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PErIEHSkrfl
Ha Ar{cepTaur{oHeH rpyA

:a uprE4o6uBaHe Ha o6pa:orareJrHa r{ HayqHa crerreH ,,4oKTop"

Anrop Ha AuceprarlrroHHr{, TpyA: Mar. rrHx. lllrep A;rranon.fxon

Teua Ha Aucepralll{oHHr,rrr rpyA: ,rl{sc;regnaHe Ha Bb3MoxHocrr{Te sa parpadorBaHe
Ha apxrlTexrypa ra o6pa6orKa Ha nnQoprvraqrrs B rrnAycrprrflTa or cJreABarrlo

noKoreHlreto

O6lacr Ha BI4cIrre o6pa:onaHIae: 5. Texnz.recrn Haylru, [Ipo$ecraoHirJrHo HalpaBJreHue:

5.3 KouyukIKaIIuoHHa LI KoMrrrortpHa rexHr,rra, Hay.rua crrequanHocr: ,,ABToMarr,r3npaHr{
clacreMr.r sa o6pa6orKa Ha nn$ oprr,raq Lrfl rt y rrp aBreHr.re"

Peqensenr: npo$. A-p Bepa Anrerosa Anreroea-,{unanrpona, I4ucruryr ro
an(fopuaquoHull u KoMyHLIKaqI4oHHr.r rexHoJrorr4rE - EurapcKa aKaAeM:zfl, HaHayKr.rre

1. Arrya;rnocr rra pa:pa6ornaHrrfl B ArrceprarlrroHHrlfl rpya npo6JreM B HayqHo r
HayrrHo-[prrJroxHo oTHorrreHrre

[ucepraqnoHHllrr rpyA rlpeAnara purpa6ornane Ha onrr4MaJrHa crpareu.rs 3a MoAenHo

[peAcKa3Barrlo yflpaBneHrle 3a KoHTpon Ha KJrr.rMaTa B opaHxepru c rleJr M[rHr4Mr,r3]rpaHe Ha

o6unre pa3xoAI..I 3a eHepnIr, BoAa I{ rrecrr{rluLu npvt rapaHTr{paHr.r KJrr,rMarr4rrHrz ycJroBralr, B

cborBercrBr.Ie c [pTIHIII{nr.rre Ha l4rtgycrput 4.0 v cbBpeMeHHure reHAeHrlr,ru KbM

ALITI,ITzITILI3 ar\ufl. pr quSpoaa rpanc$opu a\ufl. Hanpanen e aHirJrra3 Ha noAxoAVTe 3a rrperlr43Ho

u ycrofi.ruBo 3eMeAenve, c aKIIeHT Ha rexHoJroruqHHTe pemeHr4fl 3a MoHr,rropHHr B peanHo

BpeMe. flpe4lara ce LIHTerplIpaHe Ha MoAeJr, lazupau Ha r43rycrBeHa HeBpoHHa Mpexa u
ycrofi.rnna crparervf, 3a yrlpaBneHue Ha [por{3BoAcrBoro. llocrnrnar e uo4o6peH KoHTpon

Ha eHeprl,If,Ta H oIIeHKa Ha pI3rIoJI3BaHero Ha eHeprur, ToqHocr ra ycrofi.unBocr B cpaBHeHlre

cr"c cttuecrByBarrll,ITe cllcreMlr. Paspa6oreuara crrcreMa e crBrrxa KbM HacorrBaHe Ha

arpolluAyclpuflTa KbM cbBpeMeHHo rro-TexuoJrorrrqHo rr eKoJrorr4.uro ycrofiqr,rBo piBB[Tue.
ESerrunnocrra Ha rlpernoxeHara crpareru, e eKcrrepr.rMeHTirnHo rrorBlpAeHa c paspa6oreu
npOTOTLIneH BapI4aHT Ha TbprOBCKa paCTeXHa KiIMepa B yCnOBHrTa HA piBnuqHu TeCTOBI{

crleHapr4r,r.

