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PENEH3UA
ﬁa JIICEPTALUOHEH TPY L,
3a MPUCHKJaHe Ha HayJHAaTa CTEICH ,JOKTOP Ha HayKuTe”
ABTOp Ha JucepTalMoHHus TpyA: mpod. n-p umx. Mapun bepoB Mapunos
Tema na qucepranuonnus tpya: ,, AHTEJIUTEHTHHA CEH30PHU CUCTEMHA 3A
EKOJOI'MYEH MOHUTOPUHI™

O6nact Ha BHCcIIE o6pasoBanue: 5. Texuudeckn Hayku, [Ipodecrnonamno Hampapnenue: 5.2.
EnexTpoTexHMKa, €JIEKTpOHMKAa W aBTOMaTruka;, Haydyna cmemmansocr: ,,Meroxu,
npeobpasyBaTel W ypeOu 3a W3MepBaHe W KOHTPOJN Ha (PM3HKO-XMMHYHH ¥ GHOIOTMYHH
BEJIMYHHU

IMoxroteui: mpod. a-p umk. Hukona Buues Kones, 1.

1. AKTYAJIHOCT HA PABPABOTBAHNS B JUCEPTAIIMOHHMUA TPY J{
ITPOBJIEM U OCHOBAHMS 3A 3AIINUTATA MY

Temara Ha JUCepTallMOHHUS TPYJ € aKTyallHa 3a eICKTPOHU3aLMATA Ha H3MEPBaHUATA
U OIICHKATa HA OCHOBHU MMapaMeTPH Ha OKOJIHATa cpelia 3aIoTo € 6e3CIIOpHO M3UCKBAHETO 32
AKTMBHO Pa3BUTHE U IPUIOKCHHEC Ha CEH30PHU CHCTEMH 32 OOEKTUBHO M3MEPBAHE M OLCHKA
Ha HeeJIEKTPHUYECKH BEIMIMHM B 00J1aCTTa Ha METEOpOJIOrHATa M OKoJIHaTa cpeaa. Karo msimo
paspaboTKara WMa IPIKO NPHUIOXKEHHE MpPH EIEKTPOHU3AIMATA Ha OHOIOTMYHUTE H
€KOJIOTUYHHTE U3CIICABAHUSA, CBEP3aHM C OKOJIHATA Cpeia.

AHTporOreHHaTra IEWHOCT IpPHYMHSIBA 3aMbpCiBaHE Ha Bb3IyXa, BojJara M Ha
mogyBaTa, KOETO MPSKO BIMSe M BBPXy KiIMMara. 3aToBa MMa HapacTBalll MHTEPEC KBbM '
CBCTOSIHUETO Ha OIa3BAaHETO HAa OKOJIHATA CPEfia ¥ BHUMAHHUETO Ha 06ImecTBoTO ce GoKycHpa
KBM BCE IM0-331BJ00YEHO0 U3yUaBaHe Ha cpefaTa U OIlleHKa Ha pefuna GU3uIHA, XAMUYHHA U
Ouosnornyay GaKTopu, KOUTO OTPHUEATENHO i Bimsar. CrOpanuTe AaHHH M MHGOpManus ca
HEOOXOJMMH 3a H3CIICHOBaTeINTe M 3a CIENHATNCTHTEe, (QopMHpamy peleHHs 3a
O0IIEeCTBOTO KaTO IUIO C LNl IIPOMEHH, HeoOXOJMMH 3a 3ala3sBaHe M IOAAbpXKaHe Ha
3[IpaBOCJIOBHA Cpe/ia 3a MOKOJICHUATA.

Pesynrature OT M3CIeABaHUATA IO AMCEPTALMATA IIO3BOJABAT Ja CE MPEIIOKAT HOBH
TOAXOMM, METOAM W CTPYKTYpH Ha CEH30pDHH CHCTEMH C IIONOOpEHH TEXHHYECKH
xapakTepucTiki. He ca MHOro JqucepTanuuTe B Ta3y 00JIaCT HAa 3HAHUETO U CE HAJIBaM Ta3u
JcepTarys 1a iMa 100bp IpHeEM B HAyIHHUTE CPEIH.

Wscnenpanmsra ca pasmpeAeieHd B TPU OCHOBHHM pasjiena: 1. H3ciiesiBaHe, OCHOBAHO

Ha WUHTCIIMTCHTHH CHCTEMH 34 MOHHTOPHHI Ha Ka4€CTBOTO Ha BB31yXa, 2. UHTEINICHTHH
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CHCTEMH 3a MOHUTOPHHT Ha BOAUTE W II0YBaTa; 3. MHTEIMICHTHH CHCTEMH 32 MOHUTOPHUHT /Ha
IIlyMOBH IIapaMETPH U Ha TeXaneckH 00EKTH.

Ot mperyiefna Ha TOATOTBEHATA OT AUCEPTaHTa TabNuIa 32 MUHUMAITHATE W3UCKBAHNS
3a IPaBOTO Ha 3amuTa, chriacHo [IpaBmwinnka Ha TY — Codus, ce Bmxaa, ge npod. Mapun
MaprHOB € IIOCTHUTHAI pe3yJITaTH, KOMTO My JaBaT IIpaBO Ja IIOMCKa Ja C€ pa3Kpue
Ipoleaypa 3a 3aliTa Ha IOATOTBEHATa OT HEro AMCEPTalys 3a IPHUCHKIAHE HA Hay4HaTa
CTETIEeH ,,JIOKTOP HA TEXHHYECKUTE HAYKH , @ IMEHHO OT M3UCKyeMH MUHMMYM 350 TOoukM -
TOM € ocTUrHai 2862 TOUKH, KOETO MHOTOKPaTHO HaAXBbPJIs TO3U MUHUMYM.

2. CTEIIEH HA TIO3BHABAHE HA ChCTOSAHMUETO HA ITPOBJIEMA U
TBOPYECKA UHTEPIIPETALIUSA HA INTEPATYPHUSA MATEPHUAJL:

B oreHkara Ha CHCTOSHHETO Ha M3CIIeIBaHATa 00JIacT € HallpaBeH KPUTHUYEH IIPETIEH
Ha CBINECTBYBAIM CHCTEMH 32 MOHHTOPHHI' Ha OKOJIHATa Cpela, M3IOI3BaHH 3a Pa3iIudHu
IPHIIOKEHUS.

Ilenta Ha Tpynma, cmopen MeH, € pa3paboTka Ha HHCKOOIO/DKETHH HHTEIHMICHTHH
cenzopuu cucrtemu U loT ycrpoiicTBa 3a MOHUTOPHHT Ha OCHOBHHU IIapaMeTpH Ha BE3yIIHA
cpena, IUTEHHN BOIY, II0YBA U IIyMOBH 3aMbpCABaHHs B ypOaHU3HpaHU CPEIH, KOATO Jia Ce
IIOCTUTHE CBC CHHTE3 Ha CBBPEMEHHH IIOAXOAM, METOAM M AITOPHUTIMH 3a CIHBaHE H
IIOBUINIABaHE KAaYE€CTBOTO HA JAHHH OT TE€3H CHCTEMH.

3a w3nbBIHeHWE Ha AeWHMpaHATa LEN AUCEPTAHTHT CH C IIOCTABMI HAKOJIKO IIO-
Ba)XHM 3aJ1a4¥, BKIIIOYBAIIY: aHAIN3 Ha CHINECTBYBAINY WHTEIUICHTHU CECH30PHH CHCTEMH H
Ha TSXHaTa 0a3oBa apXHTEKTypa; MeQUHEpaHE HA OCHOBHH XapaKTEpHCTHKH Ha
HUHTEJMICHTHUTE CEH30pHU cucteMd U loT ycTpoiictBa B CHBPEMEHHHUTE peald3alldd H
OpraHu3MpaHe Ha €KCIEpUMEHTAIHO M3MEpPBaHE Ha MapaMeTpH Ha OCHOBHHUTE 3aMbpPCHTEIIH
Ha BB3/yX, BOJa, II0YBa U HA IIyM B ypOaHW3UpaHU CPEAM; H3CICIBAaHE HAa TOYHOCTTA Ha
HHUCKOOIO/KETHH CEH30pH 3a M3MEpBaHE Ha KOHIIEHTpallMUTe HA OCHOBHHU 3aMBbpCHTENH Ha
OKOJIHATa cpejia ¥ HaMHpaHe Ha ITOJX0AH 3a (uiTpupaHe Ha CEH30pHU JaHHH B yCTPOMCTBA €
OTpaHHYEHH PECYpPCH; IOOXOAM M METOAW 3a JIMHEAapU3HpaHe Ha CEH30PHHU IIPeNaBaTEIHU
XapaKTepHCTUKUA U HaMHupaHe Ha 000OINEHO pelleHue Ha 3ajadara 3a JIMHeapu3upaHe Ha
IpeflaBaTelHd XapaKTEPUCTHKH OT IPOM3BOJICH BHJ; Ch3JaBaHE HAa HOBH HHTEIMICHTH
CEH30pHM CHCTEMH U TECTBAHETO Ha AITOPUTMU W IPOTPAMHHU CPEIH B PEAIHH YCIIOBHS,
M3I0J13BaHe Ha OE3MMIOTHH JIETaTe/IHY alapaTH U ApyTH aBTOHOMHH TPAHCIIOPTHH CPEICTBA
3a JOKYMEHTHpaHe U KapTorpadupaHe Ha HUBA Ha 3aMbPCABAHUS B TPy AHOAOCTBIIHM PaiiOHHM;

mpeajiarad€ Ha IIOAXOJaU 3a 06p360TKa Ha CCH30PHH HaHHH U IIpUjiarane Ha aJlrOpMTMH,
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U3II0JI3BAIM M3KYCTBEH MHTENEKT U HAa METOIH 3a yIpaBICHHE Ha PECYPCH C M3IIOI3BaHe Ha
0e3xuuHE uHTEpEiicH. |

JucepTanuoHHMAT TpyQ € ¢ 06eM oT 411 cTpaHWIE W Ce ChCTOM OT YBOX, 7 IJIaBH,
IIPUHOCH, CIOHCHK Ha H3IMOJN3BaHA JMTeparypa, BkmouyBama Haj 440 H3TOUYHHKA M 5
MIPHIIOKEHN, KaTo BKItouBa 213 ¢urypu u 42 Tabmwmm.

3. CbOTBETCTBUE HA N3bPAHATA METOAUKA HA N3CJIEABAHE C
IMOCTABEHATA IIEJI 1 BAJAYA HA TUCEPTAIITMOHHUSA TPY ] C
IMNOCTUTI'HATUTE ITPUHOCH

Pa3paboTkute B 06s1acTTa Ha JUCEPTAMOHHNS TPYH, BKIIIOUSHH B IIyOJIMKAI[MHATE Ha
aBTopa, marupar oT 2004 roguna m oOxBamar Hax 15 romumien mepuoxa. Te ca MpaBHIHO
METOIUYECKH IIOCTPOEHH € IOCIIEI0BATETHOCT, KOSITO OCUTYpSBA IOJOKATEIHH PEIICHAS Ha
[IOCTaBEHUTE 3aJa4H.

