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Pegepar

AKTYyaJIbHICTb TEMH

PosmizHaBaHHs MOJI0KEHHS 00'€EKTIB Y IPOCTOPI € BAXKIMBOIO 33/1a4CIO B
Cy4acHHUX TEXHOJIOT1sX Oe3MeKH, HaBirallii Ta aBTromaTtuzaiili. Bukopucranus
3BYKOBOTO BUIIPOMIHIOBAHHSI JIJIsl BU3HAYCHHSI ITO3HITIT 00'€KTIB BIJKPUBAE HOBI
NEPCIIEKTUBH Y BUNIAIKAX, € TPAIUIIHHI METOIU € 0OMEKeHUMH abo
Hee(DeKTUBHUMHU. AKYCTUYHI METO/IU JTO3BOJISIIOTh BU3HAYATH MOJIOKEHHS 00'€KTIB
y CKJIAJHUX YMOBAaX, TaKUX SIK IMOTaHa BUAUMICTh, HAsBHICTH (DI3UUHUX MEPEIIKO/T
a00 BIJICYTHICTb MPSMOI BUAUMOCTI.

Boaxodac BUSBICHHS JITAIBHUX anapaTiB y pealbHOMY Yaci CTUKAETHCS 3
HU3KOI0 BUKIHKIB: CKIagHICTh OOPOOKH CUTHAJIIB y CEPEIOBUII 3 BUCOKUM
piBHeM 1rymy.HasiBHICTh BiIOUTHX 3BYKOBHUX XBUJIb, 110 MOXKYTh CIIOTBOPIOBATH

JaHi. 3aJeXHICTh aKyCTUYHUX XapaKTEPUCTUK CUTHAJIIB BiJl TOTOJIHUX YMOB.

Meta pob6oTn

[TinBuneHH HAAIMHOCT1 BUSIBJICHHS Ta JIOKaJ13allli JiTaJIbHUX arapatiB B
YMOBAaX, KOJIM BUKOPUCTAHHS TPAJAUIIIMHUX METO/IB JIOKAIII1 YCKIJIaTHEHO.
Jns peanizaiii MeTH HEOOX1IHO BUKOHATH HACTYITHI 3aBJIAHHS:
1. [IpoBecTn aHAITUUHUI OTJIS JIITEPATYPHU MO TEMI1 AUCepTalli
2. Po3pobutu apxiTeKTypy, alropuTMm, porpamy peatizailii Mojeni
JOKati3auii JiTadlbHUX arnapaTiB y IpoCTOpI.
3. [TpoBecTn mocipKeHHs po3pO0JICHOT MOJIEl, OI[IHUTH TOYHICTh
BU3HAYCHHS KOOPJMHAT JIITAILHUX araparis.
4. [TpoBecTH AOCTIIKEHHS] MOYJII0 HEMPOHHOT MEPEK1 BU3HAUCHHS TUITIB

JITATHHUX arapariB.

O0’eKT noCaiKeHHA

[Iporiec BU3HAUEHHS MTOJIOKEHHS JTITATBHUX anapaTiB y MpoCTopi.



IIpeamer nocaigKeHHs
MeTo akyCTUYHOTO MOHITOPUHTY TTOJIOKEHHSI JIITAIBHUX arapatiB y

IPOCTOPI.

HaykoBa HoBH3Ha

Y 10CKOHANIEHHS METO/1IB JIOKaJTi3allii JITATbHUX arnapaTiB y MpoCcTopi
IUISIXOM 1HTErpallii CydacHUX MoJiefield HeMPpOHHUX MEPEeX 13 METo1aMu 00pOoOKHU
3BYKOBHUX CHTHATIB. 3alIPONOHOBAHO HOBUH MIAX1 10 0OpOOKH aKyCTUIHHX
CUTHAJIIB Y CEPEIOBUIIAX 13 BUCOKHM PIBHEM IIIyMY Ta BIAOUTTIB, 110 T03BOJIUTH

1JBUIIMTH TOUYHICTh BU3HAYEHHS KOOPJMHAT JIITAJIbHUX aIraparis.

Crpykrypa podoTu. KBamidikariitna podoTa Marictpa CKIaaaeThCs 3
MOSICHIOBAJIBHOI 3alMCKHU Ta TpadiuHux matepiamiB. [losgcHIOBambHA 3amucKa
MICTUTB BCTYII, 5 pO3/ILJIIB, BACHOBKH, CITUCOK BUKOPUCTAHUX JIPKEPET Ta JOJaTKH.
OO6csr poOOTH: OSICHIOBAJIbHA 3alTUCKa —  apKyImiB ¢popmaty A4, imrocTpailii,

_ Tabauik, OyJIO OMpallbOBAHO _ JKepera.

