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- CTAHOBMULLE

BbpPXYy AUCepTaLMOHEH TPYA

3a NpUCbXJaHe Ha Hay4HaTa CTeneH ,,AOKTOp Ha HaykuTe”

obnacTt Ha Buclie o6pa3zoBaHue : 5. TeXxHUYEecKn Hayku
npodecUOHaNHO HanpaBrieHue : 5.2 EnekTpoTexHuka, enekTpoHuka u
aBTOMaTumKa
HayuHa cneuuanHocT : MeToau, npeobpasysaTenu u ypeau 3a
n3MmepBaHe U KOHTPOr Ha
PU3NKO-XUMUYHUN Y BUONOTUYHUN BENUYUHN
ABTOp Ha oucepTaLMOHHUA TPYA : npod. A-p uwx. MapuH bepos MapuHos
kaTegpa ,MukpoenekTtpoHuka“, PETT, TexHuuecku yHusepcutet — Cocus
Tema Ha guceptaumnonHus Tpya : UHTENUFEHTHW CEH3OPHUA CUCTEMA
3A EKONOIM’MYEH MOHUTOPUHI
UneH Ha Hay4yHOTO Xypu : npod. A-p uHX. Neoprn Bacunes AHrenos
kaTegpa MukpoeneKkTpoHuka,
®ETT, TexHuyecku yHusepcuteT — Cocpus

1. AKTYAJTHOCT HA PA3PABOTBAHUA B OUCEPTALMOHHUA TPYL
NMPOBJIEM

MOHWUTOPUHIBT Ha OKOMHAaTa cpeaa € OT KIYOBO .3HaYeHWe 3a ONo3HaBaHETO,
pa3bupaHeTo U 0GOCHOBABAHETO Ha AEWHOCTUTE MPOMEHSALLM EKONOrn4HOTO
CbCTOSIHME Ha HallaTa nnaHeTa. B cBeTnuHaTa Ha HenpeKkbCcHATOTO U BCe no 6bp3o
NPOMEHSALLO Ce CbLCTOSHWE Ha KnumaTa W nnaHeTaTa, BCIeACTBME YoBeLuKaTa
[1e/AHOCT, MOHUTOPUWHra Ha rofIAMO YKUCIIO NapamMeTpy € 3agbipkuTeneH. Tol BKoYBa
HabnogeHne 1 usyyaBaHe Ha npupofHaTa cpega OKono YoBeka, kaTo mpepocTass
HageXOHUW fdaHHU W LUeHHa uHdopmauus. ManonssaHeTo Ha Hay4HOOGOCHOBaH
noaxon B MbPBUTE TPU CTbNana oT No3HaHWeTo, Boau A0 no-fobpo pasbupaHe Ha
npobnemute 1 B3eMaHe Ha MHDOPMUPAHUN PELLEHNUS.

JlokasaTencTeo 3a aKkTyanHocTTa Ha NpeAcTaBsHUsS TpyA € MnorneabT BbpXy
nasapbT Ha TEXHOMOTMKM 3a MOHWUTOPUHI W W3CNefBaHe Ha OKonHata cpeja

noHacTosiLeM, KoiTo e Hag 20 mnpa. eBpo.
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TpuTe OCHOBHU nopxopa 3a paspaboTBaHe Ha MHCTPYMEHTU 3a €KOSOrUYHU
nscnegBaHus ca M3NON3BaHETO Ha HOBM CEH30PHN TEXHOSIOrMK1, NPOEKTUPAHETO Ha
eEKTMBHU anropuTMu C NOMoOLLUTa Ha YCbBBbPLUEHCTBAHW METOAM KaTo MaLUMHHO
oby4eHue M W3KyCTBEH MHTENEeKT WM WU3MNON3BaHEeTO Ha LUMPOKOOOXBATHM CEH3OPHU
Mpexu 3a HabniogeHWe Ha napameTpuTe Ha OKosnHata cpefa. Tesu nogxoau ce
JonbrBaT B3aMMHO 3a nogobpsiBaHe Ha MOHUTOPUHIa Ha OKonHaTa cpefa.

