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3a gMcepTaunoHeH TpyAa
3a npuaobuBaHe Ha obpa3oBaTenHaTa U Hay4yHa cteneH "QokTop"

B ob6nacT Ha BucLUe obpa3oBaHue - 5. TeXHNYEeCKn HayKku

npod)ecuoHanHo HanpaeneHue - 5.2 EnekTpoTexHuka, enekTpoHuka U asToMaTuka
AOKTOpCKa nporpama - ABTomatuaupaHu cuctemu 3a obpaboTka Ha wHgopmauma w
ynpasneHue (no otpacnm)

ABTtop: mar. nHx. Ceetocnas CtehaHos AtaHacos
Tema: V3scnenBaHe Ha BMUSHWMETO HAa MUKPOKNMUMATUYHW NapaMeTpu Ha noysata BbpXy
LBETOBW NpM3HaLM Ha OpaHXepuiHu JOMaTu ¢ ornej asToMaTtu3auma Ha HanoaBaHeTo

YneH Ha HayyHOTO Xypu: npod. A-p uHXK. 3Be3guua [leTpoBa HeHoBa, TexHW4Yecku
yHuBepcuTeT - abpoBo

AucepTaunoHHUAT Tpya Ha mar. utx. Ceetocnae CtedaHoB ATaHacos e B 06eM oT 199
CTpaHUUW, CTPYKTYpUpaH BbB BbBeAeHWe, 5 rnasu, 006LWn n3soau, NpUHOCH, 3 NPUNOXKEHUs 1
CNUCHLK Ha LMTUpaHaTa nutepatypa. PaboTtaTa BkntouBa 71 courypu un 39 Tabnuum.

1. Tema n akTyanHocCT Ha AUcepTauMoHHUA Tpya

Temara Ha gucepTauuoHHWA Tpya € B obnacTtra Ha aBTomatusaumsaTa B NMPeunsHoTo
3emegenue, kato e paspaboTeHa aBTOMaTM3MpaHa cuctemMa 3a oTharneyeHo aBTOHOMHO
HabnwgeHne Ha noceBa OT OpaHXepuhHW JomMaTtu U ynpaeneHWe Ha npoueca Ha
HarnosiBAHETO UM.

HanosBaHeTo € OT pellaBallo 3HadYeHWe 3a NPOAYKTMBHOCTTA Ha 3emMefernveTo B
ceBeToBeH Mawab. OT gpyra cTpaHa, npsicHaTa Boda e LUeHeH NpupodeH pecypc, KaTto
3anacute OT Hero ca B HEeAOCTWUr B rofigmMa 4acT OT nnaHetata, ocobeHo BbLB Bpb3ka C
KNUMaTU4YHUTE MpoMeHu. B Cenckoto CTOMaHCTBO Ce M3Mnon3Ba 3HadyuTenHa 4vacTt oT
CBETOBHUTE 3arnacu OT npsicHa BoAa. 3aToBa NOCTUraHETO Ha e(PEeKTUBHOCT MPW U3MNOoN3saHe
Ha BofaTa 3a HanosiBaHe, MMHUMW3MPaHeTOo Ha 3arybuTte npu ToBa W onasBaHeTo Ha BOAHUTE
pecypcu € OT ronamMo 3HadveHue. [urutanusaumaTa B CEfcKOTO CTOMaHCTBO MNpasu
3eMeflencKUTe OeMHOCTU BCE MO-A0CTbMHU, KAaTO CEe WU3NOoN3BaT KoMOMHaUMW OT pasnuyHu
TEXHOMOrMM 3a nogobpsaBaHe Ha NpeynsHocTTa UM, ToBa e NpeanocTaBka 3a pellaBaHeTo u
Ha 3afjavata 3a aBTOMaTusMpaHeTo Ha MpouecuTe Mpu HanosBaHeTo W ONTUManHoTO
M3non3saHe Ha BOAHWUTE pecypcu.

