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PENNEH3U
Ha IUCCPTALMOHEH TPy 3a IpUI0o0MBaHe HA HayYHa CTEIEH ,,JIOKTOp Ha HayKuTe”

ABTOp Ha AMcepTaHOHHHASA TPYA: npod. a-p umwk. Mapun Bepos Mapunos
Tema ma aucepranMoHHHMA TpyA: ,,/HTEIWIeHTHH CEH30PHM CHCTEMH 3a EKOJIOTMYEH

MOHHUTOPHHT’
OGnact Ha BHcHme obpasoBaHue: 5. Texuumdecku Haykw; IIpodecroHaNHO HampapieHHE:
5.2 EnexTpoTeXHUKa, €JEeKTPOHHWKAa W aBTOMarWka, Hayuma cmemmansocT: ,,Mertonw,

npeobpa3yBaTeld H ypeau 3a H3MEpBaHE M KOHTPOJ Ha (DU3MKO-XMMHYHH U GHOJOTHYHH
BEIMYUHU"
Msrorsma: npod. n-p Anatommit Tpupornos Anekcanapos — TY-I"aGposo

1. AkTyajgHocT Ha pa3paGoTBaHHSI B JUCEPTANMOHHHS TPYX NpoGJieM B HAYYHO H
HAYYHO-NPHJIOKHO OTHOIIECHHE,

HM3BectHO €, 4e AeifHOCTUTE Ha Xopara NPHUYHHSABAT BPEJHH BB3JCHUCTBHS BBPXY OKOJIHATA
cpena - Ha BB3JyXa, BOJaTa, I0YBaTa M KJiMMaTa. 1oBa BOAU IO BCe MO-HApAcTBAIl HHTEPEC KBbM
OIIa3BaHETO Ha OKOJIHAaTa cpela M ()OKycHpa BHHUMAHHETO Ha OOIIECTBOTO KBM II0-OOXBATHOTO i
Ha0IofiaBaHe M XapaKTepU3HpaHE 4Ype3 OIEHKA Ha peaula (PU3MYHH, XMMHUYHH M OHOJIOIMYHM
daxropu, xouto i BiuaAT. Tasum mHbOpManmsd e HeoOXoaWMa 3a 3alla3BaHe W MOIBPIKAHE Ha
3paBOCJIOBHA Cpelia 3a OBACHINTE IOKOICHHS.

IIpunarar ce Tpu OCHOBHHU IOJXOJA 3a pa3BUTHE Ha HHCTPyMEHTapHyMa 3a H3CJIEABaHE Ha
OKOJIHATa cpefia: pa3paboTBaHEe Ha HOBM CEH30PHU TEXHOJIOTHH 3a H3MEPBAHE Ha IapaMeTpPHUTE Ha
OKOJIHaTa Cpela;, MPOCKTHUpaHe HAa AQIrOpUTMH 3a NOAOOpsABaHE HA YYBCTBHUTEIHOCTTA H
CEJICKTUBHOCTTA HA CEH30PHMTE 4YPE3 M3IOJI3BaHE HA MOJCPHH METOIH KaTO MAIIMHHO O0y4eHHe U
U3KyCTBEH HHTEIIEKT; H3IOJ3BaHE Ha IMHPOKOOOXBATHH CEH30PHH MpPEXH 3a MOHHTOPHHT Ha
IapaMeTpUTe Ha OKONIHATA cpeja. B HacTodmms JHUCEPTAlMOHEH TPYA € IPEACTABEHO
U3I0I3BAHETO HA TE3W MOAXOAM IPH Ch3JaBAHE HA HHTEIUICHTHH CEH30PHH CHCTEMH 3a
MOHHUTOPHHT Ha OCHOBHHU IIapaMETPH Ha OKOJIHATA Cpejia.

Temara, pasriexnana B TUCEPTAIMOHHNS TPYA, IIPEACTABNIsABA aKTyaJleH aCleKT OT MpOIeca
Ha EJCKTPOHHU3AIMA Ha HU3MEPBaHUATA M OLIEHKAaTa Ha OCHOBHH IIapaMeTpHU Ha OKOJIHATa cpeja.
PazpaGoTkata MMa HENOCPEICTBEHO MpPWIOKEHHE B 00JacTTa Ha €INEKTPOHH3alMATa Ha
€KOJIOTHYHHTE M3CIICABAHUA. :

IIpencraBeHuTe MaTepHand OTrOBapAT Ha H3UCKBAaHUATA HA [IpaBHUIIHHKA 3a yCJIOBHATA H
pena 3a mpuAoOKMBaHe Ha HaydHH CTENeHH B TexHumuecku yHuBepcuteT — Codus ¥ MOKa3Bar, 4e
npod. Mapun MapHHOB € IOCTUrHaN pe3yJTarTd, HO3BOJIABAIM My Ja HCKAa pasKpHBaHe Ha
npouenypa 3a 3almuTa Ha JUCEPTallMOHEH TPy, 3a IPHCHKAAaHEe Ha HaydHara CTEIeH ,,JOKTOp Ha
HayKuTe”.

2. Crenen Ha NMo3HABaHe ChCTOSIHAETO HA MPo0G/ieMa M TBOPYECKA MHTEPHpETAIHS HA
JIMTEPATYPHHUS MATEPHAJL.

M3BBpIneHy ca OIleHKa Ha TEKYINOTO ChCTOSIHKE Ha M3ClIeABaHara 001acT ¥ KpUTHYEH aHAJIH3
Ha CBHINECTBYBALMTE CHCTEMH 3a MOHMTOPMHT Ha OKOJIHaTa Cpela, KOUTO C€ H3II0JI3BaT 3a
Pa3IMYHU MPUIOKEHHS.

JluteparypHuAT 0030p € HacoYeH KOHKPETHO KBbM M3CI€JBaHAaTa TEMATHKAa M IIOKa3Ba
HEJIBYCMHUCIIEHO, Y€ Npod. A-p mHXK. MapuH MapuHOB IT03HaBa MHOTO I00pe CBCTOSHHETO HA
npoGieMa B TEOPETHYHO M IIPAKTHYECKO OTHOLICHHWE. ABTOPHT € MOCOYMI 442 JmMTepaTypHH
H3TOYHMKA, KOMTO € H3IOJ3Bal 3a OL€HKAa Ha ChCTOSHHMETO Ha mpobiema. Ha kupmimma ca 9
JUTEPATyPHHU M3TOYHUKA, a Ha JaTHHUIA - 433, KaTo 264 OT TAX ca OT MOCIEIHNUTE JECET TOMUHH.

Ilenta Ha mpeACTaBEHHs MONCEPTANMOHEH TPYA € HACcOYEHAa KbM pa3paboTBaHETO Ha
UHTEJIMTCHTHH CEH30PHM CHCTEMH M yCTpoicTBa 3a MHTepHeT Ha Hemara (IoT), npeanasHaueHu 3a
MOHHUTOPHHT Ha OCHOBHM IIapaMETpH Ha BB3AyIIHATA Cpela, IUTCHHN BOJM, II0YBATa M IIyMOBHTE
3aMBpCsiBaHKs B ypOaHu3upanu oGnacty. To3u LeeBH acleKT ce MpeaBIXK/Ia Ja ¢e MOCTUTHE Ype3
CHHTE3 U M3CJIC/[BaHE Ha ChBPEMEHHH IIOJXO0/M, METOIU 1 aJITOPUTMHU 3a CIIMBaHE M [TOBHIIIABaHE Ha
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Ka4eCTBOTO Ha JaHHH OT HHMCKOOIODKETHHTE CEH30pPHH CHUCTEMH U NPENU3HO JAOKYMEHTHpPaHe U
Kaprorpadupane Ha JaHHUTE OT MOHUTOPHHT.

