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PEUEH3INS
BBPXY THCEPTALMOHEH TPY 3a npuiodupane Ha obpasosaTenna

@ o6nacT Ha BHCINe obpazosanue 5, ,, Texuiueckn Haykn", NPOGECHOHATHO HANpaBIcHue 5.3
JKoMyHHKanHOHHA H KOMIIOTBPHA TEXHHKA™, HAYYHA COCHHATHOCT “ABTOMATH3HPAKH CHCTEMH 33
obpaborka Ha HHpOPMaIA U yNpasiere”

Asmop na Oucepmayuonsus mpyo: wmar. wiwk. Credas Hukonaes Jluwes, kareipa
LEnexrponna texunxa”, Gakynrer no EneKTpoHnKa i asTOMATHKa Ha TexHHYECKH YHHBEPCHTET
— Codus, punnan [Thosans

Teva wa Oucepmayuownus mpyo: . MeToan u CPEACTBA 33 OTAAICHEHO
H3MEPBAHE NAPAMETPHTE HA aTMOChepHus Bb3AYX™

Peyensenm: npod. a-p nk. Huxosa Biuues Kones, 10KTOp Ha HAYKHTE.

AKTYAIHOCT HA PaspaboTBAHNS B IHCEPTAUMOHHNMS TPYI NPob/ieM B HAYIHO H
HAY HHONPHIOKHO 0THOWEHIE.

JIHCEpTAMOHHHUAT TPY/L € € AKTYAIHA TeMa 32 PasBHTHETO Ha €IEKTPOHHM CPECTRA 33
JAMCTAHIMOHHA ONICHKA Ha napaMeTpH Ha arMocheprns BraayX. OueHKata i YOPaBICHHCTO HA
MPOLECH, CRLPIAHN ¢ ATMOCHEPHIS BEITYX, ¢ CAOKHA H JCTHKATHA IeHHOCT HA T0BSIIKOTO
MO3SHAHHE ¥ HMA HHTCPAHCIHILTHHAPCH XapaKTep.

AHTPONOreHHATa JeiHOCT NPHYHHABA HAPYLUICHHA, JATOBA HMA HAPACTRALL HHTEPEC KbM
ONA3BAHETO HA EJEMEHTHTC HA OKOIHATA Cpela, Cpel KOHTO H NPH3CMHNA BLIAYX, H BHUMAHHETO
Ha 06MEecTBOTO ce POKYCHPa KbM BCE O-3aMbI004eH0 H3YYABAHE HA CPEJaTa, B KOATO KHBEEM.

Or nperneaa Ba JOKYMEHTHTE Ha AHCepTanTa uik. JIMIIER, H B HITLIHCHHE HA YCIOBHETO,
Y e Pelml NOCTABSHHTE 33841 M ¢ OTYHCIEH C MPABO HA 3AIUMTA, ChITIACHO [pasunnnxa va TY —
Codus, MOTa 1a OpHEMa, Y€ € MIMLIHMA WIHCKBAHHATA, KOHTO MY JIaBaT Mpaso 3a 3alldTa Ha
OJArOTBEHATA OT HETO JHcepTas 3a npuckAiane sa OHC nokrop™

2. CreneH HA NOIHABAHE CHCTOMHHETO HA NPOG/IEMa I TBOPUECKA HHTEPAPETAUHA HA

JNTEPATY PHES MATEPHAI

llenTa Ha AMCEPTAUNMOHHHS TPYI € 1A C& PAIBHAT MCTOAM M CPEACTBA 38 peaiu3Hpane Ha
CHCTEMH 33 JIOKATHM W OTAANCHCHH HIMEPBAHHA HA MAPAMETPH, OTPa3uBAlIH KauecTBOTO Ha
armocepHis BLIAYX Karto ce winomsar MHTEpHET cHcTemarta (IoT) u obnaunm TEXHONOTHH
(Cloud Computing).

3a NOCTHTAHE HA TA3W (E/I B HACTONIINA TPYJ CE PELIaBaT CICAHNTE 3anaqn:
1. Jla ce yCBOAT M PAIBMAT MCTOAM M CPEACTBA 33 ChOMpaHe, npenasaHe, obpaboTka M

CEXPAHCHHC HA JIAaHHH B CHCTCMH 38 HIMEPBAHC HA NAapaMeTpH. OTPA3HBAIIH Ka4ecTBOTO HAa

armocepHIs BRIAVX:
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2. Jla ce MozenHpa ¥ NPOCKTHPa AJANTHPAHA APXMTCKTYpa Ha

H3IMEpBaHe Ha NAPAMETPH, OTPAABAIIH KAUCCTBOTO HA ATMOCHEPHHS BB3AYX:
3. Jla ce wmacaensa npunoxennero Ha LoRaWAN npm peanusipane Ha CHCTEMH 34
OTATEYEHO HIMCPBAHE Ha NApPAMEeTPH. XapaKTepPH3HPALLH aTMOC(epHIS BB3AYX.
4. Jla ce uuvTerpupa KM o0IavHa Cpela CHCTEMa 3a HIMEPBAHC HA NApaMeTpH, OTpassBanH
KAYeCTROTO Ha aTMOCHCPHHA BH3AYX I J1a ce HiCIe/Ba HeilHOTO Maladupane.

Tpsbea aa ce noAYepTae, Ye NPHISMHHAT arMoc(eper BRIYX € HIKMOUHTE/IHO IHHAMHYIHA
BEJIHUHHA ¥ BHHMATENHO TPROBa 23 cC NOAXOKIR 34 Jia ce u3bepar Te3u NapaMeTpH, KOHTO MOTaT
713 C¢ MIMEPBAT H OLIEHNBAT, 33 14 C¢ 1104y4aT 00K THBHH JaHHM 34 ChCTOAHHETO MY.

