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HayKkuTe.

1. AKTyanHOCT Ha pa3paboTBaH1A B ANCEPTALMOHHNA TPy npob6nem

B HAY4YHO U Hay4YHOMPUJIOXKHO OTHOLUEHUE.

CeugeTtenn cMe Ha Bb3xoaa Ha loT TeXHONOrMUTE N U3KYCTBEHUS UHTe-
nekt (Al), Ypes KOUTO ce yckopsiBaT AeMHOCTM B MHOMO CTOMaHCKM obnacTu,
yBenu4uaBa ce TsaxHaTa edeKTUBHOCT U ce nogobpssa ToYHOCTTa Npu B3UMa-
He Ha yrnpasfeHYeCcKu peLleHus.

JMcepTaUMOHHUAT TPYA pasrnexaa, Harnes pasnuyHu, Ase obLWnpHU Te-
MK: B6e3KOHTaKTEH MHGpadepBeH BMOMEaNLMHCKA MOHUTOPUHT Ha CericKoc-
TOMAaHCKM XMBOTHU; paHHO aBTOMAaTU4YHO OTKpMBaHE Ha ropcku noxap 4pes
yrnaBsiHe Ha M3TbYBaHU aKyCTUYHW BbIfHW U COHOrpamMeH CreKTpoMeTpUYeH
aHanus. O6uoTo ca loT TexHonornuTe, KbaeTo ca paspaboTeHu, nscneasa-
HU U YCbBbPLUEHCTBaHWN PELUEHUs, NpuTexasalln onpeneneHn npegMmMmcTea
3a KOHKpeTHUTe Lenu. B ToBa OTHOLIEHNEe, AUCEePTaLUOHHUAT Tpya e Ha bes-
CMOPHO aKTyanHa TemaTuka.

2. CteneH Ha no3HaBaHe CbLCTOSHWETO Ha npobnemMa U TBop4ecka
MHTepnpeTauus Ha NUTepaTypH1Ua Matepuan

HanpaseHoTo nuTtepatypHoO npoyyBaHe ([naesa 1) u HanpasBeHWa aHanu3
B HEro nokassat MHOro gobpo nosHaBaHe Ha TemaTukaTta. [ocoveHn ca ob-
wo 120 nuTepaTypHU 3arnaBusi, KaTo OCHOBHUAT akLEHT Ha Hay4yHOTO U3C-
rnefBaHe e Haco4YeH KbM HayvyHUTe TpyaoBse, NyGrivMkyBaHu npes nocnegHuTe
10 roguHu (63%). JluTepaTypHOTO Npoy4YBaHe € rnpoBeAeHo B ABE HAaCOKN —
MHbpadepBeHa ONArHOCTUKa BbPXY CEICKOCTOMAHCKN XMBOTHU U TEXHOIO-
MYHU peLLEeHUA 3a PaHHOTO AeTeKTUpPaHe Ha ropcku noxapwu

Cnep aHanu3 u CbOTBETHU M3BOAM B Kpas Ha NiuTepaTypHOTO npoy4BaHe,
e hopmynupaHa uenTta Ha guceptauuoHHua Tpya: ,PaspabomeaHe, oyeHKa
U mecmeaHe Ha XxaplyepHU U cogbmyepHU cucmemMu 3a UHpayepeeHa
mepmozpaghcka buomeduUUHCKa CKPpUHUH208a Ouac2HOCMUKa Ha CeJsICKOC-
MOnaHCKU XXUBOMHU U aKyCmu4YHO paHHO 0emeKmupaHe Ha 20pCKU rnoxapu”.
3a nocTuraHeTo Ha uenTa ca noctaBeHn YeTupu 3agadn, KOMTo ca CBbp3aHu
CbC CNnegHoTo:

— Cb3faBaHe 1 uscrefBaHe Ha UHCTPYMEHTanHM cMcTemMun 3a HenHBasuB-
HU M3MepBaHWS Ha TerlecHaTta TemnepaTypa Ha CeriCKOCTOMNaHCKU XXUBOTHW;

— paspaboTBaHe Ha anroputMy 3a aBTOMaTMYHO OTKpMBaHe Ha 06eKT B
NH(ppavepBeHo n3obpaxeHue;
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HW B OTOENHMTE MaBu Ha aucepTauumsaTa.

