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CTAHOBHIIIE

BbpXY AHCEPTALHMOHEH TPY/ 3a Npuao0uBaHe Ha 00pa3oBaTe/;IHA H HAYYHA CTENEH ,,JOKTOP Ha
HaykuTe”

o npodgecHona Ho HanpasJeHue 3.2 ,ElekTpoTexHuka, e1eKTPOHHKA H aBTOMaTHKa*

Hay4YHa chnenuajJHoct ,,Meroau, nmpeoOpasyBaTeln M ypeJu 3a H3MepBaHe H KOHTpPOJ Ha
(pu3uKO-XMMHYHU U OHOJIOTHYHHU BeJTUYMHHU

ABTOp Ha AucepPTALIMOHHHSA TPYA: npod. A-p. uH:xK. Mapun bepor MapuHos

Tema Ha gucepTanMOHHNSA TPYA: ,/IHTeINTeHTHH CEeH30PHHU CHCTEMH 32 €K0JO0rH4eH MOHUTOPHHT”
M3roTBHJI CTAHOBHIIETO: YeH Ha HAYYHOTO KypH npod. ATH Tuxomup bopucos Takos

1. AxTtyanHocT Ha pa3paboTBaHUs B JUCEPTALUOHHMS TPYA NpodJiem

JuCepTalMiOHHUAT TpPYJ TpPEACTaBs HAyYHWUTE WU3CIEABAaHMSA Ha aBTropa B o0nacTra Ha
CeH30puKaTa. MOHUTOPUHI'BT Ha OKOJIHAaTa cpejia BKIIOYBa HaOMIOJeHHe M M3ydaBaHe Ha OKOJIHATa
cpena, KaTo MpefocTaBs HaJeKIHU AaHHU U LIeHHA MHopManus ype3 aHanuTuuHO obyueHue. To3u
Hay4HOOOOCHOBAH MOJXOJ € ITbPBHTE TPH CThHIIaja Ha CThJI0aTa Ha O3HAHMETO, KOETO BOAM 10 IO-
n06po pazbupane Ha npoGiemMuTe U B3eMaHe Ha HH(popMupaHu pemenus. [loHacTosmeM na3apsT Ha
TEXHOJIOTHH 332 MOHUTOPHHT U U3CNIEIBaHE HAa OKOJIHATA cpefa € Hax 20 MIIpJ. €Bpo.

Tpure ocHOBHE OAXOJa 3a pa3spabOTBaHE Ha MHCTPYMEHTH 33 €KOJOTMYHH M3CJIEABaHMS Ca
pa3paboTBaHETO HAa HOBU CEH30PHH TEXHOJOTHH, INMPOEKTHPAaHETO Ha e(EeKTHBHH aJIrOPUTMHU C
NIOMOIITa HAa YCBBBPIICHCTBAHM METOAM Karo MAIIMHHO OOyYeHHWEe M H3KYCTBEH HHTENEKT U
U3I0JI3BaHETO HA MHMPOKOOOXBATHU CEH30pHHM MPEXU 3a HaOJNIIONEHNE Ha NapaMeTpUTe Ha OKOJIHAaTa
cpena. Te3u moaxonu ce HOMBIBAT B3aMHO 3a NOJO0pSBaHE HAa MOHUTOPUHIA HAa OKOJIHATA CpeJia.

B nmucepranmATa € mNpeACTaBeHO M3MON3BaHETO Ha Te3d IMOAXOAW IPH CH3[aBaHETO Ha
WHTEJIUITEHTHA CEH30PDHU CHUCTEMH 3a HaOMIOJCHHE Ha OCHOBHM IIapaMeTpy Ha OKOJHAaTa cpena,
BKJIFOUMTEIHO KAa4yeCTBOTO HAa BB3[yXa, KayeCTBOTO Ha BOJara, Ka4yecTBOTO Ha IIOYBaTa M
napaMeTpuTe Ha myMa. Pasrienanu ca u cbBpeMEHHHUTE METOJH 32 00paboTKa Ha CEH30pHM CHTHAIIH
¥ W3rpaXkJaHe Ha INMPOKOOOXBAaTHM OE3KUYHM CEH30pHM Mpexu. Te3nm cucrteMu ca OOEKT Ha
3aCHJICHM W3CJICABaHUA OT IPEICTABUTENN HAa CBETOBHATA Hay4YHa 00JIAacT Mpe3 MOCIeIHUTE FOANHH.
ITpo6ieMBT € ¢ BUCOKa CTETIEH Ha aKTyaJHOCT B CBETOBHAaTa HaydHa OOIHOCT, KaTO CBHIETENICTBO
3a TOBa € HENPECTAHHO HAPACTBALIUAT Opoii CTaTUM U JOKIau Ha GOPYyMHU.

