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i BbpPXY AUCepTauMOHEH TpyL,
e 3a npupobusaHe Ha obpa3oBaTenHa U Hay4yHa cTeneH “AoKrop”
AN %J/‘; / ABTOp Ha AVCEPTaUMOHHUA TPYA: Mar. UHK. UnKkep AntaHoB AXoB
oo a Ha gucepTaunoHHna Tpya: ,U3cnenBaHe Ha Bb3MOXKXHOCTUTe 3a pa3paboTsBaHe Ha
apxuTeKkTypa 3a obpaboTka Ha MHOpPMaLMA B MHAYCTPUATA OT CheaBallo NnoKoneHue”
Yn1eH Ha Hay4Ho »ypu: npod. A-p MuneHa Kupunosa Nlasaposa—Muuesa

Kateapa KomniotbpHu cuctemm, PKCT, TexHu4eckn yHnsepcutetT—Codun

HactoAulaTa peueH3nMAa e WM3roTBEHa B KA4YeCTBOTO MW Ha YAEH Ha Hay4YHo MKypw,
Ha3HayeHo cbc 3anoses No 0OX-5.3-11/29.02.2024 r. Ha Pexktopa Ha TexHW4Yecku
yHusepcuterT—Codua n NpOTOKOA OT NBbPBO 3aCe4aHUe Ha Hay4yHOTO XKypu ot 12.03.2024 r.

1. AKTyanHocT Ha pa3paboTBaHUA B AUCEPTALMOHHUA TPYA Npobiem B HayYHO M HayuyHoO-
NPUNOXHO OTHOLIEHWE

MpeAcTaBeHUAT AMCEPTALMOHEH TPY/A € HAacOYeH KbM U3C/NeaBaHe Ha AWMrnTann3aumaTa
M aBTOMaTM3aumATa B OPaHXEPUIHOTO 3emedenve B CbOTBETCTBME C NapaaurmaTa Ha
WHayctpua 4.0. CoBpeMeHHOTO pa3BMTWE Ha CEH30PWUTE 3a M3MepBaHe W cpeacTBaTa 3a

MHAYCTPUanHa KomyHukauma, WHTepHeT Ha Hewata (loT) m wuskyctBeH WHTenekt (Al)

NO3BONABAT W3rpaXgaHe Ha YMHMU (aBTomamawpan) OpPdHMEPHUKM C BDB3IMOMKHOCT 3a

NPeBaHTUBHU AEACTBUA B 3aBUCMMOCT OT KOHKpPEeTHW yCcnoBuA U d)aKTOpVITe Ha OKONHaTa
cpeaa. Cucremute 3a dBTOMaTM3aUMA Ha OpaHXepuu no3BonasBaTt Aa ce ﬂOJJ,06pVI

e¢peKTMBHOCTTa NpW NPOVM3BOACTBOTO M A3 Ce NOBMLUM KAayecTsBoTo Ha Kyatypute. OT apyra

CTpaHa onpegenAHeTo Ha ONTUMas HO HWMBO Ha aBTOMaTM3aUMA W WHTErpMpaHeTo Ha

pa3H006p83HM TEXHO/IOTUW B YMHWU OPaHMKEPWUK NOCTaBA MHOXECTBO Npegu3BUKaTesIcTBa U

M3MCKBA BHUMaTENleH aHanu3. JMcepTauMoOHHUAT Tpya ce GoKycMpa BbpXy U3cnenBaHe Ha
Bb3MOMKHOCTUTE 33 Cb3AAaBAHE Ha MWHTErpMpaHa CUCTEMa OT OpaHXepwuu, M3Mno/3Balla

npuHumnute Ha MHaycTpma 4.0, KOATO MMa 33 LEen 4a NOBULK onepaTueBHaTa edeKTUBHOCT,

KayecTBOTO M YCTOWYMBOCTTa Ha cucTEMaTa 4ype3 obmeH Ha wHPOpMauusa Mexay
OpaHXepuuTe U Aa ONTUMU3UPA B3EMAHETO Ha PELEeHNA, PasnpeaeneHMeTo Ha pecypeuTe u
HamaNABaHETO Ha PUCKa B CE/ICKOCTONAHCKUTE NPaKTUKKU. BbB Bpb3Ka ¢ popmynunpaHara uen
Ha AMCePTauMOHHMA TPyA M Ha Ba3aTa Ha aHa/NM3 Ha TEeKYLOTO ChCTOAHWE Ha NpobaemHaTa

obnact ca ¢GoOpMynMpaHU KOHKPETHM 33a4adM 3a nocTUraHe Ha nocTaBeHaTa Luen.
OnpegensaHeto Ha UenTa U 334aynTe Ha AWCEPTaLMOHHUA Tpy4 ca 060CHOBaHM OT aBTopa
KOPEKTHO U M34epnaTesHo.

