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CTAHOBHIUE

BBPXY /MCEPTALMOHCH TPV 3a NPIIoOHBaHe Ha 0DPa30BATENHA i HAYYHA
CTEeNeH . JOKTOp™

ABTOp Ha AucepTAUHOHHNA TPyl Mar. nHAK. Credan Hukonaes JInmen

Tema Ha ancepranuonsns Tpyi: Meroanm M cpeacTBa 3a OTAAJEHEHO
HIMEPBAHE NAPAMETPHTE HA ATMOCHEPHIS Bb31yX

UiieH Ha HAYYHOTO KYpH: A0l A-p uuA. Quasina Brakoea Byaakosa

I, Axtyaanocr ua paipaborsanus B AMCCPTAUMOHHNS TPY/IL NPODIEM B HAYINO M
HAYHHOTPIIOARO OTHOWICHIE,

HMpoGaemnbT 3a H3CACABAHCTO, PA3BHTHETO M NOAOOPABANETO HA METOAMTE It CPEICTRATA 30
OTAICUCHO HIMEPBAHE HA APAMETPHUTE HA ATMOCHEPHNST BHAAYX € HIKITIOUHTEIHO AKTVAICH.
Hpea KOMOHHUPAHE HA PALIMYHM TEXHOIOIHH I METON CC PCAAATAT PCUICHHSA 23 [10-TOYEH
H No-eeKTHBEH MOHMTOPHHI HA KAYECTBOTO HA ATMOCHCPHUS BBIIVX B LWHPOKA 30HA Ha
rpajackara cpeaa. Tosa nomara 3a B3¢MaHETO Ha HHAOPMHPANN PELICHIA 32 ONAIBAHCTD Ha
OKOTHATA CPC/I, 3APABECTO HA XOPATA M NOCTHIAHETO Ha HKOHOMHuecKa edextnerocT. B tain
AHCCPTALNA €A NPSLIOKEHH HOBH METOIN I CPEACTRA 30 CKONOIHYEH MOHHUTOPHHT, KOHTO ¢a
Basnpanm na wnoaaaneto Ha LoRaWAN yexnosorugar 2a 6e2anuio npejasane na 1auim,
HA NPEAIORSHA HOBA XHOPIIHA aaanTnena 1o T apXurekTypa ot no-CBTHHN CCHIOPHH MPEAH,
paboTeim ANCTAHIMOHHO B PCATHO BPEMC,

2. Crenen na no3RABAHE CHCTORHWETO HA NPOGIEMA M TBOPUECKA MHTEPNPETANNT HA
JANTEPATYPHIS MATEPHa.

JIOKTOpanTEY € Hanparit 3LAGOUCH auTeparyped 0630p No TEMaTa HA ANCCPTIUNATA.
CoMehksT Ha 2n0RaHaTE auTeparypa sxmoyea (114) Jureparypun iroMnmum, oT KOHTo
(13) ¢ca murepuer aapecu. a octanaanre (101) ca va aarnnnua,

Hanpagen € aHaAHI Ha HHTCANICHTHTE CCHIOPHH CHCTEMM, 00AAYHO GAITMPAHHTE CCHIOPHN
cHeTemm, cerzopauTe cuctemu Gazupann Ha 10T, GCIRNYHNTE CCHIOPHN MPCIKI. BHAOBETE
CEHIOPH 38 MAMEPBAHE HA KAYECTBOTO HA aTMOCHEpPHHS BLIAYX M TAXHOTO MPHIOACHHE B
MPAKYHKATA.

AHLIMIMPAHN €2 1 € KAACHDUIHMPAHK METOAKTE M CPEACTRATA 33 ChOMpane, NpeaaBaHe,
O0paborTka M ChAPAHEHHE 1A TAHHWTE B CHCTEMHTE 30 WIMCPBAHC HA NAPAMCTPHTC Ha
KAUECTBOTO 1 arMocheprns BL3ayX

Hanpaserure OF  JOKTOPANTI  aHAZN 1 DOJYNCHATA  OMeHKa 33 eheKTHBHOCT
00OCHOBABAT BBIMOKHOCTTA 38 CH3AABAHCTO HA JICCHO TNPCHOCHMM  YCTpoiicTea 3a
AHCTAHIMOHHO M3MCPBANC HA PAZAHYHITC 3AMBPCHTCAN HA aTMOCHEPHMA BLIIVX. KOHTO we
¢ HKOHOMMHYHM ¥ LIS HMAT HHUCKA KOHCY MAUMA HA cHeprug, TaxnoTo BHeaApABaHe ¢ 5eIcnopio
AKTYANHO M BAKHO 33 NPAKTHKATA,

B 3aKAHOMCHHE MOKE 18 CC KIKE, MC¢ JOKTOPAHTHT 3a1b004¢HO 1103HaBA CHETOSHHETO HA
ANTEPATYPHHTE JANHH (10 TEMATA HA AHCEPTALUHOMHUA TPV, TBOPHECKH ' HHTCPNPCTHPa i
pa3sHBa.