V3reIIHEHHETO Ha ITOCTaBEHATa I1eJ1 BKJIFOYBA PEIIaBAaHETO HA HAKOJIKO OCHOBHH 3aa4HM:

- aHAIM3 Ha CBHINECTBYBAIM MHTCIMICHTHH CEH30DHM CHCTEMH M Ha TAxHara OasoBa
apXUTEKTypa;

- nepuHupaHe Ha XapaKTEPUCTUKA HA MHTEIMICHTHUTE CEH30pHH cucteMH U IoT ycTpoiictea
4pe3 MpOBEXJaHe Ha EKCICPHMEHTATHH W3MEpPBAaHMSA M aHAIN3 HA HMBATa HAa 3aMBPCUTEIIH BHB
BB3/yXa, BOJaTa, I0YBATa ¥ IIyMa B ypOaHH3upaH! 00IacTH;

- U3Ce/BaHe W aHAJU3 HA TOYHOCTTA HAa HUCKOOIO/DKETHM CEH30pH 3a H3MEpBaHE Ha
KOHI[EHTPALMK HAa OCHOBHH 3aMBPCHTEIH U pa3paboTBaHE HA IOAXOAH 3a (pHUITPHpAHE U CIUBaHE
Ha CEH30PHU JaHHH, ONITHMHU3UPAHH 32 eIeKTPOHHH YCTPOHCTBA C OTPAHUYIEHH PECYPCH;

- THHEapHU3ays U KaTMOpUpaHe Ha CEH30PHU YCTPOKICTBa;

- Chb3/laBaHe Ha MPOTOTHIN Ha HMHTEIMICHTHH CEH30pHM CHCTEMH M TECTBaHE B pPCallHH
YCIIOBHS; H3CIEABAHE HA alTOPUTMH M IPOTPaMHH CPeaV 3a JIOKaIH3aldsd W Kaprorpadupase B
OTKPHUTH ¥ 3aKPUTH CPEJIH;

- U3M0J13BaHEe HA OE3MMJIOTHH JIETATEHH anapaTd M aBTOHOMHM TPAHCIIOPTHH CPEACTBa 3a
JOKyMEHTHpPaHe U KapTorpadupaHe Ha 3aMbpCSIBaHUS B TPYAHOJOCTHIIHM paiioHHy;

- IpejJiarane Ha IMOAXO0AM 3a 00paboTBaHEe HAa CEH30PHHU JaHHU C M3KYCTBEH MHTEIICKT M Ha
METO/IH 3a YIIpaBJIEHHE Ha PeCypcH 3a Oe3xuunu untepdeiicu.

3. CroTBETCTBHE HA H30paHATA METOMHKA HA H3C/IeBAHE M NOCTABEHATA LEJ H 3aJa4H
HA JHCePTANHOHHHSA TPY/ ¢ MOCTATHATATE MPHHOCH.

Pa3paGoTKuTe, MPEACTABEHU B QUCEPTAMOHHUS TPy, U MIyOIMKaNuuTe Ha aBTOpa o0XBaImaT
nepuoy; oT Hajx 15 rogunu. Te ca CHCTEMHO CTPYKTYPHpPaHH C IIOCIIEOBATENHOCT, MPEAOCTABAINA
YCIICIIHY PEIICHNS Ha 3aAavInuTe, IOCTABEHH B IIPOYYBAHETO.

JIMcepTaHTHT pa3BHBA KOHIEIIHATA 33 H3CJICJBAHE Ha BEUYC CB3AAJACHH HHTECIUICHTHH
CCH30PHH CHCTEMH M IIPEICTaBs CTPYKTypHpaH IIOIXOJ 3a pa3paboTKa M HMIUIEMEHTalMs Ha
WHTEJIMTEHTHH yCTpoiicTBa. Te3W yCTpoMiCTBa M3MOJBBAT HUCKOOIOMKETHH CEH30pH H
MHKPOKOHTPOJIEpH C OrPaHHYEHH PECypCH, KaTo 3a Pa3UuHH INPUWIOKEHHSI TpsAbBa na ObaaTr
MOOWIHH, 2 IOAABPKAT Oe3KMYHa KOMYHUKAIMS B J]a OCUTYpSBaT IIMPOKOMAIlabeH MOHUTOPHHT
C BHCOKA BpeMeBa W IIPOCTPAHCTBEHA pasleiHMTeIHA CIHOCOOHOCT. YCTaHOBEHO €, Y€ C
U3I0JI3BAHETO Ha HHUCKOOIODKETHH CEH30PH M IMOJAXONSIIM aNTOPUTMH, pPEATM3HPAHH BbPXY
MHUKPOKOHTPOJIEPH C OTPaHHUYEHH PECYPCH, MOXKE Ja C€ IIOCTUTHE 3aJ0BOJMTENIHA TOYHOCT Ha
M3MEpBaHUATa, HEOOXO/IMMH 3a OIICHKa Ha ITapaMeTpUTE Ha OKOJIHATa Cpefa.

OGchaeHa e cuennuKara Ha HHTEIHTCHTHA CEH30pHH CHCTEMH 33 MOHHUTOPHHT HA OKOJIHATa
cpella, aHAIM3UPAHH Ca CHBPEMCHHUTE TCHACHIUH B TAXHOTO pa3BUTHE U ca (opMyiupaHu
OCHOBHH M3HCKBaHUS KbM TE3H CHCTEMH. BakHa 9acT OT AHMCEpTaMOHHUS TPYH ca JIOKaIH3aluITa
U KaprorpagupaHeTo NOpagd TAXHATA BAXHOCT 3a JOKYMEHTHpDAHE Ha DE3yJITaTHTE OT
MOHHUTOPHHTA ¥ YCTaHOBSBaHE HAa M3TOYHHUIIM HA 3aMbPCABAHUS.

ITpu pa3zpaboTBaHETO Ha JUCEPTALMOHHNS TPYX € U3I0JI3BaH ChbBPEMEHEH HHCTPYMEHTAPHYM,
CHOTBETCTBAII[ HA HErOBaTa LeJT U 3a1a4H.

4. Kparka aHaINTHYHA XaPAKTEPHCTHKA HA JHCEPTANMOHHMUAT TPYA

JIvcepTalMOHHUAT TPYA C€ CHCTOM OT YBOJ, 7 IJIaBH, IPUHOCH, CIUCHK Ha H3IOJI3BaHaTa
aureparypa u S5 mupwioxkenus. Copabpka 207 ¢urypu, 52 Tabmunu, KakTO M CIHCBIM Ha
U3IOJI3BAHUTE O3HAYCHNS M CHKPAIECHUS, Ha QUrypuUTe U TaOJMIHUTE.

B yBojiHa r71aBa € 000CHOBaHA aKTYaJIHOCTTa Ha MPoOIeMUTe U MOTHUBALIMATA 33 IIPOBELEHOTO
W3ClleIBaHe B qucepTanuoHHus TpyA. [IpeacTaBenu ca oOcToATENCTBATa, 3aJIETHANM B OCHOBAaTa Ha
uscneapadero. GopMyHpaHu ca OCHOBHHUTE MPEIU3BHKATEIICTBA, KOUTO e OBAAT M3CIEABaHU B
JcepTaluoHHus TPy A. I[loka3zaHu ca HSIKOW OrPaHHYEHHS, KOUTO C€ IOCTABAT P IPOBEXKIAHE Ha
W3CNIe/IBaHUATa W Ca JaJCHW ONpeAeIeHHS Ha OCHOBHM TEPMHHHM W IIOHATHS, H3IIOI3BaHH B
JUCEPTalUOHHNS TpyA. POpMyJHMpaHd ca TPH OCHOBHHM KAaTETOPHM €KOJOTMYEH MOHHTODHHT.
Hamnpasenu ca 06001meH s ¥ H3BOJIH.
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B mepBara riaBa Ha JucepTanyATa aBTOPHT IPE/ICTaBs TBHPACHUETO, Y€ YPE3 MHBECTHPAHE
Ha BpeMe M PeCypCH MHOXKECTBO IPOOJIEMH M M3TOYHUIM Ha TPEIIKA IIpH M3MEpBaHMATa MOraT Ja
OBIaT OTKPHUTH, OIICHEHH W B MHOTO CiIydau Kopurupanu. lIpemnoxen € mMeron 3a ciaMBaHe Ha
CEH30PHH JaHHU KaTo e()eKTHBEH IOJXOJ 3a I0JOOpsABaHE Ha TAXHOTO KadecTBO. T03M mMOIXox
BKJIIOYBA H3II0JI3BAaHETO HA MHOMKECTBO CEH30pH, KOHTO ChOMpar mHpOpManus OT reorpadcku
pasmpeieicHd MecTa, MOAYEpTaBalikd TAXHOTO IIPOCTPAaHCTBEHO pasmpeaecnenue. Cren Tosa
JaHHWTE Ce IOAJIaraT Ha aHaau3 U 00paboTka, IMpH KOETO M3KyCTBEHHAT MHTEIEKT CTaBa CPEICTBO
3a pelllaBaHe Ha 3a/a9d B 06JIaCTTa HA MOHUTOPHMHIA Ha OKOJIHATA CPefia, 8 MAIMHHOTO 00ydYeHHe
ce sBgIBa e()eKTHBCH HHCTPYMEHT 3a IU(poBaTa UM peau3aliysl.

