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Penensent: npod. ara umx. Meo L{seranos Mnnes

1. AKTyaJJHOCT Ha pa3pa0oTBaHHsI B JHCEPTALUMOHHHS TPyd HMpodjeM B
HAaY4YHO H HAYYHONPHJIOKHO OTHOIIIEHHE

MOHUTOPUHIBT Ha OKOJHATa Cpefa, IENAIl YCTAaHOBSIBaHE Ha HaIW4YMe Ha
pa3NuYHA 3aMbPCUTENM M Ha TEXHUTE KOHIIEHTPALUH, € 00JacT C HENPEKbCHATO
HapacTBalllo 3HAUYEHHE, 0COOEHO 110 OTHOIIECHHE Ha BEIIECTBA M IIPOLIECH, KOUTO Ca
PHCKOBH 3a 3[paBeTo Ha XopaTa. OT ChINECTBEHO 3HAUYCHHE € pPa3paboTBaHETO Ha
MyJITHIIaDAMETPHYHA MOHHTOPUHIOBH CHCTEMH OCHOBAHHU HA €()EeKTHBHH METOIH
U CpeICTBa C BHMCOKA YYBCTBHTEIHOCT, KakTO 3a MNPElU3HO H3MEPBaHE Ha
KOHIIEHTPAIMK Ha 3aMbPCHUTENH, TaKa U Ha IOTEHIHAIHO OIACHHM, Bb3EHCTBALLA
CTpaHMYHK (akTopy (IIyMOBH, MEXaHWYHM, JTpUeBH 1p.). M3cieqsaHuaTa B
JMVCEPTALlAOHHUA TPyJ, Ca HacodeHH HMeHHO KbM: (1) — BB3MOXHOCTH 3a
nono6psBaHe YyBCTBUTEIHOCTTA U CEJIEKTUBHOCTTA HA CEH30PH UpE3 M3IION3BaHE
Ha CbBPEMEHHH METOAM KaTO MallMHHO oO0ydeHHe M M3KyCTBEH WMHTENEKT; (2) -
IOXOAM 34 OpraHHM3alMs Ha HMHPOKOOOXBaTHH MYJITHUIAPAMETPUYHU CEH3OPHM
MpEXH 32 MOHUTOPHHI Ha [TapaMeTpH Ha OKOJIHATA Cpejia.

2. Cremen Ha TmO3HABaHe CBLCTOSIHHETO HAa mpoGjieMa M TBopYecKa
HHTEepNpeTalus Ha JHTePATYPHHS MaTepHAJ

OG3zopHara 4YacT MHpeACTaBIsfBa 3aTbI0OYEHO JIUTEPATYPHO IIPOYYBAHE U
CBUJICTENICTBA 32 TBOPYECKA MHTEPIpETalys Ha IIOCTHTHATUTE pe3yNTaTH M
HacOKHTe 3a ObJemo pa3sBUTHE B IIPeIMETHATa 00JacT Ha MUCEPTALMOHHHS TPY,
AKUEHT € MOCTaBeH BBPXy OOC/Ie[IBaHETO Ha KayecTBaTa Ha BB3IyXa, BOIUTE,
II0YBUTE, KAKTO U Ha IPOOJIEMHUTE CBBP3aHU C BUOPAILIUK U ITyM. AHAIU3BT B TE3U
YETUPH HaIpaBJICHUS BKIIOYBA, 3alI03HaBaHE C HOpMaTUBHATa 0a3a (CTaHmapTH U
JAUPEKTUBM) 3a OLEHKAa Ha Ka4eCTBOTO; METOAW 3a M3MEpPBAaHE; THIOBE CEH30DH,
U3MEPBATCIHU €AMHUIM, aHAJIM3 Ha CBIIECTBYBALIM pealu3allMi, HACOKHM 3a
ObIeo pa3BUTHE.

[utrpanu ca o6mo 420 ruTepaTypHH U3TOYHMIM, KATO [i0-TOJIIMAaTa 4acT ca
OT IOCJIEAHUTE IECET FOAWHU. BCHYKM M3TOYHHUIM ca LUTHPAHHM HA IOAXOMSIIO0
MSICTO B TEKCTa U IMOJKPENAT a[ieKBaTHO TE3UTE Ha aBTOpA.

B xpas Ha 0630pHaTa ri1aBa ca HapPaBeHU U3BOAM OTHOCHO:
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- MI3non3sBaHeTo Ha HMCKOGIOJKETHH CEH30PH M yCTPOMCTBA C OrpaHHYEeHH
pecypceu, 3a pealusanysaTa Ha MHTEIMICHTHH CEH30pHH CHCTEMH. ToBa Om
TI03BOJIMJIO ITOJyYaBaHETO HA IOJIEMM MAacCHBH JJaHHH C BHCOKa BpEMeEBa H
IPOCTPaHCTBEHA Pa3eNIUTEIHA CIIOCOOHOCT Ha MPUEMIIMBA LICHA.