B~

3. Cworsercrene na Il36pﬂllﬂ'[ﬂ METOJMKRA HA IBCTEABANE 0 NOCTABCHATA e 1 3414
HA JIHCEPTANHONIHA TPV € HOCTHIHATHTC NPHHOCH.

Hleata Ha nay HiTe HICICARANNS B ANCCPTANOHHNA TPY/L € AA Ce WICACABAT W PAIBHAT
METOINTE M CPCICTRATA 33 PEAINIHPANC HA CHCTEMH 33 JIOKAIHN W OTAANCUSHH WIMEPBAHUS
B NAPAMETPH.  OTPAZABALLN  KAMECTROTO Ha ATMOCHCPINN BRAVX KATO ©C M3MOMIBAT
Hurepner wa newara (lo 1) n obaaunun muneaenns (Cloud Computing).

33 MOCTHIAHETO HA TATM LE € HAIPABCH AHANN3 HA W3NOABANNTE CEHIOPH 33 13 CC OLEHH
TAXHATA npHAOKHMOCT nipi loT Gazupann cucTemu 3a HADMIOAEHNE Ha KaueCcTBOTO Ha
arvoceprns  Bv3ayx. llpeacrasen ¢ cpasHMTEACH AHANNI HA OCHOBHHTE OEIAMMHH
HPOTOKOAN 38 TPHAOKCHIE NPH MOHHTOPIHT Ha armocheprns su3ayX. Hanpaeen ¢ aeraitnen
QHAIH3 Ha npouecHTe 1O cwbupane, npeaasare, oOPAtOTKR M BIYVAINIAUNA HA JaHHMTE 34
amvocdepuna sraayx. Tlpeanokes ¢ wor aganrupan S-caoen loT monen wa cuerema 3a
exojoruMeH  MouMTOpMHr, Bueegen ¢ mos mepudepen™  caoil.  kofito  nozsosssa
OOTHMIBHPAHETD Ha Tpaduka u nupenusara obpaborka wa aawmmre. llpoektupano ¢
MPCHOCHMO MHKPOKOHTPOJCPHO YCTPONCTBO 38 MIMCPBAHC HA NAPAMETPH. ¢ KOMTO CC
Orpee/IR KAHCCTBOTO HA aTMoChepHIA BHIIVX B rpajtcka cpeaa. [lpockTupana e xuGpmana
TONOAOTHA, KOATO KOMOMHUPA JOKATHI CCHIOPHN KaueTep (paSoremm va 433MHz LoRa) ¢
MANNCTPAIND BPLIKE KM raobarmara mpexa (npe: 868MHz LoRaWAN). Tosu noaxon
OCHIYPABD BHCOKA [LBKABOCT (PH PasiOAMrAHE HA CCH3OPHTE B FPAJCKA CPEAa © TPYICH
paanopeach. Habpan ¢ fiepapxutien Moien Ha 0013413 HHTCIPAUNA. GA3HPAN HA PA3ICARHE
Ha hyHKImTE Ha yipasaeHue na mpexkara (The Things Network ) ot dyixumnre 3a npiioken
ananus 1 suvaausains ( TihgSpeak).