BB BTOpa IaBa Ca IPEACTABEHM AaKTYalHOTO CHCTOSHHE Ha H3cjeJBaHaTa obmacT u
MOTHBAILlAATA 34 IPOBEXKIAHE Ha H3CIeABaHHATA. PasriieflaHM ca CHBPEMEHHH CEH30pH H
TEXHOJIOTHH TP pealn3alys Ha CUCTeMM 3a MOHUTOpHHI. HampaseH € mperiien Ha akTyaJHUTe
JUpEKTHBM Ha EBpomeickus CBI03, CBBp3aHH C pasriexjaHaTa npoGnemaruka. JlaneHu ca
OIpEJIEICHAs. HAa OCHOBHHTE 3aMBPCHTENH Ha Bb3ayxa. Pa3spaboTeHM ca HAacOKH 3a OIEHKa Ha
KaueCTBOTO Ha BB3JyXa B 3aTBOPEHM [TOMELICHHS, Ha BOJATa U 104YBaTa, Ha BUOpALUK U IIyM U Ha
CHCTOSHHMETO Ha TeXHH4YeCKH oOekTH. IIpesncraBeHM ca OCHOBHMTE CBOMCTBAa Ha IIOYBaTa H
3HAYEHHETO Ha IIOYBEHUS aHaIu3. Pa3srjefanu ca CEH30pH 3a M3CIICABaHE Ha Ka4eCTBOTO Ha
BB3JlyXa, BOJATa M II0YBaTa, KAaKTO M CEH30pH 3a MOHHTODUHI Ha INyM M BHOpanuu ¥ Ha
CBCTOSHHETO Ha TexHuueckn oOektd. [lokasanm ca cnenuduxara Ha HHTEIMICHTHM CEH30DHH
CHCTEMHM 3a MOHHTOPHHT Ha OKOJIHATa Cpelia, ChBPEMEHHH TCHICHIUU B Pa3BUTHETO MM M OCHOBHH
H3UCKBaHMA KbM TAX. POopMyIHpaHy ca OCHOBHHUTE LIEJIH U 3a1a4H.

Tperata rimaBa Ha mucepranuara pasrjiexJa METOAWTE 3a MOBHINABaHE HA TOYHOCTTA H
nofo0psABaHe Ha KaueCTBOTO HA CEH30PHH JIaHHW, W3BJIEUEHU IIPH IMHPOKOMAIIaOeH MOHHUTOPHHT.
B To3u pasmen ca NPEICTABEHH M NMPOYYCHH Pa3iIUYHM METOAH, ¢ (OKyC BBPXY OLICHKAaTa Ha
TAXHATa MPHIOKHUMOCT, €(EKTHUBHOCT M BF3MOXHOCTH 3a PA3LIMPSIBAHE HA TEXHUTE IIPUIIOKECHHUI.
['maBaTa BKJIIOYBA aHAIM3 Ha METOOM 3a OIEHKAa Ha METPOJIOTHYHH IIapaMETpH Ha CEH30pH H
TAXHOTO KaJIMOpHpaHe KaKTO B KOHBEHIIMOHAIHH, Taka X B MpEXXOBHU cpeiil. B Hes ca npeacTaBeHu
U pa3paboTeHN CEH30PHH CHCTEMH 3a KJIIOYOBH 00JIAaCTH, CBHP3aHHU C IIPOBEJCHUTE HM3CIIECIBAHU,
KaTo Ce JEMOHCTpPHpAT pe3yJITaTH OT TAXHaTa u3nonrBaeMoct. [Ty6nukanuute kM riasa 3 ca 30.

B deTBBpTa INIaBa ca NpeACTAaBEHH Pa3palOTEHHTE M PEAM3MpPAHHd MOOHIHM CHCTEMH 3a
MOHHUTOPHHI Ha KaYeCTBOTO Ha BH3JyXa B OTKPUTHU U 3aKPUTH IIPOCTPAHCTBA, KAKTO M CUCTEMH 34
OYHCTBaHE Ha BB3IyXa. [IpeIo’keHuTe CUCTEMH pa3unuTaT Ha MOOWIIHU CEH30pHH MOMYJIH C HHCKA
KOHCYyMallss Ha €HEprus, OOOpyABaHH C JBIATOTpaiiHH axkymyiatopHu Oarepud u Wi-Fi
KOMYHHKAIIMOHHH MOJYJIK. TOBa MO3BOJIsIBa CEH30PHHUTE YCTPOUCTBA Aa ObAAT JIECHO IPEMECTBaHI
W TIOCTaBSHU B paiionu, kbpaeTo uMa Wi-Fi nokpurue. IlosBata Ha HHUCKOOIO/KETHH CEH30PH B
ChUCTAHWE C KOHIICMIMHTE, 3ajerHaiu B mHTepHeT Ha Hemara (IoT), maBa BB3MOXKHOCT Aa ce
IPOMECHHM HAUYMHBT Ha HaAONIOJCHHWE Ha Kav4eCTBOTO Ha BB3Ayxa. lIpeacraBen € moaxon 3a
MOHHUTOPHHT Ha 3ambpcsaBaHeTo ¢ (uuau mnpaxoBu yactumu (PITY). IlogxombT mO3BOIABA
OCBLICCTBIBAHE HA MOHUTOPHHI B TPYAHOJOCTBHIHM paiiOHM, HAa BHCOYMHH A0 O0Kojo 500 m m
JoKanu3anys Ha 3aMbpcUTeNd. M3ciensanyu ca METOAM M HHCTPyMEHTapUyM 3a KapTrorpadupane
Ha koHIeHTpauusaTa Ha @ITY. IlpencraBeHu ca rosaMo KOJIMYECTBO €KCIIEPUMEHTANIHA PE3yIITaTH.
[TyGmuxamuute KbM Ij1aBa 4eTBbpTa ca 11.

B mera rmaBa ca mpeAcTaBeHM HMHOBATUBEH METOJ M BHPTyallHA CHCTEMAa 3a aHAIU3 Ha
IpeuYncTeHa Boja. Ta3W CHcTeMa € HKOHOMHYECKH e(eKTHBHA W YHHBEpCalHa, CIIOCOOHa Ja
00paboTBa W perucTpupa JaHHH OT MHOXECTBO CCH30pH. TS OCHrypsiBa BE3MOXHOCT 3a OHJIAMH
HaAOMIOJICHHE W pPErucTpHpaHe Ha (U3MKOXMMHYHH IIapaMeTpH Ha pa3IM4HU BOJHH Pa3TBODH.
Pasriemana € BB3MOXKHOCTTA 3a pa3lIMpeHHe Ha CHCTeMara ¢ JONBIHHUTENIHH CEH30pH, Karo
HaIPEMEP CEH30p 3a OKUCIHUTENHO-peaykmmoneH moteHnuan (ORP), censop 3a moToK M ApYrH, C
1en mojobpsBane Ha (PYHKIIMOHATHOCTTA M paslIupsABaHe Ha oOxBara Ha mpunoxenue. OOCHIEH €
U BBIPOCHT 3a H3MOJI3BAHETO Ha MUKPOQIIYHIHH YCTPOMCTBA, KOMTO OIEPUpAT ¢ MalIKH 00eMH
npoOU ¥ MUHUMAJTHU KOJIMYECTBA PEAreHTH, IPEAOCTABIIHKN €PEKTHBHOCT U JOCTBIIHOCT B €HO.
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AKUCHTHDaHO € H BbpPXY CHBPEMEHHHTC HUCKOGIO/DKETHM MPOKCHMAIHH CEH30DH W
TEXHOJIOTUM 32 MOHHTOPHHI Ha MO0YBaTa, KOMTO CIyXaT 3a OBp30 W TOYHO H3MEpBaHE Ha
NapaMETPUTE M CBOMCTBaTa Ha M0YBATa B OTPaHMYEH PAfiOH MM HAa MECTHO HHBO. Te3H CEH30pH ca
KOMIIaKTHU ¥ MOOWJIHY, KOETO yJIECHABA TAXHOTO [IPEHACSIHE ¥ M3MEPBAHE Ha BIAKHOCTTA M IPYTH
XapaKTepPUCTHKH Ha I0YBaTa Ha pasiMYHM MECTa B IOJIETO WM TpaaWHata. B pamkuTe Ha
JUCEPTAIMOHHUS TPYA € H3BBPIICHO ONCHABAHE HA TPHU BHJA HHUCKOOKOMKETHH CEH30DH,
IpEAHA3HAYCHN 3a M3MEPBAHE Ha BJIAXHOCTTa HAa Io4BaTta. HeqocTaThKbT UM Ce H3pasdBa B
HyXJaTa OT NEPHOAUYHO KauuOpHpaHe, KOeTO € HeW30eXHO MOpagd IPOMEHHTE B HIKOH
HapaMeTpH Ha CEH30pa U (QIIyKTyallMnuTe B KOHICHTPAIMKATE HA ONPEEICHH €JIEMEHTH B I10YBATA.
Ily6nuxanuure KbM I1aBa mera ca 6.