OtpenHuTe 3agaym ca nocrieqoBaTerniHO pellaBaHu B rMaBuTe Ha Tpyada
no cbuectso. ObpasoBaTenHuTe Lenu Ha AucepTaumaTa ca OTMUYHO U3-
MbIHEHMU.

3. CroTBeTCcTBUE Ha M3bpaHaTa MeToAMKa Ha uscredBaHe C NnocTa-
BeHaTa Lienl ¥ 3aayu Ha gucepTaLuMoOHHUSA Tpya

MeToaunyecku, gucepTauuoHHUAT TPYA € B forndeckara nocnegosaren-
HOCT OT: npernej Ha CbLUECTBYBALLOTO MOMIOXeHWe, NnpeanaraHe Ha apek-
BaTHW 3a LenTa pelleHus; pa3paboTBaHe Ha noaxoAsly MeToAWMKWU, arnro-
PUTMU U CXEMHU pPeLLEeHNs; TECTBaHWA; aHanu3 Ha peayntatute. MetoaukaTa
3a npoBexpgaHe Ha uscneaBaHusATa BKIOYBA aBTOpCcKa anapaTHo-nporpamHa
peanusauus Ha Ethernet GasupaHu ceH3opHU Moaynu.

4. Kpatka aHajMTU4Ha XapakKTepnuctmKka Ha eCTeCTBOTO U OLIEHKa Ha

JOCTOBEPHOCTTa Ha MaTepuasna, BbpXy KOWTO ce rpaasit NpuHoOcCUTe Ha
OucepTauuoHHUSA TpyA.

[ucepTauMOHHMAT TPy € HanucaH Ha aHrnuincku esmk. ObembT 1 e 175
cTpaHuum nnc 17 cTpaHuum npunoxeHvne. PasnpegeneHneTo Ha matepua-
na e KakTo cnejsa: 3arfiaBHa CTpaHuLa; CbabpXaHne — 7 CTp.; YeTupu rna-
BM 159 cTp.; NpMHOCK Ha gucepTaunoHHUs Tpya — 1 cTp.; nyénukaumm no au-
cepTaunoHHus Tpyg — 1 cTp.; u3nonssaHa nutepatypa 8 ctp. B 15 cTp. npu-
noxeHve e gageH UNCTpaTMBeH MaTepuan — CXeMM M CHUMKW Ha paspa-
60TBaHUTE CUCTEMU U EKCMEPUMEHTANHU YCTaHOBKW.

maBa 1 npeacTaensBa CUCTEMATMYHO NUTEPATYPHO MNpoydBaHe B OBe
OCHOBHW HaCOKWU: — METOAM 3a AUarHOCTUKa Ha CEerICKOCTOMAaHCKM XXUBOTHHU, B
KOATO € HanpaBeH LeneHacoyeH nperfnej n aHanus BbpXy HEUMHBasMBHaTa
NH(ppavepseHa AnarHOCTUKa M NoaxoasawmTe 3a nHpadepBeHn CeH3opu; —
AETEeKUMs Ha ropcKu no)apu nocpeacTBOM aHanvs Ha U3NbYeHUTEe npu no-
Xapa aKyCTUYHW BbIHU, KaKTo U Be3XKMYHN TEXHONOrMKU, CEH30PHM BBH3NU U
TOMosornM 3a npeHoc Ha uHopmauus. JiutepaTypHOTO NpoydBaHe 3aBbpLL-
Ba CbC 3akntoveHue, Ha H6asata Ha KOMTO ca MOCTaBeHW LenTa u 3agadure
Ha AncepTaunoHHUA TPyL.

CnegsawuTe Tpy rmaBu pasrnexaart nog-temara 3a 6e3KOHTaKTeH UHM-
payepBeH BOMeaUUMHCKN MOHUTOPUHI Ha CENCKOCTOMAHCKM XXUBOTHM.