B npsxa Bpb3Ka ¢hC CIOMEHATOTO MO-TOPE € ¥ OLIEHKATa MU 33 aKTyaIHOCT ¥ OpPUTHHAIHOCT
Ha pa3paboTeHara Tema.

2. CTeneH Ha MO3HABaHe CLCTOSIHHETO HA IMpo0GJieMa M TBOpPYeCKAa MHTEPHpeTAIHs Ha
JUTEPATyPHHUSI MaTepHa

PemaBanero Ha 3ajaynTe B JUCEPTALMOHHUS TPYJ U3UCKBAT OT aBTOpa MHOTO 3abI00YCHA
NO3HAaHUA B 00NacTTa Ha CHUCTEeMHUTe 3a MOHHTOPMHI Ha OKojHaTa cpeia. OT aHamu3a Ha
IPEACTAaBEHUTE OT aBTOpa Tabiulla, MPEACTaBAlla MUHUMATHUTE M3MCKBAHUA 3a 3aIlUTa CHIVIACHO
IMpaBunnrika Ha TexHuuecku yHuBepcuret - Codus, cTaBa 04eBHIHO, Ye mpodecop Mapun MapuHoB
€ IIOCTUTHAJI pe3ylNTaTh, KOMUTO My IpHJaBaT NpaBO Ja WHHULKHpA Ipoleaypa 3a 3alura Ha
pa3paboTeHaTa OT HETO AUCEPTAIMs C LieJ NMPUCHXKAAHEe Ha HaydyHATa CTEeleH "JOKTOp Ha HaykuTe".
Copsamo msuckBanute MUHEUMYM 350 TOukH, Toii € mocturHan Hax 2800 TOYKH, KOETO 3HAYUTEIHO
IpEBUINABa YCTAHOBEHUS MUHUMYM.

B PaMKUTE Ha OLECHKAaTa Ha TEKYIMIOTO CHBCTOAHHE Ha HM3Cji€ABaHaTa o6nac*r, € IIPOBCICH
KPATHYCH NOPErjiea Ha HAIWYHUTEC CACTEMU 3a MOHHUTOPUHI Ha OKOJIHaTa Cpe€aa, HW3IIOJI3BAHH 3a
Pa3sindHA NPHUITIOKCHHA. OcHoBHaTa oCJ Ha Jucepranudara € HacO4CHa KbM pa3pa60TKaTa Ha
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HUCKOOIO/DKETHM UHTENUTEHTHH CeH30opHH cucteMd u loT ycrpoiicTBa, NpeaHA3HAYEHH 33
Ha0JII0IeHNEe Ha KIIOYOBH IIapaMeTpy BbB BR3JYIIHATA Cpela, BOOWUTE 3a MIMEHE, [I0YBATa ¥ HUBATA Ha
IIyMOBO 3aMbpCsiBaHe B ypOaHM3MpaHU o6JacTH. 3a NOCTHraHETO Ha IIENTa Ce MpUIaraT MOJEpHH
HOAXO/M, METOAM M aJITOPUTMH 3a CIMBaHE U NMOJOOpsIBaHE Ha KAYECTBOTO HA JAHHWTE, T€HEPUPAHU
OT T€3U CHCTEMHU.