IIpakTHYHe NPAKTUYHA HiHHICTH Pe3yJIbTATIB JOCTiIKEeHHS

CTBOpEHHS TpOrpaMHOi peaizallii MoJieil MacuBHOI JIOKaIlii, Ka J03BOJIsIE
3MIICHIOBATH BUCOKOTOYHHUI PO3pPaxXyHOK KOOPJMHAT MOBITPSHUX ILJIEH METOI0M
pi3HHUIII yacy npuOyTTs curnany. Po3pobiena cucrema Moxe OyTH BUKOPUCTaHA
sk 6a3a 11 CTBOPEHHS MOOUTEHUX KOMIUIEKCIB aKyCTHYHO1 PO3BIIKHU, @ TAKOXK SIK
JOCITITHUTIbKA TuTaT(opMa ISl TECTYBaHHS HOBUX aITOPUTMIB ITUGPOBOI 00poOKU

CUTHAJIIB B YMOBaX 00OMEKEHUX 00UHCIIIOBAIbBHUX PEeCypcCiB BOYJIOBaHUX CUCTEM.

Kuarwuogi cioBa: akycruunuii moHiTopunr, TDOA, GCC-PHAT, BIIJIA,
HetiponHi Mmepexi, NVIDIA Jetson, FPGA, Edge Al, crapran-npoexr.



ABSTRACT

Relevance of the Topic

Spatial object positioning is a crucial task in modern security, navigation,
and automation technologies. The use of acoustic emission to determine the
position of objects opens new perspectives in cases where traditional methods are
limited or ineffective. Acoustic methods allow for determining the position of
objects in complex conditions, such as poor visibility, the presence of physical
obstacles, or a lack of direct line of sight.

At the same time, real-time detection of aerial vehicles faces a number of
challenges: Complexity of signal processing in high-noise environments. Presence
of reflected sound waves (reverberation) that can distort data. Dependence of

acoustic signal characteristics on weather conditions.

Aim of the Work
To increase the reliability of detection and localization of aerial vehicles in
conditions where the use of traditional location methods is hindered.
To achieve this aim, the following tasks must be performed:
1. Conduct an analytical review of the literature on the dissertation topic.
2. Develop the architecture, algorithm, and software implementation of the
model for spatial localization of aerial vehicles.
3. Conduct research on the developed model and evaluate the accuracy of
determining the coordinates of aerial vehicles.
4. Conduct research on the neural network module for determining the types of

aerial vehicles.

Object of Research

The process of determining the spatial position of aerial vehicles.

Subject of Research

The method of acoustic monitoring of the spatial position of aerial vehicles.



Scientific Novelty

Improvement of methods for spatial localization of aerial vehicles by
integrating modern neural network models with sound signal processing
techniques. A new approach to acoustic signal processing in environments with
high noise levels and reflections is proposed, which will increase the accuracy of

determining the coordinates of aerial vehicles.

Structure of the Work The Master's thesis consists of an explanatory note
and graphic materials. The explanatory note contains an introduction, 5 chapters,
conclusions, a list of references, and appendices. Volume of the work: explanatory

note — A4 pages, illustrations, tables; sources were processed.

Practical Value of Research Results

Creation of a software implementation of a passive location model, which
allows for high-precision calculation of air target coordinates using the Time
Difference of Arrival (TDOA) method. The developed system can be used as a
basis for creating mobile acoustic reconnaissance complexes, as well as a research
platform for testing new digital signal processing algorithms under conditions of

limited computing resources of embedded systems.