JlucepraumonumsT TpyA e ¢ obem ot 151 CTPaHHIM ¥ Ce CHCTOH OT YBOJL, 5 [JIABH ¢ HIBOJIM,
OPHHOCH, CIACHK HAa NYONHKALUHMM [0 JHCEPTAIHOHHHS TPYd M H3NOJ3BAHA JHTEPATYPa,
ponoysaina 114 wstounnka, or kouTo - 101 Ha narmEMua, | HAa KHPHIHOA H OCTAHAIMTE —
uETepHer aapecy. B tekera ca promotens 72 gurypu # 13 Tabani, BCHUKH 100pe NPEACTABEHH.

3. CroTBercrane HA HIDPAHATA METOAHKA HA HICIEIBANE ¢ IOCTABEHATA e U 31441
HA JIHCEPTAHONIHA TPYA

MHTCANreHTHHTE CHCTEMH, KOHTO CC M3MO/3BAT B MOHHTOPHHIA Ha arMOCEpHHA BRIAYX,
KOHTO ¢ M3KTIOYHTEIHO JINHAMHUYHA BCIHMMHA, H3TI0M3RAT CHBPEMECHHH TEXHOIOIMH 3a chOupasne,
o0paboTka ¥ aHAIH3 HA JAHHH B PCATHO BPEME, KOETO N03B0/1sBA ObP30 pearipane Ha IPOMCHHTE
B KAYeCTBOTO HA Bb3Ayxa W BleMade Ha undopmupann pemedns. Manonisanero na obnadHu
TEXHOJOTHH. KOMTO /Ia C€ BKMOYAT Karo CACMEHTH Ha HIMEPBATCIHA CHCTEMA 3a OleHKa Ha
KAUCCTBOTO Ha aTMocdepHHs BB3AYX NpEUiara HOBH BEIMOXKHOCTH 38 IOCTHIAHE Ha BHCOKA
eeKTHBHOCT ¥ ONTHMH3AUMA B ONCHKATA Ha NapaMETPHTE, HEOOXOAHMH 33 MOHHTOPHHI Ha
Ka4YeCTBOTO HA Bh3AyX4.

B H3nbiaHeHHe Ha HEATa ANCEPTAHTHT MOJAYepTaBa, ue HAKOH IPYMH OT HacelneHHeTo ¢a
0cODEHO YAIBHMH H NOJATIHBH Ha HeOIaronpuATHUTE ePEKTH OT JAMBLPCABAHCTO HA BhIAYNA
(menarta, BB3PACTHHTE XOPa ¥ Te3H CBC 3PABOCIOBHH NPOONEMH C JHILAHETO), KOCTO Hanara
paspaboTkara,

4. Kparka anajiTHYHA XaPAKTCPHCTHKA HA €CTECTBOTO M ONECHKA HA I0CTOBEPHOCTTA

HA MATEPHAIA, BBPXY KOITO €€ rPAIAT NPHHOCHTE HA ANCEPTANHOHHIS TPY

B vBommata 4acl Ha JMcepraumsTa ce oOchaua WHTerpammara ma Murepuer (loT) ¢
BB3MOKHOCTHTE Ha 0ONa9HH TEXHONOHUH 34 PAIBUTHE HA CHCTEMH 33 H3MCPBAHE Ha NapaMeTpu
3@ Ka4ecTBOTO Ha aTMOC(HEPHHS BB3AYX KATO C€ Mpeaiarar HOBH BBH3MOKHOCTH 3a MOCTHIAHE
HA ONTHMH3AMMA, KOCTO ¢ BAKHA 34/1a4a 3a NPOCKTHPAHETO HA WHTCIHICHTHHTC CHCTEMH 34

MOHHTOPHHT Hd Ka4eCTBOTO Ha BB3AVXA.




Bove BTOpa riaBa c¢ pajrjiekaar AeTAHIHO PasiHYyHHTE NOAX
arMocepHHS BB3AYX W Ce AHATHIMPAT TEXHHWTE MPelHMCcTBE W O
METOIMTE H CPEe/ICTBATA 3a MPCAABAHE HA JIAHHHK, TAXHOTO ChXPAHEHHE H M0CIICABA 0TKa 3a
YCMEmHBOTO | TpelnsHo chdupane. ofpaboTka U OICHKa Ha noayueHuTe JaHnn. B tasu raasa ce
npescTass palOTHHAT MPOLEC B TO3H PO CHCTEMH 33 OTIAANCHCHO HIMEPBAHE HA NAPAMCETPHTE,
XAPAKTEPHIHPAIIH KauccTBOTO Ha armocepans sbiayx. Toll ce Gasupa Ha HIMepBaHeTo NHa
EIEKTPOMATHHTHOTO H3/ThYRAHE, OTPA3CHO IIH HATBYEHO OT 3EMHATA NOBBPXHOCT H aTMocdepara,
K4TO TO3BONNBA KOJHYECTBEHA OLCHKA Ha AaTMOCHEPHHTC 3AMBPCHTEAH upes aHauM3 Ha
CHEKTPATHHUTE XAPAKTEPHCTHKH NPH NONIBIIAHE B Pa3celBaHe HA CRETIHHATA.