MaBa 2 e noceBeTeHa Ha pa3paboTsaHeTo Ha Ethernet cuctema 3a uHp-
pavepBeHa TepMUYyHa OuarHOCTUKa Ha CericKoCcTomnaHcKu XUBOTHU. [Npeano-
XeHa e CTpykTypa Ha Tepmorpad)cka uamepsaTernHa cuctema, nosissaila
Knacu4yeckus TpucnoeH loT Mogen cbC CrioeBe 3a Bb3npueMaHe, MpeXxoBa
opraHusaums u npurnoxeH codTyep. MNpegnoxeHa e n BTOpa nogobpeHa
CUCTEeMa, KOATO MO3BOJSISIBA KOMMEHCUPaHe BNUAHWETO Ha BBbHLUHWU (hakTopm
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(TepMoPU3N4HUTE CBOWMCTBA HA TbKAHUTE, MPOMEHMU B ycnosmslTazFr 0J<QJJ;
HaTa cpeaa u pas3cTosiHUATa Mexay kamepara u obekra). I'Ipe,u,c’fz ‘ g‘ﬁ
AaHHU OT TECTOBM NabopaTopHU U3CNEABaHMS. \ ;'

[naBa 3 onucsa paspaboTBaHETO Ha NopTaTUBHA I/IHCbpaLIepBeHK M,Q,p;* Y
BaTefiHa cucTemMa 3a OMarHoCTUKa Ha CEJSICKOCTOMaHCKU XUBOTHWU m“ﬁpéﬁé%’
AEHUTe C Hesa naMmepBaHusa Npu peanHu ycnosud. CuctemaTta npenocTtaes
6uomeanumHcka o6pasHo-aMarHocTU4Ha WHdopmauua B MHEpPaYepBeHUs
CBET/IMHEH CMEKTbp, MO3BosSisiIBalla OTKPMBAHETO Ha TEPMUYHU aHoOManuu
npu xXuBoTHUTE. MNpeacTaBeHn ca pesynTaTv OT U3MEpBaHWUSA B peanHu yc-
nosua B kpaBedepma B obnact Hoea 3aropa. M3BbplLUeHN ca Ha MACTO U3-
MepBaHUA Ha TeMnepaTyparta Ha 228 o4u Ha KpaBu U € HanpaBeH cTaTUCTU-
YecKu aHanus Ha cbOpaHuTe gaHHW.

MaBa 4 npepncrtaes pa3paboTeHns anropuTbM 3a OTKpMBaHe Ha 06eKTU B
TEPMUYHN U306paxeHus. 3BbpLUeHa e OLeHKa Ha YyCTOMYMBOCTTa Ha anro-
puTbMa KbM TOMMUHHW LWyMoOBe. HanpaBeHa e oueHKa Ha BNUSIHWETO Ha na-
paMeTpuTe Ha anropuTbma BbpXy Herosata TOYHOCT U € AedUHUpPaH KpuTe-
PUI 3a onTUMMU3MpaHe Ha NPOW3BOAUTENTHOCTTa MoKasBall, CTOMHOCTUTE Ha
napamMeTpuTe, BoAeLLM 4O ONTUMArHO OTKpuBaHe Ha o6ekTu. NpeanoxeH e
noaxod 3a oyepTaBaHe Ha OBGEKTU ypes T.Hap. ,MaXopuTapHO rnacyBaHe”,
KbAeTo obeKkTHaTa macka u ce U3vucrsiBa Bb3 OCHOBA Ha MackuTe, reHepu-
paHu OT pa3nM4YHO HaCTPOEHU anropuTMu 3a npocrnegsBaHe Ha 0bekTu.

[naBa 5 pasrnexgar nog-temara 3a paHHO OTKPMBaHE Ha ropPCKu roxap.

B Hesa e onucaHo paspaboTtBaHeTo Ha loT ceH3opHa cucTema, Bb3npremMalla
aKyCTUYHNTE BbIIHM OT MoXKapHa obcTaHoBKa U NPexBbpns AaHHUTE Npes yc-
TaHoBeH Wi-FiHaLow 6e3xu4eH KOMyHMKauuOHeH KaHan. M3BbplueHun ca
aHanu3n Ha ayauo 3BYLW OT narepeH OrbH, ropcka cpefa ¢ NpuchbCTBue Ha
BATbP, AbXA U [ABa KOHTponvpaHu noxapa. [JaHHuTe ca duntpupaHn u e
npeanoXxeHa Kopekuuss Ha HenMHenHocTTa Ha MukpodoHuTe. MpeanoxeHu
Ca MeToau 3a pasrpaHuyaBaHe MeXAy NOXapHW U HeroXapHU cbOouTUS Ha
6asaTa Ha cnekTpanHusi CbCTaB Ha CHETUTE ayaMo3arnucu.