B Tasun Bpb3ka paspaboTeHarta B guceprauuoHHaTa pabora aBTomatuanpaHa cucrtema
3a cnejeHe w ynpaeneHWe Ha npoueca Ha HanosiBaHeTO pellaBa akTyanHa 3ajava.
3BbpLueH e n3bop Ha nHopmaTmBHN KonuyecTseru (Leetosn — RGB 1 HSL) 1 kavecTBeHu
(Mnagu-ctapu nucTta, Npeau-crneq NofMBKa) NpU3HaUW M ca CUHTE3VpaHu Modenn Mexay
MUKPOKNTUMaTUYHMTE NapaMeTpu Ha no4yBata M LBETa Ha nuctata Ha opaHXepuuHuTe
gomaTtn. Ha ocHoBaTa Ha nonydeHuTe mogenwn e GasupaHo AEeWCTBUETO Ha cuctema 3a
crefjieHe W HanosiBaHe Ha MNOCEeBUTE, NO3BOMABALLO aBTOMaTtusauusi Ha To3W npouec tes
N3NULLEH pa3xoq Ha Boda.



2. O630p Ha uMTMpaHaTa nuTeparypa

B auceptauvonHaTa pabota ca usanonssanv 142 nutepatypHu natovnuka, 11 (7.8%) ot
Kouto ca Ha kvpunuua, 131 (92.2%) - Ha natuHuuya, kato 21 (14.8%) ca wHTepHeT
nm3toyHmun. Ha 6Gasata Ha pasrnegaHute nybnukauMm e W3BbpLIEH npernes  Ha
N3Non3sBaHnuTe AUrnTanHu TeXHOMOMMK, CEH30PK U MeToAUTe 3a AUCTaHUMOHHO HabngeHue
W ynpasfeHne B NPeuusHOTO 3eMefenve, Kakto U XapakTepuCTUKUTE W 3Ha4YEeHUEeTo Ha
cernckocTonaHckara Kyntypa gomat. OT uMtupasuTe nurepaTypHu natodHuum 57 (40.1%) ca
OT nocnegHute 5 roAvHW, KOETO e NO3BONWMO Aa Ce HanpaBu nperneg v Ha Haw-HoBWUTe
nacnensaHua B obnacTra Ha TemaTukaTa Ha AMCepPTauNoHHUA TpyAa.

3. MeToauka Ha nacnenBaHe

3a peanusauma Ha nocTtaeBeHaTa B AUCEPTAUMOHHUA TPy4 Len U Npu pelasaHeTo Ha
thopmynupaHute B paboTaTa 3afadv AOKTOPaHTbT M3N0N3Ba CbBPEMEHHa MeToA0norus.
HanpaseH e 0630p Ha CbBPEeMEHHUTE MEeTOAMN U TEXHONMOrUK 3a AUCTaHUMOHHO M3cneaBaHe
Ha pacTUTeNHW W NOYBEHW napameTpu B CENcKoTo cTtonaHcTeo. PasrnegaHun ca obekTsbT Ha
n3crnenBaHeTo - NMUCTHaTa Maca Ha 3apaBu MHAETEPMUHAHTHW AOMAaTeHW HacaxaeHus wu
BNIMAHMETO Ha nNapameTpuTe Ha MUKPOKIMMara B opaHxepusita (BNaxHOCT W Temneparypa
Ha noysaTa), KakTo U MHCTPYMEHTapUyMbT 3a M3BbpLUBaHE Ha uacnepBaHuaTa. LIBeTbT Ha
3[paBu AoOMaTeHU NUCTa Ce U3NOoM3Ba Kato MHAMKaTop 3a HeobxoaMMOCTTa OT NoNuMBaHe U e
CBbp3aH C AUPEKTHa OLEeHKa Ha BOAHWA CTaTyC Ha pacTeHusiTa U CTOMHOCTTa Ha rnovBeHaTa
BnaxHocT. M3acrnenBaHu ca konuyectseHute (usetosn — RGB 1 HSL) n kavectBeHun (Mnagu-
cTapu nucrta, npeau-cnen nonueka) npusdaun. OnucaHa e meTogukara, NpuioXeHa npu
cbbupaHeTo Ha [daHHUTE 3a NoYBeHa BMAXHOCT WM UBETa Ha nuctata U MeToaukaTa 3a
onpefenaHe Ha roneMuHaTa Ha ekcnepuMeHTanHaTa n3Bagka.