-IlopuimaBane Ha TOYHOCTTa HAa HUCKOOIO[)KETHHTE CEH30pM, IIpH
NPOXBIDKUTENCH MEPHOA Ha €KCILIOaTallys, 9pe3 MePHOAUIHO KaGIupupane
B MpeXO0Ba Cpena;

- Bce mo-mmipoxo npunoxeHne Ha MOGHIHA CEH30PHA CHCTEMH M CHCTEMH C
aBTOHOMHA HaBHTralusd, KOMTO Ja Ce H3ION3BaT 3a KapTorpadupaHe Ha
HMBaTa Ha OCHOBHM 3aMbPCHTEIIH, 3a Ch3JjaBaHe Ha T.Hap. IIyMOBH KapTH, 3a
JIOKaJIU3UpaHe Ha M3TOYHUI Ha 3aMbpPCSIBaHE U JP.

3. CboTBeTcTBHE HA nsﬁpanaTa METOANKA HAa H3CJeABaHEe M IMOCTaBEHATA
HEJ H 3a1a4Y4 HA JUCEPTANMOHHUSA TPYA € MOCTHTHATHTE IIPHHOCH

B pesynrar Ha HanpaBeHHs aHaNIM3 M H3BOAUTE, OTHOCHO CHBPEMEHHOTO
ChCTOSHME Ha W3CICNBaHUATA B 0OlacTTa Ha JUCEPTALMOHHHUS TPYHd, €
nebrHIpaHa OCHOBHATA My Iell: M3ciiefiBaHe M CHHTE3 HA HOBM IIOIXOJH, METOIH
U_aIrOpUTMH 33 TOBHUIIABaHE Ha KAadeCTBOTO HA JAHHW OT HHUCKOOIOMKETHH
ceH30pHH cuctemu U 10T ycrpoiicTBa 32 MOHUTODHUHI HA OCHOBHM HapaMeTpy Ha
Bb3JIyIIHA Cpela, NUTEHHM BOAWM, IIOYBA W IIYMOBH 3aMbBDCSBAHMSI B
ypOaHU3UpaHy CPEIH.

Hedunupanu ca cemem 3amaud 3a H3IOBIHEHHE, KOUTO KOPECIIOHIHUpAT C
nocraBeHaTa 1ed. OT IITIOCTHOTO H3IOXKEHHE SCHO IPOJINYaBA CHCTEMHHUST
IIOJTXOJI IIPY pelllaBaHe Ha KOHKPETHUTE 3a1a49H, BKIFOUBALIL;

- TEOpPETHYeH aHanu3, 0a3WpaH Ha KOPEKTeH MaTeMaTHYeCKHM amaparT 3a
000CHOBaBaHE Ha IIOCIEIBALNTE IIPAKTHYECKH pealM3aldd ¥ aHaiu3a Ha
[IOJIyYEHUTE Pe3yJITaTH,

- KOMOWHAIMS OT CHMYJALlM{ C BUPTYaIHA MHCTPYMEHTH, IPEAAMHO 6a3upanu
Ha LabView, mociensanu oT eKCepUMEHTATHN U3CICOBAHNS C OIIMTHU oOpasnmy.
Tpii karo B OCHOBHATa CH YacT IPEACTABEHHUTE pealM3alldd ca eJIEMEHTH OT
U3MEpBATEIHA anapaTypa, KOPEKTHOCTTa Ha MPEMJIOKEHHTE pEIICHHS €
IOTBBP/IEHA € TrOJIsAM Opoii 1abopaTopHy 1 TEPEHHH TECTOBE.

- aHAJIU3 Ha TOYHOCTTA Ha ITOJyYEHNUTE Pe3yJITaTH, Ype3 CTATUCTHYECKH METOIH,
M CPaBHCHUS C QHAJIOTMYHH H3MEPBaHUS ChC CepTHQHIMpaHa H3MEpBaTelHA
amaparypa;

- ONTUMU3ALMS Ha IPAKTHYECKUTE PeaNnnu3aliy U pa3paboTeHUTe aIrOpUTMH.

4. KpaTka aHaJWTHYHA XapAKTEPHCTHKA HA €CTECTBOTO H OIEHKAa Ha
JOCTOBEpHOCTTa HA MaTepuajia, BbPXy KOHTO ce rpagsiT NPUHOCHTE HA
AUCEePTALHOHHHUS TPY/.