Buupexn CBOMTE NMPEJHMCTRA, METOANTE 3a ANCTAHIHOHHO H3CIACABAHE HMAT OTPaHHYICHHS,
CBBP3aHM ¢ HAIWYHETO Ha o0nauHa MOKPHBKA, KOATO BL3NPEHATCTBA ONTHUHHTE HIMCPBAHMA,
KAKTO M C NO-HHCKATa BPeMeBa pasjentrenta cnocofHoct (0OHKHOBEHO €/IHO NPEMHHABAHE HA JeH
38 NOAAPHO-OPOUTANHKTE CATETHTH). MHTErpHpaHeTo Ha CaTelHTHH JaHHH ¢ HA3EMHM CEH30pHH
MPEIKH CC PasriIeA1a KaTo Hail-NepeneKTHRHAAT MOJIX0A 34 NOCTHIAHE HA MBINA NPOCTPAHCTBEHO-
BPEMEBA KAPTHHA HA KaYCCTBOTO HA ATMOCHEPHHS BB3AYX,

B Tpera riasa c¢ NpeUIarar HETEPECHH NOAXOAN NPH BHEAPSBAHCTO HA CHCTEMI 3a JIOKATHH
M JMCTAHUMOHHM W3MEDBAHHA HA NMApaMeTpH, OTPAIABALIM KaueCTBOTO HA aTMOC(EPHHS BB3AYX
karo asantupada loT apxurTekTypa, KOSTO MONE Ja MHTCIPHPA PaiiH4HH KOMIOHCHTH H
TEXHONOTHH, 3a Ja OCHIYPH pEerdCTpHpane. npeaasaxe, 00padoTKa H CHXPAHCHHE HA JAHHH 3a
CHCTOSHHETO HA NPHIEMHHS BH3AYX.

Mpeatarasata OT JIHCEPTAHTA CHCTEMA BKIIOYWBA CCH3OPHM YCTPOHCTBA, CBBLP3AHH
JAMCTAHUMOHO ¢ Ga3oBa CTaHIMA, KOATO M3NOA3BA MPOTOKO/ 33 PAAHOBPLIKA C LCA NPE1ABaHe Ha
HIMEPEHHTE JaHHW OT CEH3OPHHTE YCTPOiicTBa J0 Oajomara cramums. JIMCEpTaHTLT npeanara
NpOTOKONBT fa € oT rpynata #a LPWAN cranaprure, KOMTO M03B0nsBar pabora Ha rofiemm
PAICTOSHNS NPH HHCKA KOHCYMais Ha emeprus. Cnen Karo fanmuTe ce noaysar B Oasopara
CraHiMa, T4 rH npeaasa upes IP npotoxon wam upes kaeThuHH Mpexn, nanpumep Wi-Fi kbm
ofnaunara cped, KbIeTo ce Hammpa Gasata JaHHM 3a chXxpasenne n obpaboTka na nawnure. B
ofauHaTa Cpeja € M MPHAGKHMST CHPELD. KOHTO CHYAH 32 MUCHTHOHKALHS, ayTOPH3AUHA W
npenocTasaie Ha ynobed norpeduTenckn uuTepdeiic 3a kpaliuus notpebure, KOHTO ce cBLp3BA
KBM CHCTEMATA UPe3 NEPCOHATEH KOMITIOTEP 1M MOOKIEH Tesiedon.

CucTtemata 33 perficTpHpane Ha MapaMerpH, XapakTepusnpamy arMocepHis BLIAYX, Hai-
YeCTo C¢ Hanara Aa paboTi B rPajIcKa Cpela, KOATO € HACHTEHA ¢ M3TOYHHIA Ha eNeKTPOMArHHTHH
emynienns. [Mopaas Tasy npHYNHA Ce€ Hatara Aa CC M3M0J3BAT MOAXOAAUIM MCTOAH 32 PaaHo

BPh3Ka, KOHTO NO3BOJABAT HANEAIHA H CHIYPHA KOMYHMKAIHA.



napaMerpuTe, KOWTO CC Hajara Aa ©¢ PCrHcTpHpat. BEKTIOMUTEIHO PA3NpPEaeCHHETO HAa

TEMIIEpPaTypaTa # BIAKHOCTTA B IPHICMHHTE CI0EEE HA arMoChepHs BB3AYX.

JIMCepTARTET NPE/UIAra A1aNTHPaa apxXHTEKTYPA 32 HINOIBAHE B CHCTEMH 3a CKONOTHYeH
MOHHTOPHHT, KOSTO C¢ OCHOBARA HA KAACHUCCKHTE loT mozeay, karo Jodass B MPOMCHA C/0EBE,
jana’paiiky KoHUenTyatHata pamka, ToH mpeanara ja c¢ anantHpa CTPYKTYpaTa Ha CHCTeMAra,
KOCTO ¢ HEOOXOUMO, 38 12 C¢ OTHETAT 0COOCHOCTHTE HA TAKLE THII CHCTEMH. 3a na ce ONTHMH3HPA
CTPYKTYpaTa Ha CHCTEMATa Ce BLBCIHKIA neprdepen ca0i, Thil KATO OCBEH CHEPIrHATA, HeoDX0aHMa
3a 3aXpAHBAHE HA CEH3OPHMTE YCTPOHCTBA, € HeOOX0MMa EHEPrHs 3a NPEJABATETHHTE MPOKH B
rPACKATA CPea, KOHTO /2 WIBLPUIBAT KOMIPECHA HA nanunte, nonydenn or censopure. Toii
npeanara S-cnoed 10T monen. Bupxy KofiTo € HarpazeHa xuOpH/IHA apXHTECKTYPA HA CHCTEMa 3a
€KOIOTHYCH MOHHTOPHHT.