B pguceptauusita e npencraBeHO W3NON3BaHETO Ha Tesn noaxoAu npu
Cb3aBaHETO Ha WHTENUIEHTHM CEH30pHM cucTemu 3a HabniogeHne Ha OCHOBHM
napameTpu Ha OKOJSIHaTa cpefa: KayecTBo Ha Bb3ayxa, Ka4ecTBo Ha BoAaTta, kKa4yecTBo
Ha noyBata M napameTpu Ha wyma. PasrnegaHu ca U CbBpeMEHHUTE MEeToau 3a
0OpaboTka Ha CEH30pHM CUrHanMu W uUsrpaxaaHe Ha LMPOKoOOXBaTHU Ge3KUYHM
CEH30PHMU MpPEXN.

MpenctaBeHOTO NO-rope efHO3HA4YHO U KaTEeropu4HO goKassa akTyanHocTTa U1

AucepTabunHaTa CbLYHOCT Ha pa3paboTkuTe B NpeAcTaBEHUST TPYA.

2. CTENEH HA NO3HABAHE HA CbCTOAHUETO HA NMPOBJIEMA U
TBOPYECKA UHTEPMNPETALUUA HA JINTEPATYPHUA MATEPUAII

OT aHanu3a Ha npeacraBeHuTe OT asTopa Tabnuua, npeacTassLlla
MUHAMaNHUTE W3NCKBaHWSI 3a 3awuTta cbrnacHo [lpaBunHuka Ha TexHu4ecku
yHusepcuteT - Cocdus, ctaBa oueBuaHo, Ye npodecop MapuH MapuHoB e nocturHan
pesynTaTi, KOUTO My MpuAaBaT MpaBo Aa MHULMMpA Mpoleaypa 3a 3almTa Ha
paspaboTeHaTa OT HEro gucepTauums ¢ Len NpucbhXXaaHe Ha HayvHaTa cTeneH "gokTop
Ha HaykuTe". Cnpsmo usncksaHute MuHuMyMm 350 ToukK, Tol e gocturHan Hag 2800
TOYKU, KOETO 3HAYMTESTHO NpeBMLLIABA YCTAHOBEHUS MUHUMYM.

OuceptaumoHHuaT Tpya € ¢ obem ot 411 cTpaHuumM U ce CbCTOMU OT yBopa, 7
rnasu, NPMHOCK, CMUCBK HA U3NoN3BaHa nuTepartypa, BkioyBawa 442 n3TovHmka n 5
NpUnoXeHus, kato Bkrtousa 213 dourypu u 42 Tabnuum.

B pamkuTe Ha oueHKaTa Ha TEeKyLLOTO CbCTOSIHME Ha u3cnegBaHaTta obnacrt, e
npoBeAeH KPUTUYEH npernep Ha HanuyHUTE CUCTEMM 3a MOHUTOPWUHI Ha oKomnHaTa
cpena, U3nonssaHu 3a pasnuyHu npunoxeHus. OCHoBHaTa Lien Ha guceprauusTa e
HacoyeHa KbM paspaboTkaTa Ha HUCKODIOAXKETHU UHTENUIEHTHU CEH30PHN CUCTEMU U
loT yctpolicTBa, npegHasHayeHW 3a HabngeHue Ha KYoBM NapameTpu BbB
Bb3AylUHaTa cpeda, BOAWUTE 3a NUeHe, NnoysaTa U HMBaTa Ha LWyMOBO 3aMbpcsiBaHe B

ypbaHusupaHu obnactu. MocturaHeTo Ha LEnTa ce OCbLLUECTBABA, Ype3 CbyeTaBaHe

2



DETTI5-HC2 -p68

W npunaraHe Ha MOAEPHU NOAXOAM, METOAW M aNTOPUTMU 3a clMBaHe n nogobpssaHe
Ha KayeCTBOTO Ha JAHHUTE, reHépmpaHm OT TE3U CUCTEMM.
B AMcepTaLMOHHUAT TPYA W U3NOM3BaH Hay4YeH CTUI Ha BUCOKO HUBO U U3Kas3 B
CbOTBETCTBME C NPOGECHOHANHOTO HANpPaBNEHNE C NEKCKUKkaTa B Hay4HaTa obnacT.
Tosu npernes Mu aaea ocHoBaHue, y6efeHo aa TBbpas, Ye aBTopbT NosHaBa
W WHOBATWMBHO npunara CbBPEMEHHWUTE MO3HAHWSA W W3CrepoBaTenicku MeToau B
npeacTaBeHusl AucepTauuoHeH Tpyd. ToBa MMEHHO ro npeacTass, KaTo peaned

nacneposaten OT BUCOKO MeXAYHapOAHO HUBO.