ObpaboTtkaTa Ha NonyyYyeHWTE AaHHU € W3BbPLUEHa C WM3MOS3BaHeTO Ha NpPorpamHus
npoaykr Statsoft Statistica 1 BkntoyBa cTaTMCTUYECKM OLEHKM HA WU3CNEABaHUTE MpUsHaLW,
NMoCTPOsiBaHEe U aHanM3 Ha XUCTorpamu 3a onpedensiie Ha HOPManHoTO pasnpeaeneHue,
ABY(DaKToOpeH perpecuMoHeH W AucrnepcuoHeH aHanus. lpu unsbopa Ha WMHMOPMATUBHM
KONMMYecTBEHU nMpusHauu 3a onpegensHe Ha HeobxoAMMoOCTTa OT  MOMMBaHe Ha
HacaxgeHusaTa € u3nosisaBaHa HenuMHenHa OueHKa OT Turna 4acTUYHO-NMHENHA perpecus.
YcTaHoBEHO e, Ye Han-MHOPMaTMBHM 3a HyXXAaTa OT HanosiBaHe ca MnaauTe nucta npeau
nonmBeka.

[lonyyeHUTe Mogenu ca wsnonseaHu npu yHKUMOHMpaHeTo Ha paspaboTeHaTa
cucTeMa 3a OUCTaHLMOHHO CrnefieHe W aBToMaTu3auusl Ha HanosiBaHEeTO Ha [oMaTeHu
OpaHXepPUHN HacaXKaeHWs.

4. NpuHocu Ha AMcepTaLMOHHUSA TPYA,
[lo Moe MHeHue moraT Aa ce 0000LWAT CNefHUTE OCHOBHU HaYYHO-TIPUIIOXKHN 1 NPUIOXKHM
NMPWHOCK B ANCEPTALMOHHMSA TpyAa:

1. MpeanoxeH e MHOUPEKTEH MeTo[ 3a YCTaHOBSIBaHe Ha BNAXHOCTTa Ha noyeara
nocpedcTBoM Mogen Ha 6asata Ha 4acTUYHO-NMMHeWHa pPErpecusi C Touka Ha npedynsaHe,
Nno3BONsABall NPOrHO3MpaHe Ha Ba)XXHOCTTa Ha No4YBaTa Ha OCHOBATa Ha LBeTa Ha Mnagurte
nvncTa Ha UHAETEPMUHATHU [lIOMaTEHW HacaXaeHus n TeMnepaTypaTa Ha nodsaTa.

2.YCTaHOBEHO €, Ye ToukaTa Ha MpevynBaHe npu Y4acTUHHO-NUHENHUA perpecuoHeH
MOAeNn CcbBnaga cbC CpeAHOoapuTMeTUdHata CTOMHOCT Ha BCEKM u3cnenBaH LBeToBU
KOMMOHEHT.



3. Ha 6asarta Ha onpegeneHoTo Bpeme 3a ycBosiBaHe Ha Bofa OT UHAETEePMMHaHTHU
AomaTteHu pacTeHus ce [oka3Ba, vye npoMmsHaTa Ha uBeta Ha mnaguTte nvucrta Ha Tesn
pacTeHUsi He e KbCeH MHAMKATOp 3a YCTaHOBsIBAHE Ha BO/EH CTpec .

4. MpepnoxeHa e cuctema 3a OTAane4YeHo aBTOHOMHO HabnogeHve Ha nocesun U
aBTOMaTU3MpPaHO yNpaBfeHue Ha npoueca Ha nonueBaHe No uBeTta Ha MnNagu nuicra Ha
AOMaTeHU HacaxaeHus U Temnepartyparta Ha noysara.

5. Ha Gaszata Ha cuHTeaupaHuss Mogen e paspaboTeH nporpameH WHCTPYMEHT,
Nno3BOMsiBaLly MPOrHo3MpaHe C BUCOKA TOYHOCT Ha Mo4YyBeHaTa BNaXHOCT WM crnoco6ceTealy
aBTomMaTu3npaHeTo Ha obpaboTkaTa Ha nsobpaxeHneTo 1 npoLeca Ha HanosiBaHe.

5. MydénukaumMu u UUTUPAHUA NO ANCEPTALUMOHHUA TPYA

Mo TemaTukaTa Ha QucepTauUMOHHUS Tpya ca npuBedeHn 5 nybnvkauum — 2 ctatuv B
nHaekcupaHu B Scopus cnucanua ¢ Q3 padr: Bulgarian Journal of Agricultural Science n IOP
Conference Series: Materials Science and Engineering; 2 ctatum B COOpHUK Hay4yHU TpyaoBe
Ha PyceHckn yHuBepcuteT “AHren KvHues” u 1 goknag, nybnukyBaH B COOPHWUK Hay4HW
TpygoBe oT XXIV MexayHapogHa HayyHa KoHdepeHuua "MeHWIKMBHT U kadecTBO" 3a
mnagv yvyenu. [1e ot nybnukaumute ca Ha aHrnuiucku esuk, a octaHanute — Ha Bbrrapcku
e3uk. EqHa ot npuBegeHuTe nybnukaunm nma 2 umtupaHns B nybnukauum B SCopus.