3a BCsKa OT rmasuTe Mo Noa-TEMUTE, ca 3asiBEHU U OMUCaHU NMOCTUrHaTy-
T€ B TSX NPUHOCHU.

5. Hay4yHONpPUNoXHWU NPUHOCK Ha AVUCepPTaLUOHHUSA TPYA.

Hay4yHo npunoxHuTe npuHOCKU B HaCTOALLMS TPYA Ce OTHACAT 40 oTaen-
HWUTe eTanu oT pa3paboTBaHeTo U uscnegsaHeTo Ha loT 6asupaHu TepMmor-
padckn cuctemMmn 3a HeMHBa3MBHA AUArHOCTUKA Ha CENCKOCTOMaHCKU XUBOT-
HU1, BKIMOYUTENHO NPEHOCUMU, KaKTO U 3a uaeHTUdULMpaHe Ha ropckm noxa-
pyv 4Ype3 3BYKOB aHanu3 M morat Aa ce onpeaensit kato obozamsieaHe Ha
cbhujecmeysawju, ycmpoticmea U cucmeMu ¢ Hosu KadYecmea U napamempu.
Te morat ga 6baaT KOHKpeTU3npaHu B CNegHOTO:

— pa3paboTeHa cuctema 3a Tepmorpadcka AMarHoOCTMKa Ha CericKocTo-
MAaHCKW XUBOTHWU C noaobpeHo nHppayepBeHO nsMepBaHe Ha TemnepaTypa-
Ta, npunarawa KOMMIEeKCHU COPTYepHU TEXHONOrMM 3a KOMMEHCUpaHe Ha
napasuTHU epekTy;




aHomanuu,

— pa3paboTeH anropuTbM 3a aBTOMaTUYHO OTKpMBaHE Ha ODEKTUNRS
payepBEHN TOMIIMHHM M300paXKeHUs U NpeanoxeHa MeToauka 3a onTum SITHA
dmHa HacTporiKa Ha napaMmeTpuTe My,

— npeasnioXxeH HOB MeToqd 3a OTKpMBaHe Ha 06ekTn B MHGpayepBeHO
n3obpaxeHne Bb3 OCHOBA Ha KOMMUNUPaHW TeXHUKU Ha NskycTBeHus VHTe-
NEeKT 3a ,MaXopUTapHO rnacysaHe” Ha 06eKTHUTEe oYepTaHus,

— peasiokeHa MeToAuKa 3a aHanua Ha npeobpasyBaHW B COHOrpamHu
n3obpaxkeHns 3BYyLIM OT rOPCKU NOXapw 3a LenuTe Ha pasrpaHM4yaBaHeTo UM
OT HenoXapHu cboUTKS.

6. OueHka 3a cTeneHTa Ha NMUYHOTO y4YacTue Ha AucCepTaHTa B Mpu-
HOocuUTe

Crnopen AajeHuWa Matepvan U HampaBeHUTe Mo Hero nydnvkauuu, cyu-
Tam 4Ye NPUHOCUTE B HacToAWMA TPyA ca NpeavMHO NMUYHO AEno Ha gucep-
TaHTa, Noj PbKOBOACTBOTO Ha Herosus pbkosoguTen npod. A-p MNetbp HAku-
MOB.

7. MpeueHka Ha ny6nukKauuuTe No AMcepTauMoHHUA TPya

Mo AaucepTauMOHHUA TPYA ca HanpaBeHu 8 nybnukaumn, oT KOUTO S Ha
koHdepeHuuaTa Electronics ET'xxxx (Co3onon) [1-3, 6, 8], eaHa B ,Journal of
Physics: Conference Series” [4], eaHa — Ha koHrpeca ICICT 2023, JToHaoH [5]
n egHa B on-line cnucaHneto ACTA IMEKO 2023 [7], Wtanusa. Beuuku ny6-
nvKaummu ca B cbaBToOpcTBO. CunTam, 4Ye HanpasBeHuTe nybnukaumu ca goc-
TaTbYHWU MO KONMUYECTBO U KayecTBO. Bcuuku ctatum ca pedpepupanHn U uH-
AekcupaHu B 6asaTta gaHHu Ha Scopus. CbbpaHute Toukn no MuHumanHuTe
nsuckeaHute Ha lMpaBunHuka 3a npunaraHe Ha 3PACPB no nokasarten ,I™
TOYKM ca 95, C KOeTo 3HaYUTENHO ce HaaoxBbpnaT usmckyemmte 30. 3a nyo-
nMKauumuTe No AMcepTaumMoHHUA Tpya ca BUOHU 4 uuTnpaHmsa B Scopus.