Xapecsa M MIEATa HA JIHCCPTAHTA KOMYHHKALHOHHATA cHCTEMaZ Ha  KpaitHoTo
H3MepBaTenHo YCTPOHCTBO Aa ¢ cHabiesa ¢ ABa MOACMA — MM paboTeul Ha CTAHAAPTHATA
yecTOTHA fenTa 3a Emponeiickus chio3, koato ¢ 868 MHz, i BTopH MOAEM, kofiro paboru ¢ LoRa
Moy/ialns B uectoThara nenta 433 MHz Tosa kpaiHo YCTPOHiCTBO, HapeueHo XuOPHIHO, MOXe
na paboTH B ABA PeXKHMa — Kato peieHHO YCTPOHCTBO, KOCTO Npenpeaasa NOJMYYEHHTE NaKeTH
JAHHK, M KaTo TaKoBa, KOCTO NOILPEA cOBCTBEHA MPEXKa OT KpailHK YCTpOHCTRA. Bus sropus
crysall TO UMa A0CTBI 10 JIAHHATE, KOHTO NO/Y4aBa H MOKE 12 I'if ofodmasa, ¢ uen onTHMH3AIKR
ua manonssanero Ha LoRaWAN Mpekara, KakTo i ONTHMH3HPAHE Ha H3NON3BAHATA CHEPIHA.

B qereppra rnasa ce oOCHA/IA KaKBO 14 C¢ HAnpasi npH [oT cmcreMn 3a OTAANCHCHO
PErMCTPHpAaHE Ha [1apaMeTpH. MOKa3Balld KayecTBOTO Ha armocdepuns BB3AYX, 3AMO0TO NPH
AMCTAHIMOHHY H3MEPBAHHS CCH3OPHHTE MPEXKH Ca reorpad)Cki  pasnpeaCICHH HA NOTEMH TLIOLIH.
ToBa Hanara W3MOA3BAHETO HA GEIKMUEH TPOTOKON 38 BPh3Ka, KOATO MO3BOIABA KOMYHUKALHA HA
rosemi pascrosuus. Hapea ¢ ToBa, CCH3OpHHMTE yerpoiictsa Tpadsa ja Morar aa paborar 3a
MPOMLUKHTC/IHN NEPHOAR OT Bpeme, Oe3 ja ce Hanara NOMIPHAKA. BIJTIOUMTENHO CMAHA Ha
saxpansammTe Garepuu, OCODEHO B TPYIHO JOCTHITHH paiionn. HeoOX0NHMO € CeH3OpHHTE
yerpolicTsa Ja 6BaaT OnTHMHIHPAHH 3a paboTa ABIro BpeMe.

PaboTHATa XHIOTE3a, KOATO AHCCPTAHTHT Npeiiara e, u¢ Craslaprst LoRaWAN orropaps
Ha Te3W MIUCKBAHMSA M, Ue NPH ONTHMATHO KOH(HIypHpaHe Ha DenkHUHATA CEH30OPHA Mpexka ¢

Bb3MOKHO Jia ObaaT YAOBNCTBOPEHH HIMCKBAHMUATA 38 €KO/IOTHYEH MOHUTOPHAT.



DAXYITET EIEKTPO-
HEKA = ARTOMATHXA"

[lera raasa ¢ NMOCBETCHA HAa HHTErpHpaneTo Ha oOMAMHH TEXHOJNIO
cHcTeMH 33 MHTEpHET W NMpeACTaBisBa KPHTHYCH €Tan OT pasBHTHETO HA MHQPACTPYKTYPHTE 3a
MOHHTOpPHHT B oOkoaHara cpepa. OOnavymara cpeaa. cnopea  AWCepTaHTa, mnpeiara
ManabHpyeMOCT, M3YHCAHTEIHA MOUL H ABATOCPOYHO ChXpaHenue Ha aanxure. M3bopuT Ha
LoRaWAN karo KOMYHHKAUHOHCH NPOTOKOJ 34 Te3H CHCTEMH ¢ MPOAMKTYBAaH OT Herosara
CMOCOOHOCT 138 OCHIYPABA CBBPIAHOCT HA TOJNCMH PAsCTOAHMA TNpPH HIKTIOYHTCIHO HHCKA
KOHCYMAIMA HA EHEPrHf, KOeTO MO3BOIABA HA CEH3OPHMTE BL3/IM Ja ONCPHPAT ABTOHOMHO B
IpaICKa WIH OTAAIeYECHA CPCd B NPOALIAKEHHE Ha FOAHHH,

B CHLBpPEMCHTHTE CHCTEMH TOBA TMpEACTABAABA MOACPHA, Mam@abHpyemMa H CHTYpHa
LoRaWAN mpexoBa CTPYKTYpa, KOSTO OOC/HYKBa KakTo OOHIECTBCHH MPCHKH, TaKa H 4acTHH
MHJIYCTPHAIHN MHCTAIAUMYN, Npe/Uiaraiiky pasmupenn QYHKUMH 32 YNpaBjIeHHe Ha KHIHCHHA
HHKBI Ha yCTpolicTeara. 3a HennTe Ha H3MCPBAHCTO HA KAYECTBOTO Ha BBIAYXA, TA3H MpPEAKOBA
CTpYKTYpa AeficTBa KaTo JAeAyIIMKaTop Ha ChOOUIEHHS, KOTATO HAKOJIKO HUTKO3A NPHEMAT €1HO H
CHIIO TIPEIABAHE OT CCH3OPEH BB3EJ, H KATO Na3HTe] Ha CHIypHOCTTa Ypes AES-128 kxpunrupare.