M3bpanata metoamka na wicaeiBaHe #  paspaGoTKa HANLANO ChOTBETCTBAT HA
TIOCTABCHATA LE/, (POPMYAHPAHITE 384a4H 33 IIOCTHIIHCTD il H HA NOCTHIHATHTE NPHHOCH,

4. Hayumn w/nan nayasnonpuaoskas 1pnoc Ha IHCepTauiuonnns Tpy .

PapaCorsanara TeMATHKA MMA HAYYHO-TIPWIOKEH Xapaxtep. OueHssasM HoJ0KHTEIHO
pesyaTaruTe oT w3cacAsannaTa Ha soxtopanta. [Ipremam npuuockre raka kakto ca
HOPMYIHPAHK B AMCEPTAUMOHHIA TPY/L W it OUCHABAM KaTo Aoctatkumi. Te morar aa ce
OTHECAT OCHOBHO KBM rPyNa “J10KA1BAHE ¢ HOBKM CPC/ICTBA HA CHULCCTBEHH HOBH CTPAHM B
ChUIECTRYRAM HAYHHN 00A3CTH, NPOGISMH, TCOPHM. XHIOTEIH™ KAKTO W KLM rpynara
LNONYHABANE HA NOTERPAHTE I haxTn™.

Hpeasomenoro wacaeasane na LoRaWAN, sravoknoc e 2a mauabupane na Geaguinm
CEHI0PH B IPAACKE CPEAA KAKTO M HPCAIOACHATA OIITHMHIAUNA Ha BPCAABAHCTD HA TaHHH,
KOATO NOIBOJAEA PANPHUAHE HA WHPOKO-00XBATHH MPEXKH 32 EKOJOIHYEH MOHHTOPHHT ca
OT FOAAMA IHAYHMOCT 38 HAVKATA W (IPAKTHKATA.

[Mpeanoenara xupuana loT apxuTeKTYpa. BAaNTHPAHA 33 WIMEPBAHE HA NApPaAMETpH
OTPAINBAU  KAUCCTBOTO HA arMochepius BLAYX U NPOSKTHPAHOTO M PEATHIHPAHO
DEIRHHHO MPCHOCKHMO VCTPOACTBO 33 MIMEPBAHE HA KAYECTRBOTO HA ATMOCHCPHMA BLIAYX
MOrAT /1 C¢ BHCAPAT B NPAKTHKATA,

5. lpenenka na nybmKaunnTe 10 AMCEPTAUNONNNS TPYL.

Cyuram. qe JAHYHOTO YHACTHE HA JOKTOPAHTA B NPHHOCHTE HA AHCEPTALMATA ¢ HANBIAHO
Aocrareuno. Hpeacrasenire npunoci ca nyGankysann 8 net (3) nyvoankaunn. Te obxsnmar



neproaa 01 201 8c. 20 20250, Tpi ot nyGAnKALMNTE ¢ IICKCHPAHK B MCAIY HAPOAHATA Data
wion LScopus™. Faua ¢ camocroareana ¢ nyGankveana 8 cuncannero ua Curoza Ha
Yuennre 8 brarapua — [aosame. B ocranammre nySankaumn 10KTOpanTsT € Nspen asrop a
CHABTOPCTBO © HAYUHMTE CH puLKOBOAWTEAN. JIBe OF nyOGAMKAUMMTE HA JOKTOPAHTa Mmar
CHOTBETHO N0 Herupy (4) w ase (2) unTHpanus B NyOAMKAUMK  HHACKCHPAHH B
MeRayHapoanata 6a3a Jannu .. Scopus™,

Cumram. ye Gpoar. 00EMBT M KAYECTBOTO HA NPCACTABCHNUTE NMYDANKALNK N0 TEMATA HA
AMCEPTALMONHHA TPYL YAOBICTBOPABAT HAITLAHO M3nckBanuaTa Ha 3PACPD 2a npucsxiaane
Ha OHC Jloxrop™. JIOKTOpauTsT NOKPHBA ¥ HAABHITARA MHHHMAINHTE HIHCKBAHWA 30
npuactusane na OHC Jloxrop™ cnopen Tpapuinnka 3a Ye10BHSTa 1 pela 3a npiiosHsane
Ha Hayunn crenenn 8 TY-Codua.

6. Muenus, npenopurm i HEIEKKN.

Ouennean MOAOKHTENHO NPCACTABCHHA MU IncepTamonen Tpya. Hamam 2abenexsmu no
OTHOWEHNE HA tagBeimre npuaocy. Hakon TexHnicckn 3a0e1eaKn H CTHAOBH HETOMHOCTH
CEM Cnoei ¢ aoxkropan . Camram., se okropantst svar, e, Credan Huxonaes JTmer
MOKA3EA BLIMOKHOCTH H ONMT 38 CAMOCTOATEAHO (IPOBCAIANE HA M3CICABANMA B ODAACTTA HA
H3CICABAHETO M PEATHIHPAHETO HA HOBM METOAM M CPEACTBA 3 OTAAICHCHO MIMEpPBAHE
MApaMeTpHTE HA aTMOCHCPHHA BHIAVX.