8. U3non3BaHe Ha pe3ynratute oT AncepaTtunoHHUA TPpyn
HOqueHI/ITe pe3yntat oT AucepTaunoHHUA TPya Ca NPAKO NMPUoXumMmun

NPy ANarHoCTUUMpPaHeTO Ha 34PaBOCIIOBHOTO CbCTOAAHNE HA CEerncKOCTOoMnaHe-
KW XXMBOTHW, KaKTO M NpWU MAEHTUMULUMPAHETO Ha noXapwu B rOPCKM MacueMu.
MpoBeneHUTe eKCNepUMEHTM B peanHu ycrioBus gokassaT ToBa. B aucepra-
LUMATa ca BUAHW MPUIOXHU NPUHOCKU: — NpeasioxeHa KoHuenuusa 3a Power-
over-Ethernet aBTomaTusanpaH MoHUTOpUpaLY, CTEHS 3a TepMu4yHa auarHoc-
TUKa Ha CeriCKOCTOMAaHCKU XXMBOTHU; — pa3paboTteHa u npeHocuma loT cuc-
Tema 3a TOMNMMHEH MOHUTOPWHT; — npeanoxeHa Wi-FiHaLow cuctema 3a fe-
TEeKTUpaHe Ha U3MbYEHU OT FOPCKU NOXAP aKyCTUYHU BbITHU.

PaspaboTku Ha gucepTaHTa ca Hamepunu MpuUnoXeHue B Hay4YHou3cre-
[loBaTerncKn nNpoekT, duHaHcupaH oT ¢oHAa ,HayyHu nacnegsanus” — ,0OnTu-
MU3NpaHe Ha aKTMBHU METOAM 3a MHpayepBeHa TemnepaTypHa AnarHocTu-
ka 1 Hepaspylasall koHTpon“ (npoekt Ne [1H 17/16, 2017 r.) n npoekT, -
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HaHcupaH oT HUC npu TY — Codusa “U3cnegsaHe v yCbBbPLUEHC :
eNeKTPOHHN MeTOAM U CPEeACTBa 3a PaHHO AETeKTUpaHe Ha ropcku
(npoekt Ne 232r10005-03, 2023 r.), kakto “ no HaunoHanHa np¢
.,Mragn ydyeHu 1 NnocTaokTopaHTu-2°, 2024.

9. OueHKa Ha CbOTBETCTBMETO Ha aBTOpedeparta

MpegcTaBeHnsaT asTopedpepat e HanucaH Ha Obnrapcku esvk B o6em ot
32 ctpaHnuu CbabpKaHMeTo My CbOTBETCTBA Ha CbAbPXKAHMETO Ha Aucep-
TauMoHHMSA Tpya. TOM CbabpKa KOHUEHTPUPaHo rnpeacTaBsHe Ha oThernHuTe
rnasu oT guceprtaumara. ABTopedeparsbT 3aBbplUBa C onvcaHue Ha npuHo-
cuUTe, CNUChK Ha nybnukauuuTe No Tpyda U aHOTauusl Ha aHrMUACKN e3UK.
OueHkaTta Mu 3a aBTOpedepaTa e, 4Ye Ton OTroBaps Ha obLionpueTute nsnc-
KBaHUATa U OTpassiBa BAPHO CbAbPXAHUETO U NPUHOCUTE Ha AucepTauMoH-

HUS TPYA.