IIpod. MapunoB pa3BuBa HjesTa 3a HU3CIEABaHE HA CH3/IaJICHA BEYe MHTEIMIEHTHH
CEH30pHM CHCTEMH M IIpeJlara HOB CTPYKTYpeH MOAXOJ 3a pa3paboTka M peajam3aldsd Ha
UHTEJIMTEHTHHA  YCTPOMCTBA, KOHTO Ja U3MON3BaT HHUCKOOIODKETHH CEH30pH M
MHUKPOKOHTPOJIEPH C OIPaHHYEHH PECYpCH. 3a pasiIH4YHH IpeJHAa3HAUCHHA Te TpAOBa Oa ca
MOOMIIHH, Ja HOAXbpXKarT Oe3XMyHa KOMYHHKAIlMs ¥ Ja IMO3BOJISABAT IMHPOKOOOXBATEH
MOHHUTODPHHI C BHCOKa BpPEMEBa M IIPOCTPAaHCTBEHA pa3JeiuTenHa crocobnoct. OT aHamn3a
CIIe[(Ba, Y€ C HUCKOOIO/KETHHUTE CEH30pPH U IOIXOISANIM AITOPHTMH, PEaTH3HPaHH BBPXY
MHUKPOKOHTPOJIEPH C OTPAHHYEHH PECYPCH, MOTAT Jja C€ IIOCTUTHAT 33JJ0BOJUTEIHA TOYHOCTH
Ha W3MEpBAHHATA, OCOOEHO B IO-TeCHH O0OXBaTH, KOMTO Ca BAXHM 3a ONEHKA Ha
KOHTPOJIMPaHUTE NTapaMeTpH Ha OKOJIHATA Cpe/a.

AHanu3upaHu ca clienuuKara Ha HHTEIUTCHTHA CeH30pHH CHCTEMH 3a MOHHTODHHT
Ha OKOJIHATa CpeJla M ChBPEMCHHHUTE TEHACHIUH B Pa3BUTHETO UM H ca OOOCHOBaHH
HENIMHEHHN ONTHMHM3AIlMOHHHU 3aja4d, BH3HUKBAIIM IIPH METOJa 3a IONMIHHEApU3alusI u €
IPEVIOKEH MOAXO0 32 OIEHKA Ha IIIyMOBH IIapaMeTPU Ha CEH30pH U Ha METOH, ¥ aJITOPUTMHU
32 MOBHINABAaHE TOYHOCTTA HA CEH30pHH MAaHHU. I[IpeutokeHM ca HOBH METOAH 3a
JIOKaIM3alys ¥ OTKpHBaHe Ha O0EKTH U YUCIICHH AITOPHUTMH 3a KAIHOpHpaHe U [IOBUINABAHE
Ha TOYHOCTTA Ha YCTPOMCTBATa 38 €KOJIOTHYCH MOHUTOPHHT. AHATM3HPAH € HOB CTOXaCTHIEH
MOJXOJ 33 OICHKA Ha IIapaMETPH Ha CCH30PU U Ca IPEUIOKEHH METOIM U aJTOPHTMH 3a
IIOBUINaBaHE TOYHOCTTA HA CEH30PHHU JIaHHH.

4. KPATKA AHAJINTHNYHA XAPAKTEPUCTUKA HA TUCEPTAITASTA
B mbpBa rmaBa qucepTaHTHT IMpaBU U3BOJ, Y€ BJIaraiika BpeMe M PECYPCH, IIOBEYETO

npo6aeMH M M3TOYHHIM Ha TPELIKH IPH M3MEPBAHETO MOTaT 1a OBIAT HACHTH(HIMpPAHH,
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OLICHEHH, & B MHOTO CJIy4all - U KOpUTHpaHu. PaaKko ce pa3mnonara ¢ He0OX0IUMHUTE PECYPCH K
BB3MOXKHOCTH 32 ITBJIHO nneHTmbﬁunpaHe U KOPEKIUS Ha IPELIKUTE MPH H3MEPBAHETO H
3aTOBa TOM MpejyIara IOAX0J 3a CIMBaHe Ha CEH30pHH JaHHU KaTo CIUH OT Hali-e()eKTUBHUTE
METOAM 3a MojoOpsiBaHE Ka4eCTBOTO Ha JaHHUTE. 10oBa ce IIOCTHra 4pe3 HM3IOJI3BaHE Ha
MHOXKECTBO CEH30pH, KOHTO chOMpar mHpopMmanmus oT reorpadcku pasmpereneHH MecTa,
KOETO 3HauH, Y€ ca MPOCTPAHCTBEHO pa3lpeaesIcHH.

BpB BTOpa IilaBa € IpPEJCTaBEHO AaKTYalHOTO CBHCTOSHHE Ha H3IIeABAHUATA Ha
YHUCTOTAaTa Ha NPHU3EMHUS BB3AyX. Pasrienanu ca chbBpeMEHHH CE€H30PH M TEXHOJIOTHH IIPH
peamu3anysg Ha CHCTEMH 3a MOHHUTOpUHT. J[lameHH ca OIpeleNieHus Ha OCHOBHUTE
3aMBpPCUTENN Ha BB3IyXa M C€ IIpeJylaraT MHICKCH 3a OICHKAa Ha Ka4eCTBOTO Ha BB3IyXa.

Tpera riaBa e mocBeTeHa Ha TEOpPETHYHATA paMKa Ha METOAWTE 3a MOBHIINABaHE Ha
TOYHOCTTA M MOJOOpsBaHE Ha KadeCTBOTO Ha CEH30pHH [aHHH, IOJYyYeHH IIpH
mMEpoKOMaIabeH MOHUTOPHHT. B Ta3m riiaBa ca mpeACTaBEeHH M M3CIICABAHHSA HAa HAKOH OT
METONUTE, KaTo € aKICHTHpPAaHO Ha OICHKA Ha IIOJIETO Ha TAXHATa NPHJIOKHMOCT M Ha
e(eKTHBHOCTT X Ha BE3MOXKHOCTHUTE 3a pa3lIMpsBaHe Ha TAXHOTO IPIIIOKEHME. Pasrienanu
ca IOJXOJY 3a OICHKAa Ha METPOJIOTWYHHU IIapaMeTpd Ha CEH30pH IpH KOHBEHI[MOHAJIHH H
MpEXOBM IpUIOXKEHHS. Tyk ca IpeiacTaBeHH pa3pabOTKH Ha CEH30PHH CHCTEMH 3a
OCHOBHHTE 00IacTH, B KOHTO Ca INPOBEXAAHH H3CIEIBAHMATA W Ca IIOKa3aHW HIKOH
IIPEICTaBUTEITHU PE3YJITATH.

B Tasu rmaBa e pasrienaH M BBIpAchT 32 KOPHTHpPaHE Ha TPEIIKA Ha CEH30PHHUTE
CHCTEMH, KaTO PeUIa TEXHHKH BKTIOUBAT XHOPHIHA METOAM 34 OLEHKA W IOBHINABAHE
TOYHOCTTA HAa CEH30PHHU JaHHHU, KOUTO ChYETaBaT HAKOJKO METOJa 3a OTKPHBAHE M OIICHKA.

ABTOpPBT IIpejyIara KaTo MOAXO0/IAINa alTepHaTHBA CIMBAHETO Ha CEH30PHHU JaHHU. To
Ce Hajlara Karo €UH OT Hali-e(eKTUBHHUTE METOAM 3a NOAOOpSIBaHE KaYeCTBOTO Ha JaHHHUTE.

M360psT Ha Mozena 3a KaTuOpupaHe ce Ompeelisa A0 rojisMa CTelleH OT BEJIMIHHHTE,
KOMTO TpsaO6Ba na ObJaT H3MEpEeHH, OT H3IOJ3BAaHUTE CEH30pDH H OT pPECypCHTE 3a
U3YHCIIABAHE, CHXpaHABaHE M KOMYHHKAallMsi Ha CEH30pHHS MOXYJ. 3a KaluOphpaHe ce
H3II0/13BAT I10-CIIOXKHHM MaTeMaTH4eCKU MOJXO0IH, KOETO H3UCKBA YBEINYaBaHEe Ha PECYpPCHTE
Ha CEH30pHHUTE MOJYJIH.

3a pasmmpsBaHe Ha oOxBaTa Ha wH3clieqBaHuATa mpod. MapHHOB BKIIOYBA H
pa3pabOTKM Ha METOAW M aITOPUTMH 3a IOBHIIABAHE TOYHOCTTA HA CEH30PHH IaHHH H
pealn3anyy Ha MHTEJIMTCHTHH CCH30DHU CHCTEMH. B H3cnenBaHeTo  ce  pasmiiexzjar
IIEPCIEKTUBHTE 3a IIPUJIaraHe Ha HOB MOJXOJ 3a U3CJIeBaHe Ha MUKPO(GU3NIHUTE TapaMeTpH

Ha KPBBTa U NPCIJIOXKCH IIOAXO0 3a HCHUHBAa3HWBHO HaOIIOEHUE Ha XCMaTOKpuTa Ha KPBbBTA.
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Ilo3uMOHMpPaHeT0 Ha MOOHIHM CHCTEMH C BHCOKA TOYHOCT € IIPEAIIOCTaBKa 3a
HHTE/THIEHTHO ABTOHOMHO TOBEZICHHE KAKTO B IOJIEBATA poboTuKa, Taka ¥ B MHAYCTpHAIHA
cpena. C u3cienBaHeTo aBTOPHT HENH Ch3/IaBaHETo Ha poboTU3MpaHa IaThopMa H HeifHOTO
U3MO0I3BaHEe 32 TECTBAaHE M OIEHKAa Ha KoHQurypauumumre Ha ¢umirbpa Ha Kanmas.
Koudurypamusara ce peamisupa ¢ momomra Ha MoGuieH po6or Husky A200 u cemsop
LiDAR. C Tax ca TectBaHH (WITpPHTe IO OTHOIIEHME HA TOYHOCTTA HA ONpEJCIIHE HA
TIO3MIIMATA HA OOEKTH U 3a YCTAaHOBSIBaHE Ha TAXHATa €()EeKTUBHOCT.

