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PEIMEH3UA

Ha JIUCEPTallMOHEH TPy
3a npuoOHBaHe Ha 00pa3oBaTellHa U Hay4Ha CTeleH ,,JJOKTOp”

ABTOp Ha qMCEPTAllMOHHUS TPyd: Mar. HHK. Uiakep Ainranos SIxos

Tema na nuceprannonHus Tpyx: ,M3ciaenBane Ha Bb3MOKHOCTHTE 32 pa3paboTBaHe
HA apXUTEKTypa 3a 00paboTka Ha HHGOpMaNUs B HHIYCTPHATA OT CJIeBALIO0
MOKOJIeHHu e

Ob6nact Ha BHciIe oOpazoBanue: 5. Texuuuecku Hayku, [IpodecnoHanno HalpaBiIcHHE:
5.3 KomyHuKanMOHHa W KOMIIIOTBPHA TeXHHMKa, HayuHa crenuaaHoct: ,,ABTOMaTH3MPaHH
cucTeMH 3a 06paboTka Ha HHPOpMaIKS U yIIpaBIcHHE™

Penensent: mnpod. na-p Bepa AmnrenoBa AwrenoBa-/lumutpoBa, HMHCTHTYT 1O
MH(pOPMAIMOHHN U KOMYHHKAIlMOHHU TEXHOJIOTUH — bhirapcka akajieMus Ha HayKUTe

1. AxTtyanaHocT Ha pa3pa0oTBaHHS B JHCEPTALUOHHHUS TPYA NPOGJeM B HAYYHO H
HAY4YHO-NIPHJI0’KHO OTHOIIEHHE

JlucepTaliMOHHHAT TPy Npeliara pa3paboTBaHe Ha ONTHMAJIHA CTPATErHs 3a MOJEIHO
Ipe/ICKa3Balllo yNpaB/ICHUE 3a KOHTPOJ Ha KIMMaTa B OPaH)XXEPHHU C IeJ] MUHUMHU3UpaHe Ha
00IIMTE Pa3XOM 3a €HEPIHs, BOJA U MECTHIMAN IIPU rapaHTHPAaHH KIMMATHYHH yCIIOBHS, B
CbOTBEeTCTBUE C npuHIMnNuTe Ha WHayctpus 4.0 U ChbBpEMEHHUTE TEHAEHLIMH KBbM
aurAtanusanys v nudposa tpanchopmarms. HanpaseH e aHaiu3 Ha NOAXOIUTE 3a IPELU3HO
U YCTOMYMBO 3€MEJENINE, C aKIEHT HAa TEXHOJIOTHYHUTE PEIICHHS 32 MOHHTOPHUHI B PEAIHO
Bpeme. I[Ipemnara ce maTerpupane Ha Mojel, Oa3upaH Ha W3KYCTBEHAa HEBPOHHA MpEXa H
YCTOMYMBA CTpATErus 3a yIpaBJIEHHE Ha IPOU3BOACTBOTO. [ocTHrHAT € mom00peH KOHTPOI
Ha CHEeprusiTa U OLCHKA Ha M3II0JI3BAHETO HA €HEPIUsl, TOYHOCT U YCTOHYMBOCT B CPABHEHHUE
ChC CBINECTBYBalMTe cHCTeMH. PaspaboTeHara cucreMa € CTHIIKA KbM HACOYBaHE HaA
arpOMHIYCTPHUATA KbM CBBPEMEHHO ITO-TEXHOJIOTUYHO U €KOJIOTHYHO YCTOHYHMBO Pa3sBHUTHE.
EdextuBHOCTTa Ha IpeUTOKEHATa CTPATET s € eKCIIEPUMEHTATHO HOTBBP/EHA C pa3paboTeH
IIPOTOTUIICH BapHaHT Ha ThPrOBCKA PAaCTEKHA KamMepa B YCIOBHSTA Ha Pa3jIMYHU TECTOBH
CIICHApHH.