lMpuBegeHnTe nybnukauumMTe, KOUTO OMWCBAT OCHOBHWTE MOCTUrHaTW pes3ynTtatu B
avceprtaumoHHaTta pabota W Hanu4MeTo Ha UuTUMpaHua nokaseart, 4ye pesynTtatu B
AOoKTOopckaTa paboTa ca focTarbyHO anpobupaHu cped HayyYHata obLWHOCT B cTpaHaTta u B
YyxbuHa.

6. ABTOpPCTBO Ha Nony4yeHUTe pe3ynratu

Ot npuBenenute 5 nybnukaunm AOKTOPAHTBLT € CaMOCTOSATENEH aBTOP B TPU OT TAX U B
apyrute [OBe € MbpBuM asTop. ToBa ybeauTenHo nokassa JIMYHUA MPUHOC Ha Mar.
nHx. CBeTocnas ATaHacoB B @BTOPCTBOTO Ha Te3u nybnukauun 1 nonyyeHnTe pesynrtaru.

7. AsTopecpepar

ABTopedepateT € ¢ obem 35 cTpaHWUM, KaTo BKK4YBA CMNUCBbK Ha W3MNON3BaHUTE
CbKpalleHus, oblla xapakTepucTuka Ha guMcepTauMoHHUA TPy — akTyanHocT Ha npobnema,
o0eKkT, uen M 3agadn Ha W3CNeABaHETO, MEeToaAW Ha W3cnefBaHeTo, HaydYHa HOBOCT W
npakTuyecka nonesHocT Ha uacneasaHeTo, anpobaunsa Ha pabortata, obem u CTPyKTypa Ha
OVCEPTaUMOHHMA Tpyd, KakTo W KPaTKO CbObpXKaHwe Ha gucepraumsita no rnasv, oduwm
M3BOAM, MPUHOCK, CMUCHK Ha Hay4yHUTe NybnukauvmM no AMcepTauvMoHHUSA Tpyn, pe3toMe Ha
paboTarta Ha aHrmuM1Ucku e3uk. ABTopedepaTsbT A0CTaTbYHO MBIIHO O0TPAa3ABa CbAbPXKaHUETO
Ha guceprtauuoHHaTa paboTta u nocTurHaTuTe OT AOKTOpaHTa pe3ynTtatu. HomepauuaTta Ha
thopmynute, curypute, Tabnuuute U uUTUpaHaTa NuTepaTypa CbOTBETCTBAT Ha Tas3n B
OucepTaunoHHus Tpya.

8. JluuHM BnevaTneHusi OT JOKTOpPaHTa
He nosHaeam nu4Ho mar. nHx. Ceetocnas AtaHacos. CTaHOBULLETO MKW € Ha DasaTa Ha
npeaocraBeHaTa gucepTaunoHHa paborta, asTopedepar U matepuanu.

9. MHeHus, npenopbKU 1 3a6enexky No AUcepTalMOHHUA TPYA

MpencrtaBeHWAT gucepTauMoHeH TpyA Noka3sa, Ye AOKTOpPaHTbT Mmar. MHxk. CBeTocnas
ATaHacoB foctartbyHOo Aobpe e HaenaAsbn B npobrnemarvkata M Bb3MOXHOCTUTE Ha
MPUMOXEHMeTO Ha aBTOMATM3UPaHUTE CUCTEMUM B MNPEUM3HOTO 3eMedenve U npu
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13non3BaHeTo UM 3a uenute Ha egekTUBHOTO HanosiBaHe Ha opaHXepuuHUTe AomMaTeHu
HacaxaeHusa, Kakto M C anapara v NpUNoXeHWeTo Ha MeToauTe Ha maremMaTudeckara
cTaTUCcTUKa U MmopenupaHe. MapbplueHa e sHauntenHa no obem n MHTepecHa TeopeTuyHa u
ekcnepumeHTanHa paborta, KaTo nony4veHuTe pesynTtati U npeanoxeHara aBToMatuapaHa
cucTema morart Aa HamepsT YCneLwHo NMpakTuyecko NpunoXxXeHne 1 passurue.