JucepTaliOHHUAT TPYA € ¢ 006eM oT 411 cTpaHuIM U ce CHCTOM OT YBOJA, 7 IJIABH, IPUHOCH,
CIIMCHK Ha U3M0JI3BaHa JIUTEPaATypa, BKIoYBalia 442 U3TOYHNKA U 5 NPUIOXKEHHs, KaTo BKiousa 207
¢urypu u 52 tabnuuu. [{sanocTHOTO OQopMIIeHHE HA Tpyda € OTIMYHO, €3UKBT HA U3JI0KEHHETO €
SICEH € U3MI0NI3BaHE Ha CIEIMATN3UPaHH TOHATUA U TEPMUHOJIOTHSL.

3. ChoTBeTCTBHE HAa H30paHATa METOAMKA HAa M3C/JIeJBaHe H NMOCTABEHATA IeJ H 3aJa4H
HA HCEPTALHOHHHUS TPYA C MOCTHTHATHTE NPHHOCH

Llenra u 3agaunTe Ha JUCEPTALMOHHUA TPYJ ca IIOCTaBeHH SACHO M pa3bupaemo. Meroaukara
32 H3C/IEJBAaHEC € OCHOBaHAa HAa CPABHUTENECH KPUTHYEH JIMTEPATypeH 0030p U CHUCTEMHUTE 3a
MOHUTOPHMHI Ha OKOJHAra cpepa. J[ucepTaHTBT HpencTaBs CTPYKTYPEH MOAXOA 3a pa3paboTka u
peanm3alis Ha MHTEIUTEHTHH YCTPOMCTBA, M3MON3BAlM HUCKOOIOMKETHH CEH30pH U
MHKPOKOHTpPOJIEpH C OrpaHUYEeHU pecypcd. Te3m ycCTpoiicTBa ca HAcOYeHM KBM pPa3iHdHH
NPUIOXKEHNSA, KaTo TpAOBa ga ObAaT MOOWIHM, Aa MOAABPXKAT O€3KMYHa KOMYHHMKAUUA U 1a
II03BOJIABAT LOMPOKOOOXBAaTEH MOHHWTOPUHI C BHCOKa BpEMEBAa M TPOCTPAHCTBEHA pa3JeiUTEHA
croco6HocT. Crexi aHanu3a cTaBa SICHO, Ye U3IOJI3BaHETO Ha HUCKOOIOMKETHH CEH30pH U TTOIXO AN
IrOPUTMH, BHEAPCHU BBPXYy MHKPOKOHTPOJEPU C OTPaHUYCHH PECYpCH, MOXE Aa IOBEAE O
IIOCTHI'aHETO Ha 3aJJ0BOJIMTENHM TOYHOCTH IIPU M3MEPBaHUATA, 0COOEHO B M0-OTpaHUYEHH 00XBaTH,
KOUTO Ca KIIOYOBM 3a OLIEHKa Ha KOHTPOJIHMpaHH IapaMeTpd Ha OKOJHaTa cpeaa. IIpoydeHu ca
cnenuUKaMUTe Ha WHTEIMICHTHU CEH30PHH CHUCTEMH 3a MOHUTOPUHI HA OKOJIHAaTa cpeaa H
NOCICIHATE TEHACHIMM B TEXHHWA pa3Boil. B JombiHeHWe, ca aHAIM3WpAHU HENTUHEHHH
ONTHMHM3aLOHHY 33Ja4H, [IPOM3TUYAINM OT METOJa Ha MOJIWIMHeapU3alys, U € IpeIoXKeH IMOIXO0.
3a OLICHKA Ha MIyMOBHTE NapaMeTpH Ha ceH3opu. ChIno Taka, ca MpeACTaBeHH METOAM U aJrOPUTMHU
3a NOBMINIaBaHE HAa TOYHOCTTA Ha CEH30pHU AaHHU. HoBaTopcku MeTou 3a JIOKaau3alys ¥ OTKPUBaHE
Ha oOekTd ca OOOCHOBaHH, KaTO ChHIIEBPEMEHHO Ca MpPEACTaBEeHH YHCIEHH aJIrOpUTMH 3a
xkanuOpyupaHe U MOAOOpABAHE HA TOYHOCTTA Ha YCTPOMCTBaTa 3a EKOJOTMYEH MOHHMTOPHHT.
W3BbpIneH € aHaIu3 Ha HOB CTOXaCTHYEH MOJAXOJ 32 OLCHKA Ha MapaMeTPUTE Ha CEH30PUTE, KaTo ca
NPEJIONKEHH CHOTBETHH METOAM M aITOPUTMHU 3a yBeNN4YaBaHe HAa TOYHOCTTA Ha CEH30PHUTE JaHHH.
Meroaure 3a aHanM3 M OLEHKA ca YJa4yHO W30paHM, KaTo pe3yiNTaTHTe MOKa3BaT MHOrO A0OPOTO
BIQJICCHE Ha M3CIIEJOBATE/ICKU WHCTPYMEHTapuyM. I30paHara MeTOOWKa Ha M3CJIEIBAHETO
CHOTBETCTBA C IIOCTABEHATA IIEN M 33/la4¥l Ha IVCEPTALMOHHHUSA TPY .