Pemenrero Ha GpopMynupaHuTe B QUCEPTALMOHHUS TPY 3a1a4d BOIAT J0 NPAKTHYECKH
NOJI3U B arpOMHIYCTPHUATA M II0-TOYHO OPAHXKEPUHHOTO MPOU3BOACTBO. AKTYalHOCTTa Ha
npo6iiemMa, KakTo ¥ e(eKTHBHOCTTA Ha IIPE/UI0XKEeHATa CTPATErus ca 06CTOMHO MOTHBHPAHH B
JUCEPTALUOHHUS TPYI.



2. CremneH HA NI03HABaHE CHCTOSTHUETO HA NMPo0JieMa H TBOpYecKa HHTepPIpeTalus
HA JIUTepPaTypPHHUS MaTepHAJI

[{uTupanuTe B AWCEPTAMOHHUS TPy 92 NIHUTepaTypHH H3TOYHUKA IIOKa3BaT I00po
[I03HABaHE Ha CHCTOSHUETO Ha MpoljeMa U CBbpP3aHM C HEro IapaMETpH. MHpaMHaara Ha
aBTOMATH3alMATa, MHIAyCTPHAIHA KOMYHHKAIMS - HPOTOKOJH, TEXHOJOIUs (3aXpaHBalla,
O0IIaYHH CTPYKTYpH), TOIMOJOTHS (apXUTeKTypa W IU3aiH), CTaHAApTH, KHOEPCUIYpHOCT,

METOJHU 3a OTITIC)KIAHC Ha PaCTCHHA, CTaTUCTUYCCKH IIPOYYBAHMI. Bcuuku JIATCpaTypHU
U3TOYHUIY Ca Ha JIJATHHHIA U Ca JaTUPaHU IPEAUMHO IPE3 MOCIEAHOTO ACCCTUIICTHC.

3. CpoTBeTcTBHE HA nsﬁpaHaTa METOJAMKA Ha H3CJIeABaHe C MoCTaBC€HaTa eI U
3aa91 HA JUCEPTANUOHHHUA TPYA

IlenTra Ha AMCEPTANMOHHMS TPYA € Ja ce Ch3Jaae M IPHIOKH O0OOOIIEH Au3aiH U
apXHTEKTypa Ha TEOPETHYHO OOOCHOBaHAa CHCTEMA OT B3aUMOCBBp3aHW KOMYHHKHpAIH
OpaHXEpHUHU.

dopMyHpaHUTE OT aBTOpA Ha JUCEPTAllMOHHUSA TPY I 3a/1a4H ca:

Pasriexxane Ha rojiiM HabOp OT peleHHs B UHAYCTPUATA

Wnentudukanus Ha BB3MOXXHHU IPOIYCKH BBB BCSKA €IHO OT CHINECTBYBAIIUTE
pereHus

OnpefensHe Ha BB3MOKHH KOPHMTHpAIlM MEpKH, € Lel Ja ce Iogo0opsT
CBHIIECTBYBAIUTE PEIICHUS

OmnpenensiHe Ha U3UCKBAHUS 3a IIPEATIOKEHATa CHCTEMA

[TpoBepka 3a “PanHu ocuHOBUTENH

W3cnenBane Ha Bb3MOXHOCTTA 33 H3TpaXK1aHe Ha 0J00HA HHCTAIalUs
Usrpaxnane Ha MVP — minimum viable product

HpI/I U3NBJIHCHUETO Ha 3a1a4YUTE Ca IIPHUJIOKCHHU

AHanu3 ¥ cuHTE3 Ha HHOOPMAI[MOHHH M3TOYHMITY, OAXOIAIIHM 3a paspaboTKkara
AHaiu3 Ha TEHACHIIMUTE B OPAH)XEPHUIHHOTO POU3BOJICTBO

MojenupaHe Ha pellieHrue Ha CHCTEMHO HMBO 3a YIOBJIETBOPsIBaHE HA
U3UCKBAHUATA HA TOJISIM Opoif moTpebuTenn

TeopeTruHO U3rpaXkIaHe HA ApXUTEKTypa Ha CBBP3aHH OPaHXEPUH

®doxkyc rpyna

AHanu3 Ha pucka

3ammra ¥ MpeJoTBpaTsIBaHe Ha HHIUICHTH

Curypsoct

[TocnenoBatennocTra Ha (HOpMYyJIMpaHUTE 3a1a4d, KakTO M HM300pa Ha cHenupUIHH
METOJH, ChoOpazeHH ¢ u3uckBaHusTa Ha WMunmyctpus 4.0, mo3BoisBar Ja ce IOCTHUTHE
neuHUpaHaTa [el.