Omnrcannero Ha N€HHOCTHTE CBBP3aHH C U3IIBIHEHUETO HA (POPMYJIUPAHHUTE
3aja4l oOXBala 5 IJaBM OT JMCEPTAalMOHHMS TpyAd. B HA4aloTO aBTOPBT
pasriexza noapo6HO METOAY M HOOXOMH 32 OIEHKA M [OBHIIABaHE HA TOYHOCTTA
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Ha CeH30pHU naHHW. Ciel TeopeTHdHa OOOCHOBKA, BKIIIOYBAINA: CTOXACTHYHHU
METO/IH; KalnuOpupaHe ¥ 0COGEHOCTH IIPH MPEXOBH [IPAJIOKEHHS; THHEAPU3ALMS 1
aNPOKCHMAIUs Ha NPeJaBaTelHH XapaKTePUCTHKY; CIHBAaHE HA CEH30DHH JAHHH,
MAIOMHHO O0y4YeHHe, ca MPEICTABCHH KOHKPETHH peallH3allid Ha WHTEIUTeHTHU
CEH30pDHM CHCTEMH ¥ CHHTE3HMPAaHU aIrOPHUTMH 3a 00paboTka Ha IaHHH.
KoOHKpeTHH ¥ HpsAKO CBBP3aHO C LENTAa HA JMCEPTANMOHHHA TPYA Ca TE3W 3a
U3MepBaHe Ha (GUHM TPaxOBH YacTHIH. BKIIOYEHH ca M IOIBIHHTEIHH
peanH3anuy 3a U3MepBaHe Ha aTMOC(EPHO HaIAraHe, KaKTO M NPUIIOKEHHS 3a
IPOrHO3MpaHe Ha OOJaYyHO TOKpHTHE upe3 obpaboTka ¢ o0yd4eHM HEBPOHHH
MpeXH C M300pakeHHs OT KaMepH. Bpoil ImyGiukanuy Mpsko CBBP3aHU C TO3H
paszgen — 29.

B cnenpamy pasmen oT AMcepTauluATa ca MPEACTABEHH pa3paboTKU Ha
MyJITHCEH30pHH CHCTEMH 3a MOHMTOPHHI Ha KaueCTBOTO Ha BB3AyXa. Pasriemanu
Ca BapMaHTH C IPUIOXKEHHS B ypOaHU3MpPaHa Cpelia ¥ B 3aKpUTH ToMemeHus. [Ipu
U3MEpPBaHUATA HA OTKPUTO aKLIEHTHT € BbPXY MOOMIHHTE CHCTEMH, IO3BOJISIBAIIH
KapTorpadupane Ha 3aMbPCSBAHETO C GMHM IIPaXOBH YACTHIM, BKIFOUUTEIHO K
BbB BHCOYMHA C U3IMOJI3BaHETO Ha APOH. B pesynrar Ha u3MepBaHHATA Ha 3aKPUTO
€ IpefcTaBeHa pa3paboTKa Ha MPEHOCHM IIpedHCTBaTe]l Ha Bb3AyX. bpoii
Iy OIMKaLUK IPSIKO CBBP3aHM C TO3M pasgen — 11.

Otmensa rnaBa OT JHUCEPTALOHHHS TPYA € IIOCBETEHA Ha pa3paboTka H
peaiin3aius Ha CEH30pHHM CHCTEMH 32 MOHUTOPHHT Ha Boja M nouysa. O6001meH: 1
IPENCTaBeHU Ca I0-Ba)XKHUTE 3aMbPCUTENN Ha Bozara. PaspaboTeH e BupTyaieH
KOJIODUMETBD M € IpeAJioXKeHa BHUPTyalHa CHCTEMa 3a aHalM3 Ha BOHa dYpes3
KojjopuMeTpuyeH MeTol. Kato nmpumep, upe3 BbBeieHaTa METOIUKA CE ONPEENs
KOHIIEHTpalUsATa Ha CBOOOAEH XJIOp BBB Bojara. MMaiiku mIpenBup poiiaTa Ha
AUCTaHIMOHHOTO HAOJMIONECHHE KaTO M3TOYHUK Ha IIeHHA ¥ TOYHA MH(OpMaIys, 3a
PasIuYHH AEHHOCTH B CEJICKOTO CTONAHCTBO, € NMPOEKTHpaHa M pealu3hpaHa
CUCTeMa 3a H3MEpPBaHE Ha BIAXHOCT Ha mmousa. CucreMara H3IION3Ba
HUCKOOIO[DKETHH CEH30pH, Karo ¢ Iel MomoOpsBaHe Ha KadecTBOTO Ha
M3MCPBaHUATA C€ MpernopsuBa IIEPHOJWYHOTO WM KaiuOpupane. Bpoi
Iy OJIMKAIUY TIPSKO CBBP3aHM C TO3H pasziel — 6.