10. MHeHusA, NnpenopbLKU U 6enexkn

Hdapox ceBoe oduumanHo MHEHUE C NPenopbKku K Benexku 3a BbTpeLlHa-
Ta 3alimTa Ha guceprtaumara Ha mar. uHX. CtedpaH PusaHoB. VMiMam HsaKou
3abenexkn OT TEXHUYECKN U peaaKLMOHEH XapaKkTep:

— B 3arfaBHaTa CTpaHuua Ha guceptauudara nunceart 3anucaHu npode-
CMOHanNHOTO HarnpasfieHne N HayyHaTa cneunanHocT;

— Hay4yHoTO npoyyBaHe ([naBa 1) saema ronsiMa 4yacTt OT guceprauusaTa
(37% oT gncepTaumsaTa) U B HEFO ce CbAbPXKaT HECHLLECTBEHU OT 06pa3oBa-
TenHa 1 Hay4yHO nscregoBarterncka rnegHa Touka pasrnexgaHus;

—vactTa lNpunoxeHne 61 criegsano ga ce nocraeuv cried vactra Jlute-
patypa,

— JeKrapaTMBHO U HeaHanMTUYHO NpeacTaBsHe Ha NPUHOCUTE Ha gucep-
TayusaTa. '

Hamam 3abenexku no OTHOLLEHVE Ha KONMYECTBOTO M KAYEeCTBOTO Ha U3-
BbpLUEHaTa OT gucepTaHTa paboTa no Temara Ha guceptauusaTa. N3BbplLue-
Ha e 3HauuTenHa paboTa, KOATO e JoBena 4o yoeouTenHu pesynTtaTtu.

11. 3aknoveHue:

Cuutam, Yye obpasoBaTenHarta M Hay4yHaTa 3agadn Ha guceprauusTa ca
N3NMbNHEHM Ha BUCOKO HMBO. [NpeaBua akTyanHoCTTa Ha Temara, HanpaBeHu-
Te pa3paboTku, uscneaBaHUa U aHanusn, NOCTUrHaTUTE pPesynTaTu, KakTo u
HanpaseHuTe nybnukauuu, gasam MNOJTIOXUTEITHA oueHka Ha gucepTauun-
OHHUA TPy W Npegnaram Ha 4reHoBeTe Ha yBaXaeMoTo HayyHo Xypu ga
rnacyeaTt 3a JaBaHeTo Ha obpasoBaTenHaTa M Hay4yHa cTeneH ,JOKTop” Ha
mar. uHx. CtedpaH Munkos PusaHoB no npodecroHanHo HanpasneHue 5.2.
EnekTpoTexHuka, enekTpoHuka u aBTomaTuka, HayvyHa cneuunanHocT ,Enekr-
poHM3auus’.

PELIEH3EHT: L)
/| npocp. ATH nHX. I'. Muxos /
TY -COUA
QETT .
| BAPHO C OPUrMHAN 4
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REVIEW

of thesis for awarding the educational and scientific degree “Doci"":
Philosophy”

Author of the thesis: MSc. Eng. Stefan Milkov Rizanov

Title of the thesis: "Research and advancement of electronic instruments for
the development of smart agriculture and environmental protection”
Reviewer: Corr. Mem. of BAS, Eng. Georgy Slavchev Mihov, Professor,
Doctor of Science

1. Relevance of the problem solved in the PhD thesis in scientific and
applied science terms.

We are witnessing the rise of 10T technologies and artificial intelligence (Al),
through which activities many economic areas are accelerated, their
efficiency is increased and the accuracy of management decision-making is
improved.

The dissertation examines two seemingly different, extensive topics: non-
invasive infrared biomedical monitoring of farm animals; early automated
detection of wildfires by capturing fire-emitted acoustic waves and sonogram
spectrometric analysis

The common theme is loT technologies, where solutions have been
developed, researched and improved, with these proposed solutions having
certain and distinct advantages for specific purposes. In this regard, the
dissertation work is undoubtedly relevant.

2. Level of knowledge of the problem’s state and author creative
interpretation of the bibliography

The reference study (Chapter 1) and the analysis made therein show a very
good knowledge of the topic. A total of 120 literary titles are indicated, with
the main emphasis of the scientific research being directed towards scientific
works published in the past 10 years (63%). The literary review was
conducted in two directions — infrared diagnostics on farm animals and
technological solutions for the early detection of wildfires.