4. KpaTka aHAJIMTHYHA XapaKTePHCTHKA HA €CTECTBOTO H OLEHKA HA
JAOCTOBEPHOCTTA HA MaTepHaJia, BbPXY KOHTO ce rpaJAT NPUHOCHTE HA
AHCEePTAIHOHHHUS TPY

W3noxxenneTo Ha [IUCEPTAlMOHHMSA TPYA CJelBa IIOCIEIOBATEIHOCTTA: aHAIW3 Ha
CBhCTOSIHUETO Ha 00JacTTa Ha H3CJIeIBaHHUATa U (POPMYJIMpPOBKA HA IE€ATAa M 3aJaYWTe Ha
mucepranuonHus Tpya (I'masa 1), mpennokeHa ONTHMH3AIMS Ha KJIACHYECKUTE CUCTEMM B
KOHTPOJIMPaHa cpeJia Ha OpaH KEPHH 4pe3 MOJIEITHO IPEICKA3BalI0 YIIPABICHHE C EMITUPHYHO
Bayaupane (I'nmasa 2), paspaboTBaHe Ha apxHTeKTypa 3a 0oOpaboTka Ha WH(GOpPMAIUATA B
arpapsa cpeia ¥ IPOTOTHI  aBTOMAaTU3WpaHa OpaH)kepus B  paMKHTE  Ha
Hay4YHou3cea0BaTeIcKu NpoekT (I'naBa 3) u obcwxnane u ananm3 Ha pesyararute (I'1aBa
4). 3aKIIOYeHHEeTO ChAbpXKa O0OOINEHHE Ha XapaKTEPUCTHKHUTE Ha NPEIIOKEHATa B
JUCEPTAllMOHHUA TpPyJX IUIOCTHA CHUCTEMa 3a aBTOMATH3alMs Ha OpaH)XEpUH dpes3
U3rPaXKIaHETO Ha €IMHHA apXMTEKTypa Ha B3aMMOCBBP3aHU M KOMYHUKHPAIIH €IUHHIM C
OILIEHKA Ha HUBOTO HAa aBTOMATHU3allis Ha OpaHXKePUUTE, NPEJIOKEHHE Ha ONTHMAIHO HUBO Ha
aBTOMaTH3alMs, ChbOOPa3eHO ¢ KOHKPETHH M3UCKBAaHUS W HACOKH 3a IIOCTUIaHE Ha JKEJaHO
HHBO Ha aBTOMaTH3anus. PopMyIHpaHH ca NPEenopbKH 3a ObACIIN U3CIIeIBaHUS B 00/1acTTa
Ha aBTOMATH3MpaHH OpPAaHXXEPHHHM CHCTeMH. JIOKTOpaHTBT  Tpeajiara aHalW3 Ha
dbyHKIHOHaTHOCTUTE Ha cucreMara (RAMS ananu3), HauMHa Ha MMIUIEMEHTAIMATa # C
yIpaBlieHUE HA PUCKA.

JlucepTanMOHHUAT TpPyJd € pa3paboTeH IOJX pPBKOBOJACTBOTO Ha JBaMa Hay4YHH
peroBoauTeNH. [lomydenure pesynaraTu ca JOKJIAJBaHU Ha 2 MEXIyHAapOJHH KOH(PEPEHIIHH,
€IMH MEX/TyHApOJICH CUMIIO3UYM, JIB€ IyOauKyBaHu cTatud B ['oqumuuk Ha TY — Codus u
pa3paboTeH HayYHOM3CIIEJOBATENICKH IPOEKT Ha TeMa: ,,/IHOBaTHBHA CHCTEMA 3a YIIPABJICHUE
Ha OpaHXepuu'‘.