Ob6ext Ha W3CnenBaHE B CleABalla [NlaBa OT JMCEPTALMOHHHA TPYH ca
pa3paboTKu W pealu3allid Ha CEH30PHH CHCTEMM 33 MOHUTOPUHT HA IOyM H
Bubpanyu. Peanusupana 1 eKCIIiEPHMEHTHPAHA € HHTETUIEHTHA CeH30pHA CHCTEMA
32 MOHHUTOPHHI' Ha IIyM, KOSATO € TECTBaHAa HA PA3NIM4YHU TPAaHCIOPTHH CPEACTBA,
KakTO M Ha Tapyd W CIHUPKH Ha oOIecTBeHMs TpaHCHOpT. B cpema LabVIEW e
CHHTE3UpaHa BHUPTyallHa CHCTEMa 3a OIpeNeNsiHe B ypabaHU3UpaHU Cpequ Ha
3BYKOBH IoKasarenu. CucTeMaTa MO3BONABA KAKTO PETHCTPUPAHE HA aKyCTHYHH
ITapaMeTpH, 3a KOJMICCTBEHO OIPEeiIIHE Ha IIyMa, Taka U JOIBIHUTEIHH JaHHA
38 TICMXOaKyCTUYHH BEJIHYHMHHM, KOMTO TMPSAKO CE€ OTHACAT JO YOBELIKOTO
BB3NPHUATHE Ha 3ByKa. B Tasm wacT ca mpeacTaBeHM IaHHA 3a OLEHKa Ha
ChCTOSHHETO Ha acaHChOp Ha 0azaTa Ha M3MepeHH BUOpauuu. PesynraTute ChbM
npuen 3a uH(opManys, 6e3 aHaIi3 Ha JOCTOBEPHOCT, Thil KATO CMATaM, Ye HIMAT
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IPSAKO OTHOIIEHWE KBbM €KOJIOTMYHMS MOHUTOPUHI. bpoil myOnukaruu NpsKo
CBBpP3aHM C TO3HU pasjen— 14.

ITocnennara rinaBa OT AMCEPTALIOHHMS TPYJ € IMOCBeTEHA Ha pa3paboTKa U
€KCIIEpUMEHTHUPAHEe Ha CEH30pHH CHCTEMH 3a JIOKaJIM3alus W Kaprorpadupase.
IIpencraBeHu ca pa3nu4YHU MOJXOAHM 32 €OHOBPEMEHHA JIOKAIHM3aIMs Ha 00eKTH U
KaprorpajupaHe Ha 30HU KakTO Ha OTKPHUTO, Taka ¥ Ha 3aKpuTo. M3mons3Banu ca
pasIMYHM THUIIOBE CEH30pH, IporpaMmHa cpega Maplab, HeBpoHHH Mpexu 3a
Obp3a nmokamus Ha oOekTH, BKIOUKMTENHO ¢ BJIA. Bpoil myGmukamuu mnpsko
CBBP3aHHU C TO3U pasgen — 13.

5. Hay4ynu n/njm Hay4YHONPHJIOKHH NPHHOCH HA THCEPTALHMOHHHUS TPYA

ABTOpPCKHTE MpETeHIMH 3a 3HAYUMOCTITa Ha IIOCTUTHATHTE pe3yJTaTd B
IMCEpTallOHHUS TPYA ca GOpMyJIMpaHH B IBe I'PYIH IIPUHOCH, HAYIHH U HayIHO-
npuioxHU. [IpeobnanaBaT npuIoXXHUTE, KOETO KOPECIIOHAMpPA MPAKO ¢ Opos Ha
IOPaKTUYECKH peall3allid M eKCIEpUMEHTalHM wu3cinensanus. Karto 3HaumMu
Hay4YHUd INPHUHOCH MoraT Aa ObJaT OTKPOEHHTE H3CIEIBAaHUATA CBBP3aHH CBbC
Ch3aBaHC¢ Ha HOBHM METOAM M IIOAXOAM 3a IIOBHINABaHE HAa TOYHOCTTa Ha
HU3MEPBaHE HA BEJIMYMHM IIPM MOHUTOPHHI Ha €KOJIOTMYHH napameTpu. Kpm Tiax
CIaJaT NPEMIOKEHUTE AITOPUTMHU U IIOIXOAHU 3a:

1. JlnHeliHO ampOKCHMHpaHEe Ha CEH30PHH XapaKTePHCTHKH, IpeaCTaBIIABALIH

mudepeHIpyeMu GYHKIUH C IOCTOSIHEH 3HAK HA KPUBHUHATA;

2. Ilogxox 3a moJMroHaNHa alpOKCHUMAIs HAa HECAMOIPECHYAINH Ce CeH30PHH

[IpeAaBaTeIHA QYHKIUY, 33/JaIeHH B TOUYKOB WM aHAJIUTHYEH BUI;