B Tasu raasa ca BRAIOYEHH i PE3YVITATH OT CKCIEPHMEHTATHH H3MEPBAHNS, BU3YQIN3HPAHH B
norpedurenckus wurepdeiic va obnaynara yeayra ThingSpeak, Koeto s npasu NPHHOCEH eleMEHT
Ha JIMCepTalHaTa..

5. Hay HONPHAOKHH H NPHIOAKHE NPHHOCH HA THCCPTAIMOHHNS TPYA
Cunram, 4Ye TPHHOCHTC MMAT HAYSHO-TIPHIOKEH H MpHIOWEH Xapaktep. Hanpasenw ca

ananuTraEn mecnensannas Ha LoRaWAN u BeaMOKHOCTHTE 3a mamabupane Ha OC3mMYHM
CCH30PHH CHCTEMH B rpancka cpeaa, Ilpeniokena € ONTHMH3AUHA HA NPCIABAHETO HA JIAHHH,
KOATO M03BO/ISBA PAIrPHINAHE HA WHMPOKO-O0OXBATHH MPEXKH 38 CKOJOTHHCH MOHHTOPHHT.
Hayano-npuaoxnn npuHocH:
1. llpennoxkeno e aHATHTHYHO H3C/IEABAHE HA BRIMOKHOCTHTE 33 Maiadupaxe Ha
LoRaWAN Gesauisa CeH30pHa Mpexa.
2. Tpeanowena ¢ xnOpiana loT apxuTexTypa, azanTHpata 3a H3IMEPBaHe HA NapaMCTPH,
OTPA3RBALIA KAYeCTBOTO Ha aTMOCHCPHHA BBIAYX.
3. [llpeanoxen € CHMYNAUNOHEH AHATH3, C e NOTBLPAKACHHC HA PE3YNTATHTE,
NOMYHCHN 0T AHATHTHYHOTO H3CJICABAHC,
4. TlpenioXkeHn ca pe3viITaTi OT H3IMCPBAHHA HA KAYeCTBOTO Ha aTMOCHEPHUA BH3AYX B
KTIOY0BH TOUKH B MPAICKa cpea,
5. Mscaeasann ca BB3MOKHOCTHTE 3a ynoTpeta Ha HHCKO-CTOHHOCTHH CeH30PH H
TAXHOTO NPHIOKEHHE PH HHAMKATHBHH H3MEPBAHHA Ha KaYeCTBOTO HA BBIAYXA.

Hpuaoxun:



o TET 770

/ IMATHICA

1. TIpOCKTHPAHO € HHKEHEPHO W PEATHIHPAHO APEHOCHMO YCTPOHCTB
napaMeTpH, OTPa3sBalllH KauecTBOTO HA aTMOCHEPHHA BHIAYX.

2. [lpoeKkTHpaHO M PEATHIUPAHO € OLIKHYHO NPEHOCHMO YCTPOIHCTBO, KOCTO H3NON3BA
LoRaWAN xoMyHHKaums 3a npegasane Ha aannd. Ceplio Taka, 3a pabora ¢
H3MEPBATEIHOTO YCTPONCTBO € PEANHIHPAHO MODHIHO NPHIOKEHHE 3 YIPABICHHC H
BHIYAIH3AINA HA TOTYHEHHTE PE3VITATH OT HIMCPBAHHATA,

CydraM, 4Ye TNOAVYEHHTE PE3VITATH C34 OPUIMHAIHH, BKIIOYHTENIHO CHh3JaJACHATa
KOHCTPYKIHS Ha H3MCPBATE/IHA CHCTEMa H HANLIHO CLOTBETCTBAT HA H3HCKBAHMATA 32
AHCCPTALMOHEH TPY/L 3a npuaobuBane Ha obpalosaTennara i Hay4Ha crenes ,Jlokrop".

6. OueHka 3a CTENEHTA HA AWTHOTO YHACTHE HA AHCCPTANTA B NPHHOCHTE

PazpaBorkure B AMCEPTAIMATA Ca& OMHCAHH KOMICTCHTHO M B HEOOXOMHMATA MLIHOTA,
H3BOJMTE W 3AKIIOMEHHATa ca A00pe MOCTPOCHH M ApryMeHTHpasd. JOKTOpanTsT e noKpii
MuauManaiTe H3ncksanns na TY-Codmus.

7. Mpenenka va nyS MKANNITE 10 ANCEPTANHOHHEA TPYA

JIncepranpoHHuAT TpYA Ha HEA. JIHmes ¢ nocTpoeH BePXY 5 NyOAHKalUKK, OCHOBHA YacT
OT KOHTO - MyOIHKYBAHH B M34aHHA B SCOPUS, KATO B €/IHH OT Tpy/AoBeTe HHAK. JIMIICH ¢ CAMHCTRCH
aBTOP, @ B OCTAHAIUTE — ITLPBH ABTOP.

Pazpabotkite no auceprauusaTa ca nyOiMKyBaHH B PEHOMHPAHH HAYYHH H3JaHHA Karto:
Proceedings of International Scientific Conference “Electronics 2021"; Natural Scinces and
Humanities; Computer and Communicaeions Engineering; Engineering Processing.

Iposerox Tpyiorere Ha Wik, JIMIIes, Ha OCHOBATA HA KOHTO € HIrpaJeHa AHCePTALHATA H
NpHeMaM, Y€ Pe3VATATHTE OT pazpaboTKuTe ca NO3HATH Ha HayuyHata OOIIHOCT y HAC, Thil Karo
OCHOBHA HacT OT NYOIHKAUMHTE Ca BKINOYEHH B pedepupasi HAYHHH H3JAHNA.