Cuwram, ye MaTepHAIBT, BPXY KOHTO Ce rpalsT MPHHOCHTE Ha JUCEPTALMOHHUS TPy €
JIOCTOBEPEH.

S. Hayunm u/miiM HayYHO-NPHJIOKHH NPHHOCH HA THCEPTANMOHHHUS TPy

HpHHOCHTC B THCCPTAIMOHHUS TPYA €Ca C HAYYHO-IIPUJIOKEH U IIPUIIOKEH XapaKTep.

OuensiBaM KaTo HaAy4HO-NIPHJIOKHH NpPHHOCH mipeioxenuTe: (1) ch3gaBaHe Ha 06U
MOJICNI 33 M3rPaXJaHE W YIPaBJI€HHWE Ha aBTOMATU3MPAHU OpaHXKEPUUHH cucrtemu; (2)
NpPeTIOKEHHE W H3CJI€[IBAHE HA CTpaTerWs C MOJEIHO MPEACKa3Balll0 YIpaBJE€HHE 3a
IUIaHUpaHe Ha €HEPrUiHaTa CHCTEMa IIPH OpaHXkepuH; (3) uaeHTuQUIIMpaHe Ha CII0KHOCTTA
Ha YNpaBJICHHETO Ha aBTOMATM3MpaHa CHCTEMa, BKIIOYHTEHO pa3llO3HaBaHE Ha
HEeJIMHEHHOCTTAa B JWHAMUYHHUTE CHCTeMM; (4) M3rpakiaHe Ha IUIaH 3a [pHEMaHEe Ha
CbBPEMCHHH TEXHOJIOTHH 3a YIpaBieHHE; (5) HAEGHTH(HUIMpaHE Ha OrpaHHYEHHUSTA Ha
cucremara; (6) NpexoCTaBsHE HAa MOJEIH, JEMOHCTpHpaHe Ha IOAPOOHH MpOLEIypH 3a
NPUIOKUMOCTTa Ha CTPAaTeTMMTE 3a aBToMaru3anus; (7) amanTupaHe Ha HTEpPATHBHH
merononorun (Agile, Kaizen) - ntepatiuBHO pa3paboTBaHe, HENPEKHCHATO YCHBHPIICHCTBAHE
U e(peKTUBHO pelaBaHe Ha MPOOIEMH.



Pa3paGoTBaHe Ha cuCTeMa 3a ONpeJeIssHe Ha HUBOTO Ha aBTOMATH3alMs (HACTOSIIO H
ONTUMAIIHO) ¢ GOpMyJIHpaHe Ha MPEMOPHKHU 3a IPEO10JIIBaHE Ha pa3/IMKaTa; PEI0KEeHUE Ha
cHUCTEMa 3a CBBbp3BaHE€ HAa aBTOMATH3UPAHU OpPAHKEPHH, KOMYHHKUDAIIM IIOMEXIY CH;
ueHTHHUIIHPAaHE ¥ MPAKTHYECKH PELICHUS Ha NpeJu3BUKATEJICTBATa IIPU MPUIaraHeTo Ha
aBTOMATH3MPaH KOHTPOJ (ChOOpaKeHHs 3a peaklys B pealHO BpeMe, H300p Ha matdopma,
OrpaHMYEHHs] Ha XapJyepHUTE CHCTEMH M €3HIMTE 3a IpOorpaMHpaHe) M pa3paboTBaHe Ha
MOJIE] 32 EKCIIEPUMEHTH U TECTOBE B PAMKHUTE Ha HAay YHO-U3CJIE0BATEIICKU IIPOEKT OICHSBAM
KaTo MPHJIOKHHN NPHHOCH.

HpI/IHOCI/ITC Ha JUCEpPTAlMOHHMA TpPYA ONpEeACIsiM KaTo HWHOBAaTHBHHM IIOAXO/H,
TEXHOJIOT'MHU U KOHCTPYKIIHUHU.

