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PEINEH3H A

»»BIEKTPOTEXHUKA, €IEKTPOHHKA M aBTOMATHKA", Hay9Ha crienuaitHocT “EnexTponuzanus”
Aemop mna oOucepmayuonnus mpyo. wmar. mmk. Credpan MunkoB PusanoB, kateapa
,»-EIeKTpoHHa TexHuKa“, ®axynter ElekTpoHHA TeXHUKA U TEXHOJIOTUH, T€XHUYECKH YHUBEPCHTET
- Cogus.
Tema na oucepmayuonnus mpyo:, Iscienpane U yChbBbPIICHCTBAHE Ha €JICKTPOHHU METOIU
U CPEZCTBA 3a pa3sBUTHE HA UHTEIIMIECHTHO 3€MEIENNE U Olla3BaHe Ha OKOJIHATa cpeaa™

Peyenszenm: npo¢. n-p umx. Huxona Buues Kones, fokTop Ha HaykuTe.

1. Aktyannocr Ha pa3pa0oTBaHHs B AMCEPTAIMOHHHSA TPYJA HpPoGJEM B HAYYHO H
HAYYHONPHJIOXKHO oOTHomenne. CTemeH M HHBA HAa AaKTYaJHOCTTa Ha mpoljeMa H
KOHKPETHHTE 3a/1a4H, pa3paboTeHH B JHCEPTANMATA

JlMcepTalluOHHMAT TPYH € C aKTyallHa TeMa 3a BHBEXKJAHETO U PAa3BUTHETO HA €JICKTPOHHU
CPEICTBA 3a OILEHKA M YIIPaBJIEHHE HA NPOIECH B 3¢MEIEINETO U B OKOJIHATA CPeJla Ha PETHMOHATIHO
1 MecTHO HHBO. OLIEHKAaTa M YNpPaBJICHHETO Ha IPOIECH B 3eMEENHETO € CIOXKHA U JeIUKaTHa
JCHHOCT Ha YOBEIIKOTO IO3HAHME, UMa HHTEPIUCHUILIMHAPEH XapaKTep U Hajlara MOHUTOPUHT Ha
peauLa eJIeMEHTH Ha OKOJIHATA Cpejia.

AHTpOIIOreHHaTa ACHHOCT NpPUYMHSABA HApYIICHHS B KOJMYECTBOTO M KadeCTBOTO Ha
3eMEJIENICKUTE PECYPCH, KAKTO M BBPXY KIHMMaTa. 3aT0Ba MMa HAPAcTBAll] HHTEPEC KbM ONAa3BaHETO
Ha OKOJIHaTa CpeAa M BHMMAHHMETO Ha OOMmECTBOTO ce (hoKycupa KBM BCE IO-331bJI00YECHO
H3y4YaBaHE Ha CpPEJiaTa, B KOATO KHUBEEM.

Pesynrature OT m3ciefBaHUATA IO JUCEPTALMATa IO3BOJISABAT Ja C€ MPEMJIOKAT HOBH
METOIH M MOJEIM Ha yCTpOHCTBA M CHCTEMH C IOAOOpeHH XapaKTepucTukd. He ca MHOro
JMCEpTallMUTE B Ta3H 001acT Ha 3HAHUETO W Ce HaAsABaM Ta3W JUCEpTalds Ja uMa T00Bp IpHeM B
Hay4HHUTE CPEIH.

Ot mperiena Ha MOKYMEHTHTE Ha JAWUCEpPTaHTa WHXK. PH3aHOB, M B H3IIBJIHEHHWE Ha
YCJIOBMETO, Y€ € DEIIMJ [OCTABEHUTE 3aJauydl M € OTYHCICH C [paBO Ha 3alluTa, CHIJIACHO
IIpaBunavka Ha TY — Codusd, Mora fa mpuema, 4e € M3IIBJIHWI W3UCKBaHHSATA, KOUTO MY JaBar
IIPaBO 3a 3al¥Ta Ha IOArOTBEHATA OT HEro Aucepranud 3a npuckxaane Ha OHC ,,moktop”.

2. CTreneH Ha MO3HABaHe CHCTOSIHMETO HA MpPo0/eMa H TBOPYECKA HHTEPIpPETAIHS HA

JINTEPATYPHHS MaTePHAT:
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B nucepranMoHHMA TPyJ € HanpaBeH KPUTHYCH MPErE] Ha CHIIECTBYBA)

)
OI€HKa Ha OCHOBHH IIapaMETPH, XapaKTCpH3Hpallll €JIEMEHTH Ha I/ISCJIC,ZIBaHé\.\ Onact

3eMEJICIINETO U Ha OKOJIHATA Cpeja.
IHenra Ha Tpyma, cmopex MeH, e Ch3AaBaHe HA XapAyepHH M CO(TyepHH CHCTEMH 32

uHppayepBeHa  TepMorpadcka OHOMEIMIHMHCKA CKPHHHHIOBA  JHATHOCTHKA  HA

CEeJICKOCTONAHCKH )KHBOTHH H aKyCTHYHO PAHHO JeTeKTHPAaHe HA FOPCKH MOKAPH.

ToBa BxmOYBa: Aa ce U3BENAT KPUTHYHH TEMIIEPATYPH 10 CEJIICKOCTONAHCKUTE KUBOTHH, Ja
C€ yCTaHOBM JMHAMHUKATA MM M Ha JPYIH, BXKHH 34 3€MEJEJIMETO U OKOJIHATA Cpe/ia apaMeTpH, Ja
Ce Ch3JaJlaT YCTPOHCTBA U E€JICKTPOHHU CHCTEMH 3a KOHTPOJ Ha TEMIIEpaTypara BBPXY XHBOTHH
(KpaBH M KOHE), BKIIOYHTENIHO yCJIOBHS 32 Bb3HMKBAHE HA IIOJKapH B OKOJIHATA CPeJa.

3a IOCTUTaHETO Ha Ta3H L) Ce pellaBaT CJICIHUTE 3aJaun:

1. Cp3paBane u u3cienBaHe Ha HHCTPYMEHTAJIHU CHCTEMH 3a HCHHBAa3HBHHU H3MEPBaHUs Ha
TEJIECHATa TEMIIEpaTypa Ha CEJICKOCTONAHCKH XKHBOTHH.