4. Hay4ynu, Hay4HO - IPHJIOKHH M NPUJI0KHH IPHHOCH HA JUCEPTAMOHHHUSA TPYX

IIpencraBenuAaT B aucepTalyaTa MaTepual, BbPXY KOWTO ce rpalaT MPUHOCUTE, MMa HAy4YeH U
Hay4YHO-NIPUJIOKEH XapakTep. JIOCTOBEpHOCTTa Ha IOJyYEHUTE PE3YJITaTH Ce JOKa3Ba C HAIPABCHUTE
64 ny6iuKanuy B aBTOPUTETHHU CIIHCAHKS U KOH(EpEeHIMH y Hac U B Yy)KOHHA ¥ C M3II0JI3BAHETO Ha
pe3yinTaTuTe My OT Yy KICCTPAaHHHU U HAIOM aBTOpH ( LUTaTH). ABTOPHT HA JUCEPTALUOHHUA TPY] €
dbopmynupan 06mo 5 Hayynu u 12 Hay4YHO-TIPUIIOKHU NPHHOCA. [IpreMam MpeacTaBeHaTa CipaBsKa 3a
HAYYHUTE U HAYYHO-IIPUIOXKHUTE NMpHHOCH. Te ca o0pe CTPYKTYpUpaHU U OTPa3sABAT U3IIBIHEHUETO
Ha 1IeJITa U BCUYKHY MIOCTaBEeHH 3aayuH.

IIpunocuTe ca OT HAyYHO M HAyYHO-TIPWJIONKHO E€CTECTBO U MOTar Ja ce OTHecaT KbM rpymnara
Chb3/1aBaHE HA HOBH METOIM 3a M3CleABaHe W anroputmu. [lo-BaxkHuTE NMpuUHOCH Morat jna Obpiar
0000IIIeHH 10 CIEIHUSI HAYMH:
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4.1 Hayuynu npumHOocHM cC Xapakrep Ha oOoraTsiBaHe Ha CBIIECTBYBAIUTE 3HAHUSA IPU
IPOEKTHPAHETO U U3CIIEABAHETO HA CEH30PHU CUCTEMH:
- IIpennoxeHn U pealusvpaHy ca HOB aJalTUBEH allrOpPUTBM U 000OIIEH MOAXOJ 3a JIHMHEHHO
anpoKCUMUpaHe Ha CEH30PHU XapaKTEPUCTUKH U 3a JIMHEIHHAa HHTEpBalHa allpOKCUMAaIHA

- Pa3paboren u BepudummpaH € HHOBATHMBEH NOAXOJX 3a IOJHMIOHAJHA anpoKCHUManus Ha
HecaMOIIpecHJaIly ce CEH30PHHU IpeJaBaTelIHi (QYHKIUW, 3a1alcHA B TOYKOB MM aHAIUTHYCH
BHJI.

- OGocHOBaHM ca W JOKAa3aHH AQHAJMTUYHO JIBE ANTEPHATUBHYU HEJIWHEWHU ONTHMU3AIVIOHHU
3a[a4y, B3HUKBAIIN MPU MOJIMIMHEApU3aLKATA.

- Pazpaborenu ca momoOpeHM anropuTMé 3a KanuOpupaHe U INOBUIIABaHE HA TOYHOCTTA Ha
YCTPOMCTBA 3@ €KOJIOIMYE€H MOHUTOPHHT.