3. CroxacTW4eH IOJX0]] 3a OIL[CHKa Ha ITyMOBH IapaMeTPH Ha CEH30PH.

Hay4Ho npuioXHUTE IPHHOCH Morar Jia ObJIaT KIACH(PUIUPAHH KATO Ch3JaBaHE
HA HOBH KOHCTPYKIUH M TEXHOJIOTUH, IPUIOKUMH IIPU €KOJIOTHYEH MOHUTOPHHT.
B Ta3u rpymna nomanar: :

1. Paspabotenure u BepuULMpaHN WHTCIUTSHTHHA CEH30PDHM CHCTEMH 33

MOHHTOPHHI' Ha IapaMeTpd Ha Bb3AyX, IHUTECHHA BOJa, II0YBa M IIyM BHB
BapHaHTH 32 M3MEPBaHMs HA OTKPUTO U 3aKpUTO, KAKTO M CTAIMOHAPHU U
MOOWITHH.

2. IlogxonuTe 3a clIMBaHe HAa CEH30PHM JaHHM U OasMpaHUTE HA TAX CEH30PHH

CHCTEMH, U3II0JI3BAINHU BIPaZicHO MAlIUHHO 00y4eHHe.
3. CeH30pHUTE CHCTEMH 32 €THOBPEMEHHA JIOKAJM3AIHs U KapTorpadupane.
Vimatiky mpeBUI aBTOPCKHUS KOJEKTHB Ha ITyONMKalMUTe, KakTo W Ha 0asa

JUYHUTE MM BIEYATICHHUs 3a KaHAMAATa OT ydacTusATa My B HAI[MOHAJTHU W

MEXIYyHapOJHU HaydHH GOPYMH CMATaM, 4e GOpMYIUPaHUTE IIPUHOCH KOPEKTHO

OTpa3gBaT 3HAYUTEIHUAT MY s B IOCTUTHATUTE Pe3yJITaTH.

6. Ilpenenka Ha MyOJAHKAIUMTE MO0 JHCEPTALHOHHUS TPYX

O6musar Opoit myGmukanum e 64, ot xouto 49 ca B pedepupanm u
MHIICKCUPaHU B CBETOBHO M3BECTHM 0a3u JaHHM C Hay4dHa WHpopMamusd, a 15 ca B
He pedepHpaHU CIHCAHHUS M KOH(EPEHUHH ¢ HAYYHO PeLeH3MpaHe. YeTupu oT
IyOJIMKalMUTe Ca CAMOCTOATENHH, KaTO TP Ca B OBJIrapcKy CIIMCAHHUs U €Ha € Ha
MeXIyHaponHa KoHpepeHims. Ocrananmute 60 myOJaMKaIlMyd ca B ChaBTOPCTBO H
BKJIIOYBAT: €IMH y4eOHuK, 40 ca mpeacTaBeHH Ha MEXIYyHApOIHM KOH(EPEHIUH,
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oT xouTo 32 ca pedepupanu B Scopus u/unmu WoS, 5 ca rmasu oT kuuru, 19 ca B
CIIMCaHUS, OT KOUTO 12 ca B MEXIyHapOJHH CIHCAHUS C MMIAKT (akTop W/WiH
UMIIaKT paHr, pedeprupaHy U UHAEKCUpaHU B 6a3ute qanuu Scopus w/uma WoS. C
OIVIe[l aHaIW3 M OIEHKa Ha TOJyueHaTa MyOIMYHOCT Ha TPeIIOKEHUI
JYCepTaIliOHeH TPy X, MOXe Jia ce oroenexw, 9e kbM OxtomBpu 2023 B Scopus ca
3abens3anu 277 nurupanud (0e3 aBTOLUTATH).

[ly6nukannoHHaTa AEHHOCT OLEHEHa CIOopel KpUTEpHHTE 3a MpHI0OUBaHe
Ha Hay4Ha CTeIeH ,,JIokTop Ha HaykuTe" MOKa3BaT 3HAYUTEIHO IPEBUIIAaBaHE HA
MUHUMAJTHUTE U3UCKBAHUS.

7. A3noa3Bane Ha PE3YJIATATHTEC OT AUCCPTANHOHHHA TPYA B HayvYHaTa H
conma/iHaTa NMpaKTHKa.

IIpencraBeH e cnuchk 3a ydactue B 11 HaydHOM3CIEeIOBaTEICKA MPOEKTa, OT
xouto 1 B mHAycTpuUATa, 3 — MEXAYHApOAHU; 2 — C HAIMOHAIHO (PMHAHCHUPAHE U 5
— ¢ punancupane ot HUC na TY-Codusa. He ca npencraBeHy gaHHM 3a HAJTHYHE
Ha MpPSK UKOHOMUYECKU €(EKT.