2. PaspaboTBaHe Ha aIrOpUTMH 3a aBTOMATHYHO OTKPHBaHE Ha OOEKT B HMH(pauyepBEHO
n300paxKeHue.

3. IIpoexkTupaHe Ha CEH30pEH MOYI 33 PAHHO OTKPHBAHE HA 'OPCKH MOXKap, KOMTO OTKpHBA
¥ aHAJIU3UPA aKyCTUYHHUTE BBJIHH, U3TBUBAHH OT IIOXKap.

4. W3cnenBaHe Ha CTAaHAAPTH U TEXHOJOTHH 3a Oe3KuYeH TpaHcdep Ha JaHHU B 00J1aCTTa Ha
HHTEJIMTCHTHOTO CEJICKO CTONAHCTBO, 3E€MEJENIUE, TOPCKO CTOMAHCTBO M OIa3BaHE HA OKOJIHATA
cpena

JlucepTaioHHUAT TPy € ¢ 06eM oT 186 CTpaHMIM U ce CHCTOH OT 5 IVaBH, OOIHM I/I3B~O,ZII/I,
IPUHOCH, CIMCHK Ha IyONMKaWE IO JUCEPTAllMOHHMSA TPYyA M W3IOJN3BaHA JIUTEparypa,
BKIIOuBama 120 HU3TOYHHMKA, BCHUKY HA JIATUHHUILIA.

3. ChoTBeTCTBHE HA H30paHATA METOAMKA HA M3CJIEABAHE C IIOCTABEHATA IeJ U 3aJa4H
HA AHCEPTALMOHHHSA TPy

Wmx. PuzaHoB pa3sBuBa miesTa 3a M3MEpBaHE Ha TEMIIEPATYPHHsS PEXHM HA >KMBOTHH M
cpenara, B KOSITO XMBEST, KATO CE U3IOJI3BAT JaHHU OT HH(PpadepBEHH H300paKESHHUS.

W3pectHO € OT myOnukanuu IO BeTepUHApHA MEIMIMHA, Y€ H3MEPBAHETO, KAKTO Ha
abCoOMOTHATa CTOXHOCT, Taka U Ha CKOPOCTTa Ha MPOMSHA Ha TEMIIEPATYpaTa [0 MOBBPXHOCTTA HA
)KUBOTHUTE MOXE Ja Obae AoObp MHAMKATOp 3a WHGMEKIWs WIH BB3MAJMTENIEH Ipolec. Tosa
Hajara Td Ja C€ cieau C HH(ppauepBeH TEPMOMETHD KAaTO €IWH IPHIOKEH acleKT Ha

TCMIICPATypPHUTE U3MEPBAHU Ha XKUBOTHH.
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B mucepranuaTa ca H3CIENBaHM M ca TPEMIONKEHM HOBH CHCTEMH ¢ {f A pas
TEPMOMETpHS, Ha OCHOBAaTa Ha M3KYyCTBEH HHTEJEKT, 3a OHOMEIUIIMHCKH Q
CEJICKOCTOIIAHCKH XXUBOTHA M PAHHO OTKPMBAHE HA FOPCKH MOKApH 4Upe3 yJaBsHE Ha
aKyCTHYHU BBJIHU U COHOIPaMEH aHaJIM3.

Ipemioxen e MeTon 3a ONTHMANHO HACTPOHBAHE HA NApaMeTPHTE Ha Pa3pabGOTCHHS
QIrOPUTBM H € pasrieaHO BIMSHUETO HA HHUCKOYECTOTHOTO (MITPHPaHE BHPXY OOGEKTHOTO
Aerextupane. IIpeioxena € u MeTonuKa 3a HACHTHUUMpaHe HAa 0OOEKTHMTE KOHTYpH Ha 0asa
Ma)XOPHTapHO-I71acyBaHa OOEKTHA MacKa 4pe3 KOMOMHHpPaHe HA MHOECTBO aITOPHTMH.

HIpunoxeHuTe B U3CIIEABAHETO METOMMKH, NIPOTPAMHY CPEIH U PE3YITATH OT H3MEPBaHHS
Ha TEMIIEpaTypara Ha XMBOTHH C MH(PaYePBEH TEPMOMETHP, KAKTO U PE3YITaTHTE OT COHAPHU
M3MEPBAaHMs Ha [apaMeTPH Ha IOXapy NPECTaBIIABAT €IEMEHTH OT 00pa3oBaTeIHATa M HaydyHaTa
4acCTH Ha CTEIEHTA ,,JOKTOP”.

4. KpaTka aHaqMTHYHA XapaKTEPHCTHKA HA €CTECTBOTO M OLEHKA HA JOCTOBEPHOCTTA
Ha MaTepHaJia, BbPXY KOHTO ce rpafsT NPHHOCHTE HA JUCEPTAUMOHHHS TP/

B mbpBa rNaBa AMCEPTAHTHT IpPaBH JUTEPaTypeH 0030p HA MyGIMKAIMH, CBBHP3aHH C
aKTyalHH HMEPBaHHs C MH(pPaYepBeH TEPMOMETBD KaTO MOHUTOPMHIOB MpPOLEC B PAa3IMYHH
MPOCTPAHCTBEHO-BpEMEBH Maiabu. Pasrienanm ca OCHOBHH IPOLECH KAaTo € HAlpaBeH
AQHATATAYCH MPEre] Ha TEMIEPAaTYPHOTO CBCTOSHHE HAa JKUBOTHHCKHTE OOEKTH, KOUTO Ce
oneHsaBaT. KoHTponMpaHeTo Ha TeMIepaTypaTa Ha OCHOBaTa Ha HEHHBA3MBHA HH(pauepBeHa
AUarHOCTHKA II03BOJSIBA HJACHTHOMIUpAHE Ha [ETEKTHPYEMH KIMHMYHM CBHCTOSHAS W HA
TIOBBPXHOCTHH TEPMUYHH aHOMAJIUH IIPH CEJICKOCTOIAHCKH XHUBOTHH.