2. CreneH Ha no3HaBaHe CbCTOAHMETO Ha Npobnema M TBOpYecKa WMHTepnpeTauusa Ha

NIMTepaTypHUA maTepuan

,ﬂ,MCEpTaLLMOHHMHT TRPYA 06x3au1,a TEMATWUKa, KOATO BK/IHOYBA HEOGXO,EI,VIMOCT oT

nosHasaHe Ha ocobeHocTUTe Ha npeameTHaTta obnacr, CBbp3aHa C aBTOMATM3auUMA Ha

HabnloAeHMETO M KOHTPO/A M NPEeBeHUMUA B OPaHXepWIMHOTO NPou3BOACTBO. HanpaBeHuaT

nutepatypeH o630p cBMAETENCTBA 32 MO3HABAHETO Ha NpeameTHaTa o61acT oT cTpaHa Ha

AOKTOpaHTa. bubnnorpadckara cnpaska cbabpKa 060 92 M3TOYHUKA HA aHTIMIICKU e3MK.
UnTpaHuTe NuTepaTypHU MU3TOYHULM, Ha KOWTO € 6asupaH AuTepaTypHWA aHanus,

obxBallaT HayYyHW W3CNeABaHMA WM CTaTUM B  HAayYHU W3AAHUA W MENKAYHapPOAHM

KoHbepeHUMn, KaTo edHa TpeTa oT TAx ca nybauKysBaHu 8 nocnegHute 5 rogmHu. Tosa
cBMAeTencTsa 3a Aobpo no3HaBaHe Ha nNpobaematvkaTa U CbBPEMEHHUTE MOCTUMKEHUATa B

obnacrra ot CTPpdHa Ha AOKTOpPaAHTAa.



3. CroTBeTcTBME Ha U3bpaHaTa MeToAMKa Ha U3cneaBaHe C NOCTaBeHaTa LUen U 3a4auu Ha
AVCepTaLMOHHUA TPYA

M3bpaHata meToaMKa 33 NpoBe)KAaHe Ha HayyHuTe wuscnepBaHuAa ce 6asvpa Ha
CpaBHWUTENEeH aHann3 Ha o0cobeHOCTUTE W Pa3IMYHWUTE acneKkTU Ha pasrfexgaHata
TemaTu4Ha obnacT, Ha OcHoBaTa Ha KOWTO e HanpaseH obocHosaH n3bop Ha meToaM W
CpeAcTBa 3a pellaBaHe Ha MOCTaBeHWTe 3ajadn Ha 6asata Ha aprymeHTtupad usbop,
TeopeTuyHa 0BOCHOBKA M EKCNepUMEHTaNIHa OLEHKa Ha Bb3MOXHOCTUTE 33 M3MN0/A3BaHeTo
UM, MeToaMYeCcKU AWCEPTALMOHHMWAT TPys € afeKBaTeH Nno OTHOWeHWe Ha u3bpaHata u
NPUNOMKEHA METOAMKA HA NPOBEXKAAHE HA HAYYHUTE U3C/IefBaHMA.

4. Hay4yHM n/UNn HayYHONPUNOXKHHU MPUHOCU HA AUCEPTaLLMOHHUA TPYA

MpPWHOCK, NOCTUIHATK B PE3YNTAT Ha M3BbPLIEHUTE HayYHM M3CNeaBaHWA MoraT aa bbvaart
0606lieHM KaKkTo cneaBa:
®  HAY4YHM NPUHOCHU:

- MpeanoxeHa e crTpaTerna 3a KOHTPO/A Ha KaumaTta B OpaHXepuu Ha bHasata Ha
MOAENHO MpeAacKassawo ynpasieHWe, KOATO NO3BONABA A3 Ce MWHMMM3UPAT
obwuTe pasxoau 3a eHeprua U Aa ce NOBULIM NPOU3BOAUTENHOCTTA Ha cMCTemaTa
6e3 pusnyeckn npomeHu B CbleCTBYBALLATa MHPPACTPYKTYPA;

" HAy4YHO-NPWAOXKHM NPUHOCH:

- NpeanoXeH e noaxos 3a uaeHTuduumMpaHe Ha HeobxoAMMOCTTa OT aBTOMATU3aUMA U
AeduHMpaHe Ha ONTMManHO HWBO 33 aBTOMATU3MPAHA CUMCTEMA 33 OPaHMXepuu ¢
NpenopbKuy 33 LANOCTHA apXUTEKTYpa UHTerpmpalla Habop oT pasnMyHK TEXHONOTUK;