Peruenuero na $oprrayru4paHlrre B ALrceprarlrroHHr,r, TpyA 3aAaqrr BoArr Ao rrpaxTr{qecKLl

loJI3I{ B arpolaHAyc'tpvflTa I{ [o-TorrHo opaHxepufiuoro [por.r3BoAcrno. AxryirJrHocrra Ha

upo6lenaa, KaKTo Ia e$exrznHocrra Ha npeAnoxeHara crparerr{fl ca o6crofiso MortrBr{paHv B

Ar4cepTaur,roHH[r.rr TpyA.
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2. Creneu Ha rro3HaBaHe cbcrorrnrrero Ha npo6.neMa rl TBoprlecrca rlHTeprlperarllrfl

Ha JrrrrepaTypH[s MaTepr{aJr

I-fnrupauure B ArrceprarlrroHHr{, tpyp, 92 nr{TeparypHla I.I3ToTIHLIKa rloKtrsnar go6po

lo3HaBaHe Ha cbcrorHr.rero Ha upo6leua rr cBbp3aHrr c Hero [apaMerpl{: flfipaMll.{ara Ha

aBToMarr,r3ar\vflTa, r{HAycrpr{anHa KoMyH}IKauIr, - [poroKoJllr, TexHoJlorux (saxpaHBaIIIa,

o6ra.rHr.r crpyKTypra), rononorur^ (apxureKTypa u guzairn), craHAaprn, rra6epcutypHocr,

MeTOAr4 3a OTfJreXAaHe Ha pacTe]F''uL cTaTr.rcTuqecKr,r [poyqBalc.Lls.. Bcuqrrl n]ITepaTypHt4

I{3TOqHuII[ CaHa ilATvtHI,IUa u CA IiUtkIparILI [peALIMHO IIpe3 IOCJIeAHOTO AeCeTI'IneTIIe.

3. CrornercrBrre Ha ur6panara MeroArrKa Ha rr3cJregBaHe c rrocraBeHara rleJr rr

3aAarr[ Ha ArrceprarlrroHHrrfl TpyA

I-[enra Ha Arrcepraur{oHHr.r, TpyA e Aa ce cb3AaAe I{ rpunoxpl o6o6qeu guzairu u

apxr,rreKTypa Ha reoperr,rrrHo o6ocnoeaHa cucreMa or B3auMocBbp3aHI,I KoMyHLIKLIpaIIIH

opaHxepuu.

@oprr,ryrupaHlrre or aBTopa Ha Aucepralll4oHHut rpyA 3aAatlIa ca:

o PasrreNAaHe Ha roJrrM na6op or perxeHla, B LlHAycrpvflTa

o l4reutut[uxaqnx Ha Bb3MoxHr,r [ponycKr4 BbB BcrKa eAHo or cbIqecrByBaIrIVTe

peIxeHLIfl

o OnpeAersne Ha Bb3MoxHI,I Kopl{rlrpatqu Mepru, c qen Aa ce no,qo6pxr

cbrrIecTByBaIrIlITe pemeHpl

. OupeAeJIrHe Ha v3ucKBarllls 3a npeAnoxeHara cplcreMa

o flpoeepKa 3a "PaHHI,I ocl{HoBltrer["
o I4gcle.uBaHe Ha Bb3MoxHocrra 3a r,r3rpaxraHe na toAo6Ha I,IHcraJIaII[,

o I4grpaxAaHe Ha MVP - minimum viable product

flpz usnuHeHllero le.a3a4aqvffe ca npvnoxeHll:

o Anzurprs u cvHTe3 Ha un(fopuarlr4oHHr.r r{3TorrH}rqu, rloAxoA.f,ulu za pazpa6orKara

o Anamag Ha TeHAeHIII{I,ITe B opauNepllfiHoro [pou3BoAcrBo

o MoAenupaHe Ha perrreHlle Ha cI,IcreMHo HLIBo 3a yAoBnerBop.gBaHe Ha

r,r3lrcKBaHu flT a Ha roJrrM 6pofi norpe6utelu
o Teoper[rrHo ]r3rpaxAaHe Ha apxI,ITeKTypar^a cBbp3aHpl opaHxepl{l4

o @oryc rpyra
o Ananug Ha pvcKa

. 3arqura u [peAorBparrBaHe Ha LIHTIpIAeHTU

o Curypnoc'r

flocreAosarenHocrra na (fopuynvpaHktre 3aqaqk4 KaKTo u uz6opa na cuequ$uunr.I

MeroArr, cro6paserur c r.r3r.rcrBalnflTa Ha Wu4yclpur, 4.0, rosnoJlrBar Aa ce nocrl4rHe