Ipu aHanm3a Ha rOpPCKY TOXKAPH C /s KaK Te a ObJaT perucTPUpaHHd B (BOPMaTH3HpAHH,
AUCEPTAHTBT CTUTA O HM3BOA, Y€ T Ca M3KIIOYUTETHO TPYAHM 3a Mojemupane. IloaydeHara
3BYKOB4 BBJIHA OT IPOIIEC HA TOPEHE € €(eKT, IPHUMHEH OT BUCOKOTEMIIEPATYPHOTO PaslIMpEeHHe
Ha BB3/lyXa B OIM30CT O M3TOYHUKA HA OrRH. CIEKTHPBT HA TE3W aKyCTMYHH BBIHH CE ChIBPKA
KaKTo B HH(Pa3ByKOBHS, TaKa U B 9yBACMHs 3BYKOB JHana3oH. KOIMYeCTBOTO HAMYHO TOPHBO OT
Gmomaca BilMse BBPXy COHOTpaMaTa Ha W3JIbYBAHATE AKyCTHYHH BHIHM. TeXHHSAT Npodmi1 Ha
PasnpOCTPaHEHHE, CKOPOCTH Ha MPOCTPAHCTBEHO pAsIIMPEHHe M TEMIIEpaTypa, IO Hied Ha
AMCEPTaHTa, CE MOAEIUPAT KaTo CTOXaCTHYHM IPOIIECH.

B xpas Ha Tasu IiaBa ce 0G0CHOBaBA IIE/ITa Ha pa3paboTKaTa U HEOOXOLUMHUTE 32 peiaBase
3aaqH.

BpB Bropa rmaBa e mpencraBeo paspaGoraHero Ha Power-over-Ethernet 6Gasuparo
CCH30PHO 3B€HO 3a CTAl[MOHApHO TEMIIEPATYpPHO MOHHTOPHPAHE Ha CEJICKOCTONAHCKH KMBOTHH

upe3s uH(ppavepsena Tepmomerpus. [Ipeanara ce 6rokoBa cxema Ha pa3pabOTeHATa CHCTEMA, KOSTO
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pasrphina KJIacHyecKus TpucioeH IoT MoJen Che CIoeBe 32 BB3IPHEMAHE, MPEX( %%5}{5‘ ,

U IIPpUIIOXKHA IIporpaMa. I[I/ICCpTaHT'BT Inpeajara CHCTéMara Ja BKIIOYBA CCH30PHM\ KPE

OcBen 3acHEMaHETO Ha TepMorpadcku H300paKeHHs, CCH30PHHTE MOZYJIHM MOrar Ja HM3MepBaT
ABTOMATHYHO Pa3CTOSHHUETO ,KaMepa-o0ekT”. Bcekn CEH30peH Bb3eN € MOHTHpaH (usmdeckn
BBpXy HOcelllaTa paMKa Ha 60Kca Ha BCAKO JKUBOTHO.

[Mpemara ce CTpyKTypara Ha TEXHHYECKOTO PEIICHUE Ha cUCTeMaTa Ja ObJe paszieneHa Ha
YeTHPH OCHOBHH OJIOKa — CEH30peH OJIOK, MHUKPOIpOLECOpeH OJIOK, OJ0K 3a KOMYHHMKAaLUs H
3axpaHBai Oyox. ToBa Hajara Ja ce NMPOBEJAT €KCIIEPUMEHTANIHH H3CJICABAaHUS U CPaBHUTEIICH
aHaiu3 Ha paspaboTeHaTa CHUCTEMa CIPSIMO IpeABapUTENHO Kanubpupanu MHGpadepBEHH
U3MepBaTeNIHN KaHaU. [IpeAcTaBeHO € TEXHOJOTMYHO pPELICHHE, LENA0 KOMICHCHPaHEe Ha
BIIMSIHUETO Ha: TEpMO(QU3UYHHTE M €MHUCHOHHH CBOMCTBA Ha 0OcieABaHM OHOJIOTMYHM THKAHH,
BIUMSHME Ha IIapaMETpUTEC HAa OKOJHATa Cpela BbpPXy IIOKa3aHMATAa 3a IIOBBPXHOCTHATA
TeMIlepaTypa Ha 00€eKTa; BIMUSHIE Ha Pa3CTOSHHETO MEXTy U3MEpBaTeIHATa CHCTEMA U )KHBOTHOTO
¥ PYTH TaKWBa.

Pa3paboTeHuTe OT AUcepTaHTa CHCTEMH ca IIOJJI0XKEHH Ha JabopaTopHa OLEHKA U Ha PealHH
TECTOBE B KpaBeepMa, KoHe(hepMa i B OTHUIIA HA TIOXKAPH.

Pesynrature or TOBa u3cienBaHe IOKa3BaT MojoOpeHa Kopenanus MEXIy KOHTaKTHO-
U3MEPEHUTE U HH(padepBEHO-U3MEPEHUTE TEMIIEPATYPH Ha J(Ba pa3IM4HH 00eKTa (KpaBU U KOHE)
Cllel IpHJIaraHe Ha IpeioskeHOTO OT JUCEPTaHTa PELICHHE.

I'maBa 3 BrIIIOUBa omucaHuUe Ha pa3palboTeHaTa MOPTAaTUBHA HH(pauepBEHA HsmepBafenHa
CHCTEMa, IeNIAIla Jia IOBUIIK JUAarHOCTUYHUTE BH3MOXKHOCTH Ha BETEPHHAPU - NPENOCTABANKH
00pa3sHo-AuarHocTH4Ha HHGopManus B HHPPauepBEHNS ¥ BUAUMIS CBETIMHEH CIEKTHD.

JlucepTaHTHT € NpOBENl M3MEPBAHUSA B pEATHU YCIOBHA B KpaBedepMma. 3acHETH ca U
TEMIIEpaTypH Ha OYHHWTE IMOBBPXHOCTH Ha 228 KpaBH W € H3BBHPINEH CTATUCTUYECKH aHAIN3 Ha
nonydyeHute JaHHU. [lo BpemMe Ha M3BBPIICHUTE M3CIIEABAHUS Ca MJCHTHOUIHPAHU 5 KUBOTHU C
IIPUCHINY TEPMUYHH aHOMAJIMHU U € 00ChIeHa C BETepHHap BepOsATHATA KJIMHUYIHA IPUYHMHA 3a TAX.