B miecra riaBa ce pasriexxaa IpoLechT Ha Ch3JaBaHe Ha MOOHIHA Ge3KHIHA CHCTEMa 3a
H3MEpBaHE Ha IyM U BUOpanuu, 6asupaHa Ha miargopmara Raspberry Pi 3 ¥ Ha HECKOGIOMKETHH
CIEKTPOHHH KOMIIOHEHTH. AHAIM3bT Ha (QYHKIHOHAIHOCTTA HAa MOAYJIHTE IO BPEME Ha
IPOABDKUATEIHA TECTOBE IIOKa3Ba, Y€ IPEUIOKEHMAT IOIXO0J TPEHOCTaBs CTaOWIHA OCHOBA 3a
MOHHUTOPHHI M H3IPaXJAHE Ha KapTH ¢ HHBAaTa Ha IyM B ypOaHusupaHa cpema. Cucremara €
cHabnieHa U ¢ BB3MOXHOCT 3a JUCTAaHIMOHHO YIpPAaBIEHHE OT LEHTPAleH KOMIIOTHD, HAa KOHTO €
MHCTAIMPaH CIENHalM3upaH codTyep 3a [AUCTAHIMOHHA TOMIPBXKKA M OOCIyXBaHE.
KomyHuKanmaTa MexJIy KOMIOHEHTHTE B CIPYKTypara Ce OCBIIECTBSBA 4Ype3 CTaHIAPTHH
HHTEPHET [IPOTOKOJIHM. 3a€HO C OCHOBHATA IIPOrpaMa ce aKTHBHpa M IIporpama 3a OIpeACIIsaHe Ha
TOYHATa reorpadcka Mo3UIMs Ha H3MEPBATETHATA CUCTEMA.

IInardopmara u MeTOaNTE, M3NMOI3BAHM OT aBTOpPA IIPH CH3AABAHETO HA codTyep 3a MOGHIHA
CHCTEMa 32 MOHUTOPHHI Ha IIlyMa, IIPEJOCTABAT PeIUIa IPEIMMCTBA - YHHBEPCAIHOCT, HUCKA IIeHa
Ha KOMIIOHEHTHTE U JIECHA UHTErPpalys Ha KpaifHOTO yCTpOMCTBO B OTKpuTH 06ekTH. [Ipencrasena
¢ pa3paboTka, KOATO IPEXOCTABA METOJ 3a M3BJIMYAHE Ha [IMPOKO M3MOJI3BAHH H J00pE MO3HATH
aKyCTHYHH IapaMeTpH, KOMTO MOrar Jia 6baaT U3I0I3BaHH 33 KOJIHYECTBEHO OLCHIBAHE Ha IIyMa.
ITy6mukanuuTe KBM riaBa mecra ca 15.

B cenma riaBa ce pasrmiexa TOYHOTO MO3WIMOHHUpPAHE HA MOOUIIHHTE CEH3OPHH CHCTEMH,
KOETO € IPEAIOCTaBKa 32 TAXHOTO aBTOHOMHO IIOBEJECHUE KAaKTO B MH/YCTPHAIHA CPElla, TaKa U Ha
OTKpuTO. EMMH OT moaxoauTe 3a pemaBaHe Ha IpobieMa ¢ JIOKAIU3alHATa BKIIOYBA H3I0I3BAHETO
Ha To0alHa HABHTAllMOHHA CITFTHHKOBA CHCTEMA, KBIETO M3MEPBAHMATA ce OOCAMHSBAT BHB
unTpupama nporpama ¢ e OleHKa Ha rIoGaiHara HO3MIHUs Ha CHCTeMara. IIy6IuKanuuTe KbM
riaBa ceaMma ca 13.

B npunoxenusTa ca JaJeHH OCHOBHM 3aMbBPCHTENM Ha Bb3AyXa M TEXHHTE T'PAHHIHH
CTOMHOCTH, 8[pECUTe Ha CTAHIUHUTE 33 OLCHKA Ha Ka9eCTBOTO Ha B3/lyXa Ha TEPHTOPHATA HA IPaj
Codus, obemysxpany oT V3IbIHATENHATA areHIHs 110 OKOJIHA CPe/ia, YHATO JAHHH Ca W3MON3BaHH
IIPH H3CJICABAaHUATA, NPUMEPH 3a INPHIOKECHHE Ha pa3pabOTCHHTE B TpeTa IlaBa METOAM 34
aJanTUBHA JIAHEApH3alUs HA Da3MYHH BHJOBE CCH30DHH IpeAaBaTeJHH QYHKIMM H 32
paspaboTenust METOA 3a HOTUIHHEAPH3AINS Ha CEH30PHHA XapaKTEPHCTHKH.

S. Hay4nu, Hay1HO-NPHJIOKHHA H NPHJIOKHA NPUHOCH HA JHCEPTANMOHHAS TPy

IIpunocuTe B AMCEPTALMOHHMS TPYHA MMaT HAaydeH M Hay4HO-TIPHIONKEH XapaKTep M ca B
00J1acTTa Ha €NEKTPOHM3AINS HA H3MEPBAHMATA ¥ OLEHKATA HA OCHOBHH IIapaMeTPH Ha OKOJIHATA
cpena. Te ca cBbp3aHM ¢ JOKa3BaHe C HOBHM CpPEICTBA Ha CBHINECTBEHH HOBH CTPaHH B
CBIIECTBYBAIM HAYYHH IPOGIEMH U C TIOTydaBaHe HA IOTBBPAUTENHH (PaKTH.

Hayunu npunocu
o Ilpensioxenn ca HOBH IOAXOMM U ATOPUTMH 32 PEIlaBaHe Ha 3a1aYaTa 3a IMHeapu3alys Ha
ITMPOK KJIAC CCH30PHHU HPENABATEHA XapaKTECPUCTUKH: alalTHBEH aJrOPUTHM 34 JMHEHHA
HHTCpBAJHA aPOKCHMAUWs, C KOHTO ce rapaHTHpaT 3aJaJeHO0 HHBO Ha IpellKara OT
JUHeapu3allis W €IHOBPEMEHHOTO pElIaBaHE Ha 3aJaduTe 3a HaMupaHe Ha obparHara
CCH30pHA XapaKTePUCTHKAa M HEHHaTa JMHeapu3auusd; 0O00OILIeH IOAX0[ 3a JIMHEHHO
AIPOKCHMHpPaHEe Ha CCH30PHH XapaKTECPHCTHKH, KOUTO ca JudepeHIupyeMH (YHKIHH;
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MHOBaTHUBEH IIOJXOJ| 32 IOJHMIOHAIHA ANPOKCHMAIKsd Ha HECAMOIPECHYAllH Ce CEH3OPHH
XapaKTePUCTHUKH, 33JafICHA B TOUKOB MJIH aHAIHTHIEH BHI.

e IlpemnoxeH € HOB MOJXOJ 3a OLICHKA Ha IIyMOBH NapaMeTpPH Ha CEH30pDH M HAa METOIU H
QJITOPUTMH 32 ITOBUIIABAHE HA TOYHOCTTA HA CCH30PHHU JaHHH, OCHOBAH Ha pa3IIUpsIBaHE Ha
OPUIOKHMOCTTa Ha CPENHOKBAaAPAaTHYHOTO OTKJIOHEHHMe Ha AupH. HoBocT € u
msnosssaHeTo Ha CKO 3a onenka Ha HanexaHocTTa Ha MEMS censzopu.

e [lpemnoxenn ca HOBM METONHM 3a JOKAIM3alWs M OTKPHBAaHE Ha OOEKTH H YHCICHH
aIrOPUTMH 3a KanuOpupaHe W IIOBHIIAaBaHE Ha TOYHOCTTA HA YCTPOMCTBA 3a €KOJOIMYEH
MOHUTOPHHT.