4eSunapanara ueJI.
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4. Kparma aHaJrrrrrrqua xapanTepncrrrKa Ha ecrecrBoro rr orIeHKa Ha

AocroBepHocrra Ha MareprraJra, Brpxy rcofiro ce rpaArrr rrprrHocrrre Ha

AHCepTarIuoHHrrs TpyA

I,lgroNeHnero Ha AI4cepraIIlIoHHLL TpyA cneABa rlocneAoBareJrHocrra: aHanr{3 Ha

ctcrosHlrero Ha o6racma Ha lI3cJIeABaHuflTa n $oprraynprpoBKa Ha rlerrra u 3a,{aqure Ha

AI,IcepraII[oHHI{.rI rpya (fnana l), [peAnoxeHa orrrHMr,r3arl[, Ha KnacuqecKr.rre cr{creM}r B

KOHTpOnI4paHa CpeAa Ha OpaHxep[u qpe3 MoAenHo npeAcKtBBarrlo ylpaBneHlre c eMrrupuEro
BiInI,IAupaHe (fnana 2), pazpa6orBaHe Ha apxr.{reKTypa sa o6pa6orKa Ha un$opruaqvrflTa B

arpapHa cpeAa v npoToTI4II aBToMaT]r3r{paHa opaHxepfi, B paMKilTe Ha

HayqHor3cJleAoBarencKrl rpoeKT (fnana 3) n o6crxAaHe v anulra3 Ha pe3ynrarure (fnana
4). 3axruoqenr.rero cb.(bpxa o6o6uenue Ha xaparTepucrr4xure Ha rrpeAnoxeHara B

AI{CepTaIIUOHH}L TpyA II.f,JIOCTHa Cr,rCTeMa 3a aBTOMaTr.r3arIU.f, HA OpaHxepr4r4 trpe3

LI3IpaXAaHeTO Ha eAI,IHHa apxr{TeKTypa Ha B3ar.rMOCBsp3aHr,r lr KoMyHr.rKr.rpalqu eAuHurlr4 c

OIIeHKa Ha HUBOTO Ha aBTOMaTV3AII4S. Ha OpaHxepUUTe, flpeAnoxeHue Ha OIITI,IMaJIHO HLIBO Ha

aBTOMarI,I3A\Hs., CrO6paSenO C KOHKpeTHI4 I,I3I,ICKBAHIfl, r,r HaCOKrr 3a rrocrr4raHe Ha xeJIaHo

HuBo Ha aBToMarI,I3aws.. @oprr,rynrapankr ca npenoptKr.r sa 6rAe[Iu r43cneABaHuq s o6racrra
Ha aBToMarl{3uparu opanxepufinu c[creMr.r. loxropaurrr npeAnara aHaJrr.r3 Ha

QynxquouanHocruTe Ha clrcreMara (RAMS aHarus), Harrr,rHa Ha r.rMrrJreMeutaquma fi c
ynpaBneHr4e Ha pr,rcKa.

,{ucepraqnoHHr,rsr rpya e paspa6oren rloA pbKoBoAcrBoro Ha ABaMa HayqHt,r

pr,KoBoAurenu. flolyqeHuTe pe3ynrarl{ ca AoKJTaABaHH Ha 2 uexgyuapo4nu ronQepeHrluu,
eArIH MexAyHapoAeH cllMno3r,ryM, 4ne ny6mrxyBaHu craruu n foguunrux na TY - Co(fux rE

paspa6oren HayqHol,I3cneAoBareJlcKlr [poeKT Ha reMa: ,,klHoBarLrBHa cucreMa 3a yrrpaBneH]re

Ha opaHxepr4uo'.

Curarau, qe MarepuilIbr, Bbpxy r<ofiro ce rpaAflT npuHocraTe Ha Arrceprarlr4onnnfl, TpyA e

AOCTOBepeH.

5. Hay.ruu ulrattu HayrrHo-[prrJroxcHrr rrpr.ruocr.r Ha ArlceprarluoHHrrs rpyA

llpuuocure B Ar{ceprauuoHHr.rq rpy.u ca c HayqHo-lpunoxeH H npunoxeH xapaKTep.