[IpemnoxeHUAT IOAXOMA 32 aHAIN3 Ha HAJEKIHOCTTA MOXE Ja C€ H3ION3Ba 3a
XapaKTepH3HpaHe Ha IOyMa Ha IPYTH BHJIOBE CEH30pDH, Clle[] HOJJaraHe Ha pa3iIu4HH
BB3/ICHCTBHA U IIPU H3II0JI3BAHE B PEAHH ycIoBHSA. HUCKOGIOMKETHUTE CEH30pH 33 Ka4ECTBO
Ha BB3/IyXa U 3a U3MEPBaHe Ha aTMOCGHEPHH NTapaMeTpy ca MHOTOO0EINABAIA aITEPHATHBA 3a
U3MEepBaHe HA BAXHU IIAPaMETPH HAa KadeCTBOTO Ha BB3Ayxa. 1€ ce OCHOBaBAT Ha
TEXHOJIOTHH, KOHWTO TMO3BOJIABAT H3MEPBaHMA B pealHO BpeMe. TOYHOCTTa Ha TE3M
HUCKOOIO/DKETHH CEH30pPH TPYAHO MOXe Oa Obje rapaHTHpaHa, Thil KaTo Te 4ecTo ce
HaMHpaT B TEXKH YCJIOBHS M Ca IO-NOJATIIMBH Ha BB3ICHCTBHETO HA OKOJHATA CPENa, B
CPaBHEHHE C H3MEPBATEIHUTE yCTPOUCTBA OT BUCOK KiIac. JIUCEpTaHTHT TBBPAM, 4Ye 3a
TOBUINaBaHE Ha KQYECTBOTO HA JAHHUTE, IOJyYEHH OT HUCKOOIODKETHH CEH30pH, TpAbBa 1a
OBJAT U3MOJ3BAHN CHBPEMEHHH METOIH, KOMTO [a MO3BOJIAT PasIIMpsIBAHETO HA OONACTHTE
Ha TIPUIIOXKCHUEe Ha Te3H CeH3opH. OrpaHHYeHaTa TOYHOCT Ha HUCKOGIOUKETHATE CEH30DH, a
OTTYK U Ha yCTPOWCTBAaTa, pEaIU3UPAHHU Ha TAXHA OCHOBA, OOMKHOBEHO M3MCKBAT 3HAYUTEITHH
pa3xo/u 3a KaMOpHpaHe U MOIPEKKA.

ABTOpBT mpemiara MHUpPOK CIEKTBP OT MOJCIH 3a KalMOpHpaHe W 3a KOPEKIHs Ha
TPEIIKATEe I[P HU3MEPBaHE B CEH30pHHTE MpexH. Tesn Momenmn ca NOAXOAAIM 33
BHCOKOKA9YECTBEHH PeQEPEHTHH HM3MEPBaHUS IIPH IIPEABAPUTEIHO IO3HABAHE HA MCTHHCKHSI
CHTHAJI MM TpelIKara.

B uerBbpTa rnaBa 0GEKT Ha H3CIEIBAHE Ca CEH30PHH CHCTEMH 3a MOHHTODHHT Ha
Ka49eCTBOTO Ha BB3/lyXa Ha OTKPUTO M 3aKPUTO U Ha CHCTEMH 3a MPEUNCTBAHE HA BH3IyXa.

llpencraBen e HOB IOAXOZ 3a pealH3alHsATa Ha MYJITHCEH3ODHH MOJIYIH dpe3
U3M0JI3BaHE Ha aMIIEPOMETPHYHHM, ONITHYHH M HEVCIIEPCHH HH(PaUepBEeHN ra30BH CEH30PU.
OcHOBHHTE MPETUMCTBA HAa TO3H THUIl CEH30PH Ca TAXHATA CPABHHUTENHO BHCOKA TOYHOCT H
CEJIEKTUBHOCT, HUCKa KOHCyMaIlys Ha €HEPrusl ¥ HUCKA ICHA.

PaspaGoTeHuaT ceH30peH BB3eN 32 MOHHTODHHI HAa Ka4eCTBOTO Ha BB3JyXa
IPECTABIIABA ISIOCTHA CHCTEMA 33 MOHMTOPHHT U 3allNC Ha JAHHH B PEATHO BPEME U MOXKE

Aa CC M3II0JI3BA 3a U3MEPBAHC Ha KOHIICHTpalMATa Ha 3aMBPCUTCIIM Ha Bb3AyXa, KaTo Cc 0,
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CO2, NO>. B nmonbnHeHRHe ce W3MepBAaT OCHOBHH (DH3HUECKH IapaMeTpd - aTMoc(epHO
HaJIAraHe, TeMIeparypa, OTHochénHa BIIQXXHOCT M KOHIEeHTpanus Ha 0. C momolnra Ha
paspabOTeHHs B IWCEPTAIUATa MYITHCEH30PEH MOAYJ 32 MOHHTODHHT Ha KaueCTBOTO HA
BB3J(yXa Ca IIPOBEIICHH PE/INIIA TECTOBE B PEAHO BpeMe B rpajckara 30Ha Ha Codus.

Texuomoruure, usnonssamm GesmwioTHy Jeratennu amapatu (BJIA), ca o6GexT Ha
HayYHH H3CJI€ABAaHUS OT MHOrO roiuHu HacaM. ChC CBOsSTa MOOMIIHOCT M CIOCOOHOCT Ha
JICTAT HAa PA3IMYHH BHCOYMHH, OC3NMMIIOTHUTE JIETATENHH allapaTd MOTaT Ja KOMIEHCHPAT
HAKOH HEJOCTAaTHIM Ha OE€3KUYHWTE CEH30PDHH MPEXH W Ja TPEIOKAT aITepHATHBEH
TIIOJIXOX 33 ChOMpaHe Ha NaHHH. ToBa € 0COGEHO BaXKHO NpPH U3CIIEABAHE HA 3aMBPCABAHETO
Ha BB3IyXa, KOETO C€ IPOMEHsS pPA3KO JOPH Ha CPaBHHUTENHO MAaJKM Pa3CTOSHHS B
XOPH30HTAJTHA ¥ BEPTUKAJIHA [TOCOKA.

Wscnensanusra B 4eTBBpTA INIaBa U PE3YIITATHTE OT TSX CA CBBP3aHH C PeaIM3alys Ha
MyJITHCEH30PHA CHCTeMa Ha 06a3aTa HA aMIIEPOMETPHYHHU CEH30DH 33 M3MEPBAHE HA OCHOBHH
NapaMeTpH Ha BB3/lyXa B ypOaHU3mpaHa Cpe/ia H Ha HHTEIUTCHTHU MyJITHCEH30PHH MOLYJIHA
33 OHJIaliH HaOJOJICHVE Ha IapaMETPH Ha Bb3Ayxa. IIpeuioxkenara MOGHIIHA MOHHTOPHHIOBA
CHCTEMA € B ChCTOSHHE Jla H3MEpPBA C BHCOKA 9ECTOTA HA JUCKPETH3alMsA, KOETO I03BOJIIBA
TI0JIy49aBaHETO Ha PE3YJITaTH ¢ BUCOKA CTENICH Ha JOCTOBEPHOCT.

B mera rnasa ce amammsmpaTr cpeicTBa 3a ONEHKA HAa KadyeCTBOTO HAa BOJATA,
BKIIFOYUTEIHO ¥ Ha MHUTEHHATa U Ce MpeJyiaraT HHTEPECEH METOA W BUPTyalHa CHCTEMA 3a
aHau3 HA IPEYHCTEHA BOJA, KOATO € HKOHOMHYECKH €()eKTHBHA, YHHUBEPCAIHA H MOXKE Ja
o0pa0oTBa ¥ pErHCTpHpa MYJITHCEH30DHH JaHHM. Ta3H CHCTeMa IO03BOJISBA OHJIAMH J
HabJIIO/ICHAE M PETHCTPUpPAHE Ha (PM3UKOXMMUYHY APAMETPH Ha Pa3IHIHA BOJHU pa3TBOpH.

HoxxpensM TBBPIEHHETO HA IHCEPTAHTA, Y€ CHCTEMATa MOXE Ja Ce PAslIMpH C
AOUBJIHATEIHA CEH30PH, HANPHUMEP CEH30pP 33 OKHCIHTEIHO-PEAYKIMOHEH IIOTEHIHAII,
CEH30D 32 IOTOK, CEH30p Ha MBTHOCT M JIp., KOMTO JIa OCUT'YPAT IIO-IIHPOKO IPHIIOKEHHE,

JluCepTaHTBT 3acara M BBIPOCA 3a M3ION3BAHE HA MUKPOQIYHIHHTE yCTpOMCTBa,
KOMTO PabOTAT ¢ MalK¥ 1O 0GeM NPOOH M MAJKH KONHYECTBA PEATEHTH, KOETO T'H IPABH
SIHOBPEMEHHO €(EKTHBHH M NOCTHIHM. TakuBa MalKH oGEKTH 06ade MMAaT MHOTO BHCOKH
M3HUCKBaHWs KbM H3IMOJI3BaHAaTa CHCTEMa 3a ONTHYHO pa3lo3HaBaHe, T€3d MHKPOCHCTEMH
UMAaT roJiIM NOTCHIMAN 33 MpUiaraHe B OHONOrMATa, XAMUATA U MEIMIMHATA, KAKTO U B
Apyrs obmacTd Ha HaykaTa. IloxasaHa e BB3MOXKHOCT 13 Ce CB3/ale CIEHHATH3HPAH
MHKPOCKOII, ¢ KOHTO /ja Ce JEMOHCTPHpA, 4e HaOII0JEHHEeTO C MUKPOQIyHIHH yCTPONCTBA
MOXE J1a CC U3BBPIIBA yCIEIIHO NPU 3HAYUTEIIHO M0-HHUCKA eHa. OCHOBHOTO MPEaUMCTBO Ha

IPEIVIOXKEHOTO YCTPOMCTBO €, Y€ TO IIpeijara Ha KpaiHWs IIOTpeGHMTEN TI'bBKABOCT 3a
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pasHooOpasHa MomupuKanus Ha OCHOBHATE My YacTH, a CBII0 M pasIIHpSIBAaHE HA
(GyHKIMOHATHOCTTA My TIpH Heo6x6,unM00T.

B Tasu rmaBa ce oOTAeNd BHHMAaHWE M Ha CBBPEMEHHHTE HHCKOOIOMKETHU
IIPOKCUMAIHA CEH30PHM M TEXHOJIOTHMH 3a MOHHTOPHHI Ha II0YBa, KOMTO C€ H3ION3BAT 3a
OBp30 M3MEpBaHE HA CBOMCTBaTa Ha [0YBATd B MATBK PaliOH MIH B ONpeNeleHH TOYKH Ha
norero. To3n ceH30pW ca KOMIAKTHH M MOOH/IHH, KOETO IIO3BOJISBA JIECHO IPEHACSIHE B
pa3NUYHU MECTa B MOJIETO 3a M3MEPBAHE HA BIAKHOCT M Ha JPYTH IapaMeTPH Ha II0YBATA.
TunuynvTe napamerpu, KOUTO MOraT Ja ce H3MEPBAT ¢ HUCKOOIOMKETHHTE IPOKCHMAITHH
CECH30pH 32 MOHHMTODHHT Ha IT0YBA, BKIIOYBAT BIAXHOCTTA, €JICKTPHUECKATa IPOBOJUMOCT,
IUTBTHOCTTA, pH CTOHHOCTTA U XyMYCHOTO ChABPIKAHHE HA II0YBATA.