B I'maBa 4 e mpeacraBeH pa3paboTeH OT JHUCEpTaHTa AICOPUTBM 3a JIETEKTUPaHe H
IpocleiiBaHe Ha TeMIepaTypata Ha OOCKTH B WHQpaUYepPBEHUsS TEMIIEpaTypeH oOXBarT.
ANTOpUTBMBT € IpeJHa3Ha4YeH 3a BrPaJicHH MUKPONPOIECOPHH CHCTEMH C OIpaHHYEH
M3YHCIUTENEH pecypc. YCTOMYMBOCTTA Ha CHCTeMaTa Ha TEepMHYCH IIyM M JcTeKTHpaliara
CIIOCOOHOCT 3a TEpMHYHHM aHOMAJIMU Ha pa3pabOTeHUs aIrOpHTBM Ca OLEHEHH Ha 0Oasa
CTaTHCTHYECKA TecTOBE. B Tasum rnaBa € ommcaH M METOAa 3a ONTHMAJIHO HAaCTpOMBAaHE Ha

IMapaMeTpUTE Ha paspa60TeH1m aJITOPUTBM K € pasljielaHO BIHUAHHUECTO Ha HUCKOYECTOTHOTO
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MHOKECTBO Pa3JIMYHO HACTPOSUHH AJTOPUTMH.

['maBa 5 BKIIOYBA M3CIEABAHETO HA CHCTEMa 3a PaHHO JETEKTHPAHE HA TOPCKH MOXKApH,
IIOCPEICTBOM YJIaBSHE U aHAIM3 HA U3ITBUYECHUS OT TAX 3BYK. PaszpaboTenara cucrema mpuiara Wi-
Fi HaL.ow 6e3xn4Ha KOMyHUKaNus 3a OTAAJeYeH 0OMEH Ha JaHHH. T € HacOYeHa KbM Ch3/IaBaHe
Ha [oT ceH30pHO YCTPONMCTBO, KOETO Ja yjaBs B pPEaJHO BpPEME aKyCTHYHHTE BBJIHH OT
3a00MKaNAIIaTa Io cpea ¢ YeTHpH MHEKpo(dOHA U Jja IPEXBBPJI JaHHHUTE IIpe3 ycraHoBeH Wi-Fi
HalLow Oe3xuueH KoMyHHKamuoHeH KaHaur, Cieq ToBa ayaudo [JaHHHTE MOraT ja ObaaT
JOIBJHUTEJIHO AHAIM3KMPAaHH B peajHO BpPEME OT CHPBHPA 4Ype3 IpHiaraHe Ha METOOH 3a
CIIEKTpAJIHA MACHTU(QMKAIMS, HACOYCHH KBM pasrpaHHyYaBaHE Ha IMOXKAPHH OT HEMOXapHH
CBOUTHUS, BH3 OCHOBA Ha TEXHUS ayAHO IMPOQHIL.

IIpennoxenn oT aucepTaHTa ca METOIM 3a Pa3rpaHUYaBaHe MEXK/Y IIOKApPHU M HEMOXKAPHU
CBOHMTHSA Ype3 IpeobpasyBaHe HAa CHETHTE BPEMEBH JIAHHHU B JIMHEHHM ¥ JIOTAPUTMHAYHH COHOTPAMM
U MHOTOJIEHTOB aHaJIU3 BEPXY CHEKTPAIHUS CHCTaB HA CHETUTE BPEMEBH AaHHH.

Cnenpa 3axmoueHue W (opMynIupaHe Ha HayqHO-IPUIOKHATE M IPHIOXKHH IPUHOCH Ha
JUCEPTALMOHHMS TPYJ, KakTo ¥ 6ubuorpadus u NpoexTH.

S. Hay4ynu n/miid HAyYHONPHJIOKHA H NPHJIOKHH MPHHOCH HA JUCEPTANMOHHHUS TPYA

Cuutam, Ye NPHHOCHTE UMAT HAYYHO-IPIIOKEH M NPHIOKEH XapaKTep U Te MOrar Aa Obaar
000011IeHH OT MEHE, KAaKTO CIIEIBA:

Hay4Ho-npuioxHu IPHHOCH:

1. PaspaboreHo e ycTpoiicTBO 3a mOAOOpEHO WH(PAUYEPBEHO H3MEPBAHE HA
TEMIICpaTypaTa Ha JKMBOTHH, KAaTO € W3IIOJ3BaHA HHTETPHpAIla TEXHOJOTHH 34
KOMIICHCHPaHE Ha [apa3sUTHU e(eKTH.

2. PaspaboTeH € anropuThbM 3a aBTOMAaTHYHO OTKpPUBAaHE Ha OOEKTH B 00XBara Ha
uH(payepBeHH M300paXKeHNS M Ha HEroBa OCHOBA ca pa3paboTeHu TepMmorpadcka cucTeMa
32 HEHWHBAa3MBHA JMAarHOCTHKA HA CEJICKOCTONIAHCKM JKABOTHH ¥ KOHILEIIHSA 3a
ABTOMATH3UPaH MOHHTOPHHT 3a TEPMOJUArHOCTHUKA Ha XUBOTHH.

3. IlpemnoxeHo € YCTpPOHCTBO 3a JIOKATHO MH(pPAYEPBEHO H3MEPBAHE Ha
IOBBPXHOCTHATA TEMIIEPATypa 3a JUAarHOCTHKA Ha HECUMETPUIHH TOILTHHHYA aHOMAJIHH.

4. IlpennoxeHa € METONONOTrHs, Oa3upaHa HA CTATHCTHYECKA OLEHKA 3@ ONTHMAJHA
(¢uHa HacTpolika Ha HapaMeTPHUTE HA AIrOPUTHMA.

5. IIpoexTHpaHo U U3CIIEIBAHO € BIMSHUECTO Ha (PUITPUPAHETO HA SAPOTO BHPXY
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TOYHOCTTA Ha OTKpI/IBaHC Ha aJIrOpUTHMaA. }'g! =

6. IIpoexTupan € HOB METOJ| 3a OIPEJENIIHE Ha IPAaHUIIUTE Ha MHOTOO!

BIbXHOBEH OT TEXHHUKH Ha U3KYCTBEHUS HHTEJIEKT.
7. IlpemtoxkeHa U M3CIe[BaHa € CHCTEMa 3a OTKPHBAaHE Ha 3BYyIM OT FOPCKU MOXKapH

Wi-Fi HalLow Ha ocHOBata Ha MeTOX 3a mpeoOpa3yBaHe Ha 3aCHETH COHOrpadCKu

n300pakeHus C Ie]1 pa3rpaHnyaBaHe Ha CHOMTHUS, CBBP3aHHU C II0XKap OT TaKKUBa, KOUTO HE

ca CBBpP3aHU C MOXap.