OqeH.flsaNa Karo Hayquo-rrprrJroxHrr rrprrHocu rrpeAnoxeHr.rre: (1) crsganaHe Ha o6rqu
MOAenI{ 3a LI3rpaX,{aHe LI ylpaBneHl,Ie Ha aBTOMaTI,I3HpaHI{ opaHxepuituu CuCletv.u; (2)
npeAnoxeHue u I,I3cJIeABaHe Ha CTparerru c MoAeJrHo rrpeAcKuBBarrlo ynpaBJreHr,re 3a

rInaHLIpaHe na eueprnfiHara cucreMa rrpu opaHxepuu; (3) uaenru(puqupane Ha cJroxHocrra
Ha y[paBneH]IeTo Ha aBTOMaTI'I3VpAHA Cr4CTeMa, BKJIIOq[rTeJrHO pa3rro3HaBaHe Ha

sellanefisocrra B ALIHaMLI.THI4Te cr.rcreMr.r; (4) prsrpaxgaHe Ha nJraH 3a nprreMaHe Ha

cbBpeMeHHLI rexHoJlotuu 3a yrrpaBneHr.re; (5) ragenrz(fzqprpaHe Ha orpaHr.rqeHrrrra Ha

crcreMara; (6) npeaocraBrHe Ha MoAenu, AeMoHcrpr.rpaHe na lo4po6Hr.r rporleAypr4 3a

rlplanoxuMocrra Ha crparerrrrrTe 3a aBToMaru3a\t4fl; (7) aAanrrrpaHe Ha r.rreparuBnvt
MeroAonoruu (Agile, Kaizen) - vreparr4Bno paspa6orBaHe, HelpeKbcHaro ycbBbprrreucrBaHe

u e$errunno peuraBaHe Ha upo6rerrau.
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Paspa6ornaHe Ha cr.rcreMa 3a onpeAeJurHe Ha Hr,rBoro Ha aBToMarv3a\las. (nactoxulo l.I

orrruMarrHo) c Soprrlynupaue Ha rrpe[opbKr.r 3a [peoAoJIsBaHe Ha pa3nl4Kara; rlpeAnoxeHlle Ha

cucTeMa 3a cBBp3BaHe Ha aBTOMaTU3HpaHr,r opaHxepuu, KoMyHI,IKlIpar\lI noMexly cLI;

ragenruifuqupaHe ll [paKTr{qecK}r peruenkrs. Ha rrpeAu3Br{KarencrBara lrpu npl{naraHero Ha

aBroMarr43r4paH KoHTpon (cro6paxeHlr, 3a peaKrlHs B peanHo BpeMe, ns6op na ulatQopua,

orpaHr4qeHvts, Ha xapAyepHure cr,rcreMlr rr e3rrrlllTe 3a nporpzrN,Iupane) u pa:pa6orBaHe Ha

MOAen 3a eKCIIepuMeHTlr H TecToBe B pilMKr,rTe Ha HayqHo-r,r3cJIeAoBaTeJICKlI [pOeKT OIIeHqBEIM

Karo nprrJroxHrr [pllHoclI.

flpnnocure Ha Ar{ceprarl[oHHr.r, TpyA onpeAeJuM Karo I,IHoBaTI,IBHI,I tIoAxoALI,

TexHoJrofrrr,r r,I KoHcrpyKIIpIkl.

6. Oqenra 3a crerreHTa Ha JrrrqHoro yqacrrre Ha AucepraHTa B [pIrHocI{Te

flpegcranenurr AlrceprarlproHeH TpyA, cBbp3aHI{Te c Heto uy6mlraquu vt

HAYITHOI,I3CJIEAOBATEJICKII IPOEKT, MI4 AABAT OCHOBAHI,IE AA TBbPA', qE IIPEACTABCHUTE B

AuceprarluoHHuq rpyA pe3ynTatv ca JII,I[IHo AeJIo Ha AoKTOpaHTa.