Hayuno-npunoxcnu npunocu

e PaspaboTeHH ca IOAXOAM, CBBP3aHH CHC CIMBAHETO HA MNAaHHM H HU3CICOBaHE Ha
ebexTuBHOCTTA Ha GmiTpu Ha KanmaH 3a KpaTKOCPOYHO IIPOrHO3MpaHE Ha O0OIavHO
HOKPHUTHE, 332 IPOTHO3MPaHE Ha J00KBA Ha €HEPrus OT (OTOBONTAMYHH LEHTPAIM M 32
NOBHUINIABAHE HAa TOYHOCTTA Ha JIOKAIHM3ALUATa Ha pOOOTH3HPAaHH IIaTHOPMH.

e PaspaGoTeHr ca M ca TeCTBaHH CHCTEMa 3a HaBUTallusd, pealuM3upaHa Ha 0a3ara Ha
KOHBOJIFOIMOHHA HEBPOHHM MPEXH 3a aBTOHOMHO IodupaHe, M CHCTEMa 3a OTKPHBaHE U
npocienssane Ha o0exTH Ha 6a3ara Ha nerexktopa YOLO.

e PaspaGoTeHM ca WHTEIMIeHTHH CEH30PHH CHCTEMH 3a MOHMTOPHMHI Ha KadeCTBOTO Ha
Bb3JlyXa, NMUTEHHATA BOJA, IOYBaTa W IIyMa B ypOaHU3MPaHH CPEIM: MYJITHCEH3OPHH
CACTEMH H MamabupyeMH MOOWIIHH CEH30pPHH CHCTEMH 32 MOHHMTODHHI H4a OCHOBHH
nmapaMeTpu Ha BB3AyxXa Ha 0a3ara Ha HHCKOOIO[DKETHM CEH30pH W KOHTPOJEPH C
OrpaHUYCHU U3YUCIHUTECIIHH PECYPCH; CEH30PHU CHCTEMH 3a H3CJ/IE/IBAaHE Ha CIElH(pUIHHTE
[IapaMeTpy Ha Bb3IyXa Ha 3aKPUTO H yCTPOMCTBa 3a IPEYNCTBAHE HA BH3yXa; CHCTEMA 3a
OIICHKa Ha Ka49eCTBOTO Ha BOJHA cpefia Ha 0a3ara Ha KOJOPHMETPUYHHM METOJW; CEH30PHA
CHCTEMa 32 H3MEPBaHE Ha BIAXKHOCTTa HA II0YBaTa M MYJTHCCH30pHA CHCTEMa 3a
MOHHUTOPHUHI B 00JacTTa Ha 3eMENENIMETO; MOOIIHN O€3)KUYHA CHCTEMH 32 M3MEPBaHE H
KapTorpadupaHe Ha OCHOBHHU LTyMOBH IIaApaMETPH.

o CuHresupanu ca ¥ ca BIMIMPaHM DPa3IMYHM IOAXOJM 3a H3MEpPBaHE HA BUOpauHu H
MOHHUTOPHHI Ha TeXHHYECKHM obOexTH. M3cmeBaHM ca MOAXOOHM 3a CIHMBAHE HA CEH3ODHH
JIAHHU C H3IOJI3BAHCTO Ha CHBPEMEHHHM METOAW. Peanum3umpaHu ca CEH30pHH CHCTEMH,
U3I0JI3Ballld BrpaJicHO MAlIMHHO OOy4eHHE M eKCIIEpPTHA CHCTEMa 3a JUMArHOCTHKA Ha
HEM3NpaBHOCTH B Metajopexemu Mamuau ¢ [IIY. Ilpemmoxenu ca wuHIycTpHATHA
miatdopma 3a IoT u paHHa AHArHOCTHKA U MOAAPHKKA HA TEXHHYECKH 0OEKTH M HOIXOJ 3a
BUPTY&IHO BBBEX/aHE B €KCILJIOATAIMSI HA TEXHHMYECKH OOCKTH ¢ IIOMOIITA HA JUTHTAIHH
ONM3HALH.

o IlpuioxXeHu ca MOJXOMM M METONH 3a JIOKaIM3AIUs Ha 00EKTH U Kaprorpagupane Ha Cpeay
Ha OTKPHUTO ¥ 3aKpHUTO. Pealn3upanu ca CEH30PHU CHCTEMH 34 €JHOBPEMEHHA JIOKATH3ALHA
¥ KaprorpadupaHe M BH3YaJHO-MHEpLHAIHA CHCTEMa 4Ype3 CIMBAHE HA JaHHU 3a
nojo0psBaHe Ha TOYHOCTTA IPH JOKaIm3auusd. IIpeaioixeH e NMOAXOX 3a H3ION3BAaHE Ha
MarHUTHH CEH30pH 3a KapTorpadupane Ha TOMEIIEHHUS.

6. Onenka 3a cTenenTa Ha JHYHOTO YIACTHE HA AMCEPTAHTA B IPAHOCHTE.
Cunram, 4e IUCEPTAMOHHUAT TPYA € JUYHO A€o Ha mpod. a-p mHx. Mapua MapHuHOB.
OcHoBanye 3a TOBa MH JIaBaT MPEICTABEHIAT MATEPHAN U CBBP3aHHUTE C HETO ITyO/IHKAIHH.

7. Ilpenenka Ha MyOJHKAIHHTE HO JACEPTANMOHHHS TPY/

ITyGnukaruuTe o IUCEpTalMOHHUS TPYA ca 64, oT xouto 49 [A7 — A10, A13 — A17, A20 —
A43, A45 — AS1, A54, ASS5, A57 — A63] ca B usmaHus, pedepHpaHH M HHICKCHPAHH B
CBETOBHOM3BECTHHU 0asu [jaHHU ¢ HaydHa mH(bopmanus, a 15 [Al — A6, All, Al12, Al18, A19, A44,
A52, AS3, A56, A64] ca B Hepedepupanu crHcaHvs U KOH(EPEHIHH ¢ HaydHO peElleH3HpAHe.
Yernpu OT myOuKaEUTE Ca CAMOCTOSTENHHE, KATO TPH ca B Obirapcku cnmcanus [A6, All, A12] u
e[[Ha € Ha MEeXyHapoaHa KoH(pepermus [A26].
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[Tpo¢d. Mapuros e nspBu aBTop B 19 mybmukanuu [Al — A7, A9, All, A12, A14 - Al6, A21,
A26, A29, A43, A54, A63]. lllectrecer u eqHa myOmuKamuu ca Ha IyXI e3uk [Al — A3, AS — A43,
A45 — A63], a Tpu — Ha OByrapcku e3uk [A4, A44, A64]. Ily6mukaruute ¢ IF u SJR ca 22, xato 11
[A7, A9, A10, A13, A21, A23, A24, A26, A27, A28, A47] ca camo ¢ SJR, 9 [A22, A30, A37, A43,
A45, A46, A50, A51, AS54] cac IF u SJR, a 2 — camo ¢ IF [A62, A63]. Cuutam, e HalpaBEHUTE
myONUKaIiy MMOKPUBAT PAaBHOMEPHO W IHJIHO JUCEPTAlMOHHATAa Te€Ma W OTpa3sBaT LelTa U
3aJ]a9uTe Ha JUCEPTAlUATA.

Pa3paboTkuTe ca myOIMKyBaHH B PELCH3UPAaHU HaydHH m3maHus, karo Jornal of Electronics,
Enexrponuka E+E, International Spring Seminar on Electronics Technology (ISSE), Proceedings of
Technical University Sofia, Micromachines, Lecture Notes of the Institute for Computer Sciences,
Social Informatics and Telecommunications Engineering uHa Springer, Electronics, Energies 2021,
Sensors 2022/23, Computation 2022/23 u np.