8. Onenka Ha CbOTBETCTBHETO HAa aBTOpedepaTa ¢ H3IUCKBAHUATA

ABropedepaTT € B 00eM OT 69 CTpaHHUIM W OTpa3siBa HM3YCPIATEIHO H
JIOCTOBEPHO ChIbPKaHHETO Ha OT/EITHHUTE YaCTH Ha UCEPTALMOHHUS TPYH, KaKTO
U IpuHOcuTe Ha aBTOopa. lIpu odopmsHero My ca cmaseHHM HM3HCKBaHHUATa B
CBHOTBETCTBHE C OOpasela 3a M3rOTBSHE Ha aBTOpedepaTHTe IO AUCEPTAIMOHHH

TPYZOBE.
9. MHeHnns, npenopbKU U 3a0eJ1e:KKH.

HMMax BB3MOXHOCT Jla M3rOTBS IPEABAPUTETHO CTAHOBWINE IIPH
IPEICTaBIHETO Ha JUCEPTAMOHHHUS TPYd H B IOCIACIHHA MYy BapHaHT
IOTBBPXKAAaBaM, 4e I0-rojsiMaTa 4acT OT IMPEINoOpPhKUTE M 3a0€IeXKHUTE ca B3ETH
npeasu]. EnnHCTBEeHaTa MU IIpenophbKa e, P KalTuOpHupaHe Ha CEH30PH C ToJIsM
00XBaT, KbAETO € HEOOXOUMO MPELU3HO OTYMTAHE HA PA3IMKUTE MEXIY E€TAIOH U
TeCTBaH obpa3el], fa ce paboTH ¢ abCONIOTHA IPEIKa, a HE C OTHOCHTEIIHA.

SAKJIIOYEHUE

IIpencraBeHUAT AMCEpTAlMOHEH TpPyX € O€3CIOpHO akTyaleH, HacoueH KbM
pemaBaHe Ha peauiia IpobieMH CBBbpP3aHH C METOAM, IHOAXOIW, ¥ KOHKPETHH
peanus3alyy 3a €KOJOTWYEH MOHUTOPUHT, 6a3upaH Ha MHTEIUTEHTHH CEH30PH U
ceHsopHu cuctemMu. OOeMbT Ha U3BBpIIEHAaTa paboTa HAAXBBPJIA MHOIOKPATHO
U3UCKYEMUSAT MUHMMYM 324 TaKbB AWCEpTAIMOHEH TpyZd. IlogxomsT 3a pemaBaHe
Ha JeQUHUpaHUTe 3aiadd € C BHCOKAa HAyKOMETPUYHA CTOMHOCT W C JOKa3aH
HAY4YHO-IIPUJIOKEH XapaKTep. ABTOPBT € eMOHCTPUPA BUCOK ITOTEHIHAI U OIIUT
[P TEOPETHUYHUS U EKCIICPUMEHTAJIHUS aHaju3, KaKToO W TP MpaKTHIecKaTa
peanusanys Ha ONKUTHHUTE NOCTaHOBKU. IlyOnukanuoHHaTa JAeHHOCT HaMUpaM 3a
HAIlBJIHO JIOCTaThb4HA, 3a IOMyJIIpU3WpaHe Ha IIOCTUTHATUTE pe3yJTaTH, a
IIPOAB/DKABAIIUTE IIPE3 MOCIECIHUTE MOAUHHU LUUTHPaHUSI Ha OTHEIHH TPYHOBE, €
J0Ka3aTeJICTBO 32 aKTYyaTHOCTTa ¥ 3HAYMMOCTTA MM.
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IonkpernsiM aucepTaMoRHus TPy U IpeAiaram Ha npod. a-p umx. Mapus Bepos
MapunoB sma 6bae mpuChAeHa HaydHaTa cremeH ,JIOKTOp Ha Haykute” B
cporBercTBHe Cb¢ 3PACPB u IlpaBriHuKa 32 YCIOBHATA U pefa 3a npuaoOuBaHe
Ha Hay4yHH cteneHd B TY-Codus.
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REVIEW

of a dissertation to acquire the acquisition of an educational and scientific degree
"Doctor of Scence"

Author of the dissertation: Prof. Eng. Marin Berov Marinov, PhD
Dissertation topic: "Inteligent Sensors Systems for Ecological Monitoring"
Member of the scientific jury: Prof. DSc Eng. Ivo Tsvetanov Iliev

1. Relevance of the problem developed in the dissertation work in scientific and
applied scientific terms.

Environmental monitoring aimed at establishing the presence of various pollutants
and their concentrations is an area of increasing importance, especially with
regard to substances and processes that are risky for human health. It is essential
to develop multi-parameter monitoring systems based on effective methods and
highly sensitive tools, both for precise measurement of pollutant concentrations
and potentially dangerous, impacting side factors (noise, mechanical, radiation,
etc.). The research in the dissertation work is aimed specifically at: (1) -
possibilities to improve the sensitivity and selectivity of sensors by using
modern methods such as machine learning and artificial intelligence; (2) -
approaches for the organization of large-scale multiparametric sensor networks
for monitoring environmental parameters.