After analysis and relevant conclusions at the end of the bibliography review,
the goal of the PhD thesis was declared: "Developing, evaluating and testing
hardware and software systems for infrared thermographic bio-medical
screening diagnostics of farm animals and sound-based early detection of
wildfires". To achieve the goal, four tasks have been set, which are related to
the following:

— creating and investigating instrumentation systems for non-invasive
measurements of the body temperature of farm animals;

— developing algorithms for an automatic object detection in an infrared
image;




the fields of intelligent agriculture, farming, forestry and environmental™
protection.

The individual tasks are consistently solved in the chapters of the work. The
educational goals of the dissertation are excellently fulfilled.

3. Compliance of the chosen research methodology with the goals and
tasks of the PhD thesis

In methodological terms, the thesis is in the logical sequence of: review of the
existing methods; offering adequate solutions for the targeted application;
development of appropriate methodologies, algorithms and circuitry designs;
testing; analysis of the results. The thesis’s methodology includes the
author's hardware and software implementation of Ethernet-based sensor
modules.

4. Brief analytical description and assessment of the material’s

credibility on which the contributions of the PhD thesis are built.

The PhD thesis is written in English. Its volume is 175 pages plus 17 pages
of appendix. The distribution of the material is as follows: title page; table of
contents — 7 pages; four chapters 159 pages; contributions of the thesis — 1
page; publications on the PhD thesis — 1 page; used references 8 pages. In
the 15-page appendix, illustrative material is given — diagrams and photos of
the developed systems and experimental setups.

Chapter 1 is a systematic scientific review in two main directions: — methods
for diagnostics of farm animals, in which a targeted review and analysis of
non-invasive infrared diagnostics and suitable infrared sensors is made; —
detection of wildfires through analysis of acoustic waves emitted during the
fire, as well as wireless technologies, sensor nodes and topologies for
information transfer. The bibliography review ends with a conclusion, on the
basis of which the goal and tasks of the PhD thesis are set.

The next three chapters address the sub-topic of non-contact infrared
biomedical monitoring of farm animals.

Chapter 2 describes the development of an Ethernet system for infrared
thermal diagnostics of farm animals. A structure of a thermographic
measurement system is proposed, using the classic three-layer loT model
with perception, network and application layers. A second improved system is
also proposed, which allows compensating for the influence of external
factors (thermo-physical property variances in the observed tissues, changes
in ambient conditions, camera-to-object distance variances) on the accuracy
of measurements. Data from laboratory test studies is presented.

Chapter 3 describes the development of a portable measuring system for
diagnostics of farm animals and with which measurements under real
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conditions were made. The system provides bio-medical imaging-diaghe
information in the infrared light spectrum, allowing the detection of thej( Male x AHATIS
anomalies in animals. Results of the performed measurements under real ‘
conditions in a cattle farm, located in the Nova Zagora region, are pres%ﬁtgg;..{* Y
The collected data comprises of 228 eye temperature measurements of ™= ..
cattle, the maximum eye temperature was extracted and statistically

analyzed.

Chapter 4 presents the developed algorithm aimed at automated object
recognition in thermal images. The resilience of the algorithm to thermal
noise is statistically evaluated. The influence of the algorithm parameters on
its accuracy is assessed and a performance optimization criterion is defined
indicating the parameter values leading to optimal object detection. An
approach for object detection using the so-called "majority-vote" is proposed,
where the object mask is calculated based on the masks generated from
differently-tuned object tracking algorithms.

Chapter 5 addresses the sub-topic of early detection of wildfires. It describes
the development of an loT sensor system that captures environmental sound
data and sends it upstream via a Wi-Fi HaLow wireless link. Analyses of
audio sounds from a campfire, a forest environment with the presence of
wind, rain, and two controlled fires are performed. The data sequences are
filtered and a correction for the nonlinearity of the microphones was
proposed. Methods for distinguishing between fire and non-fire events based
on their unique acoustic signature both in the frequency and time domains
are proposed.

For each of the chapters on the sub-topics, the results and contributions
described therein are stated.

