
the "Doctor of Philosophy" degree as corresponding to and fulfilling the requirements of the
Act on the Academic Staff Development in Republic of Bulgaria and the Regulations
governing the application of the Act as well as the Regulations for the application of the Act
in the Technical University of Sofia. The dissertation topic falls in a relevant scientific field,
the author fulfilled the dissertation goals and the objectives, the results obtained contain
scientific and applied contributions that are published in scientific papers.
Therefore, I am convinced of my positive assessment of the dissertation presented and
propose to the honorable members of the Scientific Jury MSc. Eng. llker Altanov Yahov to
be awarded a "Doctor of Philosophy" degree in the professional field 5.3 "Communication
and Computer Engineering", scientific specialty "Automated Systems for lnformation
Processing and Control".

L7.04.2024 Scientific jury member:

I Prof . Milena Lazarova-Mitseva, PhD /
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