- MNPeanoXeHu ca ajanTupaHu metogonorum  Agile w Kaizen 3a uWTepaTvBHO
paspaboTBaHe, HenpekbCHAaTO YCbBLPLIEHCTBAHE W e(PeKTMBHO pelliaBaHe Ha
npobnemu npu npoekTMpaHe U paspaboTBaHe Ha aABTOMATM3MpaHa cucTema 3a
OpaHXepuu;

" NPUNOXKHU NPUHOCH:

- Npeano)eHa e cUCTeMa 3a CBbp3BaHe Ha aBTOMATU3MPAHW OPAHXEPWW, KOATO
NO3BONABA Cb3JaBaHe Ha MpeXXa OT aBTOMATU3MPAHW OPaHMKEPUKU, KOMYHUKMPALLK
nomexay cu;

- NpeafioMeHu ca NPakTUYEeCKW pelleHMA 3a NpeofonsBaHe Ha Npegu3BMKATeNCTBa
NpPW NpUNaraHeTo Ha aBTOMaTU3UpPaH KOHTPON 3a OpaHXepuun Ha basaTa Ha moaenHo
npeacKasBalwo ynpasneHue;

- W3rpajeH e npoToTUM Ha cucTema 3a CcbbupaHe, obpaboTBaHe W aHanuM3MpaHe Ha
nHpopmauma c uen nogobpasaHe Ha NPOU3BOAMTENHOCTTA U NPOAYKTMBHOCTTA Ha
arpapHu npeanpuaTuA.

MNprHOCUTE MoOrat Aa ce OTHecaT KbM KaTeropuuTe oboratABaHe Ha CblUEeCTBYBALLO
HAy4YHO 3HAHMWE, KAKTO M Cb3AaBaHe Ha HOBM U MmoauduULMpaHe Ha CbLLeCcTBYBALLN MeToau,
noaxo4u, MOAENU M AaNTOPUTMM 33 pellaBaHe Ha MOCTaBEeHUTe B AMCEPTALMOHHUA TpyAa
3a/aum.

5. NpeueHKa Ha ny6aMKauMmMTe No AUCEPTALMOHHUA TPYA,

MonyyeHnTe OT aBTOpa pPe3ynTaTtv OT AMCEPTaLMOHHOTO U3c/edBaHe ca NybAnKyBaHU B
5 HayyHu cTatMm. Tpu OT cCTaTUMTE Cca [AOKN3ABAHM HA MENKAYHAPOAHWM Hay4YHU
KoHdepeHunn, nposeaeHn B bbarapua (XXX International Scientific Symposium Metrology
and Metrology Assurance, Co3sonon, 2020, XVIII International Conference ,Challenges in
Higher Education and Research in the 21st Century”, Co3onon, 2021; IV International
Conference on High Technology for Sustainable Development, Copua, 2021). pyruTte ase
cTatuu ca nybaunKkysaHu B NlognwHuK Ha TY—Codus.



Nybaunkaummte ca HanpaseHu B nepuoga 2020-2024 roguHa M NOKpMBAT TeMaTUKaTa Ha
npeacraseHaTa AMcepTauMoHHa paboTa KaTo OTPa3ABaT OCHOBHWTE MOCTUIHATM PE3yNTaTh U
NPUHOCK. BCUYKKM CTaTUM ca Ha aHMAMIACKKM 31K 1 Ca NyBNUKYBaHW B CbaBTOPCTBO € HayYHUTe
PBbKOBOAWUTENM Ha [OKTOPaHTa, KaTo M B MeTTe CTaTMM [AOKTOpPaHTa € Nbpsu asBTop. Hama
A3HHM 33 3abenasaHu UMTUPaHUA Ha nyBaukauuuTe.

6. MHeHuA, NnpenopbKu K benexKku

K®vM npeacraBeHna AucepTaLMoHeH Tpya MMam cnegHuTte 3abenexku:
- MbpBaTa rnasa, CbabpKalla 0630p M aHaAM3 Ha CbBPEMEHHW peleHus e C TBbpAae
ronam obem B cpaBHEHWE C ApyruTe TpU rNaeu;
- JIMNCBAT OCHOBHW M3BOAM KbM BCAKA OT rNaBuTE B AUCEPTALMOHHUA TPYA;
- /IMNCBA ACHO pasrpaHMyaBaHe Ha aBTOPCKUTE NPES/IOKEHUA U CPaBHEHWE CbC
CbLLECTBYBALLM PELIEHUS,;
- He ca nocoYeHun pedepeHL MM KbM M3TOYHMK 33 HAKOWU OT GUrypute 1 TabanumTe, KOUTO
He Ca aBTOPCKMU;
- Ourypute, rpadukuTe U TabauumTe He ca pedepupaHm B TEKCTa;
- JIMNCBa HOMepWpaHe Ha ypaBHEHMWATA, M3N0/3BaHM B TEKCTA Ha AUCEPTaUWATa;
- A0NyCcHaTW ca HAKOW HeTOYHOCTU npu BubanorpadckoTo onncaHune Ha nybavKauuute no
ANCePTaLMOHHUA TPYA, KAKTO U Ha HAKOMW OT LUTUPAHWUTE U3TOUHULUM B BubaunorpadunaTa;
- B AMCePTaUMOHHUA TPYA MMa TEPMUHM Ha aHIIMIACKKM €3UK, 33 KOMTO He e NpeaocTaseH
npesoa;
- BTEKCTa UMa HAKOWU CTUNIOBU N TEXHUYECKW TPELLKM.