3. CbOTBETCTBUE HA U3BBPAHATA METOAUKA HA U3CINEOBAHE C
NMOCTABEHATA UEN U 3A0AYU HA OUCEPTALUUOHHUA TPYL C
NOCTUTHATUTE NPUHOCHU

[ucepTaHTLT NpeacTaBs CTPYKTYpPeH noaxod 3a paspaboTka u peanusauus Ha
WHTENWreHTHN  YCTPOMCTBA,  M3MON3Bawy  HUCKOOIOAXETHW  CeHsopu U
MUKPOKOHTPOMEPM C OrpaHuMyeHn pecypcu. Tean ycTpoWcTBa ca HaCOYeHU KbM
pasnuYHU NPUoXeHus, KaTto Tpsbea Aa 6baaT MobunHu, ga noaabpxaTt 6eaxuyHa
KOMYHMKaUUsi 1 ga no3sonssat wupokoobxsaTeH MOHUTOPUHI C BUCOKa Bpemesa U
NPOCTpaHCTBEHa pasgenuTenHa cnocobHoct. Cnen aHanusa craBa fCHO, 4e
M3NON3BaHETO Ha HUCKOOKOMKETHU CEH30pM M NoaxogslM anroputMu, BHeApPeHU
BbPXY MUKPOKOHTPONEPU C OrpaHUYEeHn pecypcu, Moxe Aa AoBede A0 NOoCTUraHeTo
Ha 3a,0BOSIUTESTHN TOMHOCTU NPU N3MepBaHUsITa, 0cobeHO B No-orpaHuYeHn o6xsaTty,
KOMTO ca KITIO4YOBU 33 OLEHKa Ha KOHTPONMpaHW NapaMeTpu Ha oKonHaTa cpepa.

MpoyyeHn ca cneuudukauMmMTe Ha WMHTENUrEHTHU CEH3O0PHU CUCTEeMU 3a
MOHUTOPUHI Ha OKONHaTa cpega W nocrnegHuTe TEeHAEHUMW B TEXHWA passoil. B
AOMbIIHEHWE, Ca aHaNU3UPaHU HENMUHENHW ONTUMMU3ALMOHHU 3agayn, NpousTUYaLLm
OT MeToAa Ha nonunuMHeapusauus, U e NpeanoXeH NoAxoA 3a oueHKa Ha LyMOBUTE
napameTpu Ha ceHsopu. Cblo Taka, ca NpeacTaBeHM MeToan W anropuTMu 3a
NoBULLIABaHE HA TOYHOCTTA HA CEH30PHU AaHHW. HoBaTopckn MeToau 3a nokanusauums
N oTKpuBaHe Ha obekT ca O0OOCHOBaHW, KaTO CbLUEBPEMEHHO ca nNpeAcTaBeHU
YUCNeHun anropuTMn 3a kanubpupaHe u nogobpsiBaHe Ha TOYHOCTTA Ha yCTponcTBaTa
3a eKonormyeH MOHUTOPUHr. M3BbpLUeH e aHanu3 Ha HOB CTOXacTUYEH noaxon 3a
OLeHKa Ha napameTpuTe Ha CEeH30puTe, KaTo ca NpeasioXXeHW CbOTBETHU METOAU U

anroputMmu 3a yeenun4yasaHe Ha TOYHOCTTa Ha CEH30PHUTE OaHHMN.
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4. HAYYHU U HAYYHO-NMPUNOXHU NPUHOCU HA AUCEPTALUUATA

ABTOPBLT Ha nmcepTauwdHHms Tpya € cdopmynupan obwo 5 HayyHun n 12
Hay4YHO-NPUNOXKHU NPUHOCA.