B nmcepranuoHHMs TpyJ ca OLCHEHH TPU BHIA HUCKOGIOKETHH CEH30pPH, KOHTO
Morar Ja ce H3I0J3BaT 3a HM3MEPBaHE Ha BJIAXHOCTTA Ha mMoyBara. HelOCTaTBKBT UM €
HEOOXOMMMOCTTa OT IEPHOAMYHO KaIHOpHpaHe, KOETO Ce NBDKH HA NMPOMEHHTE B HIKOH
[IapaMeTpH Ha CEH30pa, KaKTo U Ha KoJeOaHuUsTa B KOHIIEHTPAIMUTE Ha €JIEMEHTH B 10YBATa.

ChBpeMeHHATE HUCKOOIOKETHH HMPOKCHMAJIHA CEH30DH 33 MOHHTOPHHT Ha II0YBA
Morar jia ObaT CBBp3aHH KBM MOOGHJIHHU IIPIIOXKEHHS HJIH YCTPOMCTBA, KOETO O3BOJIIBA
0Bp3a u ynoGHa o6paboTka Ha JaHHHTE. Te IPEJOCTABAT B PEANHO BpeMe MH(OPMAIHATA,
KOETO IIoMara Ipy HOBH TE€XHOJIOTHH 32 MOHMTOPMHT HA II0YBa U IONOOpsABa eeKTUBHOCTTA
Ha 3€MEACIICKUTE IPAKTHKH.

MoHUTOPHHTBT Ha CBOWCTBA Ha NOYBHTE LEIM [a C€ OCHTYpH HMH(pOpMAIHI 3a
CBCTOSHMETO Ha TMOYBEHHMTE PECYpCH M Ja C€ TapaHTHpa 3IpaBeTO Ha €KOCHCTEMHTE. c
BIIOIIABAaHETO HA 3aMBPCSBAHETO HAa OKOJHATA CPefla M HApacTBAHETO Ha aHTPOIOTEHHHTE
HATOBAapBaHUs BBPXY IOYBUTE, NMPENU3HUAT U €()eKTHBEH MOHWTOPHHI Ha KadecTBOTO Ha
IIOYBHTE CTaBa HEOTJIOXKEH.

B mecta rmaBa ce ommcBa paspaGoTBaHETO Ha MOOMIHA Ge3KWUHA CHCTEMa 3a
U3MEpBaHE Ha IIYMOBH HHBA, KOATO H3mon3Ba Iargopmara Raspberry Pi 3 u
HHUCKOOIOJDKETHH  €JIEKTPOHHH KOMIIOHeHTH. M3cienBaHeTo Ha (yHKIMOHATHOCTTA Ha
MOJyJIATE IPH IBIrOCPOYHH TECTOBE MOKA3Ba, Y€ NpPEIJIaraHUAT IIOAXOJ OCHIypsBa Jo6pa
OCHOBA 3a MOHHMTODHMHI M Ch3JaBaHe Ha KapTH 3a HHMBATa Ha IOyM B ypOaHW3upaHa Cpena,
Cucremara pasnonara u ¢ BE3MOXKHOCT 32 OTAAICYEHO YIPABIEHHE OT IEHTPATEeH KOMIIOTED,
Ha KOMTO ¢ WHCTaIHpaH CIeNUaau3upaH copTyep 3a HMCTAHIWOHHA IONAPEXKKA U
obcimyxBaHe OT pascrosHHE. KoMyHuKarmsTa MeXQy eleMEHTUTE B TaKa H3TpajeHaTa

CTPYKTypa C€ H3BBPINBA Ype3 CTAaHJAPTHH WHTEPHET MPOTOKOJIM. 33€IHO C OCHOBHATa
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IporpamMa ce cTapTHpa W Iporpama 3a OIpefeNisHe Ha TouHaTa reorpadcka MO3WIUSA Ha
U3MepBaTeliHaTa CUCTeMa. |

B muceprammsaTra ca BKIIOYWEHH pe3yiTaTH OT HM3CIEIBaHe Ha OIymMa B METpPOTO (B
TEPUTOPHSATA Ha CTAaHI[MS Ha IEPOHA U BHB BaroH), CIOPE]] KOUTO TO3H THII CHCTEMa MOXKE Jia
ce II0JI3Ba 3a OIl€HKa Ha IMYMOBM IIOKa3aTeNIM B TPaHCIOPTHATA CHCTEMa Ha METPOTO MJIM Ha
XII cecraBUTE, KAKTO U HA TPaMBaifHU U aBTOOYCHHU JIMHUM.

ITnardopmara u MeToauTe, U30paHu OT AUCEPTAHTa 3a pa3paboTBaHe Ha codTyep 3a
MOOWJIHA CHCTEMAa 3a MOHHTOPUHI Ha IMyMa, IpeiaraTr peauna npeaumcrsa. Haii-BaxHuTe
OT TIX Ca YHHBEPCATHOCT, HUCKA I[eHa Ha KOMIIOHEHTHUTE U JIECHO MHTErpHpaHe Ha KpaltHOTO
YCTPOMCTBO B CHOPHKEHHSA Ha OTKPUTO, KOETO IO IpaBH YacT OT CEH30pHA Mpexa KaTo
Monyin. IIpencraBena e pa3paboTka, KOSATO Ipeyiara METOXA 3a IOJydaBaHe Ha IMO3HATH U
[IMPOKO M3IIOJI3BAHH aKyCTHYHU IIapaMEeTPH 3a KOJMYECTBEHO OIpeIeIsIHE Ha IIyMa.

ITpoBeneHo e u3cnenBaHe, KOETO € HACOYEHO KbM IIPOEKTUPAHETO W BHEAPSIBAHETO Ha
HHTEIUICHTHU CEH30pHHU ycTpoiictBa Tun "plug-and-play" B acanchopu, KOMTO YJIECHSABAT
HEHHBAa3MBHOTO UM HMHCTAJIMpaHe, MHTErpupaHa o0paboTka U ChXpaHEHHE Ha JAHHU, KOUTO
MOrar Ja MpefocTaBsT NoApoOHa nHpopManus 3a CECTOSIHEETO Ha acanchopa. [IpencraseH e
OT aBTOpa CHBPEMEHEH IIOAXOJ 3a ONEHKa Ha OCHOBHHM IIapaMeTpPH 3a MOHHTOPHHI Ha
CBhCTOSHMETO Ha acaHchopu. OmmcaHata cxema 3a 00pabOTKa Ha CHTHAJIUTE Ha
HEMHBa3MBHATa aBTOHOMHA CEH30pHA CHCTEMA € MHTErpUpaHa B pa3jIMyHU BUIOBE aCaHCHOPH
U ce IoJylara Ha pa3jIMYHU ITOJIEBH TECTOBE. Bb3 OCHOBa Ha MOJIyYCHUTE JaHHH, MOXKE Ja Ce
IIPHJIOKH IIPOTHO3HA MOJUIPHKKA M J]a Ce HaMaJI BPEMETO 3a MPECTOI.

B cenma riaBa ce oOcmKIa IPEIU3HO MO3UIMOHMPAHE HA MOOHJIHHTE CEH30PHH
CHCTEMH, KOETO € MPEATIOCTaBKa 3a TAXHOTO aBTOHOMHO IOBEIEHNE, KaKTO B WHIYCTpHAIHA
cpena, Taka M Ha oTkpuTo. EnmH moxaxon 3a pemaBaHe Ha mpoGiieMa ¢ JIOKAIH3aIusiTa €
U3II0JI3BAaHETO Ha IiI00aiHa HaBUTAlIOHHA CIIFTHUKOBA CHCTEMa, B KOATO H3MEPBAHHUATA CE
obenuHsBAT BHB QHITpHpAIla IporpamMa, 3a Jia Ce OLEHH I1I00aIHaTa MO3HIMs Ha CHCTEMATA.

JlucepTaHTHT IIpeasIara €THOBpEMEHHA OIIEHKa Ha ChCTOSIHHETO Ha poOOT, 060pyaBaH
¢ OOpIOBH CEH30pH, W M3TpaXJaHe Ha MOJE] Ha Bh3IpPHEMaHaTa OT TE3U CEH30pH cpeida, B
KOSATO Ce Ipelulara €JHOBPEMEHHO JIOKaIW3UpaHe W Kaprorpadupane. To ce ChCTOM OT
[apajesiHoO M3rpakJaHe Ha MOJEN Ha cpelara M OLEHKa Ha IOJIOKEHHETO Ha po0oTa, KOWTO
ce mBmku B Hes. OnncaHWTe KOMITOHEHTH Ha CHCTEMara Ca CBBP3aHH Upe3 paslpejelieHa
KOMIIIOTbpHA apXUTeKTypa. KoMmyHuKanusra MeXIy  OTIOCIHHUTE  KOMIIOHEHTH  C€
ocemecTBsBa gpe3 ROS (Robot Operating System). YnparngBamusatr KOMIIOTEP Ha poboTa

Husky momy4aBa maHHHTE OT KOHTpOJIEpa M ' IpeJaBa Ha aKTyaTOpHTe Ha poOoTa 4pes
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KOHTpouep. [lacuBHUAT KOMIIOTED IONyYaBa JaHHU OT CEH30pPHUTE W HM3BBLPIIBA ONCHKA HA
IIO3ULIKATA Ha poOOTa U Kapra cbe crotBetEHTe SLAM anroputMu. PoGoThT ce ynpapisisa
PBYHO Ype3 KOMIIOTHP M YIpaBlgBalla KOH30Ja 3a Ja CE€ OICHU IPOLECHT Ha JIOKAIA3ALUL
U KapTorpadupase.

Mob6unnara miardgopma u HeHHHAT codTyepeH maker, GasUpaH Ha OTBOPEH KO, Ce
JONBJIBAT C AIOPUTMHU WJIM CEH30DH M TOYHO OTPa3dBaT IPEIBHACHUTE IPHIOKEHHS 32
UHTEJIMTEHTHA JIOTMCTHKA, HaOIOAeHNe C MOJIeBH pOOOTH MIIM CHCTEMH 3a IOAIOMAraHe Ha
JOMaKkuHCTBaTa. B nmcepranusaTra ce Imoka3BaT MPEeBB3XOACTBOTO HA M30paHMs MOIXOZ IIO
OTHOIICHKE Ha U3YMCIUTEIHOTO HATOBApBaHE U HATOBAPBAHETO HA IIAMETTA, KaKTO M JIECHOTO
BKJIIOYBAaHE M H3IOJI3BaHE HA JONBJIHUTEIHHM CEH30pH. IIpoBeeHWTE EKCIEpHMEHTH ¢
U3ClIeIBAaHAaTa CHCTEMa fACHO IIOKa3BaT €(UKAaCHOCTTAa W OTIMYHHUTE BHE3MOXHOCTH Ha
ABTOHOMHHS pOOOT 3a Pa3rIeKAAHUTE MPHIOKEHHSL.