7. llpeqeurca na uy6;ruraqrlrre rlo ArrcepralruoHulrfl TpyA

Ocsonnprre pe3ynrarr.r rro AuceprarllroHHur rpyA ca ny6.nuxynaHll B ABe crarI,IH B

IoAurunnr na TY - Co$rar, ABa AoKJraAa Ha Mex,qyHapoAHlr rou$epeuq[u, or KoLITo eAIIHI{tr

e ny6nuxyBaH B c6opnnx, r.rHAeKcLrpaH B cBeroBHou3BecrHara 6aza Aarrlau Scopus a eLvtH

AoKnaA Ha MexAyHapoAeH cr,rMno3r,ryM. Erura or rry6nurauul{Te s foAlarlHur na TY * CoSux

e B cbaBTopcrBo c HayqHu.f, pbroBoAr{Ten npo$. A-p rIHx. PynaeH I,IsaHon Tpu(fonon.

Ocraualnre uy6mrarlupr, KaKTo u pa:pa6oreHllrr Hayr{Ho-u3cne.[oBarencr]I [poeKT ca B

cbaBTopcrBo c HayqHu, pbKoBoA[rren AorI. A-p ]rHx. Au4pefi AHreros Erenros. I,IsnrrueHu

ca Mr,rHHMaJrHlrre r.r3LrcKBaHr,rfl 3a [onyrraBaHe na o6pasoBareJlHara I4 HayqHa creleH

,,4oKTop" na 3arona 3a pa3Br,rrr,re Ha aKageMuqHr.r, cbcraB n Peuy6luxa Etlrapu.a u
flpanruuzra 3a ycnoBvrsra u peAa 3a nprago6unaHe Ha HayqHu creIIeHI,I n Texnu'recru

yHr.rBepcr{rer Co(pur s o6racr Ha Br,rcrle o6pasonauue 5. Texnuqecru HayKu,

upotfecuonirnHo HalpaBneHr,re 5.3 Kouyru.IKaIIlIoHHa LI KoMnIorEpHa rexHLIKa.

He uu e r{3BecrHo Aa HMa AoKa3aHo rro 3aKoHoycraHoBeHrfl pe4 rlJlarrlarcrBo B

Ar.rcepraIIuoHHLL TpyA [I ry6:ruxaquure no Heto.

8. Oqenrca Ha cborBercrBrrero Ha aBTopeSepara c Ir3IrcKBaHIrflTa 3a [3rorBsHero
My, KaKTO H Ha aAeKBaTHOCTTa Ha OTpa3qBaHe Ha ocHoBH[Te IIOJIO)ICeHIIfl I{

rrprrHocrrTe Ha ArrcepTaIIIroHHIrfl TpyA

AnropeQepamr orpiBrBa aAeKBarHo ocHoBHrare rroJloxeHu, 14 rlpl{Hocrrre Ha

Ar.rcepTaIIuoHHI{, rPya.

9. MHeuuRr rrperopbKlr u 6erexrcu

Vlrytaw ga6e:rexru no o(fopuaHero Ha Ar,rceprarluoHHru rpyA. 3a6ersesar ce HapyIxeHLI

e3vKoBr.r HopMr.r: t43rroJr3BaHe na.4e$zc (crp. 14, 15,33,49), nuen uleu (crp. 22,31,42,46,
56,102,110, 143, 143, 150, 151), necrulacyBaHu onpeAeneHrar (crp. 64,75,81); "upoerr"
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BMecro "4racepraqr4oHeH TpyA" (crp. 31,37,38,48,49,55,62,65,67,73,76,78); crsraAalrlu
reKcroBe (crp. 82, 86-88). KrM uoscHprreJrHr.rre rexcroBe r<rna Surypr.rre He ca qr.rrr{paHr.I

nflTeparypHlr rrcToqH]rrlr4, cJreAoBareJrHo 6u creAsano reKcroBere BBB (furypure Aa ca Ha

6rnrapcrra esux. Ily6nuKaur,rr,rre rro Ar,rceprarlnsra ca c HerrbJrHr.r 6u6mrorpa(fcru .qaunu.