Mprvemam HanbNHO nNpeAcTaBeHaTa crnpaBka 3a HayvyHUTE W Hay4Ho-
NpUNoXHuUTE npuHocu. Te ca MHoro fobpe CTPyKTypupaHu, peanHu ca u oTpassieat

N3NbIIHEHNETO Ha LenTa U NoCTaBeHUTe 3ada4du.

5. MPELIEHKA HA NYBJIUKALUUUTE NO AUCEPTALUMOHHUA TPY U HA
CTENEHTA HA NIMYHOTO YHYACTUE HA OAUCEPTAHTA B NPUHOCUTE
[ncepTaHTbT Noakpensi TEOPeTUYHUA aHanuM3 C eKCrnepuMeHTU U npeacrass
pesynTtaTute B pEHOMUPaHW MEXAYHAPOAHU Hay4YHWU CrIUCAHUA U HaY4YHU hOpYMMU.
AvcepTaumoHHUAT TpyA ce 6asupa Ha 64 Hay4HU NyOnuvkaLum, KaTo OCHOBHaTa
yacT OT TAX ca nybnukyBaHW B peHOMMpaHu cnucaHus B Scopus (49). Tesu
nybnukauum obxeaLlaT 0CHOBHUTE acnekTy Ha paspaboTkara. [podecop MapuHoe e
eQuHcTBeH aBTop Ha 4 ot nybnukauwu. Pesyntatute oT AuceprauusaTa ca
ny6nukyeaHu B W3BECTHM HayyHu usgaHus kaTto Electronics, Energies, Sensors,
Computation, Lecture Notes of the Institute for Computer Sciences, Social Informatics
and Telecommunications Engineering Ha Springer n gpyru. Cnea 3aBbpLUBaHETO Ha
KOHKypca 3a npodecypa npes 2020 r., aBTopbT Uma Hag 200 umTupaHusa B Scopus U
WoS, koeTo noayepraBa LuMpoKaTa NpuM3HAaTENHOCT B Hay4yHaTa OOLUHOCT KakTo B
cTpaHaTa, Taka 1 B YybuHa, KbM pesyntaTtuTe oT guceprauusTa. ’
Tesu chakTn HegBYCMUCNEHO A0Ka3BaT NUYHMA 1M BOAELL NPUMHOC Ha KaHAuaaTa

B nscnenBaHunAaTa u I'IY6J'IVIKaLlI/IVITe.

6. MHEHUA, NPEMOPBKU U 3ABENEXKU

Hsmam cepuosHu 3abenexku KbM AucepTaumoHHus Tpya. Yact ot
nHopmauuaTa B yBogHaTa 4acT Ha AUCEPTALMOHHUAT TPYA U NPUNOXEHUATA MOXe
ha 6bae papeHa B no-o6obweH Bug. Ha Hskown ot dwmrypute, HagnucuTe ca Ha
aHrnuiicku esuk, a e gobpe ga ce npeseaat Ha 6bnrapcku.

MpenopbyBam Ha aBTopa Aa Ce Haco4M KbM ocopMsHe Ha MoHorpadwus u
noeeye nNyGnukauuMum B PEHOMUPAHWM HAy4YHU CMMCAHUS C BUCOK UMMAKT chakTop U

MMNAKT PaHr.
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[duncepTaunoHHUAT TpyA ébdbp)ka pesynmamu, Koumo npedcmaersisieam
opu2uHaneH MPUHOC 8 HayKama v OTroBaps U3NCKBaHUATa Ha 3akoHa 3a pasBuTne
Ha akagemuyHusi cbctaBe B Peny6nuka Bwnrapuss (3PACPB), lNpasBunHuka 3a
npunarase Ha 3PACPB u lMpaBunHuka 3a ycrosusita u peaa 3a npugobusaHe Ha
Hay4Hu cTeneHun B TexHudeckn yHusepcuteT — Codous.

OueHsiBaM MONOXWUTENHO  pesynTatute, OpMynuMpaHuTe MNpUHOCU 1
npeacraBeHuTe pas3paboTku No TemaTukara.