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

The overview part represents a thorough literature study and testifies to a
creative interpretation of the achieved results and directions for future development
in the subject area of the dissertation work. Emphasis is placed on surveying the
quality of air, water, soil, as well as problems related to vibrations and noise. The
analysis in these four directions includes familiarization with the normative base
(standards and directives) for quality assessment; measurement methods; sensor
types, measurement units, analysis of existing implementations, directions for
future development. A total of 420 literary sources are cited, the majority of which
are from the last ten years. All sources are cited at the appropriate place in the text
and adequately support the author's theses.

At the end of the review chapter, conclusions are drawn regarding:

- The use of low-budget sensors and devices with limited resources, for the
implementation of intelligent sensor systems. This would allow obtaining
large datasets with high temporal and spatial resolution at an affordable cost.
- Increasing the accuracy of low-budget sensors, during a long period of
operation, through periodic calibration in a network environment;

- Increasing use of mobile sensor systems and systems with autonomous
navigation to be used to map the levels of major pollutants, to create so-
called noise maps, to locate sources of pollution, etc.
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3. Correspondence of the chosen research methodology and the set goal
and tasks of the dissertation with the contributions achieved.

As a result of the analysis and conclusions, regarding the current state of
research in the field of the dissertation work, its main goal is defined as: Research
and synthesis of new approaches, methods and algorithms for increasing the
quality of data from low-budget sensor systems and IoT devices for measurement
of basic parameters of air environment, drinking water, soil and noise pollution in
urbanized environments. Seven tasks have been defined that correspond to the set
goal.

The overall presentation clearly shows the systematic approach to solving the
specific tasks, including;:

- Theoretical analysis based on a correct mathematical apparatus to
substantiate the subsequent practical implementations and comment on the
results obtained;

- Combination of simulations with virtual instruments, mostly based on
LabView, followed by experimental studies with experimental samples.
Since, in the main part, the implementations presented are elements of
measuring equipment, the correctness of the proposed solutions has been
confirmed with a large number of laboratory and field (in situ) tests.

- Analysis of the accuracy of the obtained results, using statistical methods,
and comparisons with similar measurements with certified measuring
equipment;

- Optimization of practical implementations and developed algorithms.

4. An analytical description of the content and assessment of the credibility
of the material on which the contributions of the dissertation are based

The description of the activities related to the implementation of the formulated
tasks covers 5 chapters of the dissertation work. At the beginning, the author
examines in detail methods and approaches for evaluating and increasing the
accuracy of sensor data. After a theoretical background including: stochastic
methods; calibration and features in network applications; linearization and
approximation of transmission characteristics; sensor data fusion; machine
learning, specific implementations of intelligent sensor systems and synthesized
data processing algorithms are presented. Additional implementations for pressure
measurement and applications of cloud cover prediction algorithms using neural
networks trained with camera images are also included. Number of publications
directly related to this section — 29.

In the next section of the dissertation, developments of multi-sensor systems for
air quality monitoring are presented. Variants with application in an urbanized
environment and indoors are considered. In outdoor measurements, emphasis is
placed on mobile systems enabling mapping of fine particulate matter pollution,
including vertically in height using a drone. As a result of indoor measurements,
the development of a portable air purifier is presented. Number of publications
directly related to this section — 11.
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A separate chapter of the dissertation is dedicated to the development and
implementation of sensor systems for water and soil monitoring. The more
important water pollutants are summarized and presented. A virtual colorimeter
was developed and a virtual system for water analysis by colorimetric method was
proposed. As an example, the introduced methodology determines the
concentration of free chlorine in water. A soil moisture measurement system was
designed and implemented considering the role of remote sensing as a source of
valuable and accurate information for various activities in agriculture. The system
uses low-budget sensors, and in order to improve the quality of the measurements,
their periodic calibration is recommended. Number of publications directly related
to this section.

The object of research in the next chapter of the dissertation is the development
and implementation of sensor systems for noise and vibration monitoring. An
intelligent noise monitoring sensor system has been implemented and tested on
various means of transport, as well as at stations and public transport stops. A
virtual system for determining sound indicators in urbanized environments has
been synthesized using LabVIEW. The system allows both the recording of
acoustic parameters, for noise quantification, and data on psychoacoustic quantities
that directly relate to the human perception of sound.