4.2. Hay4HO-IIpUJIOXKHH IPUHOCH, AOKa3Ballld ¢ HOBHU CpEJCTBA Ha CHILIECTBEHHM HOBU CTPaHU B
CBINECTBYBAIY HAY4YHH NPOOIEMH NIPY U3CIIEABAHETO HAa CEH30PHU CUCTEMHU:
- [Ipennoxxena e cucremMa 3a OTKpUBaHE U IPOCIIEIBaHe Ha 00EKTU C M3I0JI3BaHe Ha OE3MUIOTHH
NeTaTeNHN anapaTu
- PazpaboreHun u BepuGUIMpaHU Ca HMHTEIUI€HTHH CEH30pPHM CHCTEMH 3a MOHUTOPHHI Ha
rapaMeTpy Ha BB3AYyX, IUTEiHA BOAQ, II0YBA ¥ IIIyM B ypOaHU3UpPaHW CPEIH.

- PazpaboTeHu u peanusupaHu ca MyITHCEH30PHU CHCTEMHU U MamabupyeMy MOOMIHU CEH30pHH
CHCTEMH 32 MOHHTOPMHI Ha OCHOBHHM IIapaMETpH Ha BB3Ayxa 0a3upaHM Ha HUCKOOIOIKECTHH
CEH30pU U KOHTPOJIEPH C OTPaHWYEHH H3YHUCIHTEIHN PECYPCH.

- Hscnensana u BepuuLMpaHa € CEeH30pHA CHCTEMA 3a U3MEpBaHe Ha BIa)KHOCTTa Ha II0YBaTa

- Paspaborenu u Bepuduuupanu ca MOOWIHH Oe3KUYHH CHCTEMH 3a H3MEpBaHe M
KapTorpadupase Ha OCHOBHH IIYMOBH MapaMeTpH.

S. IlpeneHka Ha mMy0auKAUUTE N0 AUCEPTALMOHHUS TPYA

JlMCcepTaHThT MOAKpPENsl TEOPETHYHHS aHAIM3 C €KCIePUMEHTH U IpEeACTaBs pe3yJTaTUTe B
PEHOMUPAHU MEXIYHApOAHU HAYYHH CIIUCAHUS M HAYYHU POPYyMH.

OcHoBHHTE pe3yNTaTH OT AUCEPTALMOHHUS TPYJ ca HaMepUIH MACTO B 64 myOiaukamuu, oT
kouto 49 ca B pepepupaHu M UHAEKCUPAHU B CBETOBHO M3BECTHM 0a3M TaHHHU.

Or Tax:

- 12 ca cratum B uyxaecTpaHHu cniucaHus ¢ IMmakT ¢akrop ;

- 7 ca cratum B cniucanus 6e3 mmakr dakrop;

- 40 ca moxnagy Ha MeXIyHapoJHU KOH(epeHIuM y Hac u B uyxOuna ('epmanus, Yexus,
Cnoakus, XspBaTcka).

Pesynrature oT pucepranuAra ca MyONMKyBaHM B WM3BECTHHM HayYyHM U3IaHUSA Karo
Electronics, Energies, Sensors, Computation, Lecture Notes of the Institute for Computer Sciences,
Social Informatics and Telecommunications Engineering na Springer u apyru.

YeTupu OT NyOIUKAUUTE Ca CAMOCTOATENHH, KOETO € KpUTEepHil 3a TUYHOTO MY y4acTUe
B [TIOATOTOBKATa Ha TPy Aa.

Cnen 3aBppmiBaHeTO Ha KOHKypca 3a mpodecypa mpe3 2020 r., aBropsr mMa Hax 220
uutupanus B Scopus 1 WoS, KoeTo moayepTraBa IIUpOKaTa MPU3HATETHOCT B HaydyHaTa OGIIHOCT
KaKTO B CTPaHAaTa, Taka U B UyOWHa, KbM Pe3yJITATUTE OT AUCEPTALATA.

Hannunu ca 11 HayynouscneoBaTecky NpoeKTa o TEMAaTHKaTa Ha Tpyaa,

Te3u ¢axTH HEIBYCMHCIICHO MOKa3BaT JIMMHKS MPUHOC Ha KaHIWAaTa B U3CJICABAHHUATA W
myONUKanuuTe.