Mopaau ropeunsnoxeHoTo, yoeaeHo faBam CBOATa MOJIOKUMeJIHa oyeHKa 3a
NPoBeAEeHOTO U3crneasaHe, NpeacTaBeHo oT PeLeHsupaHus no-rope agucepraumoHeH
TPyA, NOCTUrHaTK pe3ynTaTvu U NpuHoOCH, U npedsiazaM Ha rMoYumaemormo Hay4Ho
Xypu da npuckOu obpazoeamesiHama u Hay4Ha cmeneH ,,00Kmop Ha Haykume*
Ha npod. A-p uHX. MapuH Bepos MapuHoB B obnacTt Ha Buclue obGpasoBaHue: 5.
TexHuyecku Hayku, npodpecuoHanHo HanpaeneHune 5.2. EneKTpoTexHuKa,
erieKTpoHMKa U aBTOMaTMKa, Hay4yHa creumanHocT: ,Metoan, npeobpasysaTtenu u

ypeav 3a n3MepBaHe 1 KOHTPOI Ha (PUSUKO-XMMUYHM 1 BMOMOrMYHN BENUYNHKN®,
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STATEMENT

‘on a doctoral thesis
for awarding the scientific degree of Doctor of Science

field of higher education : 5. Technical sciences
professional field : 5.2 Electrical engineering, electronics and
automation
scientific discipline : Methods, converters, and devices
devices for measuring and controlling
physiochemical and biological quantities
author of the thesis : Prof. Dr. Eng. Marin Berov Marinov
thesis topic : INTELLIGENT SENSOR SYSTEMS
FOR ENVIRONMENTAL MONITORING
member of the jury : Prof. Dr. Eng. George Vasilev Angelov
Department of Microelectronics,
FETT, Technical University of Sofia

1. RELEVANCE OF THE PROBLEM STUDIED IN THE THESIS

Environmental monitoring is of key importance for knowing, understanding, and
justifying the activities changing the ecological state of our planet. Considering the
continuous and ever more rapidly changing state of the climate and the planet due to
human activity, the monitoring of a large number of parameters is mandatory. It
involves observing and studying the natural environment around man, providing
reliable data and valuable information. Using a science based approach in the first
three stages of acquiring knowledge leads to a better understanding of problems and
making informed decisions.

Proof of the relevance of the submitted work is the current market for
environmental monitoring and research technologies, which amounts to several tens
of billions of euros and is growing steadily.

The three main approaches for developing environmental research tools are the
use 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 each other to improve environmental monitoring.

The thesis presents the use of these approaches in creating intelligent sensor
systems for monitoring basic environmental parameters such as air quality, water
quality, soil quality, and noise parameters. Modern methods for processing sensor
signals and building large-scale wireless sensor networks are also discussed.
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The above unequivocally and categorically proves the relevance and scientific
essence of the research findings in the work.

2. DEGREE OF KNOWLEDGE OF THE STATE OF THE PROBLEM AND
CREATIVE INTERPRETATION OF THE LITERARY MATERIAL

From the analysis of the table presented by the author, covering the minimum
defense requirements according to the Regulations of the Technical University -
Sofia, it becomes obvious that Professor Marin Marinov has achieved results that
give him the right to initiate a procedure for the defense of his thesis to gain the
scientific degree of "Doctor of Science". Of the required minimum of 350 points, he
has accumulated over 2 800 points, significantly exceeding the established minimum.

The thesis has a volume of 411 pages and consists of an introduction, 7
chapters, contributions, and a list of used literature, including 442 sources and 5
appendices, including 207 figures and 52 tables.

Regarding the assessment of the current state of the study area, the work
makes a critical review of available environmental monitoring systems used for
various applications. The main aim of the thesis is the development of low-cost
intelligent sensor systems and loT devices designed to monitor key parameters in the
air environment, drinking water, soil, and noise pollution levels in urbanized areas.
The aim is achieved by combining and applying modern approaches, methods, and
algorithms for merging and improving the quality of the data generated by these
systems.

The thesis is written in a high level scholarly style of expression following the
professional direction of the vocabulary in the scientific field.