Bbnpekun HanpaseHuTe 3abenexkun npeacTaBeHUAT AUCEepTaUMOHEH TPy CBMAETeNcTBa
3a Aobpo 3ano3HaBaHe Ha aBToOpa C npeameTHata 06s1acT, nokassa ronemuMa obem U
3a4bN1604eHOCT Ha U3CNeABaHMATA M ,aBa Bb3MOXHOCT 33 PAa3BUTUETO MM WU NPaKTUYECKOTO
MM u3nonssaHe. [penopbkuTe MM KbM [OKTOpaHTa €a A3 MPOAB/AKWA HayyHWUTEe Cu
M3CNeABaHMA MO TemaTa Ha AMCepTaLMOHHUA TPy4 M A3 HACOYMM YCUAMATE CUA KbM
BHeApABaHe Ha NONyYeHUTe Pe3yNTaTh B MPaKTUKaTa C Le/s NOCTUraHe Ha NPeKku NPUAOKHU
pesynTaTu.

7. 3aKnoyeHue

Ha ocHOBaHME Ha M3N0XKEHOTO CcyYMTam, 4Ye [AUCEePTALMOHHWMA Tpyn OTroBapA Ha
M3UCKBaAHMATA Ha 3aKOHa 3a Pa3BMTME Ha AaKALEMMYHMA CbCTaB B Penybnuka bbarapua, Ha
MpaBuaHWKa 33 npunaraHe Ha 33aKOHAa W CbOTBETHUA TMPABUIHMK Ha TexHUYecKM
yHusepcutet—Codua. MNposeaeHUTe HaydyHW M3CNeaBaHWA ca B akTyanHa obnacT, aBTopkaTa
€ NOCTUrHana MOCTAaBEHWUTE Ue/n W 3afadu, NONyYeHUTe pPesynTaTh CbAbPMHKAT Hay4yHo-
MPUACKHN U NPUIOKHU MPUHOCK, KOUTO Ca OTPA3EHM B HaY4YHU NyBAUMKaLUMK.

ETO 3aWo0 AaBam CBOATA NONOMKUTENHA OUEHKA Ha NPEeACTaBeHWA AMCepTaluoHeH Tpya
W npeanaram Ha ysaXaemuTe u4neHoBe Ha HayyHoTo Xypu pa bBbae npucbaeHa
obpa3oBaTenHarta M Hay4Ha cTeneH ,A0KTOp” Ha mar. uHX. Unkep AntaHos AIXOB No Hay4yHa
crneynanHoct ,ABTOMaTU3MPaHu cuctemm 3a obpaboTka Ha MHPopmauusa v ynpasneHue” B
npodecnoHanHo HanpasneHue 5.3 KOMYHUKaLMOHHA M KOMMIOTbPHA TEXHMKA.

17.04.2024 r. YneH Ha HaYYHO XKypMu:
/ npod. aA-p MuneHna Nlasaposa-Mwuuesa /



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 N2 OX-5.3-11/29.02.2024 of the Rector of the Technical University of Sofia and
Protocol No.1/12.03.2024 from the first meeting of the Scientific Jury.

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,
Internet of Things (loT) and Artificial Intelligence (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 Industry 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.
In 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 defined.

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



the set tasks based on reasoned decisions, theoretical justification and experimental
evaluation of the possibilities of their usage. In 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:
= scientific contributions:

- 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-scientific contributions:

- 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;

= applied contributions:

- 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, processing 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 of the 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 International Scientific Symposium Metrology and Metrology Assurance,
Sozopol, 2020; XVIII International Conference "Challenges in Higher Education and Research
in the 21st Century”, Sozopol, 2021; IV International 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 in 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

| 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;



- source references of some of the figures and tables that are not author’s work are
missing;

- thefigures, 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.

In 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.
| 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 | 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, | 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 Information
Processing and Control”.

17.04.2024 Scientific jury member:
/ Prof. Milena Lazarova—Mitseva, PhD /