6. MHeHus1, NPeNnOPbKHU U GeIeKKH

JucepTaniOHHKAT TPYJ, KOMTO € B akTyanHa 00JacT Ha €JEeKTPOHHKATa, € HaIUCaH SICHO,
pa3bupaeMo, ¢ TOUEH U CTETHAT €3UK, OTJIMYHO TEXHHYECKO odopMieHHe. ABTOPHT MOKa3Ba MHOTO
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no0po BiiafieeHe Ha TEOPETUYHMS MATepHal U ChBPEMEHHHMTE CPEICTBA 3a aHANM3, IPOEKTUPAHE U
uscieasane. OGIIOTO BII€YaTIIEHHE, KOETO OCTaBsA AUCEPTALMOHHUAT TPYH, € 3aABJIO0YCHOCTTA IIPH
Herosara pa3paboTKa.

Yact ot uHGOPMALMATA B YBOAHATA YACT HA JUCEPTALUOHHUAT TPYJ U NPHIOKCHHUATA MOXKE
na 6'pJe 1ajeHa B 10-0000IIeH BUA,

Ha nsxou or ¢urypure, HaamucuTe ca Ha aHIJIMHACKK €3UK, a € HoOpe Ha ce ImpeBenaT Ha
Obarapcku.

SAKJUIOYEHMHE

JIMCepTaHTBT IOKa3Ba MHOrO JOOpU M3CIENOBaTENCKH BB3MOXKHOCTH. Hamuue ca HayuHy,
HAYYHO-TIPHJIOXKHY U MPHIOXKHU NPUHOCH, IOCTATHYHO HA Opoi M KadeCTBO MyOIMKALMU 10 TeMaTa
Ha TpyJa, OTpa3siBaHe Ha Pe3yJITATUTE My OT Hay4HaTa oOmHocT. CunTaM, 4e JUCEPTAMOHHUAT TPY
OTTOBaps Ha U3MCKBaHUATA Ha 3aKOHA 3a pa3BHUTHE Ha aKaeMUYHKA cbcTaB B Peny6inka bairapus u
B YAaCTHOCT Ha M3MCKBAHUATA, 3aJI0KeHH B [IpaBMIIHHKA 3a YCIOBUATA M pela 3a MpuAo0MBaHE Ha
Hayuynu cremend B TY-Codmsa.  OueHsBaliky aKTyalHOCTTa Ha JUCEPTALMOHHMA TPy,
3aIBJI00YCHOCTTa My, HAIMYMETO Ha HAYYHU, HAyYHO-IIPUIOKHU U MPUJIOKHH IIPUHOCH, JOCTOSHHE
Ha HU3CNEBAaHUATA My JO HaydHaTta OOIMHOCT M MEXAYHapOJHOTO NPHU3HAHHE, IpejiaraM Ha
HAy4YHOTO XXKypH Ja NpHChIu Ha npod. A-p. Mapun bepoB MapuHOB Hay4yHata CTEIEH ,,JJOKTOp Ha
HayKuTe” I10:

o6mact Ha Buciie oOpa3zoBanue: 5. TeXHUYECKU HAYKH,

npodecruoHanHo HanpasieHue: 5.2. EnekTpoTexXHUKa, eJIeKTPOHUKA ¥ aBTOMATHKa,

Hay4YHa CIIEIHAIHOCT: ,,MeToau, npeoOpasyBaTend U YpeAd 3a M3MEPBAHE U KOHTPOJ Ha
($U3HUKO- XUMUYHY U OUOJIOTMYHU BeTUYUHHU"

6.03.2024 rop. H3rorBui CTaHOBUINETO: (/Vl. )
Codus /mpod. nrH T. Taxos/

[ TV coons
5 OETT ;
| BAPHO C OPUTRAN
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POSITION

on the thesis submitted for awarding the educational and scientific degree of “Doctor of
Science"

in professional field 5.2 "Electrical Engineering, Electronics and Automatics"

scientific discipline ""Methods, converters and devices for measurement and control of
physiochemical and biological quantities"

Author of the thesis: Prof. Dr. Eng. Marin Berov Marinov

Topic of the thesis: "Intelligent sensor systems for environmental monitoring"

Member of the Scientific Jury: Prof. DSc. Tihomir Borisov Takov

1. Relevance of the topic discussed in the thesis

The thesis presents the author's research in the field of sensorics. Environmental monitoring
involves observation and study of the environment to provide reliable data and valuable
information through analytical learning. This science-based approach comprises the first three
rungs on the ladder of knowledge leading to a better understanding of problems and informed
decision-making. The market for environmental monitoring and research technologies is
currently over €20 billion.