CuntamM, 4Ye IOJNyYECHHTE pE3YyJITaTd ca OpPUTMHAIHM M HAIbIHO CBOTBETCTBAT Ha
U3UCKBaHUATA 3a MUCEPTAIlMOHEH TPYXA 3a HpupoOuBaHe Ha oOpa3zoBaTeNHATa M HaydHa CTENCH
»JloxTop".

6. OneHka 3a CTENEHTA HA JIATHOTO y4acTHe HA ANCEPTAHTA B IPHHOCHTE

OT poYeTeHOTO B JMCEPTAIMATA OLICHSIBaM, Y€ € HallpaBeHa eJJHa HHTepecHa pa3paboTka H
nyOJIMKyBaHETO Ha PE3YJITAaTUTE OT HES B PCHOMHPAHU HAYYHH HM3JaHHSA M YYaCTHETO B HAKOJIKO
HayyHu (opyMmMa JOKa3BaT aKTUBHOTO NPUCHCTBHE HAa WMHX. PU3aHOB B HAay4HHs >XUBOT Ha
Texanueckus yausepeuret - Codust.

IIpaBu ce wu3BOA C IIPHHOCHH €JIEMEHTH Ha JucepTalusaTa, 4e IpOyYBaHUATA Ha
TEMIIEpaTypaTa Ha XHUBOTHH C H3IIOJI3BAHE HAa HH(pAYEPBEH TEPMOMETHD U (POPMUPAHUTE 3HAHHUS
3a TEeMIIEpaTypHHUTE PEXHUMH Ha XKMBOTHHUTE MOrar Ja ObJaT MpsKO IPUIOKEHH 3a IUIAHUpPAHE U
yIIpaBJIeHHE Ha OTPAChJ XKUBOTHOBBACTBO B brirapus.

JucepranTbT Credan PuzaHOB yuacTBa B KOJIEKTHBHTE Ha 27 Hay4HHU ny6m/n<au1/_m, 2
Hay4Hu npoekTta no ®HU u uma 3abens3aHu OT HEro 35 NUTHPaHUS HA HETOBHU MyOJHUKALUH OT
y4denu oT beiarapus, Cnopakus, ['epmanus, Uugus u qpyraze.

ToBa Mu naBa ocHOBaHHWE Jja IpUeMa, 9€ pa3pabOTKHUTE [0 JUCEPTAlUATa ca IO3HATH U ca
JIMYHO JIEJIO Ha JTUCEPTAHTA.

7. Ilpenenka Ha nyOJUKANMATE MO IHCEPTANHOHHHSA TpyaA: Opoii, xapakTep Ha
H3JaHHATA, B KOUTO ca oTnedaraHu. OTpaxkenne B HAyKaTa — M3MO0JI3BaHe U HUTHPaHE OT
APYTH aBTOPH, B APYTH JIa00pPaTOPUH, CTPAHH H IIP.

JlucepTallOHHUAT TPyA Ha WMHX. PU3aHOB € IOCTpPOEH BBbpXy 8 HayyHH IyOJMKalluH,
OCHOBHa 4YaCT OT KOWUTO B wm3fanus B Scopus. [lyOmukanumre mo aucepramusaTa OTpas3sBaT
OCHOBHHTE JacTH Ha pa3paboTkaTa ¥ BEB BCHUKH TPYJOBE WHX. PU3aHOB € TBpBHU aBTOP.

Paspabotkure no nucepranuara ca myOJMKYBaHM B PEHOMUPAHHM HAyYHM H3JaHHs KarTo:
Proceedings of Technical University-Sofia; XXXI International Scientific Conferences Electronics

(ET), International Scientific Conference Electronics 2021; Journal of Physics: Conference Series,
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2022; Proceedings of FEighth International Congress on Information and /
Technology: ICICT 2023, London; Proceeding of MeAVeAS, Italy 2023.

IpueMaMm, 4e pe3yJITaTHTe OT pa3pabOoTKHUTE IO JUCEPTAUITa ca II03HATU Ha HayyHaTa OOLIHOCT y
Hac, Thil KATO OCHOBHA YaCT OT IyOJIMKAIMATE Ca BKIIOUCHH B pehepupaHy HayuHH M3JaHMS.

He oTkpux eneMeHTH Ha IIArMaTcTBO B MAaTEPHAIHUTE 110 JUCEPTaLMATA.

Hsmam oOmm myOnauKanuy ¢ JUCEpTaHTa U HE CbM CBBP3aHO JIHMLE C HETO II0 CMUCHJA Ha
naparpad 1, T. 5 ot Jomsnautennure paznopeadbu Ha 3PACPB.

8. U3no/3BaHe Ha pe3yTATHTE OT JWCEPTANMOHHHS TPYA B Hay4HATa M COLHAJHATA

NPaKTHKA

B nucepramuara ca BKIIOYCHHM [aHHU M PE3yJTaTd OT AHAIUTHYHM M TEXHHYECKH
U3CJIeZIBaHMs, CBbP3aHH C HH(ppauepBeHaTa TEPMOMETPHS 3a OLIEHKA Ha ChCTOSHUETO HA KMBOTHH
KaTo €JIEMCHTH Ha OKOJIHATA Cpeaa.

Pesynrarure oT pa3paboTkuTe IO AUCEPTAIMATA MOraT JIa CE U3I0I3BAT OT CIEIUATUCTH II0
BETEpPHHAPHA MEAMIIMHA 32 B3€MAaHE Ha PELICHHS, CBBP3aHH ¢ OOJIECTH II0 )KMBOTHHUTE, KAKTO H OT

CIICHATIACTH I1I0 OKOJIHATa CpEa 3a 6’bp3& PCaKIuA IIPpy IIOXKapOo- OIaCHa 0o0cTaHOBKA Ha IIOJIETO.