KbM auceptaunoHHms Tpya Morat Aa ce HanpassaT cnegHuTe 3abenexku n npenopbKu:

- TEXHUYECKUTE XapakTepUCTUKWN Ha W3NON3BaHUTE CEeH30PU U U3MepBaTenHu cpeacTsa
Bu Morno aa ce gapgaT No-kpaTko B TEKCTa Ha AucepTauuaTa, KaTo ce Hanpasu No3oBaBaHe
Ha CbOTBETHUTE U3TOYHULIN;

- 61 cnepgeano fa ce npeacrtaBsaT rpacudHO (KaTO TPUMEPHU M/MNKU KaTo CemencTea
XapaKTepucTUKK) 3aBUCUMOCTUTE Ha CbOTBETHWTE LBETOBW nMapameTpu OT BIaXHoCTTa U
TemnepartypaTta Ha novsaTta 3a LenuTe [uanas’oHn Ha W3MeHeHwe, 3a [da ce npeacTasu
HarneaHo HenmvHeMHUst XxapakTep Ha Te3u 3aBUCUMOCTI U Bb3MOXHOCTTa 3a MU3MOoN3BaHeTo Ha
4YacTUYHO-TMHENHWU PErPEeCUOHHM 3aBUCUMOCTI C TOMKa Ha NpeYynBaHe;

- npenopbyBam Mar. uHx. CBeTocnaB ArtaHacoB ga npoabmku paborata cu no
TemaTtukata Ha [AOWCEPTaLMOHHWA Tpya, fa paswupy uscneaBaHeTo B MOCOKa Ha
npocnegABaHe Ha TemnepaTtypHOTO BMMAHWE B NO-LUMPOK AWanasoH U BNUAHWETO Ha ApYru
hakTopu BbPXY €KCrepuMeHTarnHnTe peaynTaTu ¢ Len U3nona3saHe Ha npeanaraHus noaxos
He caMo 3a OpaHXepuinHU NOCEBK, HO U 3a NOSICKU HAacaxXaeHns;

- B oboblieHaTa cxema Ha npeanoxeHaTta cuctema 3a AUCTaHUMOHHO HabnoaeHve Ha
HacaxaeHuATa u aBToMaTtu3mpaHo yrpasieHne Ha HanosisaHeTo Bu crneasarno ga ce ykaxe wn
N3MepBaHETO Ha TemnepaTypaTta Ha no4yeBara, ydacTeBalla B MoAena 3a onpegensHe Ha
BN@XHOCTTa Ha no4sara, Hapep C LiBETOBUTE NapameTpu;

- NpoAbINKaBaHeTO U pasBUTUETO Ha MU3cregoBaTernckara AenHoCT No Temarukara e
Aafe Bb3MOXHOCT Ha mar. uHx. CseTtocnae ArtaHacoB ga passue nybnukauuoHHaTa cu
OENHOCT U B U3LaHus ¢ UMNakT haktop.

MNpeanoxeHUAT noaxod, OCHOBaH Ha (M3nMveckoTo HabnwaeHue Ha pacTeHusTa u
M3MNOM3BaHeTo UM KaTto ,6MoNornyHM ceHsopu”, e MHoro obellasall 3a peluaBaHe Ha LUMPOK
Kpbr 3a4a4u B NpeLm3HoTO 3eMeaenue.

10. 3aknoyeHune
OueHkaTa MK 3a npeAcTaBeHWs AWCEepTaUWOHeH Tpyd € nonoxurtenHa. Cvaram, ye
OMCepPTaLUMOHHUAT Tpyd OTroBaps Ha W3WCKBaHMsATa Ha 3akoHa 3a passBuTve Ha
akageMuyHusi cbetas B Penybnuka Bbunrapus v MNpasunHuka 3a HEroBoTO npunaraqe.
MocTurHaTuTe pes3ynTatv MW [aBaT OCHOBaHve Aa npeanoxa fa 6bae npupgobuTa
obpasoBatenHata v HayyHa cTeneH ,,A0KTop”

oT mar. uHX. CeBetocnaB CtechaHoB ATaHacoB B

obnact Ha Buclle obpasoBaHune - 5. TeXHU4YeCckU Hayku,

npogecruoHanHo Hanpasnenue - 5.2 EnekTpoTexHuka, eNeKTpoHWKa 1 aBToMaTuka,

AOKTOpcKka nporpaMa - ABTOMaruauMpaHu cuctemu 3a obpaboTka Ha uHdopmMauus u
ynpaenexue (no otpacnu).