6. OmeHka 3a CTeNeHTA HA JJUYHOTO ydJyacTue Ha JUCePTAHTA B IPHHOCHTC

[IpeCTABEHUAT [JUCEPTAMOHEH TPYA, CBBP3aHUTE C HEro IyOnMKamuu |
HAayYHOM3CJIEA0BATENICKA TPOEKT, MU JaBaT OCHOBAHHE Ja TBBPASA, Y€ INPEICTABEHHTE B
JICEPTAIIMOHHUS TPY/I Pe3yJITaTH ca JMYHO JEJI0 Ha JOKTOPAHTA.

7. TlpeneHka Ha My IHKAIUATE N0 JHCEPTANHOHHUSA TPYA

OCHOBHHTE pe3yJITAaTH IO TUCEPTALMOHHUS TpyJd ca MyONMKyBaHH B JIBE CTaTUH B
Togumnank Ha TY — Codus, 1Ba 10KI1a1a Ha MEXKIYHAPOIHH KOH(PEPEHIIUH, OT KOUTO €TUHUSAT
e ny0OiMKyBaH B COOPHHUK, WHIEKCHpPAaH B CBETOBHOHM3BECTHaTa 06a3a JaHHH Scopus W eIuH
JIOKJIaJ] Ha MEXIyHapoaeH cuMio3uyM. Enna ot my6iumkamuute B ['ogummauk Ha TY — Copus
€ B ChAaBTOPCTBO C Hay4yHHs pbKoBoauten mpod. a-p umxk. Pymen Mpanos Tpudonos.
OcrananuTe MyOIMKaIMKA, KaKTO U pa3pabOTEeHUAT HAy4HO-HU3CJIEI0BATEICKH MPOEKT ca B
CHABTOPCTBO € HAYYHHsI PHKOBOJUTEN JIOL. I-p HHXK. AH/pel AHrenoB Enenkos. M3mbiHeHH
ca MUHUMaJHHMTE HM3UCKBaHMs 3a IOJydYaBaHe Ha oOpas3oBareinHara ¥ HaydHa CTENEH
,JOKTOp* Ha 3aKkoHa 3a pa3BUTHEC Ha aKaJeMUYHUS chcTaB B PemyOnuka beiarapus u
[IpaBunHKMKa 3a YCIOBUATAa M pefa 3a IpuIo0MBaHE HAa HAayYHH CTENEHH B TeXHUYECKH
yuusepcuter — Codust B obGmact Ha Bucme oOpasoBanume 5. TexHuyecku Haykw,
npo¢ecruoHaTHo HanpasieHue 5.3 KoMyHHKalMOHHA U KOMITIOThPHA TEXHUKA.

He Mum e m3BeCcTHO Oa HMMa JOKa3aHO I10 3aKOHOYCTAQHOBCHHS pEI IUIardaTCTBO B
JACEPTAIITMOHHUS TPYA U Hy6J’II/IKaHI/II/ITe 10 HErO.

8. Onenka Ha CLOTBETCTBHETO HA aBTOpedepaTa ¢ H3MCKBAHUATA 32 H3TOTBSIHETO
My, KAKTO M HA aJeKBATHOCTTA HA 0TPa3siBaHEe HA OCHOBHHUTE MMOJIO’KEHHST 1
NPHHOCUTE HA JTHCEPTALHOHHHS TPY/

ABTOpC(bepaT'BT OTpa3siBa aJ€KBaTHO OCHOBHHUTEC IIOJIOKEHUS W IIPUHOCHUTC Ha
JUCEPTALIUOHHUA TPYA.

9. MHeHus, NpenopbKH H 0eJIeKKH

Hmam 3a6enexku mo opOpMSHETO Ha JUCEPTAMOHHUS Tpy.. 3alens3BaT ce HapylIeHH
€3UKOBH HOPMHU: H3MoJ3BaHe Ha neduc (ctp. 14, 15, 33, 49), meinen wieH (ctp. 22, 31, 42, 46,
56, 102, 110, 143, 143, 150, 151), HecwriacyBanu onpenenenus (ctp. 64, 75, 81); “mpoext”
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BMecTo “mucepranuoneH Tpyn” (ctp. 31,37, 38, 48, 49, 55, 62, 65, 67, 73, 76, 78); cbBnagainu
tekcToBe (CTp. 82, 86-88). KbM moscHUTETHHUTE TEKCTOBE KbM (UIypUTE HE ca IIUTHPAHU
JMTEPaTypHH HU3TOYHHIIM, CJIEIOBATEIHO OW CleaBaJi0 TEKCTOBETE BHB (pUrypuTe /a ca Ha
Obarapcku e3uk. [lyOnukaiuuTe mo JucepTraiusiTa ca ¢ HelrbIHu Onbrorpadcku JaHHU.