B mwcepramuonEEs Tpyn € pa3paGoTeH HOB IOAXOA 3a CHHXPOHH3HpAaHE WU
KanuOpupaHe Ha Kamepa M HHEPIUOHCH H3MEpBaTelieH MOyl B OpPHMEHTHPAHATa KbM
M3CIIC/IBaHNS BU3YyaHO-WHEPIHMOHHA paMKa 3a KapTorpadupaHe W JoKamu3mpaHe Maplab.
Kaprorpagupanero u JIOKaIM3MpaHETO Ce OCHOBAaBaT HA OTKPUBAHETO HA HIKOH
XapaKTEpPUCTUKA Ha OKOJHATa cpefa. B mombiHEHHE KBM BB3MOXKHOCTTA 34 Ch3JaBaHe Ha
KapTy NP CIVHHUYHO IPEMHMHABAHE, PasIICIaHUTE AITOPUTMH IIO3BOJIIBAT IOBHIIABAHE HA
TOYHOCTTA Ha KapTorpadupaHe ¥ oJyJaBaHe Ha IMHPOKOOOXBATHH KapTH. IIpeIBapuTeTHATE
pe3yJITaTy IOKasBar, 4€ Ciie/ IOAX0AAII0 Kalubpupane U cHHXpoHm3upane Maplab moxe na
Ce M3M0II3Ba €(PEKTUBHO 3a KapTorpadupaHe, 0COOCHO B IIOMEIIEHNs Ha MAJIKH CTPaIH.

Hanocnenpk o6mactra Ha OBI60OKOTO MAalmMHHO O0O0y4eHHE MPETHPISL OBP30
pa3pacTBaHe U Aajie BB3MOKHOCT Ja C€ M3I0I3Ba €()eKTHBHO 3a pellaBaHe Ha pa3HOOOpasHu
npunoxenns. To JeMOHCTpHpa I0-BHCOKA MPOU3BOJUTEIHOCT B CPABHEHHE C YTBHPACHHATE
TEXHUKH 32 MaIIMHHO 00ydYeHHe B MHOTOOPOMHH 061acTH, KaTo KHOEpCUrypHOCT, 06paboTka
Ha eCTECTBEH €3MK, OMOMH(OpMAaTHKa, CEH30pHKa, POOOTHKA U YIpPaBJICHHE, KAKTO H
06paboTka Ha MeTUIMHCKA MHPOPMAIHSL.

3a ma ce cp3jane KapTa Ha MarHUTHOTO IOJIE OT TPAacKTOPHATA Ha JBIKCHHE Ha
pobOT, CBHINECTBYBAT pasIMYHA METOIM 3a HHTepmoiamus. Matlab mpennara dyHnkmusTa
griddata 3a uHTEpIONANMS Ha QYHKIMUTE Ype3 IPeABAPUTENHO JeQHHIPAHA MpPEXa.

3a 1a ce cb37aze KapTa OT HAKOJIKO CEPUH OT U3MEPBAaHHUs, HEOOXOIUMO € CIIMBAHE Ha
U3MEpeHNUTE CTOMHOCTU. To MOXKE Jja ce U3BBPIIM WK Ype3 MHOTOKPATHO IIyCKAaHE B JajcHa
cpela caMo Ha euH poOOT, MK Upe3 eJHOBPEMEHHO IIyCKaHe Ha MoBedye poGOTH B Cpe/aTa.

B cnyqai/'l Ha MHTCPIIOJIaUs C Faycosn IIPONICCH, TOBA CIIMBAHC CC OCBHLICCTBABA KATO BCHUYKH
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M3MEPBAHMS ChC CHOTBETHATA HEOMPEENECHOCT MOTaT Jia ce obapsiT KbM ['aycoBus mporec,
KaTo JaHHHU 3a 00y4eHUE.

B pesynTar Ha W3CIeBaHMATA M BB3 OCHOBA Ha ONHUTA, HATPyNaH IpH paborarta ¢
Maplab, or mucepranta ca pa3pabOTeHH PasiH4HH CIEHApUM 32 MPHIOKCHHE. Enna or
BB3MOKHOCTHTE € aBTOMAaTHYHOTO CJIeJBaHE Ha IPEABAPUTEIHO IIPOrpaMHpPaHH TPaCKTOPHH
B crpaad. Pa3paboTkara Ha cHCTeMa 3a IIPOCIEIABAHE C BJIA moxasa, 4e € BB3MOXHO
peaTM3MpaHeTo Ha IPHIIOKEHHE 32 OTKPUBAHE M IIO3HIIAOHAPAHE Ha 00EKTH B peaTHO BpEME.

WscnenBaHa € IPUIOKHMOCTTAa HAa XapaKTEPUCTUKHUTE HA JIOKAJIHUTE MarHUTHH
TI0JIeTa 32 [O-TOYHO ONpee/IaHe Ha MECTOONOKEHHETO Ha CyOeKTH WM 00EKTH B 3aKPATH
momemeHus. PesynTartuTe IOKa3BaT, 4€ HUCKOOIO/DKETHUTE CEH30PH 3a MarHUTHH IIOJETa U
MOGHIHE poGOTH3MpaHH IIAThOPMH MOTAT Jia Ce M3IOJI3BAT 32 Ch3/laBaHe Ha KapTH, KOUTO
nof06pABaT TOYHOCTTA M HaJIEHKJHOCTTA HA HABUTAIMATA HA 3aKPHUTO.

5. HAYUYHU U HAYYHO-ITPMJIOXHM ITPUHOCH HA TUCEPTAIIUSITA
[Ipuemam (opMmynupaHHTE OT JUCEPTAHTa IIPHHOCH, KaTo HOAdEpTaBaM, 4e T¢ Ca

no06pe 000CHOBAaHM ¥ TH CHOOIAaBaM, KakTo CIIe/Ba!

Hayunn npunocu:

1. IpeanoxeH: ca HOB aJalTHBEH alrOpMTEM H 00OOINEH MOXXoX 3a JITHEIHO
aIpOKCHMHEpDAaHE HA CEH3ODHM XapaKTepPHCTHKH M 33 JIMHEHHA HHTEpBAIHA
anmpoKCHMalus, ¢ KOWUTO ce pellaBa 3ajayara 3a JHHeapu3alusi Ha CEH30pHH
XapaKTEepHUCTHUKH, IIpeACcTaBsBamy JudepeHnupyeMu GyHKIUM ¢ OCTOSHEH 3HAK HA
KpuBMHaTa. HOBOCT € TapaHTHpaHETO Ha 3a/laJiecH0 HHBO Ha TIpeIIKaTa or
JIMHEeapu3anys.

2. TlpennoxkeH € WHOBAaTHBEH TOAXOA 3a MOJMIOHAIHA AaNpOKCHMAlWs Ha
HECAMOIPECHYAId CE CEH30DHH XapaKTepHCTHKM (IPeNaBaTelHH  (YHKIHH),
3aj1aJIcHd B TOYKOB HMJIM aHAJIWTHIEH BUJI.

3. O6GocHOBaHM ca [B€ alTepHATHBHU HEIMHEHHM ONTHMHU3AIMOHHHM  33/1a4H,
BB3HMKBAIY IIPY MOJNWIMHEAPU3alMATa M € IpPEUIOKCH IOAXON 3a OIEHKa Ha
IITyMOBH NTAPaMETPY HA CEH30PH U HA METOJM U JIrOPUTMH 32 IIOBUIABAHE TOYHOCTTA
Ha CEH30pHU JaHHHU.

4. TIpeMIOKEHH Ca HOBH METOJM 32 JIOKQIM3AIHsA M OTKPHBAHE HA OOCKTH M HCIICHH
AITOPUTMH 3a KanuOpupade M IOBHIIABaHE Ha TOYHOCTTa HA YCTPOHCTBA 32

CKOJIOTHYCH MOHHUTOPHUHT.
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[TpemtoxkeH € HOB CTOXacTHYEH MOJXOA 3a OLIEHKA Ha IMyMOBH IIapaMETPH Ha CEH30pU
U Ha METOJU W aJlrOPUTMHU éa [IOBHUINIABAaHE TOYHOCTTa Ha CEH30PHHU JAHHH, KOHTO CE€
OCHOBABaT Ha U3M0/3BaHeTO Ha CpeTHO-KBaIpaTHIHO OTKIIOHEHHE Ha AJIBH.
Hay4Ho-npu/I0:KHI IPHHOCH

Pa3zpaboTeHa € eKCliepUMEHTAIHA IOCTaHOBKA 3a M3clenBane Ha Gpuirpu Ha KanMan,
CBBP3aHH ChC CIMBAHETO HA JAHHHU U OIEHKA Ha €)EKTHBHOCTTA UM H Ca IPEJIOKCHH
3a KpaTKOCPOYHO IIPOTHO3WpaHe Ha O0O0Na4HO IIOKPUTHE M BB3MOXHOCTHTE 32
IIPOrHO3MpaHe Ha JOoOHMBa HA €HEePrus OT (JOTOBOJITAMYHH LEHTPAIIH;

Pa3paGoTeHu ca cHcTeMa 3a HaBHTaIlWs, pealn3rpaHa Ha 6a3aTa Ha KOHBOJIOIHOHHH
HEBPOHHH MPEXH 33 aBTOHOMHO IIodupaHe U cucTeMa 3a OTKPMBAHE M IIPOCTIEAsBaHE
Ha 00EKTH C M3I0JI3BaHe Ha OE3MUIOTHY JIETATEHN anapaTi, KOsTO € peau3upaHa Ha
6azara Ha gerexTopa YOLO;

Pa3paGoTeHN ca MHTEIMICHTHH CEH30PHHU CHCTEMH 3a MOHMTODHHI Ha IIapaMETpH Ha
BB3/yX, MUTEHHA BOJa, II0YBa U Ha IIyM B ypOaHU3UpPaHU CPEMH.

Pa3paboTeHd ca MyJITHCEH30PDHH CHCTEMH H MamabupyeMH MOOHIIHM CEH30pHH
CHCTEMH 3a MOHHMTOPDHUHI Ha OCHOBHHM IapaMeTpd Ha BB3JyXa Ha Oasara Ha
HUCKOOIOJKETHH CEH30PH M KOHTPOJIEPU C OTpaHWIECHH U3YHCIUTENHH PECYPCH.
Pa3paboTeHu ca CEH30pHH CHCTEMH 3a M3CJIe/IBaHE Ha cHenu(UYHUTE mapaMeTpd Ha
BB3/yXa Ha 3aKPHUTO.

Pa3paboTeHn ca CEH30peH MOXyJ, KOWTO IIO3BOJIABA JIECHA HHTEerpanus Ha
YCTPOMCTBOTO B M3CIECABAHHU CPEAH, W CHCTEMa 3a OIEHKa Ha KadeCTBOTO Ha BOJHA
cpena Ha 6a3aTa Ha KOJIOPUMETPHIHH METOIH.