UneH Ha Hay4YHOTO Xypu: m/
/mpodp. A-p uHx. 3. HeHosa/

28.03.2024 r.
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Author: M.Eng. Svetoslav Stefanov Atanasov
Topic: Study of the influence of soil microclimatic parameters on color characteristics of
greenhouse tomatoes with a view to irrigation automation

Member of the scientific jury: Prof. Zvezditsa Petrova Nenova, PhD, Technical University of
Gabrovo

The dissertation of M.Eng. Svetoslav Stefanov Atanasov is a volume of 199 pages, structured
in an introduction, 5 chapters, general conclusions, contributions, 3 appendices and
references. The work includes 71 figures and 39 tables.

1. Topic and relevance of the dissertation work

The topic of the dissertation work is in the field of automation in precision agriculture, and an
automated system has been developed for remote autonomous monitoring of greenhouse
tomato crops and control of their irrigation process.

Irrigation is critical to agricultural productivity worldwide. On the other hand, fresh water is a
precious natural resource, and its supplies are in short supply in much of the planet,
especially in relation to climate change. Agriculture uses a significant portion of the world's
fresh water reserves. Therefore, achieving efficiency in using irrigation water, minimizing
losses and protecting water resources is of great importance. Digitization in agriculture is
making farming activities increasingly accessible, using a combinations of different
technologies to improve their precision. This is a prerequisite for solving the task of
automating irrigation processes and optimal use of water resources.

In this regard, the automated system for monitoring and controlling the irrigation process
developed in the dissertation solves an actual task. A selection of informative quantitative
(color-related — RGB and HSL) and qualitative (young-old leaves, before-after irrigation)
factors was made and models were synthesized between the soil microclimatic parameters
and the color of greenhouse tomato leaves. Based on the obtained models, the operation of
the developed crop monitoring and irrigation system allows for the automation of this
processes without excessive water consumption.

2. Overview of references

In the dissertation work 142 references were used, 11 (7.8%) of which are in Cyrillic, 131
(92.2%) - in Latin, and 21 (14.8%) are Internet sources. Based on the references, a review of
the digital technologies, sensors and remote monitoring and -control methods used in
precision agriculture, as well as the characteristics and importance of the tomato agricultural
crop, was carried out. Of the cited references, 57 (40.1%) are from the last 5 years, which
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made it possible to review the latest research in the field of the subject of the dissertation
work.

3. Research methodology

To realize the goal set in the dissertation and to solve the tasks formulated in the work,
the doctoral student uses modern methodology. An overview of modern methods and
technologies for remote sensing of plant and soil parameters in agriculture has been made.
The object of the research - the leaf mass of healthy indeterminate tomato plantations and the
influence of the microclimate parameters in the greenhouse (humidity and temperature of the
soil), as well as the instrumentation for carrying out the research - were examined.

The color of healthy tomato leaves is used as an indicator of the need for watering and
is related to a direct assessment of plant water status and soil moisture value. Quantitative
(color-related — RGB and HSL) and qualitative (young-old leaves, before-after watering)
factors were investigated. The methodology applied in the collection of soil moisture and leaf
color data and the methodology for determining the size of the experimental sample are
described.

The processing of the obtained data was carried out using the software product Statsoft
Statistica and included statistical evaluations of the studied indicators, construction and
analysis of histograms to determine the normal distribution, two-factor regression and
dispersion analysis. In the selection of informative quantitative indicators for determining the
need to water the plantations, a non-linear estimation of the piecewise linear regression type
was used. It was found that the most informative about the need for irrigation are the young
leaves before watering.

The obtained models were used in the functioning of the developed system for remote
monitoring and automation of the irrigation of tomato greenhouse plantations.

4. Contributions of the dissertation work

In my opinion, the following main scientific-applied and applied contributions in the
dissertation work can be summarized:

1. An indirect method for determining soil moisture by means of a piecewise linear
regression model with a breakpoint is proposed, allowing prediction of soil moisture based on
the color of young leaves of indeterminate tomato plantations and soil temperature.

2. It is established that the breakpoint point of the piecewise linear regression model
coincides with the arithmetic mean value of each color component examined.

3. Based on the determined time for water uptake by indeterminate tomato plants, it is
proved that the color change of the young leaves of these plants is not a late indicator of the
establishment of water stress.