9. Onenka Ha CHLOTBETCTBHETO HA aBTOpedepaTra ¢ H3UCKBAHMATA 32 H3TOTBSAHETO MY,
KAKTO M Ha aJeKBAaTHOCTTA HA OTPa3siBaHe HA OCHOBHHUTE IOJIOXKEHHSI M NPHHOCHTE HA
ANCePTANMOHHUS TPYX

[IpoueTox BHHMMaTenHO aBTOpedepara M TBBPAI, Y€ TOW OTpa3siBa BCUYKM YacCTH Ha
JMcepTalyiaTa 1 € MOArOTBEH, ChINIAaCHO M3uCKBaHuATA HA [IpaBminuka Ha TY 3a npunoxenue Ha
3PACPBE.

10. JIuynn BOEYATICHHS

He mosmaBam wmx. Pu3aHoB 1wW4HO, HO CBM YyuacTBal BBHB BBTPEINHATA 3aluTa Ha
IVCEPTALIOHHNS My TpyJ ¥ UMaM BII€YATICHUE, Y€ TOH € MJIaJl U ¢ BB3MOXXHOCTH IPENoJaBaTel B
TY - Codus.

11. MHenns, npenopbKu u OeJIeRKH

1) 3armaBueTo Ha MUCEPTAIMOHHUSA TPYA € MHOTOOOXBATHO W ITOKpHWBa TaKWBa 00JACTH OT
BETEpHApHATa MEAUIMHA U CEJICKOTO CTOIIAHCTBO, KOUTO HE CE 3acAraT OT pa3paboTKuTe.

2) TexcThT Ha IBbpBa IJIaBa € MPEKAJICHO TOJIIM M B HETO UMa HECHIECTBEHH 3a MHXKEHEpHaTa
TeMa Ha JUCEPTAaINITa JAaHHU U Pa3ChKACHHS.

3) B Tekcra Ha aucepTanpATa ce CpeliaT W3pasH, Karo ,,CypoBa CpelHa TeMmIieparypa’ WIN

»[IPOTOTUIHMpPAHA CUCTEMA ™, KAKTO U HETOYHH U3pa3H, Karo ,,KpaBuTe ca Ha 1-3 roguHu”, a Ha Ta3u
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BB3pacT ca TejeTa, WK ,M3BJIsKaHa OpOUTAIHA TeMIepaTypa (Ha O4HTe)”, MK i
\"
CTBIKA” U APYTH TaKUBa. 2

Wi Ha opauHarata (¢ur.35) u ap.

5) JIuncea 3akioyeHre B Kpas Ha AUCEPTALMOHHMS TPY[, & UMa CaMO U3BOJIY B OTICTHHUTC
TJIaBH.

12. 3axi0ueHne ¢ SICHA MOJI0KUTEIHA HJIM OTPHIATETHA OLEHKA HA
JHCEPTAIMOHHUSA TPYA

Cunram, 4e noaydenure or mar. mH:k. Credpanm Mmuikos Puzanos pesyjaraTtn mo
AHCEPTANMATA HA TeMa:,l3cienBaHe H YCHBbPIICHCTBAHe HAa €JIEKTPOHHH METOAH H
CpeACTBA 3a pa3sBHTHe HAa MHTEJHMICHTHO 3€MeJeiHe M ONa3BaHe HAa OKOJIHATa
cpena” ¢a OPMrMHAJIHH H HANBJIHO CbOTBETCTBAT HA H3HCKBAHMSTA 32 JHCEPTANHOHEH TPYN
3a npugobmBaHe Ha ofpa3’oBaTeJHATa H Hay4Ha cTemeH ,Jloxrop". Paspadorkure B
JAHCEPTANMATA €A ONHCAHH KOMICTEHTHO H B He00X0AMMATa HbJHOTA, H3BOAMTE H
3aKJIOMCHHATA ca J00pe MOCTPOeHH W apryMeHTHpaHH. JIOKTOPpaHTHT € IOKPHJI
MuHIEMaJHuTe H3uckBanus Ha TY-Codus.

Iojy4yenure B JHCEPTANUOHHHSA TPYA HAYYHO-IPHJIOKHH H HNPHIOKHH NPHHOCH,
JAEMOHCTPHPAHHTE BHCOKO 00pa3oBaTeJHO HHBO H HATPYNAH TEOPETHYECKH M
H3CJIeJ0BATEJICKH ONHUT ¢ MOCTHIHATH M MPAKTHYECKH Pe3y/TaTH B €IHA aKTyaJHAa HAy1HA
o0jacT, MM JaBaT J0CTATHYHH OCHOBAHHSA Aa Npenopb4yaM HA YBa)KaeMOTO KypH Aa B3eMe
pelenne Ja ce npuchbau Ha mar. HHxK. Credpan Mumikos Pusanos odpazoBareHara u HAy4HA

crenen “J[oKTop” M0 HAYYHA CHENUANHOCT ,,EjekTpoHm3amus (0 oTpaciu)”.

Hara : 03.04.2025 . PENEH3EHT : ' L )

(mpod. n-p mmx. Hukomna Kones, 1.1.)
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REVIEW f 517 j
on the dissertation for the acqu1s1t10n of the educational and scientific degree "Do&g‘p*;
field of higher education 5. "Technical Sciences", professional field 5.2 "E
Engineering, Electronics and Automation", scientific specialty "Electronization"
Author of the dissertation: M.Eng. Stefan Milkov Rizanov, Department of "Electronic
Engineering", Faculty of Electronic Engineering and Technologies, Technical University -
Sofia.

Topic of the dissertation: ""Research and improvement of electronic methods and tools for
the development of intelligent agriculture and environmental protection"
Reviewer: Prof. Dr. Eng. Nikola Vichev Kolev, Doctor of Sciences.
1. Relevance of the problem developed in the dissertation in scientific and applied
terms.

The dissertation work has a topic for the introduction and development of electronic
tools for assessment and management of processes in agriculture and the environment at the
regional and local levels.

Assessment and management of processes in agriculture is a complex and delicate
activity of human knowledge, has an interdisciplinary nature and requires monitoring of a
number of elements of the environment.