OnTUMaIHOTO pelleHHe He MOoXe Ja Obpae mo-ontuMmanHo (ctp. 60, 99), HuTO Haii-
ontuMaitHo (ctp. 108). O3Hauenusra P u Q BB popmyute Ha cTp. 96 ca Ha HOTyOonpeieIeHN
MTOJIOXKUTETTHH MaTpPHIH, a He MoyOe3kpaiiHu BeMWYMHH U R € mojoxuTenHo onpexaencHa
Marpuna. Jluncear o3Hauenusta (1), (2) u (3) Ha Taka Hape4yEeHUTE OT AUCEPTAHTA YPAaBHEHMS,
IUTUPAHU B TEKCTa Ha cTp. 97. X(t) € BEeKTOp Ha CHCTOSTHUETO ChC CHOTBETHO HYJIEBO HA4YalIHO
CBCTOSIHUE, a HE cTaTyc Ha cTp. 98.

10. 3aki109eHME ¢ ICHA MOJIOKHTETHA WJIN OTPHIATETHA OLIEHKA HA
AUCEPTALMOHHHS TPy

Cuuram, ye AHMCEPTAllMOHHUAT TpyA Ha Tema ,M3ciaenBaHe Ha BB3MOKHOCTHTE 3a
pa3paGoTBaHe Ha apXUTeKTypa 3a o0paboTka Ha MHpoOpMAUMA B HHAYCTPHATA OT
cJeABam0 MOKoJgeHHe™“ c aBrop Mmar. uHK. HMiakep AaranoB SIXoB ynoBieTBOpsiBa
M3MCKBaHUATa Ha 3aKOHa 3a pa3BUTHE Ha aKaJeMUYHHs CcbcTaB B PemyOmuka bwarapus,
[IpaBmiHuKa 3a mMpujaraHe Ha 3aKOHA 3a pa3BUTHE Ha akaJeMHU4YHHUS cbeTaB B PemybOiuka
beirapus u IlpaBuiHuMKa 3a yClIOBHSTa W pena 3a NMpuaoOMBaHE HAa HAayYHU CTEIEHHU B
Texuuuecknss yHuBepcuteT — Codus 3a AucepTanmMoHEH TpyX 3a IOJIydYaBaHe Ha
oOpa3oBaTenHaTa U Hay4yHa CTeMeH ,,JOKTOp*“ B Hay4yHa oOnacT 5. TexHWuYecKkH HayKH, IO
npodecuonanHo HampaBieHue 5.3 KoMmyHuKanmoHHa ¥ KOMIIOThpPHA TEXHHKA, HAy4dHA
CIIEI[HAIIHOCT: ,,ABTOMaTH3UPaHH CUCTEMH 3a 00paboTka Ha WH(pOpMAaILHsS U yIpaBleHUe .
JlaBaM MoJI0KHTETHA OLIeHKA.

25.04.2024 . PELIEH3EHT:
Coous /mipod. z{-p Beég AwnrenoBa/
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REVIEW

of PhD thesis for acquiring educational and scientific degree "PhD"

Author of the thesis: Mag. Eng. Ilker Altanov Yahov

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

Field of higher education: 5. Technical Sciences, Professional field: 5.3 Communication
and computer engineering, Scientific specialty: "Automated systems for information
processing and management"

Reviewer: prof. Dr Vera Angelova Angelova-Dimitrova, Institute of Information and
Communication Technologies — Bulgarian Academy of Sciences