This review gives me reason to confidently assert that the author knows and
innovatively applies modern knowledge and research methods in the submitted-
thesis work. This is precisely what he presents, as a real researcher of a high
international level.

3. CORRESPONDENCE OF THE CHOSEN RESEARCH METHODOLOGY, THE
AIM AND OBJECTIVES OF THE THESIS WITH THE CONTRIBUTION THE
THESIS MAKES

The thesis presents a structural approach to the development and
implementation of smart devices using low-budget sensors and microcontrollers with
limited resources. These devices are aimed at various applications, need to be
mobile, to support wireless communication, and to allow for wide-ranging monitoring
with high temporal and spatial resolution. After the analysis, it is clear that the use of
low-cost sensors and suitable algorithms implemented on microcontrollers with
limited resources can lead to the achievement of satisfactory measurement
accuracies, especially in more limited ranges, which are key for the evaluation of
controlled environmental parameters.
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The specifications of intelligent sensor systems for environmental monitoring
and the latest trends in their development are studied. In addition, nonlinear
optimization problems arising from the polylinearization method are analyzed and an
approach is proposed to evaluate the noise parameters of sensors. Also, methods
and algorithms for increasing the accuracy of sensor data are presented. Innovative
methods for object localization and detection are substantiated, while numerical
algorithms for calibrating and improving the accuracy of environmental monitoring
devices are presented. A new stochastic approach to sensor parameter estimation is
analyzed, and corresponding methods and algorithms are proposed to increase the
accuracy of sensor data.

4. SCIENTIFIC AND SCIENTIFIC-APPLIED CONTRIBUTION OF THE THESIS

The author of the thesis has formulated a total of 5 scientific and 12 scientific-
applied contributions.

| fully accept the presented reference for scientific and scientific-applied
contributions. They are very well structured, they are real, and reflect the fulfillment of
the aim and the objectives of the thesis.

5. ASSESSMENT OF THE PUBLICATIONS RELATED TO THE THESIS AND THE
DEGREE OF PERSONAL PARTICIPATION OF THE AUTHOR IN MAKING THE
CONTRIBUTION

The author of the thesis supports his theoretical analysis with experiments and
presents the results in renowned international scientific journals and scientific forums.

The thesis work is based on 64 scientific publications, the main part of which
are published in reputable journals in Scopus (49). These publications cover the main.
aspects of the research findings. Professor Marinov is the sole author of 4
publications. The results of the thesis have been published in well-known scientific
publications such as Electronics, Energies, Sensors, Computation, Lecture Notes of
the Institute for Computer Sciences, Social Informatics, and Telecommunications
Engineering of Springer and others. After the completion of the procedure for being
awarded a professorship in 2020, the author has more than 200 citations in Scopus
and WoS, which proves the wide appreciation in the scientific community both at
home and abroad of the thesis findings.

These facts demonstrate unequivocally the candidate's personal and leading
contribution to the research and publications.

6. COMMENTS, RECOMMENDATIONS, AND REMARKS

| have no serious remarks to the thesis. Some of the information in the
introductory part of the dissertation and the appendices could be given in a more
general form. On some of the figures, the inscriptions are in English, and it would be
good to translate them into Bulgarian.
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| recommend the author to focus on writing a monograph and more extensively
publishing in reputable scientific journals with a high impact factor and impact rank.

CONCLUSION

The thesis contains findings that are an original contribution to science
and it fulfills the requirements of the Development of Academic Staff in the Republic
of Bulgaria Act (3PACPB), the Regulations for the Application of 3PACPB, and the
relevant Regulations of the Technical University of Sofia.

| positively evaluate the results, the formulated contribution, and the presented
developments related to the subject of the thesis.

For these reasons, | confidently give my positive assessment of the conducted
research, presented by the above-reviewed thesis work, the achieved results, and
contribution. | propose to the honorable Scientific Jury to award the scientific
degree of "Doctor of Science" to Prof. Dr. Eng. Marin Berov Marinov in the field of
higher education: 5. Technical sciences, professional field, 5.2. Electrical
engineering, electronics and automation, scientific discipline: Methods, converters,
and devices for measuring and controlling physicochemical and biological quantities.

22.04.2024 . Reviewer: (/21)
Sofia
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