IMpod. MapuHOB € aBTOp Ha €IUH Y4eOHHUK M Ha IIE€T IJaBH OT KHUTH, UMa ydacTus B 11
npoekta. KsM Mecenr oktomBpu 2023 r. B 6a3ara JaHHU Scopus ca 3abens3anu 277 OUTHpaHUA Ha
Hay4YHHTE TPyAOBe Ha mpod. MapuHOB.

[Ipuemam, 4e OCHOBHHTE peE3yJITaTH OT AMCEpTAlMiTa ca IyOJMKyBaHM M HM3BECTHH Ha
Hay4HaTa 0OIIHOCT.

[MIpod. MaprHOB NOKpHBa W MO ONPEHCNICHH IIOKA3aTeNd HaJBUIIaBa MHUHUMAIHUTE
HaIlMOHAJTHM M3UCKBaHUA. 3alllUTUJ € AUCEPTAIMOHEH TpyaA B I'epManus Ha Tema ,,Memozosorus
3a npoeKMupaHe U peaTn3alys] Ha eKcnepmHa cucmeMa 3a JUarHoCmuka Ha H30paHu TEXHUYECKH
obextn” (moxasaren A - 50 T1.). IlpeacraBs: nucepTanMoHEH TPyZ 3a NPHUCHXKAAaHE Ha HaydHA
CTENEH ,JJOKTOp Ha Haykure* Ha Tema ,JIHTEIUreHTHH CEH30PHH CHCTEMH 3a EKOJIOTHYCH
MoHuTOpUHT” (mokazaren B - 100 T.); 64 myb6mukaruu (rpymna mokasarenu I - 696 T.), oT kouto 49
Hay4YHU IMyOJHMKaiy B U3AaHUA, KOUTO ca peephpaHy U HHACKCHPAHH B CBETOBHOM3BECTHH 0a3u
JaHHH ¢ HayyHa wuH(opmarmsa (mokazaren I'7 — 534,1 T.), m 15 Hayuynm mnyOnuKanuud B
HepeepupaHy CIHUCAaHUSA C HAyYHO DELEH3UpaHe WIM B pPENAKTHPaHH KOJCKTHBHH TOMOBE
(moxazaren I'8 — 118,7 T.); 277 uutupanus (rpyna nokasaremu I - 2050 T.). IIpod. Mapuros e
aBTOp Ha €JUH YHUBEpcUTETCKU yueOHuK (mokaszaren E23 — 40 t1.).

I'pyna ot MuHuMaNTHY HallMOHAIHU U3UCKBAaHHS 32 IIpod. o-p
MOKa3aTeNn Hay4Ha CTEIIeH ,,JOKTOp Ha HayKUTe Mapunos
A 50 T. 50T.

b 100 T. 100 T.
B ’ =

r 100 T. 696,66 T.
i 100 . 2050 T.
E - 40 T.

8. Mznos3BaHe Ha pe3yJTATHTE OT JUCEPTANMOHHHS TPYJA B HAYYHATA M CONHAJIHATA
npakTuka. Hajnune Ha mocTUrHaT Npsik HKOHOMHYECKH eeKkT H mp. [[OKyMEHTH, HA KOUTO
ce OCHOBABAa TBbPAECHHUETO.

Pa3paboTennute HOBH IMOIXOIM, METOJM ¥ JITOPUTMH 3a JIOKAIH3UpaHe U KapTorpadupane B
yCIIOBHATa HAa WHTEH3WBHH BB3JCHCTBUA OT Pa3fIMYHU CMYIIEHHUS Ca CBBP3aHHU ChC 3HAYUTETHA
U3YHCIIATENHA CIOKHOCT M MOTaT Jja CC U3I0JI3BAT B HAYYHATA ¥ COLMAIIHA IPAKTHKA.

9. Onenka Ha CLOTBETCTBHETO HA aBTOpedepaTra ¢ H3NCKBAHUATA 32 M3TOTBSHETO MY,
KAKTO M HA aJeKBATHOCTTAa HA OTpa3siBaHe HA OCHOBHHUTE IMOJIOKEHHS H NPHHOCHUTE HA
AN CEePTAHOHHHAS TPYH.

IIpencraBenusar asropedepar ¢ B obeM ot 71 crpanmim. O3HaucHWsTa Ha (opmyiuTe,
Tabmaure U Qurypure B aBTopedepara He ChBIAIAT C TE3W B aucepramusra. [IpeacraBeHu ca
aKTyaJIHOCTTa Ha pellaBaHus IpoOiieM, [elTa Ha AUCEPTAlMOHHMS TPy, OCHOBHUTE 3a1aud U
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METOJIM 3a M3CIEJBAaHE M Ca OIHCAHU CTPYKTypara W OOEMBT Ha JUCEPTAlMOHHHUS TPYI.
OtnenHuTe r1aBU OT AWCEpTANMATa ca MPEACTaBEHH C OCHOBHUTE CH aKICHTH M PeE3yiTaTH.
AsTopedepaTsT 3aBbpIIBa C IPUHOCUTE HA JUCEPTAIMOHHUS TPYA M CHHCHK Ha IMyOJMKaluuTe
10 JUCEPTAI[MOHHUS TPY .

ABtopedeparsT oTroBaps Ha OOIMONpPHETHTE W3WCKBaHWSA © OTpa3siBa BSPHO
CHIBPXKAHUETO U IPHHOCUTE Ha JUCEPTALUOHHUS TPY .

10. MHeHns1, NpenopbKU U OeJIeKKH.
B TpynoBeTe Ha KaHIMaTa HE OTKPHX CHINECTBEHH IpoIrycku. bu Omino 1obpe HaamucuTe Ha
¢urypure aa ca Ha OBJITapCKHU €3UK.

11. 3akar0ouenne

B 3akiroueHre Mora Jia 1aM IIOJIOXKHTEIHA OILICHKA Ha IOJIyYEHUTE pe3yITaTy U MOJE3HOCTTa
Ha JucepTanuaTa. ABTOPHT Ha MTUCEPTAIIMOHHUSA TPy € AEMOHCTpUpAl 3a4bI00YCHH TEOPETUIHI
MO3HAHUS W MPAKTHYECKH YMEHHUS 3a M3CJIeIBaHE M YCIIENIHO pea3upaHe Ha IIOCTaBEHUTE LI U
3a7ay4u.

[MocturHaruTe pe3yinTaTy MH AaBaT OCHOBaHME Jja IpeIoxa Aa 0bje nmpurobuTa HaydHaTa
CTEIeH ,,IOKTOp Ha HaykuTe” OT mpod. a-p umk. Mapun bepo MapunoB B 00nacT Ha BHCIIE
ob6pazoBanne — 5. TexHuueckH Hayku, npodecroHaNHO HampaBieHue — 5.2 EnexTpoTexHuKa,
eJIEKTPOHMKA ¥ aBTOMAaTHKa, CICIHAIHOCT — ,,MeToau, mpeobpa3yBaTeu U ypeau 3a H3MEPBaHe U
KOHTPOJI Ha (U3UKO-XUMUIHY U OMOJIOTHYHHU BEIMIVHA .

HMara: 08.02.2024 r. H3roremi : (/VL )

/mpod. a-p A. Anexcanapos/

| Tv-coona

DETT ;
BAPHO C OPUIrMHANA
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of a thesis for obtaining the scientific degree of "Doctor of Science."
Author of the thesis: Prof. Dr. Eng. Marin Berov Marinov
Thesis topic: "Intelligent sensor systems for environmental monitoring."

Field of higher education: 5. Technical sciences; Professional field: 5.2 Electrical engineering,
electronics, and automation; Scientific discipline: "Methods, converters, and devices for measuring
and controlling physiochemical and biological quantities"

Written by: Prof. Dr. Anatoly Trifonov Alexandrov — TU-Gabrovo

1. Relevance of the problem studied in the thesis in scientific and scientific-applied terms.

Human activities are known to produce harmful environmental effects on air, water, soil, and
climate. This leads to an ever-increasing interest in protecting the environment and a focus of public
attention on its more comprehensive monitoring and characterization through assessing several
physical, chemical, and biological factors that affect it. This information is necessary to preserve
and maintain a healthy environment for future generations.