Data in assessing the condition of an elevator based on measured vibrations are
also included in this part. I have accepted the results for information, without
reliability analysis, as I believe they have no direct relevance to environmental
monitoring. Number of publications directly related to this section — 14,

The last chapter of the dissertation is devoted to the development and
experimentation of sensor systems for localization and mapping. Various
approaches are presented for simultaneous object localization and area mapping
both outdoors and indoors. Various types of sensors, MapLab programming
environment, neural networks for fast location of objects, including UAVs, were
used. Number of publications directly related to this section — 13.

S. Scientific and/or applied scientific contributions of the dissertation work
The author's claims for the significance of the achieved results in the
dissertation work are formulated in two groups of contributions, scientific and
scientific-applied. Applied ones prevail, which corresponds directly to the number
of practical implementations and experimental studies. Research related to the
creation of new methods and approaches to increase the accuracy of measuring
quantities in monitoring environmental parameters can be highlighted as
significant scientific contributions. These include the proposed algorithms and
approaches for:
1. Linear approximation of sensory characteristics representing
differentiable functions with a constant sign of the curvature;
2. Approach for polygonal approximation of non-self-intersecting sensor
transfer functions set in point or analytical form;
3. Stochastic approach to estimate noise parameters of sensors.
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Scientifically applied contributions can be classified as the creation of new

structures and technologies applicable to environmental monitoring. This group
includes: '

1. The developed and verified intelligent sensor systems for monitoring

parameters of air, drinking water, soil and noise in options for outdoor and

indoor measurements, as well as stationary and mobile.

2. Sensor data fusion approaches and sensor systems based on them using

embedded machine learning.

3. Sensor systems for simultaneous localization and mapping.

Bearing in mind the authorial team of the publications, as well as based on

my personal impressions of the candidate from his participation in national

and international scientific forums, I believe that the formulated

contributions correctly reflect his significant share in the achieved results.

6. Assessment of dissertation publications

The total number of publications is 64, of which 49 are in refereed and indexed
in world-renowned databases of scientific information, and 15 are in non-refereed
journals and conferences with scientific review. Four of the publications are
independent, three are in Bulgarian journals and one is at an international
conference. The remaining 60 publications are co-authored and include: one
textbook, 40 presented at international conferences, of which 32 are referenced in
Scopus and/or WoS, 5 are book chapters, 19 are in journals, of which 12 are in
international journals with impact factor and/or impact rank, referenced and
indexed in Scopus and/or WoS databases. In view of the analysis and evaluation of
the received publicity of the proposed dissertation work, it can be noted that as of
October 2023, 277 citations (without self-citations) were noticed in Scopus.

The publication activity evaluated according to the criteria for obtaining the
scientific degree "Doctor of Sciences" show a significant excess of the minimum
requirements.

7. Using the results of the dissertation work in scientific and social practice

A list for participation in 11 scientific research projects is presented, of which 1
in industry, 3 — international; 2 — with national funding and 5 — with funding from
the NIS of TU-Sofia. No data on the existence of a direct economic effect are
presented.

8. Evaluation of the compliance of the abstract with the requirements

The abstract has a volume of 69 pages and comprehensively and faithfully
reflects the content of the individual parts of the dissertation, as well as the author's
contributions. When creating it, the requirements were met in accordance with the
template for the preparation of abstracts for dissertation works.

9. Opinions, recommendations and remarks
I had the opportunity to prepare a preliminary opinion during the presentation
of the dissertation work, and in its final version I confirm that most of the



nlra

PETT75-HC2-066
recommendations and remarks have been taken into account. My only
recommendation is that when calibrating long-range sensors, where precise

measurement of differences between reference and test specimen is required, use
with absolute error rather than relative error.

CONCLUSION

The presented dissertation work is undeniably up-to-date, aimed at solving a
number of problems related to methods, approaches, and specific implementations
for environmental monitoring based on intelligent sensors and sensor systems. The
amount of work performed is many times more than the required minimum for
such a dissertation work. The approach to solving the defined tasks has a high
scientometric value and a proven scientific-applied character. The author has
demonstrated high potential and experience in the theoretical and experimental
analysis, as well as in the practical implementation of the experimental setups. I
find the publication activity to be completely sufficient for popularizing the
achieved results, and the continued citations of individual works in recent years is
proof of their relevance and importance.

I support the dissertation work and propose that Prof. Eng. Marin Berov
Marinov to be awarded the scientific degree "Doctor of Sciences" in accordance
with the Regulations for the conditions and procedures for acquiring scientific
degrees at TU-Sofia.

Data: 27 March 2024 Prof. Ivo Iliev ( N )
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