7. 3axmovenne ¢ ACHA NONORHTEANA ILIH OTPHLEATCIHA OUEHKA HA INCEPTAUHONIMSA
TPV

JMCepranmMorHHAT TPYA OTrOBaps HA MINCKBANMATA Ha 34KOHA 33 PAsBUTHC Ha
akazemuuuna coctas 8 PenySauka Buarapus, [lpasiinnka 3a npuiarase wa 3akosa w
[lpasmmka 3a ycaoeusra u peaa 3a npwiobusane na vayunn crenenn 8 TV-Codums.
[lpeacTasennre HICACABANNA CA B AKTYAIHA HAYYHA O0JACT M CHOTBETCTBAT MA VTBLPAECHITE
HOPMH 33 NPOBEKIAHE HA HAVUHK WicaeABanua. Peayiararire ca nyGankyean & NOAXOAAMN
Hayun opymi. [locTuriarnit ca A0CTaTbuyuo HAYHHI i HAYSHO-TIPHACKHN IPHHOCH. KOMTO
€A JTHMHO 1C10 HA 10KTOPaHTa,

”p(‘flRIL'l FOPCHEIOKCHOTO, JA8aM WMIISLTO IOOANTCINAa OUCcHKAa 28 HpeacTapcHus
AMCCPTILHOIET TP I BPELIRraM 18 Ghiae npuaobnra obpazoBaTe IaTa i HAYHHA CTenen
wAokTop™ o1 mar. nuk. Credan Hukoaaes Twwmes B 061acT Ha sicwe odpatoanue - 5.
“Texunuecku  waykn™; npodecnonarvo  wanpagacune - 3.3, "Komymukaumonua n
KOMIIOTBPHA TEXHHKA . JIOKTOpCKa nporpava — ©
obpaborka ua undopmanns u vopasienne”,

Jlara: 18. 08. 2026 r. YJIEH HA XYPUTO:

[lnoBaus /A0 1-p HHIK.
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Sman InOBAVS
OPINION

on a PhD dissertation for the acquisition of the educational and scientific degree "Doctor”
Dissertation Author: Mag. Eng. Stefan Nikolaev Lishev

Dissertation Topic: Methods and Means for Remote Measurement of Atmospheric Air
Parameters

Scientific Jury Member: Assoc. Prof. Eng. Dilyana Valkova Budakova, PhD

1. Relevance of the topic addressed in the dissertation from a scientific and applied-
scientific perspective

The problem of researching, developing, and improving the methods and means for
remote measurement of atmospheric air parameters is highly relevant. By combining
various technologies and methods. solutions are proposed for more accurate and effective
monitoring of atmospheric air quality across broad areas of the urban environment. This
facilitates informed decision-making regarding environmental protection, public health, and
cconomic efficiency. This dissertation proposes novel methods and means for environmental
monitoring based on the application of LoRaWAN technology for wireless data transmission,
a newly proposed hybrid adaptive loT architecture. and cost-efTective sensor networks
operating remotely in real time,

2. Degree of knowledge of the state of the art and creative interpretation of the
literature material

The doctoral candidate has conducted an in-depth literature review on the dissertation
topic. The list of references includes 114 sources. of which 13 are internet addresses (URLs),
and the remaining 101 are in the Latin script.

An analysis has been performed on intelligent, cloud-based, and loT-based sensor systems.
wireless sensor networks, sensor types for measuring ambient air quality, and their practical
applications.

Furthermore, the methods and means for data collection. transmission, processing. and
storage in systems for measuring atmospheric air quality parameters have been analyzed and
classified.

I'he analyses conducted by the PhD student and the resulting efficiency evaluation
substantiate the feasibility of developing casily portable, cost-effective. low-power devices for
the remote measurement of various atmospheric air pollutants. Their implementation is
unquestionably relevant and practically important.

In conclusion, the doctoral candidate possesses thorough knowledge of the state of the
literature on the dissertation’s subject and creatively interprets and expands upon it.
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3. Alignment between the chosen rescarch methodology, the formulated objective an
tasks of the dissertation, and the achieved contributions

The objective of the scientific rescarch in this dissertation is to investigate and advance the
methods and means for implementing systems for local and remote measurements of
atmospheric air quality parameters using the Internet of Things (1oT) and Cloud Computing.