The three main approaches for developing tools for environmental research are the
development of new sensor technologies, the design of efficient algorithms using advanced
methods such as machine learning and artificial intelligence, and the use of large-scale sensor
networks to monitor environmental parameters. These approaches complement one another to
improve environmental monitoring.

This thesis presents the use of these approaches in the design of intelligent sensor systems for
monitoring basic environmental parameters including air quality, water quality, soil quality,
and noise parameters. State-of-the-art methods for sensor signal processing and building
wide-area wireless sensor networks are also discussed. These systems have been the subject
of increased research by representatives of the global scientific community in recent years.
The problem is of great relevance to the world scientific community, as evidenced by the
ever-increasing number of articles and papers.

The above is a good reason for me to state the relevance and originality of the discussed topic.

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

Solving the problems defined in the thesis required that the author have a thorough knowledge
of environmental monitoring systems. From the analysis of the table, submitted by the author,
presenting the minimum requirements for the defense of a thesis according to the Regulations
of the Technical University - Sofia, it becomes obvious that Professor Marin Marinov has
achieved results that entitle him to initiate the procedure for the defense of the thesis study in
the procedure for awarding the degree of Doctor of Science. Compared to the required
minimum of 350 points, he has achieved over 2800 points thus significantly exceeding the
established minimum.

As part of the evaluation of the current status of the study area, the work does a critical review
of available environmental monitoring systems used for various applications. The main
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objective of the thesis focuses on the development of low-cost smart sensor systems and IoT
devices designed to monitor key parameters in the air environment, drinking water, soil, and
noise pollution levels in urban areas. To achieve this objective, advanced approaches,
methods, and algorithms are used to combine and improve the quality of the data generated by
these systems.

The thesis has a length of 411 pages and consists of an introduction, 7 chapters, contributions,
a list of references used to include 442 sources, and 5 appendices, including 207 figures and
52 tables. The overall layout of the work is excellent, the language is clear with the use of
specialized concepts and terminology.

3. Correspondence of the selected research methodology, the aim and objectives of the
thesis with the contribution it makes

The aim and objectives of the thesis are clearly and comprehensibly stated. The research
methodology is based on a comparative critical literature review of environmental monitoring
systems. The thesis presents a structured approach to the design and implementation of smart
devices using low-cost sensors and microcontrollers with limited resources. These devices
target a variety of applications and must be mobile, support wireless communication, and
enable wide-area monitoring with high temporal and spatial resolution. Based on this analysis,
it becomes clear that the use of low-cost sensors and appropriate algorithms implemented on
resource-constrained microcontrollers can lead to satisfactory measurement accuracies,
especially in more limited ranges that are key for the assessment of controlled environmental
parameters.

The specifications of intelligent sensor systems for environmental monitoring and recent
trends in their development are studied. In addition, nonlinear optimization problems arising
from the polylinearization method are analyzed, and an approach for estimating sensor noise
parameters is proposed. Also, methods and algorithms for improving the accuracy of sensor
data are presented. Novel methods for object localization and detection are justified as well as
numerical algorithms for calibrating and improving the accuracy of environmental monitoring
devices are presented. A new stochastic approach to estimating sensor parameters is analyzed,
and respective methods and algorithms are proposed to increase the accuracy of sensor data.
The analysis and estimation methods are well chosen, and the results show a very good
command of the research toolbox. The chosen research methodology is consistent with the
stated aim and objectives of the thesis.