4. A system for remote autonomous monitoring of crops and automated control of the
watering process based on the color of young leaves of tomato plantations and soil
temperature is proposed.

5. On the basis of the synthesized model, a software tool has been developed, allowing
highly accurate prediction of soil moisture and facilitating the automation of image processing
and the irrigation process.

5. Publications and citations on the dissertation work

On the topic of the dissertation work, 5 publications have been cited - 2 articles in
Scopus indexed journals with Q3 rank: Bulgarian Journal of Agricultural Science and IOP
Conference Series: Materials Science and Engineering; 2 articles in Proceedings of the
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University of Ruse and 1 report published in Proceedings of the 24" International Scientific
Conference "Management and Quality" for young scientists. Two of the publications are in
English, and the rest are in Bulgarian. One of the cited publications has 2 citations in Scopus
publications.

The cited publications that describe the main results achieved in the dissertation work
and the presence of citations show that the results in the doctoral work are sufficiently
approved among the scientific community in the country and abroad.

6. Authorship of the obtained results

Of the 5 cited publications, the doctoral student is the independent author in three of
them and the first author in the other two. This convincingly shows the personal contribution
of M.Eng. Svetoslav Atanasov in the authorship of these publications and the obtained
results.

7. Abstract

The abstract has a volume of 35 pages, including a list of abbreviations used, general
characteristics of the dissertation work - topicality of the problem, object, purpose and tasks of
the research, research methods, scientific novelty and practical usefulness of the research,
approbation of the work, volume and structure of the dissertation work, as well as a brief
content of the dissertation by chapter, general conclusions, contributions, a list of scientific
publications on the dissertation work, a summary of the work in English. The abstract
sufficiently fully reflects the content of the dissertation work and the results achieved by the
doctoral student. The numbering of formulas, figures, tables and cited literature corresponds
to that in the dissertation work.

8. Personal impressions of the doctoral student
| don't know M.Eng. Svetoslav Atanasov personally. My opinion is based on the
dissertation work, abstract and materials provided.

9. Comments, recommendations and remarks on the dissertation work

The presented dissertation shows that the doctoral student M.Eng. Svetoslav Atanasov
is sufficiently well versed in the problems and possibilities of the application of automated
systems in precision agriculture and in their use for the purposes of efficient irrigation of
greenhouse tomato plantations, as well as with the apparatus and application of the methods
of mathematical statistics and modeling. Considerable volume and interesting theoretical and
experimental work has been carried out, and the obtained results and the proposed
automated system can find successful practical application and development.

The following remarks and recommendations can be made to the dissertation work:

- the technical characteristics of the used sensors and measuring devices could be
given more briefly in the text of the dissertation, referring to the relevant sources:

- the dependences of the relevant color parameters on soil moisture and soil
temperature for the entire ranges of variation should be graphically presented (as
tridimensional and/or as families of characteristics) in order to visualize the non-linear nature
of these dependences and the possibility of using piecewise linear regression relationships
with a breakpoint;

- | recommend M.Eng. Svetoslav Atanasov to continue his work on the subject of the
dissertation work, to expand the research in the direction of tracking the temperature
influence in a wider range and the influence of other factors on the experimental results in
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order to use the proposed approach not only for greenhouse crops, but and for field crops;

- in the summary scheme of the proposed system for remote monitoring of plantations
and automated irrigation control, the soil temperature measurement involved in the soil
moisture determination model should be indicated, along with the color parameters;

- the continuation and development of the research activity on the subject will give
M.Eng. Svetoslav Atanasov the opportunity to develop his publication activity in publications
with an impact factor.

The proposed approach, based on the physical observation of plants and their use as
'biological sensors", is very promising for solving a wide range of tasks in precision
agriculture.

10. Conclusion
My assessment of the presented dissertation work is positive. | believe that the
dissertation meets the requirements of the Act on the Development of the Academic Staff in
the Republic of Bulgaria and the Regulations on its implementation.
The achieved results give me reason to propose that the educational and scientific
degree "Doctor" be obtained

by M.Eng. Svetoslav Stefanov Atanasov

in the field of higher education - 5. Technical sciences,

professional field - 5.2 Electrical engineering, electronics and automation,

doctoral program - Automated systems for information processing and management (by
industries).

Member of the scientific jury:  /signature/
[Prof. Z. Nenova, PhD/

28.03.2024 r.