Anthropogenic activity causes disturbances in the quantity and quality of agricultural
resources, as well as on the climate. Therefore, there is a growing interest in environmental
protection and society's attention is focused on an increasingly in-depth study of the "
environment in which we live.

The results of the dissertation research allow the author to propose new methods and
models of devices and systems with improved characteristics. There are not many
dissertations in this field of knowledge and I hope that this dissertation will be well received
in scientific circles.

From the review of the documents of the dissertation candidate Eng. Rizanov, and in
fulfillment of the condition that he has solved the assigned tasks and has been discharged with
the right to defend, according to the Regulations of TU - Sofia, I can assume that he has
fulfilled the requirements that give him the right to defend the dissertation he prepared for the
award of the ONS “Doctor".

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

literary material:
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The dissertation work prov1des a critical review of existing systems for assesﬁ g@aﬁl% 2
parameters characterizing elements of the studied area of agriculture and the envl{emnent

The purpose of the work, in my opinion, is to create hardware and software\\ St ‘
for infrared thermographic biomedical screening diagnostics of farm animals and acoustic
early detection of forest fires. This includes: to derive critical temperatures for farm animals,
to establish their dynamics and other parameters important for agriculture and the
environment, to create devices and electronic systems for temperature control on animals
(cows and horses), including conditions for the occurrence of fires in the environment.

To achieve this goal, the following tasks are solved:

1. Creation and study of instrumental systems for non-invasive measurements of body
temperature of farm animals.

2. Development of algorithms for automatic detection of an object in an infrared
image.

3. Design of a sensor module for early detection of forest fires, which detects and
analyzes acoustic waves emitted by a fire.

4. Research on standards and technologies for wireless data transfer in the field of
smart agriculture, farming, forestry and environmental protection

The dissertation has a volume of 186 pages and consists of 5 chapters, general
conclusions, contributions, a list of publications on the dissertation and used literature,
including 120 sources, all in Latin.

3. Compliance of the selected research methodology with the set goal and tasks of
the dissertation work

Eng. Rizanov develops the idea of measuring the temperature regime of animals and
the environment in which they live, using data from infrared images. It is known from
publications in veterinary medicine that measuring both the absolute value and the rate of
change of temperature on the surface of animals can be a good indicator of infection or
inflammatory process. This requires it to be monitored with an infrared thermometer as an
applied aspect of temperature measurements of animals.

The dissertation has investigated and proposed new systems with infrared
thermometry, based on artificial intelligence, for biomedical monitoring of farm animals and
early detection of forest fires by capturing emitted acoustic waves and sonogram analysis.

A method for optimal adjustment of the parameters of the developed algorithm has
been proposed and the influence of low-pass filtering on object detection has been considered.

A method for identifying object contours based on a majority-voted object mask by

2
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the educational and scientific parts of the doctoral degree.
4. Brief analytical characterization of the nature and assessment of the reliability of
the material on which the contributions of the dissertation are built

In the first chapter, the dissertation author makes a literature review of publications
related to current measurements with an infrared thermometer as a monitoring process in
different spatial and temporal scales. Basic processes are examined, and an analytical review
of the temperature state of the animal objects being evaluated is made.

Temperature control based on non-invasive infrared diagnostics allows for the
identification of detectable clinical conditions and surface thermal anomalies in farm animals.

In the analysis of forest fires with an idea of how they can be registered and
formalized, the dissertation author comes to the conclusion that they are extremely difficult to
model. The resulting sound wave from a combustion process is an effect, caused by the high-
temperature expansion of air near the source of fire. The spectrum of these acoustic waves is
contained in both the infrasonic and audible sound ranges. The amount of available biomass
fuel affects the sonogram of the emitted acoustic waves. Their propagation profile, spatial
expansion rates and temperature, according to the idea of the dissertation, are modeled as
stochastic processes. At the end of this chapter, the purpose of the development and the tasks
required to be solved are justified. J

In the second chapter, the development of a Power-over-Ethernet based sensor unit
for stationary temperature monitoring of farm animals using infrared thermometry is
presented. A block diagram of the developed system is proposed, which deploys the classic
three-layer IoT model with layers for perception, network organization and application
program.

The dissertation proposes that the system include sensor end nodes, each of which
monitors the surface temperature of the skin of an individual animal. In addition to capturing
thermographic images, the sensor modules can automatically measure the “camera-object”
distance. Each sensor node is physically mounted on the supporting frame of each animal’s
box. It is proposed that the structure of the technical solution of the system be divided into
four main blocks — sensor block, microprocessor block, communication block and power

supply block.
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examined biological tissues; influence of environmental parameters on the surface
temperature readings of the object; influence of the distance between the measuring system
and the animal and others.

The systems developed by the dissertation candidate have been subjected to laboratory
evaluation and real tests in a cow farm, a horse farm and in fire outbreaks. The results of this
study show improved correlation between the contact-measured and infrared-measured
temperatures of two different objects (cows and horses) after applying the solution proposed
by the dissertation candidate.

Chapter 3 includes a description of the developed portable infrared measurement
system, aimed at increasing the diagnostic capabilities of veterinarians - providing imaging-
diagnostic information in the infrared and visible light spectrum.

The dissertation has conducted measurements in real conditions on a cow farm. The
temperatures of the eye surfaces of 228 cows were also recorded and a statistical analysis of
the obtained data was performed.

During the studies, 5 animals with inherent thermal anomalies were identified and the
probable clinical cause for them was discussed with the veterinarian.

Chapter 4 presents an algorithm developed by the dissertation for detecting and
tracking the temperature of objects in the infrared temperature range. The algorithm is
designed for embedded microprocessor systems with limited computing resources. The
system's resistance to thermal noise and the detection ability for thermal anomalies of the
developed algorithm have been evaluated based on statistical tests.

This chapter also describes the method for optimal tuning of the parameters of the
developed algorithm and examines the influence of low-pass filtering on object detection. A
methodology for identifying object contours based on a majority-voted object mask is
proposed by combining multiple differently tuned algorithms.