1. Relevance of the problem developed in the PhD thesis

The PhD thesis proposes the development of an optimal model predictive control strategy
for climate control in greenhouses to minimize the total costs of energy, water, and pesticides
under guaranteed climatic conditions, in accordance with the principles of Industry 4.0 and
modern trends towards digitalization and digital transformation. An analysis of the approaches
to precision and sustainable agriculture is made, with an emphasis on technological solutions
for real-time monitoring. Integration of a model based on artificial neural networks and a robust
production management strategy is proposed. Improved energy control and evaluation of
energy use, accuracy and robustness compared to existing systems were achieved. The
developed system is a step towards directing agroindustry towards modern more
technologically and environmentally sustainable development. The effectiveness of the
proposed strategy has been experimentally validated with a developed prototype commercial
growth chamber variant under the conditions of different test scenarios.

The solution to the tasks formulated in the PhD thesis leads to practical benefits in the agro-
industry and in particular greenhouse production. The relevance of the problem as well as the
effectiveness of the proposed strategy are thoroughly motivated in the PhD thesis.

2. Degree of knowledge of the state of the problem and creative interpretation of
literary material.

The 92 issues in the References cited in the PhD thesis show a good knowledge of the state
of the problem and related parameters: the pyramid of automation, industrial communication -
protocols, technology (feeder, cloud structures), topology (architecture and design), standards,



cybersecurity, methods of growing plants, statistical surveys. All cited literature sources are in
Latin and have been dated mainly in the last decade.

3. Correspondence of the chosen research methodology with the set goal and tasks
of the PhD thesis

The PhD thesis aims to create and implement a generalized design and architecture of a
theoretically grounded system of interconnected communicating greenhouses.

The tasks formulated by the PhD student are:

Looking at a wide range of solutions in the industry

Identification of possible gaps in each of the existing solutions

Identify possible corrective measures to improve existing solutions

Definition of requirements for the proposed system, considering data from the
previous task

Check for "Early Adopters"
Investigation of the possibility of constructing such an installation
Development of minimum viable product

In the performance of the tasks are attached:

Analysis and synthesis of information sources suitable for the development
Analysis of trends in greenhouse production

Modelling a system level solution to satisfy the requirements of a large number of
users

Theoretical construction of architecture of connected greenhouses

Focus Group

Risk analysis

Protection and prevention of incidents

Certainty

The sequence of the formulated tasks, as well as the selection of specific methods tailored
to the requirements of Industry 4.0, allow to achieve the defined goal.

4. A brief analytical characterization of the nature and an assessment of the
credibility of the material on which the contributions of the PhD thesis are built

The statement of the PhD thesis follows the sequence: analysis of the state of the art of the
field of research and formulation of the purpose and tasks of the PhD thesis (Chapter 1),
proposed optimization of classical systems in a controlled environment of greenhouses by
model predictive management with empirical validation (Chapter 2), development of an
architecture for information processing in an agrarian environment and construction of a
prototype within a research project (Chapter 3) and discussion and analysis of the results



(Chapter 4). The conclusion contains a summary of the characteristics of the proposed in the
PhD thesis complete system for automation of greenhouses through the construction of a
unified architecture of interconnected and communicating units with an assessment of the level
of automation of greenhouses, a proposal at an optimal level of automation, tailored to specific
requirements and guidelines for achieving a desired level of automation. Recommendations for
future research in the field of automated greenhouse systems are formulated. The PhD student
offers an analysis of the functionality of the system (RAMS analysis), the way of its
implementation with risk management.

The PhD thesis was developed under the guidance of two scientific supervisors. The results
obtained were reported at 2 international conferences, an international symposium, two articles
published in the Proceeding of the Technical University of Sofia and a research project on the
topic: "Innovative greenhouse management system".

I believe that the material on which the contributions of the PhD thesis are built is
credible.

S. Scientific and/or scientific-applied contributions of the PhD thesis

The contributions to the PhD thesis are scientific-applied and applied.