Pa3paboTeHn ca ceH30pHa cHcTeMa 3a H3MepBaHE Ha BIQKHOCTTa Ha IOYBAaTa M
MYJITHCEH30pHA CHCTEMa 3a MOHHMTOPHHI B 00JlacTTa Ha 3€MEIENHEeTO, Karo €
H3II0JI3BaHa MUKPO(IyHarKa 3a OLleHKA Ha OMOJIOTHYHY ITapaMeTpy Ha BOJAHHU CPEAH.
PaspaboTenn ca MOOWIHN O€3)KHYHHM CHCTEMH 3a M3MEpBaHe UM KapTorpadupaHe Ha
OCHOBHH IITyMOBH ITapaMeTpPH.

IIpennokesn ca HmOAXOMW 3a CIMBAaHE Ha CCH30PHU JAHHH C H3MOJI3BaHETO Ha
aKCeJIepOMETPH W Ca pealn3upaHd CEH30PHH CHCTEMH, H3IION3BaIlld BIPafieHO
MAaIIMHHO O0y4YeHHE.

Peajm3upaHa € eKCIepTHa CHCTeMa 3a J[AWarHoCTHKa Ha HEHM3IPaBHOCTHIE B
METAJIOPEKEIY MAaIIMHU ¢ IMU(POBO YIpaBieHHE U € NPEUIOKEHA MHIYCTpHATHA

mwiatgopma 3a IoT;
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11. Peanu3upanu ca CEH30pDHM CHCTEMHM 3a €IHOBPDEMCHHA JIOKauM3alus U
kaprorpadupasne, nsnonsBémpI unepmuanrad Monymm, ofgomerpus u 3D LiDAR u
BH3yaJIHO-MHEpIHAaIHa CHCTEMa, W3MOJI3BAlla CIMBAHE HA JaHHHA 3a MOJoOpsBaHe Ha
TOYHOCTTA IIPH JIOKATHA3AIH.

12. ITpeioxkeH € IOAXOJ 3a M3MOJI3BaHEe Ha MarHATHH CEH30pH 3a KapTorpadupaHe Ha
[IOMEIICHHUS.
dopMyIMpaHuTe OT AWCEPTaHTa IPUHOCH C IUCEPTAllMOHHHA TPYA CHajgaT KbM

CH3/laBaHE HAa HOBH METO[HM, MOJEIH H CPEICTBA, U IOTy4aBaHE Ha HOBH M IMOTBBPAUTCIIHH
dakTu U NaHHM U 3aTOBA, CIIOPE]] MEHE, IMAaT XapaKTep Ha HAyYHH U Ha HayIHO-TIPHIIOKHH.
6. OIIEHKA 3A CTEIIEHTA HA JJUYHOTO YYACTHUE HA JIJUCEPTAHTA B
IMPUHOCHUTE

ITo3naBam muuHO Ipod. MapuHOB K TBopyeckara arMocdepa, B KOATO Toi paboru B
Karenpa ,EnektponHa TexHuka”. Toll € 3aBBpIIMI Marmcrparypa ¥ HOKTOpaHTypa B
VYuupepcureta B imenay, ['epmanus.

OT NIPOYETEHOTO B AUCEPTALMATA OLECHSBAM, T¢ AUCEPTAHTHT H3I0I3Ba 3a 000CHOBKA
TEOPETHYECKUS. aHAIM3 M CKCIEPHIMEHTHTE IO pa3pabOTKMTE, & M[PEeJCTaBIHETO Ha
pe3yITaTHTe B PEHOMUPAHY MEyHAPOIHH HayJHH CIIUCAHUS M B HAKOJKO HAayYHH (opyma
J0Ka3BaT aKTHBHOTO My NPHCHCTBHE B HAyYHHS )KUBOT Ha TeXHHYECKHs YHMBEPCHTET. ToBa
MH JIaBa OCHOBAHUE Ja prueMa, Je pa3pabOTKUTE ca JIMYHO JEN0 Ha AWCEpTaHTa.

7. IPEHEHKA HA IIYBJIUKAIIMUTE ITO JUCEPTAIIMOHHMUA TPY I
JluceprandoHHUAT Tpyx Ha mnpod. MapwHOB € TOCTpoeH BEPXy 64 Hay‘-IHI/IA

IyG/IMKAIyK, OCHOBHA YacT OT KOMTO B PEHOMHpaHH H3/aHus B Scopus (49). Ilybnukanuure
0 JUCEpTAIMATa OTpa3sdBaT OCHOBHUTE YacTH Ha pa3paboTkara M ca aobpe 000CHOBaHH,
AHAIMTHYHYM M 3aBbplieHd. B 4 or myOmuxanuute npod. MapHHOB € €IMHCTBEH aBTOD.
Pa3paboTkuTe MO AUcepTanusTa ca MyONMKYBaHM B PEHOMHMpPaHM HAyYHH H3JIAHHS Karo:
Annual Journal of Electronics; Enextponuka E+E; 39th International Spring Seminar on
Electronics Technology (ISSE); 40th International Spring Seminar on Electronic Technology
(ISSE); Proceedings of Technical University-Sofia; Micromachines; Lecture Notes of the
Institute for Computer Sciences, Social Informatics and Telecommunications Engineering na
Springer; Electronics, Energies 2021; Sensors 2022/23, Computation 2022/23 u ap.

ABTOpBT € 3abenszanm 275 IWMTHpaHAS HA HETOBH ITyOIMKallWH, OCHOBHO OT
Yy>KIECTPAaHHH YUYCHH U CIICIHATUCTH.

Hsamam o061 myOauKaIyy ¢ JUCEPTaHTa U He ChM CBBP3aHO JIMIIE C HETO IT0 CMUCHIA

Ha maparpa¢ 1, 1. 5 ot Jombaaurennute pasnopendu Ha 3PACPB.
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He oTKpuX eleMEHTH Ha IIArHATCTBO B MATEPHANMTE IO IUCEPTAIHATA.

Moxe pma ce mpueme, 4e ‘pesyJITamTe OT Jucepranusara ca JoOpe MO3HATH Ha
HayYHaTa OOIIHOCT y Hac M B WyXOHMHa, Thbil KaTo OCHOBHA 4aCT OT IIyOIHKAI[HHTE ca
BKIIFOYEHH B pedepHpaHy HAayYHH CIHCAHHS C MMIAKT (aKTOp, 4 MAIKa YacT - ZOKIAZd OT
pelieH3upaHu COOPHUIY Ha MEX/TyHapOAHH HayYHH KOH(EPEHITHH.

8. M3IIOJI3BAHE HA PE3YJTATHUTE OT JUCEPATIIMOHHWSA TPY/ B

HAYYHATA U COITUAJIHATA IIPAKTHUKA

B mucepranusra ca BKIIOYEHH pe3y/ITaTH OT CPABHUTEIHY U3MEPBAHHS HA IAPaMETPH
Ha OKONHAaTa Cpella C TaKWBa OT M3MEPBAHMA C peepPEeHTHH MOOWIHH W CTAllMOHAPHH
cucreMd Ha M3neiHuWTENHATa areHIMs IO OKOJHAa cpeaa kbM MOCB. IIpunoxenute B
U3CJIE/BAHETO METOAWKH, NPOrPaMHH CPEAM M PE3yNTaTH OT M3MEpPBAaHHs IPEACTaBISABAT
€JIEMEHT OT Hay4HaTa 49acT Ha CTEIeHTa ,,IOKTOp Ha HayKuTe”.

Iloarorsun € y4eOHHK 3a CTyJEHTHTE OT MarHCTBHPCKHS Kypc Ha YHHBEPCHTETA IIO

“EJNEKTPOHHM CHCTEMH 32 €KOJIOTMYEH MOHUTOPHHTL.

9. OLIEHKA HA CbOTBETCTBUETO HA ABTOPE®EPATA C
N3NCKBAHMATA 3A U3TOTBAHETO MY
IIpouerox BHMMAaTENHO aBTOpedepara U IpueMam, e TOl MpeacTaBs H06pe TeKCTa Ha

pucepTanuira. ABTopedepaThT € B H3HMCKBaHHMS oOT [lpaBuinuka o0eM, OTpassBa
CHABPXKAHUETO HA TUCEPTALUOHHYA TPY /| U IIPECTaBs IPUHOCHUTE My €JIEMEHTH.
10. MHEHWUSI, ITPENTOPBKHU M BEJEXKH:

1) B nbpBa riaBa uMa TeKCTOBE, KOUTO 3BYYar KaTo 32 YIeOHHK.

2) B mHOro or ¢urypure, BKIIOYEHH B JUCEPTANMATA, HAIMUCATE Ca HA QHIJIHMCKH
€3HK, a € 00pe J1a ca Ha OBJITapCKH.

3) A3 umaM CBMHEHHS 3a OIGHKAaTa Ha CBHIBPKAHMETO HA IIOYBEHHS XyMYC,
CIIOMEHAT B IJlaBa 5, IOHEXE TOH € CHBOKYIHOCT OT IIOYBEHM BEIECTBA U
CJIEMEHTH U € TPY/THO Jia C€ OIPAJEIy KOU OT TIX CE H3MEPBAT.

4) B rexcta Ha JucepranuiATra, OCBEH B IIbpBa IJIaBa CE LMTHPAT aBTOPH, KOETO
3aTPyAHSABA YUTATENS Ja PELIH KOE € HOBOTO B IUCEPTAIUATA.

5) Jluncsa 3aKmodeHHe B Kpas Ha JUCEPTALHOHHUSA TPy,

11. 3AKJIIOYEHHUE
IlonkpensiM H3JI03KEHOTO CHAbPKAHHE HA JUCEPTANUATA H (GOPMyJHDPAHATE B Hes
OPHHOCH, M KaT0 ONEHMBAM IOJIOKHTETHO pe3yJaTaTHTEe OT pa3paboTkara Ha
Aucepranuonnus Tpya Ha Tema “UMHTEJUIEHTHH CEH30PHM CHUCTEMH 3A
EKOJOI'MYEH MOHUTOPUHI™” mo Hay4YHA cnemuajgHoct  ,,Meroam,

13
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npeofpasyBaTeJ M H YpeAHm 3a H3MepBaHe M KOHTPOJI Ha (UIHKO-XHMHYHH H
OMOIOrHYHH BeJIHYHHH” H npmldclmTe €JIeMEHTH Ha TPY/Ja 32 TEOPHATA H MPAKTHKATA
Ha eJeKTPOHH3ANMATA HA H3MEPBAHHUATA B OKOJHATA cpexa, mpexjiaram Ha Hayunoto
J)KypH Ja B3eMe pelieHHe Ja ce Npuchau Ha npod. a-p mmxk. Mapun bepoB Mapunos

Hay4YHaTa cTeneH “J/[OKTOp HA TeXHAYECKATE HAYKH”.

(m)

26.02. 2024 r. npod. a-p umx. Huxona B. Kornes, 1.1H.