He oTKpHX eIeMeHTH Ha IJIArHATCTBO B MATEPHATHTE NO JHCEPTALHATA.

Hsamam oOmm nyGauKaldy ¢ JHCEPTAHTa H HE CHM CBBP3AHO JIMLE ¢ HENO NO CMHCHLIA Ha
naparpad 1, 1. 5 or Jonsanurennure pasnopeaon na 3PACPB,

8. Hsnouazeane Ha pelyaraTiTe oOT AHCEPTAIHOHHHS TPY/I B HAYYHATA B COUHAIHATA

NPAKTHKA

O1 NpOYETEHOTO B AHCEPTALMATA OLCHABAM, Y¢ ¢ HANPABEHa e/lHa HHTepecHa paspaboTka
nyOAHKYBAHETO HA Pe3yNTATHTE OT HES B PCHOMMPAHH HAYYHH HIaHHA M YHacTHETO B HAKO/IKO
Hayusy (opymMa J0Ka3BaT AKTHBHOTO NPUCHCTBHE HAa WHXK. JlHmes B HayuHHA KHBOT Ha
Texunueckus yausepcurer — Codus, puanan [Liosaus.

Topa MH JaBa OCHOBaHHE 7a NpHeMa, ye paspaboTKHTE M0 JHCEPTAIHATA Ca MO3HATH H Ca

JHYHO AEJ10 Ha JucepranTa.




9. Ouenka Ha CHOTBETCTBHETO Ha aBTOpedepaTa ¢ HINCKBAHHATA 33 HIFOTEHHETO MY
[lpoverox sumuMmarento apropedepara u TBHPAA, Y€ TOH OTPa3sBa BCHYKM 4acTH Ha
NACEPTAIHATA U € TIOATOTBEH, ChITACHO H3HCKBaHnATA Ha [Tpaswinuka wa TY.
10. JTuvum Bnedarienns

[Mosnasam nodpe TBOpYeckaTa cpeia, B koaro e paborun awceprantsT Credan Jlumes n
3Had, Y€ TOH YYacTRa aKTHBHO B HAYYHOM3CJCAOBATCACKATAR ACHHOCT HA TCXHHMYCCKUA
yauseprurer —pumman [nosaus. Peuensupan cxM puRonHC Ha Herosa myOGiHKaums, No3HaBaM
NoOpe HAYHHHTE MY PBKOBOAMTEIH M TBOPHECKAaTa arMocdepa HA KaTeapara B KOATO € NpoTeKao
00yHeHneTo My

11. Muenns, npenopbsn n GEAeKRN

1) MiMa puryps XOHTO H3rACALAT B3CTH OT APYIH H3TOYHHIM H C TEKCTORE HAa aHTTHHCKA.

2) JIuncsa 3aKIOMCHHE B KPas Ha IHCEPTAIlHOHHNA TPYA.

3) Manonspany ca My #JIMUH B TEKCTa Ha JHCEPTAHATa (KOHCTCaAINS 1 Ap.)

3) MpenopbuBaM pesyiTaTiTe 0T AHceprauHonHara paspaborka aa Owaar nyb/mKysanu B
NOBEYE MEKIYHAPOIHN H3JIaHHA.

12, 3axawaeHue

Cynram, ue noayuerure o1 mar, wik, Credan Huxonaes Jlnmen peaynrath ca OpuruHantu
B HAMBIHO CHOTBETCTBAT HA MIUCKBAHMATA 34 JMCEPTALHOHEH TpyA 3a npHaoOmBane Ha
obpasopateniara ¥ HayuHa crened LJlokrop". Paspaborkure B AHCEPTAUMATA Ca OMHCAHM
KOMIETCHTHO M B HeoOXOAMMATA NMLIHOTA, HIBOANTC H 3AKIIOUCHHATA Ca A0Dpe NOCTPOSHH H
aprymenTHpani. JoKTopadTsT € Nokpit naucksannaTa na TY-Codus.

[Monyuenure B JAHCEPTANMOHHMA TPYA HAYHHO-NPMIOKHH M NPHIOKHH TIPHHOCH,
ACMOHCTPHPAHOTO BUCOKO O0PAsOBATEAHO HUBO ¥ HATPYNAH TEOPETHYEH H HICIEIOBATEINICKH ONHT
€ TMOCTHIHATH M NPAKTHYECKH Pe3yNTaTH B elHa aKTyatHa Hay4Ha o0JacT, MH JaBat JOCTaThYHH
OCHOBaHHA YOEJEHO Ja MpPenophYaM Hd YBOKAEMOTO KYpH Aa npHchad Ha Mar. nux. Credan
Huxonaes Jlmwes oOpajosarersarta ¥ Hay4Ha crefneH ,JOKTop" B o0nacTra Ha BHCWE
obpaszopaune . Texmuueckyn Hayku'., NpodeCHOHATHO Hanpasienne 5.2, EneKTpoTexHHKa,
SNCKTPOHHKA ¥ @BTOMATHKA", HAYYHA CHCUHATHOCT “ABTOMaTH3MPAHK CHCTEMH 3a oOpaboTka Ha

uHpOpMaLHS | ynpas/IeHne”.