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

The material presented in the thesis, on which the contribution is built, has a scientific and
scientific-applied character. The credibility of the obtained results is proven by the 64
publications in reputable journals and conferences at home and abroad and by the use of its
results by foreign and national authors (citations). The author of the thesis has formulated a
total of 5 scientific and 12 scientific and applied contributions.

I hereby accept the submitted reference of scientific and scientific-applied contributions. They
are well structured and demonstrate that the aim and objectives have been achieved.
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The contributions are of a scientific and scientific-applied nature and can be referred to as the
group - creation of new research methods and algorithms. The more important contributions
can be summarized as follows:

4.1 Scientific contribution like enriching existing knowledge in the design and research of
sensor systems:

- A new adaptive algorithm and a generalized approach for linear approximation of sensor
features and linear interval approximation are proposed and implemented.

- An innovative approach for polygonal approximation of non-self-crossing sensor transfer
functions specified in pointwise or analytical form is developed and verified.

- Two alternative nonlinear optimization problems arising in polylinearization are justified
and proven analytically.

- Improved algorithms for calibration and accuracy enhancement of environmental monitoring
devices are developed.

4.2 Scientific-applied contribution which proves by new means significant new aspects of
existing scientific problems in the study of sensor systems:

- A system for object detection and tracking using unmanned aerial vehicles is proposed.

- Intelligent sensor systems for monitoring air, drinking water, soil, and noise parameters in
urban environments are developed and verified.

- Multi-sensor systems and scalable mobile sensor systems for monitoring basic air
parameters based on low-cost sensors and controllers with limited computational resources
are developed and implemented.

- A sensor system for soil moisture measurement is investigated and verified.

- A mobile wireless system for measuring and mapping basic noise parameters is developed
and verified

5. Assessment of the publications on the thesis

The author of the thesis supports the theoretical analysis with experiments and presents the
results in reputable international scientific journals and forums. The main results of the thesis
have been described in 64 publications, 49 of which are in refereed and indexed world-
renowned databases.

These are as follows:

- 12 are articles in foreign journals with Impact Factor.

- 7 are articles in journals without Impact Factor.

- 40 are papers presented at international conferences in the country and abroad (Germany,
Czech Republic, Slovakia, Croatia).
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The results of this thesis have been published in well-known scientific journals such as
Electronics, Energies, Sensors, Computation, Lecture Notes of the Institute for Computer
Sciences, Social Informatics, and Telecommunications Engineering of Springer and others.
Four of the publications are in sole authorship, which is a criterion of the author’s
involvement in the preparation of the thesis.

After being awarded the title of Professor in 2020, the author has more than 220 citations in
Scopus and WoS, which demonstrates his acknowledgment by the scientific community, both
in the country and abroad of the results described in the thesis.

There are 11 research projects on the thesis topic.

These facts definitively prove the personal contribution of the candidate in the research and
the publications.

6. Comments, recommendations, and remarks

The thesis, which is in a topical area of electronics, is written in clear, understandable,
precise, and concise language, with an excellent technical layout. The author shows a very
good command of the theoretical material and modern tools of analysis, design, and research.
The thesis leaves with an overall impression of an in-depth work.

Some of the information in the introductory part of the thesis and the appendices could be
given in a more summarized form.

The captions of some of the Figures are in English, and it would be better to translate them
into Bulgarian.

CONCLUSION

The thesis demonstrates very good research capabilities. There are scientific, scientific-
applied, and applied contributions, the publications on the topic of the work are sufficient in
number and quality, and acknowledgment of its results by the scientific community. I believe
that the thesis meets the requirements of the Law for the Development of Academic Staff in
the Republic of Bulgaria and in particular the requirements set out in the Regulations for the
Conditions and Procedure for the Acquisition of Scientific Degrees at TU-Sofia. Appreciating
the topicality of the thesis, the in-depth study, the presence of scientific, scientific-applied,
and applied contributions, the dissemination of the results of the research in the scientific
community, and the international recognition, I propose that the Scientific Jury award Prof,
Dr. Marin Berov Marinov the scientific degree of Doctor of Science in:

Field of higher education: 5. Technical Sciences

Professional field: 5.2 Electrical Engineering, Electronics and Automatics,

Scientific discipline: "Methods, converters, and devices for measurement and control
of physiochemical and biological quantities"
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