Three main approaches are applied to developing environmental research instrumentation:
developing new sensor technologies for measuring environmental parameters, designing algorithms
to improve the sensitivity and selectivity of sensors by using advanced methods such as machine
learning and artificial intelligence, and using large-scale sensor networks for monitoring
environmental parameters. The thesis presents the use of these approaches in creating intelligent
sensor systems for monitoring basic environmental parameters.

The thesis concerns a topical aspect of the electronic measurement and assessment of basic
environmental parameters. The research has a direct application in the field of electronic research in
the environment.

The submitted materials meet the requirements of the Regulations for the Terms and
Procedures for Obtaining Scientific Degrees at the Technical University—Sofia and show that Prof.
Marin Marinov has achieved results that allow him to request opening a procedure for the defense
of a thesis for obtaining the scientific degree of "Doctor of Science."

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

The thesis evaluates the current state of the study area and critically analyzes existing
environmental monitoring systems used for various applications.

The literature review is explicitly aimed at the researched topic. It shows unequivocally that
Prof. Dr. Eng. Marin Marinov very well knows the state of the problem in theoretical and practical
terms. The author listed 442 literature sources that he used to evaluate the state of the problem.
There are nine literary sources in Cyrillic and 433 in Latin, 264 of which have been published over
the last ten years.

The thesis work aims to develop intelligent sensor systems and devices for the Internet of
Things (IoT), designed for monitoring basic parameters of the air environment, drinking water, soil,
and noise pollution in urbanized areas. This is envisaged to be achieved through synthesizing and
researching modern approaches, methods, and algorithms for merging and improving data quality
from low-budget sensor systems and precise documentation and mapping of monitoring data.

To accomplish the aim, several objectives need to be fulfilled:

- Analysis of existing intelligent sensor systems and their basic architecture;

- defining the characteristics of intelligent sensor systems and IoT devices by conducting
experimental measurements and analysis of pollutant levels in air, water, soil, and noise in
urbanized areas;
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- research and analysis of the accuracy of low-cost sensors for measuring concentrations of
major pollutants and development of approaches for filtering and fusion of sensor data
optimized for electronic devices with limited resources;

- linearization and calibration of sensor devices;

- creation of prototypes of intelligent sensor systems and testing in real conditions; study of
algorithms and programming environments for localization and mapping in open and closed
environments;

- use of unmanned aerial vehicles and autonomous vehicles to document and map pollution in
hard-to-reach areas;

- proposing approaches for sensor data processing with artificial intelligence and resource
management methods for wireless interfaces.

3. Correspondence of the chosen research methodology, the aim and objectives of the thesis,
and its contributions.

The findings presented in the thesis, and the author's publications cover over 15 years. They
are systematically structured in a sequence that ensures the successful solution of the tasks set in the
study.

The thesis develops the concept of researching already existent intelligent sensor systems and
presents a structured approach to developing and implementing intelligent devices. These devices
use low-cost sensors and microcontrollers with limited resources. Various mobile applications must
support wireless communication and provide large-scale monitoring with high temporal and spatial
resolution. It is proven that satisfactory accuracy of the measurements needed to estimate
environmental parameters can be achieved using low-budget sensors and appropriate algorithms
implemented on microcontrollers with limited resources,

The work discusses the specifics of intelligent sensor systems for environmental monitoring,
analyzes modern trends in their development, and formulates basic requirements for these systems.
Localization and mapping are important parts of the work because they are important in
documenting monitoring results and establishing pollution sources.

In producing the thesis, the author uses modern tools that correspond to the thesis's purpose
and tasks.

4. Brief analytical description of the thesis

The thesis consists of an Introduction, seven Chapters, contributions, a list of references, and
five appendices. It contains 207 Figures and 52 Tables, as well as lists of symbols and abbreviations
used in the Figures and Tables.

The introductory Chapter substantiates the relevance of the problems and the motivation for
the research conducted in the work. The circumstances underlying the study are presented. The
main challenges to be investigated in the thesis are formulated. Some research limitations are
shown, and definitions of basic terms and concepts used in the thesis are given. Three main
categories of environmental monitoring are formulated. Generalizations and conclusions are made.

In Chapter 1 of the thesis, the author states that by investing time and resources, many
measurement error problems and sources can be detected, evaluated, and, in many cases, corrected.
A sensor data fusion method is proposed as a practical approach to improve data quality. This
approach involves multiple sensors that collect information from geographically distributed
locations, highlighting their spatial distribution. The data is then subjected to analysis and
processing, in which artificial intelligence becomes a tool for solving tasks in the field of
environmental monitoring, and machine learning becomes an effective tool for their digital
realization.

Chapter 2 presents the current state of the researched area and the motivation for conducting
the research. Modern sensors and technologies in the implementation of monitoring systems are
reviewed. A review of the current directives of the European Union related to the issue under

2
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consideration is made. Definitions of the main air pollutants are given. Guidelines are developed to
assess indoor air quality, water and soil, vibration and noise, and the condition of technical objects.
The basic propetties of soil and the importance of soil analysis are presented. Sensors for measuring
the quality of air, water, and soil, sensors for monitoring noise and vibration, and the condition of
technical objects are examined. The specifics of intelligent sensor systems for environmental
monitoring, modern trends in their development, and basic requirements for them are shown. The
main aim and objectives are formulated.

Chapter 3 of the thesis examines the methods for increasing accuracy and improving sensor
data quality obtained during large-scale monitoring. In this section, various methods are presented
and explored, focusing on evaluating their applicability, effectiveness, and possibilities for
expanding their applications. This Chapter includes an analysis of methods for estimating the
metrological parameters of sensors and their calibration in both conventional and networked
environments. The Chapter presents work on developing sensor systems for key areas related to the
research conducted, demonstrating the results of their usability. There are 30 publications on the
subject matter of Chapter 3.

Chapter 4 presents the designed and implemented mobile air quality monitoring systems in
open and closed spaces and air purification systems. The proposed systems rely on mobile sensor
modules with low energy consumption, equipped with long-lasting rechargeable batteries and Wi-Fi
communication modules. This allows the sensor devices to be easily moved and placed in areas
with Wi-Fi coverage. The emergence of low-cost sensors, combined with the concepts underlying
the Internet of Things (IoT), can change how air quality is monitored. An approach for monitoring
fine particulate matter (FPM) pollution is presented. The approach allows monitoring in hard-to-
reach areas, at heights of up to about 500 m, and localization of pollutants. Methods and tools for
mapping the concentration of FPM are studied. A large number of experimental results are
presented. There are 11 publications related to Chapter 4.

Chapter 5 presents an innovative method and a virtual system to analyze purified water. This
system is cost-effective and versatile, capable of processing and logging data from multiple sensors.
It makes it possible to monitor and record the physiochemical parameters of various aqueous
solutions online. Expanding the system with additional sensors, such as an oxidation-reduction
potential (ORP) sensor, a flow sensor, and others, is considered to improve the functionality and
expand the scope of the application. This section of the work also discusses using microfluidic
devices with small sample volumes and minimal amounts of reagents, thus providing efficiency and
affordability.

Emphasis is also placed on modern low-budget proximal sensors and technologies for soil
monitoring, which measure soil parameters and properties quickly and accurately in a limited area
or local level. These sensors are compact and mobile, thus making them easy to carry, and they
measure moisture and other soil characteristics in various places in a field or a garden. An
evaluation of three types of low-budget sensors designed to measure soil moisture is made. Their
disadvantage is the need for periodic calibration, which is inevitable due to changes in some sensor
parameters and fluctuations in the concentrations of certain elements in the soil. There are six
publications related to the research described in Chapter 5.

Chapter 6 examines creating a mobile wireless noise and vibration measurement system based
on the Raspberry Pi 3 platform and low-cost electronic components. The analysis of the
functionality of the modules during long-term tests shows that the proposed approach provides a
stable basis for monitoring and building maps of noise levels in an urban environment. The system
can also be remotely controlled from a central computer on which specialized remote maintenance
and service software is installed. Communication between the components in the structure is
conducted through standard Internet protocols. Together with the main program, a program for
determining the exact geographical position of the measuring system is activated.