To achieve this objeetive, an analysis of the sensors used was conducted 10 evaluate their
applicability in loT-based ambient air quality monitoring systems. A comparative analysis of
the main wireless protocols for air quality monitoring applications is presented. A detailed
analysis of the processes involved in data collection, transmission, processing. and
visualization for atmospheric air was performed. A new adapted S-layer loT model for an
environmental monitoring system is proposed. A new "edge™ layer has been introduced,
allowing for traffic optimization and primary data processing. A portable microcontroller-
based device was designed to measure parameters that determine urban air quality. A hybrid
topology was designed that combines local sensor clusters (operating on 433 MHz LoRa) with
a backbone connection to the global network (via 868 MHz LoRaWAN). This approach
provides high flexibility for sensor deployment in urban environments with challenging radio
propagation profiles. A hierarchical model of cloud integration was chosen by separating
network management functions (The Things Network) from application analysis and
visualization functions ( ThingSpeak).

The selected rescarch and development methodology fully aligns with the set
objective, the tasks formulated to achieve it, and the resulting contributions.

4. Scientific and/or applied-scientific contributions of the dissertation

The research topic addressed in this dissertation is of an applied-scientific nature. | assess
the results of the PhD candidate's research positively. I accept the contributions as
formulated in the dissertation and consider them sufficient. They can primarily be
attributed to the category of "proving through new means essential new aspects in existing
scientific fields. problems, theories, and hypotheses," as well as to the category of "obtaining
confirmatory facts,"

The proposed study of LoRaWAN. the capabilities for scaling wireless sensors in urban
environments, and the proposed optimization of data transmission—which enables the
deployment of wide-area environmental monitoring networks—are of significant value to both
science and practice.

I'he proposed hybrid lol architecture. adapted for measuring ambient air quality
parameters. along with the designed and implemented wireless portable air quality
measurement device, can be successfully implemented in practice,

5. Assessment of the publications on the dissertation topic

I consider the PhD candidate's personal contribution to the dissertation's outcomes to
be fully sufficient. The presented contributions have been published in five (5) publications
covering the period from 2018 1o 2025, Three of the publications are indexed in the
international database Scopus. One is a single-authored publication published in the journal of



the Union of Scientists in Bulgaria — Plovdiv. In the remaining publications. the PhD candidate
is the first author, co-authoring with his academic advisors. Two of the candidate’s publications
have four (4) and two (2) citations, respectively, in publications indexed in the international
database Scopus.

I consider that the number. valume. and quality of the publications presented on the
dissertation topic fully satisfy the requirements of the Development of Academic Staft in the
Republic of Bulgaria Act (DASRBA) for the award of the educational and scientific degree
"Doctor”, The PhD candidate meets and exceeds the minimum requirements for obtaining
the academic degree "Doctor" in accordance with the Regulations on the Terms and
Conditions for Acguisition of Academic Degrees at Technical University of Sofia.

6. Opinions, recommendations, and remarks

I assess the dissertation presented to me positively. 1 have no objections regarding the
stated contributions. | have shared some technical remarks and stylistic inaccuracies directly
with the doctoral candidate. | consider that the PhD candidate Mag. Eng. Stefan Nikolaey
Lishev demonstrates the capabilitics and experience required to independently conduct
research on investigating and implementing novel methods and means for remote measurement
of atmospheric air parameters.

7. Conclusion with a clear positive or negative assessment of the dissertation

The dissertation complies with the requirements of the Development of Academic Staff in
the Republic of Bulgaria Act, the Regulations for its Implementation, and the Regulations on
the Terms and Conditions for Acquisition of Academic Degrees at the Technical University of
Sofia. The presented research is within the current scientific field and conforms to established
standards for scientific rescarch. The results have been published in suitable scientific forums.
Sufficient scientific and applied-scientific contributions have been achieved, which are the
doctoral candidate’s personal work.

In view of the above, I give an entirely positive assessment of the presented dissertation
and recommend that the educational and scientific degree "Doctor” (PhD) be awarded to
Mag. Eng. Stefan Nikolaev Lishev in the ficld of higher education: 5. "Technical Sciences":

professional area: 5.3. "Communication and Computer Enginecring": doctoral program:
"Automated Information Processing and Control Systems”.
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Date: 18. 08. 2026 r. Scientific Jury Member:

Plovdiv /Assoc. Prof. Eng. Dilyana B