5. Applied scientific contributions.

The applied scientific contributions within the presented PhD thesis relate to
the individual stages of the development and research of loT-based
thermographic systems for non-invasive diagnostics of farm animals,
including portable ones, as well as for identifying wildfires through sound
analysis and can be summarized as the enrichment of existing devices and
systems with new functional modalities. They can be specified in the
following manner:

— a developed system for thermographic diagnostics of farm animals with
improved infrared temperature measurement, applying complex software
technologies to compensate for parasitic effects;

— a proposed device for portable infrared surface temperature measurement
and detection of asymmetrical thermal anomalies;

— a developed algorithm for automatic detection of objects in infrared thermal
images and proposed methodology for optimal fine-tuning of its parameters;

— a proposed a novel method for detecting objects in infrared images based



@EW75- --m -0 7&?

boundaries;

— a proposed methodology for analyzing sounds from wildfires conver&g Q_A4Y
sonogram images for the purpose of distinguishing them from non-fire Opus
events.

6. Degree assessment of the candidate’s personal participation in the

contributions

According to the presented materials and the scientific papers related to
them, | believe that the contributions made in the present PhD thesis are
mainly the personal work of the author, under the guidance of his supervisor
Prof. PhD Peter Yakimov.

7. Evaluation of articles on the PhD thesis

Eight papers have been published as part the presented PhD thesis, of which
5 at the International Scientific Conference Electronics (ET’xxx), Sozopol [1-
3, 6, 8], one in the “Journal of Physics: Conference Series”, IOP Publishing
[4], one at the ICICT 2023 congress, UK [5] and one in the on-line journal
ACTA IMEKO 2023 [7], Italy. All publications are co-authored. The
publications made are sufficient in quantity and quality. All articles are
referenced and indexed in the Scopus database. The minimum points
collected under the Regulations for the Implementation of the Law on the
Development of the Academic Staff in the Republic of Bulgaria under
indicator “I"” are 95, which significantly exceeds the required 30 points. There
are 4 citations in Scopus for the papers part of the PhD thesis.

8. Applicability of the results obtained in the PhD thesis

The results obtained from the dissertation are directly applicable in
diagnosing the health status of farm animals, as well as in identifying fires in
forest areas. The experiments conducted in real conditions prove this. The
PhD thesis has significant applied contributions: — proposed concept for a
Power-over-Ethernet automated monitoring stand for thermal diagnostics of
farm animals; — developed portable loT system for thermal monitoring; —
proposed Wi-Fi HaLow system for detecting acoustic waves emitted by
wildfires.

The dissertation's developments have found application in a research project
financed by the National Science Fund — "Optimization of active methods for
infrared temperature diagnostics and non-destructive testing" (project No. [IH
17/16, 2017) and a project funded by the Research and Development Sector
at the Technical University of Sofia "Research and improvement of electronic
methods and tools for early detection of forest fires" (project No. 232M0005-
03, 2023), as well as under the National Program the “Young scientists and
postdoctoral researchers — 2", 2024.
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9. Author's essay assessment

The submitted author's essay is written in Bulgarian in a volume of 3‘,
Its content corresponds to the content of the PhD thesis. It contains af\‘:; &/
concentrated presentation of the individual chapters of the dissertatioﬁ\w
abstract ends with a description of the contributions, a list of publications ar

a summary in English. My assessment of the essay is that it meets the

generally accepted requirements and faithfully reflects the content and

contributions of the PhD thesis.

10. Opinions, recommendations and notes

| have given my official opinion with recommendations and notes during the
preliminary presentation of the dissertation work of Eng. M.Sc. Stefan
Rizanov to the Council of the Department of Electronics. | have some
remarks of a technical and editorial nature:

— the title page of the PhD thesis does not include the professional field and
scientific specialty;

— the scientific research (Chapter 1) takes up a large part of the dissertation
(37 % of the thesis) and contains considerations that are not essential from
an educational and scientific research point of view;

— the Appendix section should be placed after the References section;

— declarative and non-analytical presentation of the contributions of the
dissertation.

| have no remarks regarding the quantity and quality of the work done by the
PhD candidate on the topic of the thesis. Considerable work has been done,
which has led to convincing results.

11. Conclusion:

| believe that the educational and scientific tasks of the PhD thesis have been
fulfilled at a high level. Given the relevance of the topic, the developments,
research and analyses carried out, the results achieved, as well as the
publications made, | give a POSITIVE assessment of the dissertation work
and propose to the members of the esteemed Scientific Jury to vote for
granting the educational and scientific degree " Doctor of Philosophy " to
MSc Eng. Stefan Milkov Rizanov in the professional field 5.2. Electrical
Engineering, Electronics and Automation, scientific specialty
"Electronization”.
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