TY - COoUA '
OETT

BAPHO C OPUTMHANA !
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REVIEW

of a dissertation for awarding the scientific degree "Doctor of Sciences"
Author of the dissertation: Prof. Dr. Eng. Marin Berov Marinov
Dissertation topic: "INTELLIGENT SENSOR SYSTEMS FOR ENVIRONMENTAL
MONITORING"
Field of higher education: 5. Technical sciences, Professional direction: 5.2. Electrical
engineering, electronics and automation; Scientific specialty: "Methods, converters and
devices for measuring and controlling physico-chemical and biological quantities"
Prepared by: Prof. Dr. Eng. Nikola Vichev Kolev,DrSci.
1. RELEVANCE OF DEVELOPMENTS IN THE DISSERTATION PROBLEM AND

GROUNDS FOR ITS DEFENSE
The topic of the dissertation is relevant for the electronicization of measurements and
assessment of basic environmental parameters because the requirement for active
development and application of sensor systems for objective measurement and assessment of
non-electrical quantities in the field of meteorology and the environment is indisputable.
In general, the development has a direct application in the electronic of biological and
ecological studies related to the environment. Anthropogenic activity causes air, water and
soil pollution, which directly affects the climate. Therefore, there is a growing interest in the
state of environmental protection and the attention of society is focused on an ever deeper
study of the environment and assessment of a number of physical, chemical and biological
factors that negatively affect it. The collected data and information are necessary for
researchers and for professionals forming decisions for society as a whole in order to make
changes necessary to preserve and maintain a healthy environment for generations.
The results of the dissertation research allow to propose new approaches, methods and
structures of sensor systems with improved technical characteristics. There are not many
dissertations in this field of knowledge and I hope this dissertation will be well received in
scientific circles. Research is divided into three main sections: 1) research based on intelligent
air quality monitoring systems; 2) intelligent water and soil monitoring systems; 3) intelligent
systems for monitoring noise parameters and technical objects.
From the review of the table prepared by the dissertation on the minimum requirements for
the right of defense, according to the Rules of TU - Sofia, it can be seen that Prof, Marin
Marinov has achieved results that give him the right to request that the procedure for the
defense prepared by him be disclosed dissertation for the award of the scientific degree
"Doctor of Technical Sciences", namely from the required minimum of 350 points - he
achieved 2862 points, which many times exceeds this minimum.
2. DEGREE OF KNOWLEDGE OF THE STATE OF THE PROBLEM AND
CREATIVE INTERPRETATION OF THE LITERARY MATERIAL:

In the assessment of the status of the study area, a critical review of existing environmental
monitoring systems used for various applications is made. The goal of the work, in my
opinion, is the development of low-budget intelligent sensor systems and IoT devices for
monitoring basic parameters of the air environment, drinking water, soil and noise pollution in
urban environments, to be achieved with a synthesis of modern approaches, methods and
algorithms to merge and improve the quality of data from these systems. To fulfill the defined
goal, the hor of the dissertation has set several more important tasks, including: analysis of

1
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existing intelligent sensor systems and their basic architecture; defining basic characteristics
of intelligent sensor systems and IoT devices in modern implementations and organizing
experimental measurement of parameters of the air, water, soil and noise pollutants in urban
environments; investigating the accuracy of low-cost sensors for measuring concentrations of
major environmental pollutants and finding approaches to filter sensor data in resource-
limited devices; approaches and methods for linearization of sensor transmission
characteristics and finding a generalized solution to the problem of linearization of
transmission characteristics of arbitrary type; creation of new intelligent sensor systems and
the testing of algorithms and programming environments in real conditions; using drones and
other autonomous vehicles to document and map pollution levels in hard-to-reach areas;
proposing approaches for processing sensor data and applying algorithms using artificial
intelligence and resource management methods using wireless interfaces.

The dissertation has a volume of 411 pages and consists of an introduction, 7 chapters,
contributions, a list of references, including over 440 sources, and 5 appendices, including
213 figures and 42 tables.

3. CORRESPONDENCE OF THE CHOSEN RESEARCH METHODOLOGY WITH
THE PURPOSE AND OBJECTIVES OF THE DISSERTATION WITH THE
ACHIEVED CONTRIBUTIONS
The developments in the field of dissertation work, included in the author's publications, date
from 2004 and cover a period of more than 15 years. They are properly methodically built
with a sequence that provides positive solutions to the tasks set. Prof. Marinov develops the
idea of researching already created intelligent sensor systems and offers a new structural
approach for the development and implementation of intelligent devices that use low-budget
sensors and microcontrollers with limited resources. For different purposes, they must be
mobile, support wireless communication and allow wide-ranging monitoring with high
temporal and spatial resolution. From the analysis, it follows that with low-cost sensors and
appropriate algorithms implemented on microcontrollers with limited resources, satisfactory
measurement accuracies can be achieved, especially in narrower ranges, which are important
for the estimation of controlled environmental parameters. The specifics of intelligent sensor
systems for environmental monitoring and the modern trends in their development are
analyzed, and nonlinear optimization tasks arising in the polylinearization method are
justified, and an approach is proposed for the evaluation of noise parameters of sensors and
methods, and algorithms for increasing accuracy of sensor data. New methods for object
localization and detection and numerical algorithms for calibrating and increasing the
accuracy of environmental monitoring devices are proposed. A new stochastic approach to
sensor parameter estimation is analyzed and methods and algorithms are proposed to increase

the accuracy of sensor data.

4. BRIEF ANALYTICAL CHARACTERISTICS OF THE DISSERTATION

In the first chapter, the author of the dissertation that with the investment of time and
resources, most problems and sources of measurement error can be identified, evaluated, and
in many cases corrected. The necessary resources and capabilities to fully identify and correct
measurement errors are rarely available, and therefore he proposes a sensor data fusion
approach as one of the most effective methods to improve data quality. This is achieved by
using multiple sensors that collect information from geographically distributed locations,
meaning they are spatially distributed.
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In the second chapter, the current state of ground air cleanliness research is presented. Modern
sensors and technologies in the implementation of monitoring systems are reviewed.
Definitions of the main air pollutants are given and air quality assessment indices are
proposed.

The third chapter is devoted to the theoretical framework of methods for increasing the
accuracy and improving the quality of sensor data obtained during large-scale monitoring. In
this chapter, studies of some of the methods are also presented, emphasizing the evaluation of
the field of their applicability and effectiveness and the possibilities of expanding their
application. Approaches to evaluate metrological parameters of sensors in conventional and
networked applications are reviewed. Sensor system developments are presented here for the
main areas where research has been conducted and some representative results are shown.
This chapter also addresses the issue of error correction of sensor systems, with a number of
techniques including hybrid methods for estimating and improving the accuracy of sensor
data that combine several detection and estimation methods. The author suggests sensor data
fusion as a suitable alternative. It is emerging as one of the most effective methods for
improving data quality. The choice of calibration model is largely determined by the
quantities to be measured, the sensors used, and the computing, storage, and communication
resources of the sensor module. For calibration, more complex mathematical approaches are
used, which requires an increase in the resources of the sensor modules. To expand the scope
of research, Prof. Marinov also includes the development of methods and algorithms for
increasing the accuracy of sensor data and implementations of intelligent sensor systems.

The research examines the prospects for applying a new approach to the study of blood
microphysical parameters and a proposed approach for non-invasive monitoring of blood
hematocrit. High-precision positioning of mobile systems is a prerequisite for intelligent
autonomous behavior in both field robotics and industrial environments. With the research,
the author aims to create a robotic platform and use it to test and evaluate Kalman filter
configurations. The configuration is implemented using a Husky A200 mobile robot and a
LiDAR sensor. With them, the filters were tested in terms of the accuracy of determining the
position of objects and to establish their effectiveness. The proposed reliability analysis
approach can be used to characterize the noise of other types of sensors, after exposure to
various impacts and in real-world use.

Low-cost sensors for air quality and for measuring atmospheric parameters are a promising
alternative for measuring important air quality parameters. They are based on technologies
that allow real-time measurements. The accuracy of these low-cost sensors can hardly be
guaranteed, as they are often found in harsh environments and are more susceptible to
environmental influences than high-end measuring devices. The dissertation claims that in
order to increase the quality of data obtained from low-budget sensors, modern methods
should be used to allow the expansion of the areas of application of these sensors. The limited
accuracy of low-budget sensors, and hence of the devices implemented on their basis, usually
require significant costs for calibration and maintenance. The author proposes a wide range of
models for calibration and for the correction of measurement errors in sensor networks. These
models are suitable for high-quality reference measurements when the true signal or error is
known in advance.

In the fourth chapter, sensor systems for outdoor and indoor air quality monitoring and air
purification systems are the subject of research. A new approach for the realization of multi-
sensor modules by using amperometric, optical and non-dispersive infrared gas sensors is
presented. The main advantages of this type of sensors are their relatively high accuracy and
selectivity, low power consumption and low cost

The developed air quality monitoring sensor node is a complete real-time monitoring and data
recording system and can be used to measure the concentration of air pollutants such as CO,
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CO2, NO;. In addition, basic physical parameters are measured - atmospheric pressure,
temperature, relative humidity and concentration of 0,. With the help of the multi-sensor
module for air quality monitoring developed in the dissertation, a number of real-time tests
were carried out in the urban area of Sofia. Technologies using unmanned aerial vehicles
(UAVs) have been the subject of scientific research for many years. With their mobility and
ability to fly at different altitudes, UAVs can compensate for some of the shortcomings of
wireless sensor networks and offer an alternative approach to data collection. This is
especially important when studying air pollution, which changes sharply even over relatively
small distances in the horizontal and vertical directions.

The research in the fourth chapter and their results are related to the implementation of a
multisensor system based on amperometric sensors for measuring basic air parameters in an
urbanized environment and intelligent multisensor modules for online monitoring of air
parameters. The proposed mobile monitoring system is able to measure with a high sampling
frequency, which allows obtaining results with a high degree of reliability.

In the fifth chapter, means for assessing the quality of water, including drinking water, are
analyzed and an interesting method and a virtual system for the analysis of purified water are
proposed, which is economically efficient, universal and can process and register multi-sensor
data. This system allows online monitoring and recording of physicochemical parameters of
various aqueous solutions.

I support the thesis statement that the system can be extended with additional sensors, eg
redox potential sensor, flow sensor, turbidity sensor, etc., to provide wider application. The
dissertation also touches on the issue of using microfluidic devices that work with small
volume samples and small amounts of reagents, which makes them both efficient and
affordable. However, such small objects have very high demands on the optical recognition
system used. These microsystems have great potential for applications in biology, chemistry,
and medicine, as well as in other fields of science. An opportunity to create a specialized
microscope is shown to demonstrate that observation with microfluidic devices can be
successfully performed at a significantly lower cost. The main advantage of the proposed
device is that it offers the end user flexibility for various modification of its main parts and
also expansion of its functionality as needed. This chapter also focuses on modern low-cost
proximal sensors and soil monitoring technologies that are used to rapidly measure soil
properties in a small area or at specific points in the field. These sensors are compact and
mobile, which allows easy portability to different locations in the field to measure moisture
and other soil parameters. Typical parameters that can be measured with low-cost proximal
soil monitoring sensors include soil moisture, electrical conductivity, density, Hp value and
humus content. The thesis evaluated three types of low-cost sensors that can be used to
measure soil moisture. Their disadvantage is the need for periodic calibration, which is due to
changes in some sensor parameters, as well as fluctuations in the concentrations of elements
in the soil. Modern low-budget proximal sensors for soil monitoring can be connected to
mobile applications or devices, which allows fast and convenient data processing. They
provide real-time information that helps with new soil monitoring technologies and improves
the efficiency of farming practices. The monitoring of soil properties aims to provide
information on the state of soil resources and to guarantee the health of ecosystems. As
environmental pollution worsens and anthropogenic loads on soils increase, precise and
effective monitoring of soil quality becomes urgent.