Jara : 03.08.2026 1.
rp. Codua

-~



DAKYATEY EIEXTPO-
HEKA w ABTOMATHEA"

é o
R E VIEW Sosan_NOEE

on a dissertation for the acquisition of the educational and scientific degree "Doctor” in the
field of higher education 5. "Technical Sciences”, professional field 5.3 "Communication and
Computer Engineering", scientific specialty "Automated Information Processing and Control
Systems”,
Author of the dissertation: M.Eng. Stefan Nikolaev Lishev, Department of "Electronic
Engineering”, Faculty of Electronics and Automation of the Technical University - Sofia,
Plovdiv Branch
Topic of the dissertation: "Methods and tools for remote measurement of
atmospheric air parameters”
Reviewer: Prof. Dr. Eng. Nikola Vichev Kolev, Doctor of Sciences.
1. Relevance of the problem developed in the dissertation in scientific and applied
science terms.
The dissertation has a topical topic for the development of electronic means for remote
assessment of atmospheric air parameters. The assessment and management of processes
related to atmospheric air is a complex and delicate activity of human knowledge and has an
interdisciplinary nature. Anthropogenic activity causes disturbances, therefore there is a
growing interest in the protection of environmental elements, including ground air, and the
attention of society is focused on an increasingly in-depth study of the environment in which
we live. From the review of the documents of the dissertation student Eng. Lishev, and in
fulfillment of the condition that he has solved the assigned tasks and has been discharged with
the right to defend, according to the Regulations of TU - Sofia, | can assume that he has
fulfilled the requirements that give him the right to defend the dissertation he prepared for the
award of the ONS "doctor”.
2. Degree of knowledge of the state of the problem and creative interpretation of the

literary material

The goal of the dissertation work is to develop methods and tools for implementing systems
for local and remote measurements of parameters reflecting the quality of atmospheric air
using the Internet system (loT) and cloud technologies (Cloud Computing). To achieve this
goal, the following tasks are solved in this work:

1. To master and develop methods and tools for collecting, transmitting, processing and
storing data in systems for measuring parameters reflecting the quality of atmospheric air;

2. To model and design an adapted architecture of an loT-based system for measuring
parameters reflecting the quality of atmospheric air.

3. To study the application of LoRaWAN in implementing systems for remote measurement
of parameters characterizing atmospheric air.

4. To integrate a system for measuring parameters reflecting the quality of atmospheric air
into a cloud environment and to study its scaling.

It should be emphasized that ground-level atmospheric air is an extremely dynamic quantity
and care must be taken to select those parameters that can be measured and evaluated in order
to obtain objective data on its condition. The dissertation has a volume of 151 pages and
consists of an introduction, 5 chapters with conclusions, contributions, a list of publications
on the dissertation and used literature, including 114 sources, of which - 101 in Latin, 1 in
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Cyrillic and the rest - Internet addresses. The text includes 72 figures and
presented.

3. Compliance of the selected research methodology with the set goal and objectives of
the dissertation

The intelligent systems used in the monitoring of atmospheric air. which is an extremely
dynamic quantity, use modemn technologies for collecting, processing and analyzing data in
real time. which allows for rapid response to changes in air quality and making informed
decisions. The use of cloud technologies to be included as clements of a measurement system
for assessing ambient air quality offers new opportunities for achieving high efficiency and
optimization in the assessment of parameters necessary for air quality monitoring. In pursuit
of the goal, the dissertation emphasizes that some groups of the population are particularly
vulnerable and susceptible to the adverse effects of air pollution (children, the elderly and
those with respiratory health problems). which necessitates the development.

4. Brief analytical description of the nature and assessment of the credibility of the
material on which the contributions of the dissertation are built

The introductory part of the dissertation discusses the integration of the Internet (IoT) with the
capabilities of cloud technologies for the development of systems for measuring parameters of
atmospheric air quality, offering new opportunities for achieving optimization, which is an
important task for the design of intelligent air quality monitoring systems. The second chapter
examines in detail the different approaches to atmospheric air monitoring and analyzes their
advantages and limitations. The methods and means of data transmission, their storage and
subsequent processing for the successful and precise collection, processing and evaluation of
the obtained data are considered. This chapter presents the workflow in this type of systems
for remote measurement of parameters characterizing atmospheric air quality. It is based on
the measurement of electromagnetic radiation reflected or emitted by the Earth's surface and
atmosphere, allowing for the quantitative assessment of atmospheric pollutants by analyzing
the spectral characteristics of light absorption and scattering. Despite their advantages, remote
sensing methods have limitations related to the presence of cloud cover, which hinders optical
measurements. as well as lower temporal resolution (typically one pass per day for polar-
orbiting satellites). The integration of satellite data with ground-based sensor networks is
considered the most promising approach to achieve a complete spatiotemporal picture of
atmospheric air quality. In the third chapter, interesting approaches are proposed in the
implementation of systems for local and remote measurements of parameters reflecting
atmospheric air quality as an adapted loT architecture that can integrate various components
and technologies to provide recording, transmission, processing and storage of data on the
state of the ground air. The system proposed by the dissertation includes sensor devices
remotely connected to a base station that uses a radio communication protocol to transmit the
measured data from the sensor devices to the base station. The dissertation proposes that the
protocol be from the group of LPWAN standards, which allow operation over long distances
with low power consumption. After the data is received at the base station, it transmits it via
IP protocol or via cellular networks, for example Wi-Fi, to the cloud environment, where the
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database for data storage and processing is located. The cloud environment also ¢
application server, which serves for identification, authorization and provision of a convenient
user interface for the end user. who connects to the system via a personal computer or mobile
phone. The system for registering parameters characterizing atmospheric air most often has to
operate in an urban environment that is saturated with sources of ¢lectromagnetic interference,
For this reason. it is necessary to use appropriate radio connection methods that allow reliable
and secure communication. Sensors for measuring atmospheric air parameters are part of the
sensor devices that can be installed in different parts of the city, or can be attached to a
specialized drone, in order to study the vertical distribution of the parameters that need to be
registered. including the distribution of temperature and humidity in the ground layers of the
atmospheric air. The dissertation proposes an adapted architecture for use in environmental
monitoring systems. which is based on classic loT models, by adding and changing layers,
while preserving the conceptual framework. He proposes to adapt the structure of the system,
which is necessary to take into account the peculiarities of such systems. In order to optimize
the structure of the system, a peripheral layer is introduced, since in addition to the energy
needed to power the sensor devices, energy is needed for the transmission networks in the
urban environment, which will compress the data received from the sensors. He proposes a 5-
laver loT model, on which a hybrid architecture of an environmental monitoring system is
built. 1 like the idea of the dissertationist that the communication system of the final
measuring device is equipped with two modems — one operating on the standard frequency
band for the European Union. which is 868 MHz, and a second modem that operates with
LoRa modulation in the frequency band 433 MHz This final device, called hybrid. can
operate in two modes — as a relay device that retransmits the received data packets, or as one
that supports its own network of final devices. In the second case. it has access to the data it
receives and can summarize it, in order to optimize the use of the LoORaWAN network, as well
as optimize.