The platform and methods used by the author to create software for a mobile noise monitoring
system provide several advantages: universality, low cost of components, and easy integration of

3
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the device into open objects. The work presents a method for extracting widely used and well-
known acoustic parameters that can be used for quantitative noise assessment. There are fifteen
publications related to Chapter 6.

Chapter 7 examines the precise positioning of mobile sensor systems, which is a prerequisite
for their autonomous behavior in industrial environments and outdoors. One approach to solving the
localization problem involves using a global navigation satellite system, where the measurements
are combined into a filtering program to estimate the system's global position. There are 13
publications related to Chapter 7.

The appendices contain the main air pollutants and their limit values; the addresses of the air
quality assessment stations on the territory of the city of Sofia, served by the Executive Agency for
the Environment, whose data are used in the research; examples of the application of the developed
in Chapter 3 methods for adaptive linearization of various types of sensor transfer functions and the
method of polylinearization of sensor characteristics.

S. Scientific, scientific-applied, and applied contribution of the thesis

The thesis's contribution is of a scientific and scientific-applied nature and is in the field of
electronic measurements and assessment of basic environmental parameters. It is related to proving
by new means essential new sides in existing scientific problems and obtaining corroborative facts.

Scientific contribution

e New approaches and algorithms are proposed for solving the problem of linearization of a
broad class of sensor transfer characteristics: an adaptive algorithm for linear and interval
approximation that guarantees a set level of the linearization error and simultaneously solves the
problems of finding the inverse sensor characteristic and its linearization; a generalized approach
for linear approximation of sensory characteristics that are differentiable functions; an innovative
approach for polygonal approximation of non-self-intersecting sensory features set in pointwise or
analytical form.

e The work proposes a new approach to estimating sensor noise parameters and methods and
algorithms for increasing sensor data accuracy based on extending the applicability of Allen's mean
square deviation. Another novelty is the use of CKO to evaluate the reliability of MEMS sensors.

e New methods for object localization and detection, as well as numerical algorithms for
calibrating and increasing the accuracy of environmental monitoring devices, are proposed.

Scientific-applied contribution

e A number of approaches are developed related to data fusion and Kalman filter performance
studies for short-term cloud cover forecasting, PV energy yield forecasting, and improving the
localization accuracy of robotic platforms.

e A navigation system based on convolutional neural networks for autonomous driving and an
object detection and tracking system based on the YOLO detector is developed and tested.

e Intelligent sensor systems are developed for monitoring the quality of air, drinking water, soil,
and noise in urbanized environments: multi-sensor systems and scalable mobile sensor systems for
monitoring basic air parameters based on low-budget sensors and controllers with limited
computing resources; sensor systems for studying specific indoor air parameters and air purification
devices; system for evaluating the quality of water environment based on colorimetric methods; soil
moisture sensor system and multi-sensor agricultural monitoring system; mobile wireless systems
for measuring and mapping basic noise parameters.

e Different approaches for vibration measurement and monitoring of technical objects are
synthesized and validated. Approaches for sensor data fusion using modern methods are
investigated. Sensor systems are implemented using embedded machine learning and an expert
system for fault diagnosis in CNC machine tools. An industrial platform for IoT, early diagnosis
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and maintenance of technical objects, and an approach for virtual commissioning technical objects
using digital twins are proposed.

e Approaches and methods for localization of objects and mapping of outdoor and indoor
environments are applied. Sensor systems for simultaneous localization and mapping and a visual-
inertial system through data fusion are implemented to improve localization accuracy. An approach
for using magnetic sensors for room mapping is proposed.

6. Evaluation of the degree of personal involvement of the author in the contributions.

I believe that the thesis is the personal work of Prof. Dr. Eng. Marin Marinov. The presented
material and related publications give me grounds for this.

7. Evaluation of publications related to the thesis work

There are 64 publications on the thesis, 49 out of which [A7 — A10, A13 — A17, A20 — A43,
A45 — A51, A54, ASS, A57 — A63] are in editions, referenced and indexed in world-famous databases
with scientific information, and 15 [A1 — A6, A11, A12, A18, A19, A44, A52, A53, A56, A64] are in
non-refereed journals and conferences with scientific review. Four of the publications are
independent, three are in Bulgarian journals [A6, A11, A12], and one is at an international conference
[A26].

Prof. Marinov is the first author in 19 publications [A1 — A7, A9, Al1, A12, A14 — Al6, A21,
A26, A29, A43, A54, A63]. Sixty-one publications are in a foreign language [Al — A3, A5 — A43,
A45 — A63], and three — in Bulgarian [A4, A44, A64]. The publications with IF and SJR are 22, 11
out of which [A7, A9, A10, A13, A21, A23, A24, A26, A27, A28, A47] are only with SJR, 9 [A22,
A30, A37, A43, A45, A46, A50, AS1, A54] are with IF and SJR, and 2 — only with IF [A62, A63]. 1
believe that the publications evenly and fully cover the thesis topic and reflect the purpose and
objectives of the thesis.

The research findings have been published in peer-reviewed scientific publications, such as the
Journal of Electronics, Electronica E+E, International Spring Seminar on Electronics Technology
(ISSE), Proceedings of Technical University-Sofia, Micromachines, Lecture Notes of the Institute for
Computer Sciences, Social Informatics and Telecommunications Engineering of Springer,
Electronics, Energies 2021, Sensors 2022/23, Computation 2022/23, etc.

Prof. Marinov is the author of one textbook and five Chapters in books and has participated in
11 projects. As of October 2023, the Scopus database has 277 citations of Prof. Marinov's scientific
works.

I accept that the main results of the thesis are published and known to the scientific community.

Prof. Marinov meets and, under certain indicators, exceeds the minimum national requirements.
He defended his PhD thesis in Germany on "Methodology for the application and implementation of
external data for developing selected technical objects" (indicator A - 50 points). He has also
submitted a thesis for gaining the scientific degree of "Doctor of Science" on the topic of "Intelligent
sensor systems for environmental monitoring" (indicator B - 100 points); 64 publications (group of
indicators D - 696 points), 49 out of which are scientific publications in editions referenced and
indexed in world-famous databases with scientific information (indicator D7 - 534.1 points), and 15
scientific publications are in non-refereed journals with peer review or in edited collective volumes
(index D8 — 118.7 points); 277 citations (group of indicators D - 2050 points). Prof. Marinov is the
author of one university textbook (indicator E23 — 40 points).

A group of Minimum national requirements for the Doctor Prof. Ph.D.
indicators of Science degree Marinov
A 50 p. 50 p.
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B 100 p. 100 p.
C - g

D 100 p. 696,66 p.
E 100 p. 2050 p.
F = 40 p.

8. Use the thesis results in scientific and social practice. Existence of achieved direct
economic effect, etc. Documents on which the claim is based.

Innovative approaches, methods, and algorithms for localization and mapping in conditions of
intense impact of various disturbances have been developed. They are associated with significant
computational complexity and can be used in scientific and social practice.

9. Assessment of the abstract's compliance with the requirements for its preparation and
the adequacy of presenting the thesis's main points and contribution.

The presented abstract is 71 pages long. The designations of the formulas, tables, and figures
in the abstract do not correspond with those in the thesis. The relevance of the solved problem, the
purpose of the thesis, the main tasks and research methods are presented, and the structure and
volume of the thesis are described. The individual Chapters of the thesis are presented with their
main highlights and results. The abstract ends with the contribution of the thesis and a list of
publications on the thesis.

The abstract meets the accepted requirements and accurately reflects the content and
contributions of the thesis.

10. Opinions, recommendations, and notes

I did not find any significant gaps in the candidate's work. However, it would be helpful if the
captions of the figures were in Bulgarian.

11. Conclusion

In conclusion, I can give an upbeat assessment of the findings and the usefulness of the thesis.
The author has demonstrated in-depth theoretical knowledge and practical skills for research and
successfully accomplished the aim and objectives.

The results I achieved give me a reason to propose that Prof. Dr. Eng. Marin Berov Marinov
be awarded the scientific degree "Doctor of Science" in the field of higher education—5. Technical
sciences, professional field—5.2 Electrical engineering, electronics, and automation, discipline—
"Methods, converters, and devices for measuring and controlling physicochemical and biological
quantities."

Date: 08/02/2024 Member of the jury: (/11 )

/Prof. Ph.D. A. Alexandrov/
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