The sixth chapter describes the development of a mobile wireless noise level measurement
system that uses the Raspberry Pi 3 platform and low-cost electronic components. The study
of the functionality of the modules in long-term tests shows that the proposed approach
provides a good basis for monitoring and creating maps of noise levels in an urban
environment. The system also has the possibility of remote control from a central computer on
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which specialized software for remote maintenance and service. The communication between
the elements in the thus built structure is carried out through standard Internet protocols.
Together with the main program, a program for determining the exact geographical position
of the measuring system is also launched.

The dissertation includes the results of a study of noise in the subway (in the territory of the
station on the platform and in a car), according to which this type of system can be used to
evaluate noise indicators in the transport system of the subway or railway trains, as well as on
tram and bus lines. The platform and methods chosen by the dissertation to develop software
for a mobile noise monitoring system offer a number of advantages. The most important of
these are universality, low cost of components and easy integration of the end device into
outdoor facilities, making it part of a sensor network as a module. A development is presented
that offers a method for obtaining familiar and widely used acoustic parameters for noise
quantification. Research has been conducted that focuses on the design and implementation of
plug-and-play intelligent sensor devices in elevators that facilitate their non-invasive
installation, integrated processing and data storage that can provide detailed information about
the elevator's status. The author presents a modern approach to the assessment of basic
parameters for monitoring the condition of elevators. The described signal processing scheme
of the non-invasive autonomous sensor system has been integrated into various types of
elevators and subjected to various field tests. Based on the data obtained, predictive
maintenance can be implemented and downtime can be reduced.

The seventh chapter discusses precise positioning of mobile sensor systems, which is a
prerequisite for their autonomous behavior, both in industrial environments and outdoors. One
approach to solving the localization problem is to use a global navigation satellite system, in
which the measurements are combined into a filtering program to estimate the global position
of the system. The dissertation offers a simultaneous assessment of the state of a robot
equipped with on-board sensors and the construction of a model of the environment perceived
by these sensors, in which simultaneous localization and mapping are offered. It consists of
parallel construction of a model of the environment and estimation of the position of the robot
moving in it. The described system components are connected through a distributed computer
architecture. The communication between the individual components takes place through
ROS (Robot Operating System). The Husky robot's control computer receives the data from
the controller and transmits it to the robot's actuators via a controller. The passive computer
receives data from the sensors and performs an estimation of the robot's position and a map
with the corresponding SLAM algorithms. The robot is manually controlled via a computer
and control console to evaluate the localization and mapping process. The mobile platform
and its software package, based on open source, are supplemented with algorithms or sensors
and accurately reflect the intended applications for smart logistics, field robot monitoring or
household assistance systems. The thesis shows the superiority of the chosen approach in
terms of computational and memory load, as well as the easy inclusion and use of additional
sensors. The experiments conducted with the studied system clearly show the efficiency and
excellent capabilities of the autonomous robot for the considered applications. The thesis
developed a new approach for timing and calibrating a camera and an inertial measurement
module in the research-oriented visual-inertial mapping and localization framework Maplab.
Mapping and localization are based on the detection of some features of the environment. In
addition to the possibility of creating maps in a single pass, the considered algorithms allow
increasing the accuracy of mapping and obtaining wide-area maps. Preliminary results show
that, after proper calibration and synchronization, Maplab can be used effectively for
mapping, especially in the premises of small buildings. Recently, the field of deep machine
learning has experienced rapid growth and enabled it to be effectively used to solve a variety
of applications.
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S. SCIENTIFIC AND SCIENTIFIC-APPLIED CONTRIBUTIONS OF THE
DISSERTATION

I accept the contributions formulated by the dissertation, underlining that they are well-
founded and I communicate them as follows:
Scientific contributions:
1. A new adaptive algorithm and a generalized approach for linear approximation of sensory
characteristics and for linear interval approximation are proposed, which solve the problem of
linearization of sensory characteristics representing differentiable functions with a constant
sign of curvature. New is the guarantee of a set level of the linearization error.
2. An innovative approach for polygonal approximation of non-self-intersecting sensor
characteristics (transfer functions) set in point or analytical form is proposed.
3. Two alternative non-linear optimization tasks arising in polylinearization are substantiated
and an approach is proposed for the estimation of noise parameters of sensors and methods
and algorithms for increasing the accuracy of sensor data.
4. New methods for object localization and detection and numerical algorithms for calibrating
and increasing the accuracy of environmental monitoring devices are proposed.
5. A new stochastic approach is proposed for the estimation of noise parameters of sensors
and methods and algorithms for increasing the accuracy of sensor data, which are based on
the use of Allen's Mean-Square Deviation.
Scientific and applied contributions:
1. An experimental set-up has been developed for the study of Kalman filters related to data
fusion and evaluation of their effectiveness and proposed for short-term forecasting of cloud
cover and the possibilities for forecasting energy yield from photovoltaic plants;
2. A navigation system based on convolutional neural networks for autonomous driving and a
system for detecting and tracking objects using unmanned aerial vehicles based on the YOLO
detector have been developed;
3. Intelligent sensor systems have been developed for monitoring parameters of air, drinking
water, soil and noise in urbanized environments;
4. Multisensor systems and scalable mobile sensor systems have been developed for
monitoring basic air parameters based on low-budget sensors and controllers with limited
computing resources;
5. Sensor systems have been developed to study the specific parameters of indoor air;
6. A sensor module has been developed that allows easy integration of the device into studied
environments, and a system for evaluating the quality of water environments based on
colorimetric methods;
7. A sensor system for measuring soil moisture and a multi-sensor system for monitoring in
the field of agriculture were developed, using microfluidics to assess biological parameters of
water environments;
8. Mobile wireless systems have been developed for measuring and mapping basic noise
parameters;
9. Sensor data fusion approaches using accelerometers have been proposed and sensor
systems using embedded machine learning have been implemented,;
10. An expert system for fault diagnosis in digitally controlled metal cutting machines was
implemented and an industrial IoT platform was proposed;
11. Sensor systems for simultaneous localization and mapping using inertial modules,
odometry and 3D LiDAR and a visual-inertial system using data fusion to improve
localization accuracy have been implemented;
12. An approach for using magnetic sensors for room mapping is proposed.
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The contributions formulated by the author with the dissertation work belong to the creation

of new methods, models and means, and obtaining new and confirmatory facts and data, and

therefore, in my opinion, have the character of scientific and scientific applied contributions.
6. EVALUATION OF THE DEGREE OF PERSONAL PARTICIPATION OF

THE DISSERTATION AUTHOR THE CONTRIBUTIONS
I personally know Prof. Marinov and the creative atmosphere in which he works in the
Department of Electronic Technology. He completed his MA and PhD studies at the
University of [lmenau, Germany.
From what I have read in the dissertation, I appreciate that the author uses the theoretical
analysis and experiments on the developments as justification, and the presentation of the
results in renowned international scientific journals and in several scientific forums prove his
active presence in the scientific life of the Technical University. This gives me reason to
assume that the developments are the personal work of the author of the dissertation.
7. EVALUATION OF DISSERTATION PUBLICATIONS
The dissertation work of Prof. Marinov is based on 64 scientific publications, the main part of
which is in renowned editions in Scopus (49). Dissertation publications reflect the main parts
of the development and are well-reasoned, analytical and complete. In 4 of the publications,
Prof. Marinov is the sole author. The dissertation developments have been published in
renowned scientific publications such as: Annual Journal of Electronics; Electronics E+E;
39th International Spring Seminar on Electronics Technology (ISSE); 40th International
Spring Seminar on Electronic Technology (ISSE); Proceedings of Technical University-Sofia;
Micromachines; Lecture Notes of the Institute for Computer Sciences; Social Informatics and
Telecommunications Engineering at Springer; Electronics, Energies 2021; Sensors 2022/23,
Computation 2022/23, etc. The author has noticed 275 citations of his publications, mainly by
foreign scientists and specialists.
I have no publications in common with the author of the dissertation and I am not a person
related to him in the sense of paragraph 1, item 5 of the Supplementary Provisions of -
ZRASRB. I found no elements of plagiarism in the dissertation materials.
It can be assumed that the results of the dissertation are well known to the scientific
community at home and abroad, since the main part of the publications are included in
refereed scientific journals with an impact factor, and a small part - reports from peer-
reviewed proceedings of international scientific conferences.
8. USE OF THE RESULTS OF THE DISSERTATION WORK IN SCIENTIFIC
AND SOCIAL PRACTICE
The dissertation includes results of comparative measurements of environmental parameters
with those of measurements with reference mobile and stationary systems of the Executive
Agency for the Environment at the Ministry of the Environment. The methodologies, software
environments and measurement results applied in the research represent an element of the
scientific part of the "Doctor of Science" degree. He prepared a textbook for the students of
the University's master's course on "Electronic Systems for Environmental Monitoring".
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9. ASSESSMENT OF COMPLIANCE OF THE AUTHOR REFERENCE WITH
THE REQUIREMENTS FOR ITS PREPARATION
I have read the abstract carefully and I accept that it represents the text of the dissertation
well. The abstract complies with the requirements of the Volume Regulations, reflects the
content of the dissertation and presents its contributing elements.
10. OPINIONS, RECOMMENDATIONS AND NOTES:
1) In the first chapter there are texts that sound like for a textbook.
2) In many of the figures included in the dissertation, the inscriptions are in English, but it is
good if they are in Bulgarian.
3) I have doubts about the assessment of soil humus content mentioned in chapter 5, because
it is a collection of soil substances and elements and it is difficult to decide which ones are
measured.
4) In the text of the dissertation, except in the first chapter, authors are cited, which makes it
difficult for the reader to decide what is new in the dissertation.
5) There is no conclusion at the end of the dissertation.
11. CONCLUSION
I support the presented content of the dissertation and the contributions formulated in
it, and by positively evaluating the results of the development of the dissertation work on
the topic "INTELLIGENT SENSOR SYSTEMS FOR ENVIRONMENTAL
MONITORING" in the scientific specialty "Methods, converters and devices for
measuring and controlling physico-chemical and biological quantities" and the
contributing elements of the work for the theory and practice of the electronization of
measurements in the environment, I propose to the Scientific Jury to make a decision to
award Prof. Dr. Eng. Marin Berov Marinov the scientific degree "Doctor of Technical
Sciences".

26.02. 2024 (m)
Sofia Prof. Dr. Eng. Nikola V. Kolev, DrSci.
TY - COdUn
QETT
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et 45 0.