I appreciate as scientific-applied contributions the proposed: (1) creation of common
models for the construction and management of automated greenhouse systems; (2) proposal
and study of a strategy with model predictive management for planning the energy system
under greenhouses; (3) identification of the complexity of the management of an automated
system, including recognition of nonlinearities in dynamic systems; (4) construction of a plan
for the adoption of modern management technologies; (5) identification of system constraints;
(6) providing models, demonstrating detailed procedures for the applicability of automation
strategies; (7) adaptation of iterative methodologies (Agile, Kaizen) - Iterative development,
continuous improvement and efficient problem solving.

Development of a system for determining the level of automation (present and optimal)
with the formulation of recommendations to bridge the gap; proposal of a system for
connecting automated greenhouses communicating with each other; identification and practical
solutions to the challenges of applying automated control (real-time response considerations,
platform selection, hardware systems and programming language constraints) and development
of a model for experiments and tests within the framework of a research project I evaluate as
applied contributions.

I define the contributions of the PhD thesis as innovative approaches, technologies, and
constructions.



6. Assessment of the PhD student's personal involvement in the contributions

The PhD thesis presented, the related publications and the research project give me reason
to say that the results presented in the PhD thesis are the personal work of the PhD student.

7. Assessment of compliance with the main national requirements and with the
additional requirements of the Regulation for implementation of the Low on the
development of the academic staff in the Republic of Bulgaria

The main results of the PhD thesis are published in two articles in the Proceedings of the
Technical University — Sofia, two reports at international conferences, one of which was
published in a proceeding indexed in the world-famous database Scopus and one paper at an
international symposium. One of the publications in the Proceeding of the Technical University
— Sofia is co-authored with the supervisor Prof. Dr Eng. Rumen Ivanov Trifonov. The other
publications, as well as the developed research project, are co-authored with the scientific
supervisor Assoc. Prof. Dr Eng. Andrey Angelov Elenkov. The minimum requirements for
obtaining the educational and scientific degree "PhD" of the Law on the Development of
Academic Staff in the Republic of Bulgaria and the Regulations for the terms and procedure
for acquisition of scientific degrees at the Technical University of Sofia in the field of higher
education 5 Technical sciences, professional field 5.3 Communication and computer
engineering are met.

I am not aware that there is plagiarism proven in the PhD thesis and the publications on it.
8. Evaluation of the compliance of the Abstract with the PhD thesis

The Abstract in terms of form and content presents the complete and accurate content of
the PhD thesis.

9. Recommendations and critical remarks
I have no comments on the content of the PhD thesis.

I have the following comments on the text layout: violated linguistic norms are noticed: use
of a hyphen (pp. 14, 15, 33, 49), full article (pp. 22, 31, 42, 46, 56, 102, 110, 143, 143, 150,
151), inconsistent definitions (pp. 64, 75, 81); “project” instead of “PhD thesis” (pp. 31, 37,
38, 48, 49, 55, 62, 65, 67, 73, 76, 78); matching texts (pp. 82, 86-88). No references in the
caption of the figures, so the texts in the figures should be in Bulgarian. The bibliographic data
of the publications to the PhD thesis are incomplete.

The optimal solution cannot be more optimal (pp. 60, 99) nor the most optimal (p. 108).
The notations P and Q in the formulae on p. 96 are of semidefinite positive matrices rather than
semiinfinite quantities and R is a positive definite matrix. The notations 1, 2 and 3 of the so-
called by the PhD student equations quoted in the text on page 1 are missing. 97. x(t) is a state
vector with a corresponding zero initial state, not a status in p. 98.



10. Conclusion

I believe that the PhD thesis on " Exploring the possibilities of developing an
architecture for data processing in the industry of next generation " by Mag. Eng. Ilker
Altanov Yakhov satisfies the requirements of the Law on the Development of Academic Staff
in the Republic of Bulgaria, the Regulations for its implementation and the Regulations for the
terms and procedure for acquisition of scientific degrees at the Technical University — Sofia
for the thesis for obtaining the PhD degree in scientific area 5. Technical sciences, in
professional field 5.3 Communication and computer engineering, scientific specialty:
"Automated systems for information processing and management".

I give a positive evaluation.

Date: 25/04/2024 Reviewer: ;
Sofia /Prof. D!r Verafgﬁngelova/
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