Onrprualnoro pe[reHr,re He Moxe Aa 6rAe rro-orrrr{Miurno (crp. 60, 99), nuro nafi-

orrrrlMirrrHo (crp. 108). Ogna.reHzsra P u Q nrn t[opnayrzre Ha crp. 96 cauanoJryonpeAeJleHla

rroJroxlrreJrHr,r Marpr{qvt, a He nony6esxpaiiltu ser,urwrur4 vr R e noroNlrreJlHo olpeAeneHa

Marpr.rqa. Jluncsar o3HaqeHr.rma (1), (2) u (3) Ha raKa HapeqeHure or Al,IcepraHra ypaBHeHufl,

rlraTlrpaHu B Tercra Ha crp. 97. x(t) e BeKTop Ha ctcro.rrHr.rero cbc cborBeruo HyneBo HaqiIJIHo

ctcroflHlre, a He craryc na ctp. 98.

10. 3arcrroqeHrre c flcHa rroJrorilrreJrHa rrJrrr orprrrlareJrHa orIeHKa Ha

ArrcepTaurroHHrrfl TpyA

Cuurau, qe A[ceprarluoHHr,rrr rpyA Ha renaa ,,[I3cJreABaHe Ha Bb3MoxHocrlrre 3a

parpa6ornaHe Ha apxrrreKrypa 3a o6pa6orra na unQopMarlrrfl B rrHAycrprrflTa or
cJreABarrlo rroKoreHue" c aBTop Mar. nnx. ll;rrcep Anranon .fxos yAoBnerBoprBa

r.r3r{cKBaHrrsra Ha 3arona 3a pa3Br.rrr.re Ha araAeMuqHra.fl cbcraB n Peuy6nrara Burrapua,

Ilpanulnura sa \pvnaraHe Ha 3aroua 3a pa3Blrrr.re Ha aKa.(eMLIqHLIfl ctcraB n Peuy6nura

Ernrapux u flpanumrvtKa 3a ycnoBr.r.f,Ta v peila sa upugo6uBaHe Ha HayqHu crerreHlr B

Texnu.recrz.fl yHlrBepcr.rrer Co$nx 3a Ar{ceprarl}roHeH rpya 3a [onyqaBaHe Ha

o6pasonareJrHara pr HayqHa crerreH ,,goKTop" B HayqHa o6;racr 5. Texnu.recKr,r HayKv\ rto

npo(pecuonirnHo HarrpaBneHr.re 5.3 KouynurarlrroHua r.r KoMrrrorrpHa rexHr,rxa, HayqHa

cflerlr4irrrHocr: ,,ABToMarvsupalvr crrcreMr,r :a o6pa6orKa Ha nnSopuauprs. kr yrtpaBreHpre".

flanaur rroJroxr{TeJrHa orIeHKa.

25.04.2024 r.
Co$ur

PE(EH3EHT:
inpoS. {-p
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REVIEW

of PhD thesis for acquiring educational and scientific degree 'tPhD,

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,
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cybersecurity, methods of growing plants, statistical surveys. A11 cited literature sources are in

Latin and have been dated mainly in the last decade.

3. Correspondence of the chosen research methodolory 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:

o Looking at a wide range of solutions in the industry

o Identification of possible gaps in each of the existing solutions

o Identify possible corrective measures to improve existing solutions

o Definition of requirements for the proposed system, considering data from the

previous task

o Check for "Early Adopters"
o Investigation of the possibility of constructing such an installation

o Development of minimum viable product

In the performance of the tasks are attached:

o Analysis and synthesis of information sources suitable for the development

o Analysis of trends in greenhouse production

o Modelling a system level solution to satisff the requirements of a large number of
USEIS

o Theoretical construction of architecture of connected greenhouses

o Focus Group

o Risk analysis

o Protection and prevention of incidents

o 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
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(Chapter 4). The conclusion contains a sunmary 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 scientif,rc supervisors. The results

obtained were reported at 2 international conferences, an intemational 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.

5. 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
corurecting 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.
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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 nonns are noticed: use

of a hyphen (pp. 14, 15, 33, 49), full article (pp. 22,31, 42, 46, 56, 102, ll0, 143, 143, 150,

151), inconsistent definitions (pp.64,75, 8l); "project" instead of "PhD thesis" (pp. 37,37,

38, 48, 49, 55, 62, 65, 67, J3, 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

semiinf,rnite 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.
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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:2510412024

Sofia

Reviewer:

/Prof.
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