5. Scientific-applied and applied contributions of the dissertation
I believe that the contributions have a scientific-applied and applied nature. Analytical studies
of LoRaWAN and the possibilities for scaling wireless sensor systems in urban environments
have been conducted. Optimization of data transmission has been proposed, which allows the
deployment of wide-area networks for environmental monitoring.
Scientific-applied contributions:
1. An analytical study of the possibilities for scaling a LoRaWAN wireless sensor network
has been proposed.
2. A hybrid loT architecture has been proposed, adapted for measuring parameters reflecting
the quality of atmospheric air.
3. A simulation analysis has been proposed, in order to confirm the results obtained from the
analytical study.
4. Results of measurements of atmospheric air quality at key points in urban environments
have been proposed.
5. The possibilities for using low-value sensors and their application in indicative
measurements of air quality have been studied.
Applied contributions:
1. An engincering and implemented portable device for measuring parameters reflecting the
quality of atmospheric air has been designed and implemented.
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2. A wireless portable device that uses LoRaWAN communication for data n
been designed and implemented. Also, a mobile application for managing and visualizing the
obtained measurement results has been implemented to work with the measuring device. |
believe that the obtained results are original, including the created construction of a measuring
system and fully comply with the requirements for a dissertation for acquiring the educational
and scientific degree "Doctor”.
6. Assessment of the degree of personal participation of the dissertation candidate in the
contributions
The developments in the dissertation are described competently and in the necessary
completeness, the conclusions and conclusions are well constructed and argued. The doctoral
student has covered the minimum requirements of TU-Sofia.
7. Assessment of publications on the dissertation work
The dissertation work of Eng. Lishev is built on 5 publications, the main part of which is
published in Scopus publications, as in one of the works Eng. Lishev is the sole author, and in
the others — the first author. The developments on the dissertation have been published in
renowned scientific publications such as: Proceedings of International Scientific Conference
“Electronics 20217 Natural Scinces and Humanities: Computer and Communications
Engineering; Engineering Processing.
| have read the works of Eng. Lishev, on the basis of which the dissertation is built, and I
assume that the results of the developments are known to the scientific community in our
country. since the main part of the publications are included in refereed scientific
publications.
I did not find elements of plagiarism in the materials on the dissertation.
I have no common publications with the dissertation author and I am not a related person to
him within the meaning of paragraph 1, item 5 of the Additional Provisions of the Law on the
Protection of Scientific and Technical Resources of the Republic of Bulgaria.
8. Use of the results of the dissertation work in scientific and social practice
From what | have read in the dissertation, [ assess that an interesting work has been done and
the publication of its results in reputable scientific publications and participation in several
scientific forums prove the active presence of Eng. Lishev in the scientific life of the
Technical University - Sofia, Plovdiv Branch. This gives me reason to assume that the works
on the dissertation are known and are the personal work of the dissertation author.
9, Assessment of the compliance of the abstract with the requirements for its

preparation

1 have carefully read the abstract and claim that it reflects all parts of the dissertation and has
been prepared in accordance with the requirements of the TU Regulations.

10. Personal impressions

I am well acquainted with the creative environment in which the dissertation candidate Stefan
Lishev worked and I know that he actively participates in the scientific research activities of
the Technical University - Plovdiv Branch. | have reviewed a manuscript of his publication,
am well acquainted with his scientific supervisors and the creative atmosphere of the
department in which his training took place

11. Opinions, recommendations and notes

1) There are figures that appear 1o be taken from other sources and with texts in English.



2) There is no conclusion at the end of the dissertation work.
3) Foreign words are used in the text of the dissertation (constellation, etc.)

4) | recorvmend that the results of the dissertation be published in more international
publications.

12. Conclusion

I believe that the results obtained by M.Eng. Stefan Nikolaev Lishev are original and fully
comply with the requirements for a dissertation for the acquisition of the educational and
scientific degree "Doctor”. The developments in the dissertation are described competently
and in the necessary completeness, the conclusions and conclusions are well constructed and
argued. The doctoral student has met the requirements of TU-Sofia. The scientific and applied
and applied contributions obtained in the dissertation, the demonstrated high educational level
and accumulated theoretical and research experience with achieved and practical results in a
current scientific field, give me sufficient grounds to confidently recommend 1o the esteemed
jury to award M.Eng. Stefan Nikolaev Lishev the educational and scientific degree "Doctor"
in the field of higher education "Technical Sciences", professional direction 5.2 "Electrical
Engineering, Electronics and Automation”, scientific specialtv "Automated Information
Processing and Control Systems”.
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