Chapter 5 includes the study of a system for early detection of forest fires, through
the capture and analysis of the sound emitted by them. The developed system applies Wi-Fi
HaLow wireless communication for remote data exchange. It is aimed at creating an [oT
sensor device that can capture acoustic waves from the surrounding environment in real time
with four microphones and transfer the data through an established Wi-Fi HaLow wireless

communication channel. Then the audio data can be analyzed in real time by the server by

4
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applying spectral identification methods aimed at distinguishing fire from non-ﬁrg“

based on their audio profile.

by converting the recorded time data into linear and logarithmic sonograms and multiband
analysis of the spectral composition of the recorded time data. The following is a conclusion
and formulation of the scientific-applied and applied contributions of the dissertation work, as
well as bibliography and projects.
5. Scientific and applied scientific contributions of the dissertation work

I believe that the contributions have a scientific applied and applied nature and they
can be summarized by me as follows: Scientific and applied contributions:
1. A device for improved infrared temperature measurement of animals has been developed,
using integrating technologies to compensate for parasitic effects.
2. An algorithm for automatic detection of objects in the range of infrared images has been
developed and on its basis a thermographic system for non-invasive diagnostics of farm
animals and a concept for automated monitoring for thermal diagnostics of animals have been
developed.
3. A device for local infrared surface temperature measurement for the diagnosis of
asymmetric thermal anomalies has been proposed.
4. A methodology based on statistical evaluation for optimal fine-tuning of the algorithm
parameters has been proposed.
5. The influence of kernel filtering on the detection accuracy of the algorithm is designed and
investigated.
6. A new method for determining the boundaries of multiple objects, inspired by artificial
intelligence techniques, is designed.
7. A system for detecting forest fire sounds Wi-Fi HaL.ow is proposed and investigated based
on a method for converting captured sonographic images in order to distinguish fire-related
from non-fire-related events.

I believe that the obtained results are original and fully comply with the requirements
for a dissertation for the educational and scientific degree "Doctor".

6. Assessment of the degree of the personal participation of the dissertation
candidate in the contributions
From what I have read in the dissertation, I assess that an interesting work has been

done and the publication of its results in reputable scientific journals and participation in
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several scientific forums prove the active presence of Eng. Rizanov in the scientifi

Technical University - Sofia.

animal temperature using an infrared thermometer and the knowledge formed about the
temperature regimes of animals can be directly applied to planning and management of the
livestock sector in Bulgaria.

The dissertation candidate Stefan Rizanov participated in the teams of 27 scientific
publications, 2 scientific projects under the National Science Foundation and there are 35
citations of his publications by scientists from Bulgaria, Slovakia, Germany, India and
elsewhere.

This gives me reason to assume that the works on the dissertation are known and are
the personal work of the dissertation candidate.

7. Assessment of publications on the dissertation work: number, nature of the
editions in which they are printed.

Reflection in science — use and citation by other authors, in other laboratories,
countries, etc. The dissertation work of Eng. Rizanov is built on 8 scientific publications, the
main part of which is in editions in Scopus.

The publications on the dissertation reflect the main parts of the work and in all works
Eng. Rizanov is the first author. The works on the dissertation have been published in
renowned scientific publications such as: Proceedings of Technical University-Sofia; XXXI
International Scientific Conferences Electronics (ET), International Scientific Conference
Electronics 2021; Journal of Physics: Conference Series, 2022; Proceedings of Eighth
International Congress on Information and Communication Technology: ICICT 2023,
London; Proceeding of MeAVeAS, Italy 2023.

I have read the works of Eng. Rizanov, on the basis of which the dissertation is built
and I assume that the results of the dissertation work are known to the scientific community in
our country, since the main part of the publications are included in refereed scientific
publications.

I did not find elements of plagiarism in the materials of the dissertation.

I have no common publications with the dissertation author and am not a related
person to him within the meaning of paragraph 1, item 5 of the Additional Provisions of the
Law on the Protection of the Rights of Persons with Disabilities.

8. Use of the results of the dissertation in scientific and social practice
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The dissertation includes data and results of analytical and technical studieﬁ g”’ Y
% HAT}=S ;
infrared thermometry for assessing the condition of animals as elements of the env( ument.

The results of the dissertation work can be used by veterinary medicine speciali t o
decision-making related to animal diseases, as well as by environmental specialists for rapld
response to fire-hazardous situations in the field.

9. Assessment of the compliance of the abstract with the requirements for its

preparation,

As well as the adequacy of reflecting the main points and contributions of the
dissertation work I have carefully read the abstract and claim that it reflects all parts of the
dissertation and has been prepared in accordance with the requirements of the Regulations of
the Technical University for the Application of the ZRASRB.

10. Personal impressions
I do not know Eng. Rizanov personally, but I participated in the internal defense of his
dissertation and I have the impression that he is a young and capable lecturer at TU - Sofia.
11. Opinions, recommendations and notes

1) The title of the dissertation is broad and covers areas of veterinary medicine and
agriculture that are not affected by the developments.

2) The text of the first chapter is too long and contains data and reasoning that are not
essential to the engineering topic of the dissertation.

3) The text of the dissertation contains expressions such as "raw average temperature"
or "prototyped system", as well as inaccurate expressions such as "cows are 1-3 years old",_
and at this age they are calves, or "extracted orbital temperature (of the eyes)", or
"incremental step" and others.

4) There are figures that appear to be taken from other sources and without
dimensions of the abscissa or ordinate (Fig. 35), etc.

5) There is no conclusion at the end of the dissertation, and there are only conclusions
in the individual chapters.

12. Conclusion with a clear positive or negative assessment of the dissertation

I believe that the results obtained by the M.Eng. Stefan Milkov Rizanov's dissertation
results on the topic: "Research and improvement of electronic methods and tools for the
development of intelligent agriculture and environmental protection" are original and fully
comply with the requirements for a dissertation work for the acquisition of the educational

and scientific degree "Doctor".
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completeness, the conclusions are well constructed and argued.

The doctoral student has covered the minimum requirements of TU-Sofia.
The scientific and applied and applied contributions received in the dissertation work,
the demonstrated high educational level and accumulated theoretical and research experience
with achieved and practical results in a current scientific field, give me sufficient grounds to
recommend to the esteemed jury to make a decision to award M. Eng. Stefan Milkov Rizanov
the educational and scientific degree "Doctor" in the scientific specialty "Electronization (by

industries)".

Date: 03.04.2025 REVIEWER: (L )
(Prof. Dr. Eng. Nikola Kolev, DSc.)
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