Keywords: acoustic monitoring, TDOA, GCC-PHAT, UAV, neural networks,
NVIDIA Jetson, FPGA, Edge Al, startup project.
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CIIMCOK CKOPOYEHb
Ocbs BipopmMaTOBaHUM CIIUCOK, /1€ KOKHE CKOPOUEHHS MOYMHAETHCS 3 HOBOTO
psaka. Bu MoxeTe mpocTo CKOMiIOBaTH 1€l TEKCT 1 BCTABUTH Y CBOIO pOOOTY.
MNEPEJIIK YMOBHUX IMTO3HAYEHb, CUMBOJIIB, OAUHUIb,
CKOPOUYEHD I TEPMIHIB
ALII — Ananoro-nugpoBuii nepeTBOprOBaY
BITJIA — Be3niyioTHUM JiTaTbHUM anapaT
BII® — I1IBuake neperBopeHHst Pyp’e
BY — Bucoki yactoTu
['TI — I'padiunuit nporecop
Jb (dB) — JleruGen
EINP — EdexTuBHa 1oia po3citoBaHHs
3HM — 3ropTtkoBa HEMpPOHHA MEPEKA
Y — IndpavepBoHuUil AilanazoH
JIA — JlitanpHuUit anapar
HY — Hu3sbki yactotu
OEC — Onrtuxo-enekTpoHH1 CUCTEMU
O3I1 — OnepatuBHU# 3amaM'ssTOBYBAJIbHUNA IPUCTPIid
[133 — Ilpunaz 13 3aps0BUM 3B'SI3KOM
[TJIIC — IIporpamoBaHa JIOT14HA IHTETpaJIbHA CXeMa
[ITIO — IIpoTunositpsiHa 000pOHA
PEIT — PanioenexkTpoHHI MEepenIKoau
PEP — PanioenekTpoHHa po3Biaka
PJIC — PaniosokariiiiHa cTaHIis
CKO — CepennbokBaipaTUYHE BIAXUICHHS
[HOC — Iludposa 06pobka cUrHAITIB
T — [ITy4Huit iHTENEKT
ADC (Analog-to-Digital Converter) — AHanoro-1iudpoBHii mepeTBOprOBay
Al (Artificial Intelligence) — L Ty4nwuii iHTENEKT

BPF (Blade Passage Frequency) — YactoTa npoxo/KeHHs Jlonaten



CNN (Convolutional Neural Network) — 3ropTkoBa HelipoHHa Mepexa

CPU (Central Processing Unit) — LlenTpanbHuii mporecop

CW (Continuous Wave) — besnepepBHe BUITPOMIHIOBaHHS

DL (Deep Learning) — I'nmu6Goke HaB4aHHS

DOA (Direction of Arrival) — Hanpsamok mpuOyTTs

DSP (Digital Signal Processing) — LHudposa 06pobdxa curnamis

FFT (Fast Fourier Transform) — IlIBuake neperBopeHHs dyp’e

FPGA (Field-Programmable Gate Array) — IIporpamoBana JioriuHa iHTETpaIbHA
cxema

FPV (First Person View) — Bup Big nepioi ocoou

GCC-PHAT (Generalized Cross-Correlation with Phase Transform) —
VY3aranbHeHa B3a€EMHa KOpeJslis 3 (pa3oBUM MEPETBOPEHHIM

GNSS (Global Navigation Satellite System) — ['noGanbHa HaBiraiiiHa
CYITyTHHKOBA CHCTEMa

GPU (Graphics Processing Unit) — ['padiunuii mporiecop

12S (Inter-IC Sound) — InTepdetic nepenayi uudppoBoro aymaio

LIDAR (LIght Detection And Ranging) — JlazepHuii MeTO/1 BU3HAYCHHS BIJCTaH1
LWIR (Long-Wave Infrared) — /loBroxsuiaboBuil iH(hpauepBOHUN [1aMla30H
MEMS (Micro-Electro-Mechanical Systems) — MikpoenekTpomexaHiuHi
CUCTEMHU

MFCC (Mel-Frequency Cepstral Coefficients) — Men-kencrpanbHi KoeilieHTH
ML (Machine Learning) — MaivHHe HaBUYaHHS

MWIR (Mid-Wave Infrared) — CepenHboXBuIH0BHI 1H(OpaUepBOHUN Tiana30H
NLOS (Non-Line-of-Sight) — YMoBu BiACYyTHOCTI PSIMOT BUTUMOCTI

PCL (Passive Coherent Location) — [lacuBHa KorepeHTHA JIOKAIIis

RADAR (RAdio Detection And Ranging) — Panionokartis

ReLU (Rectified Linear Unit) — ®yHkiis akTuBaiii (BUIPSIMIIAY )

RMSE (Root Mean Square Error) — KopiHnb cepeqHr0KBaIpaTUYHOI TOMUIIKA
ROC (Receiver Operating Characteristic) — Poboua xapakTepuctuka npuiimMaua

(KprBa MOMMJIOK)
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SNR (Signal-to-Noise Ratio) — CniBBiJHOIIICHHS CUTHAJI/TIIYM

SoC (System on Chip) — Cucrema Ha KpucTami

SPL (Sound Pressure Level) — PiBeHb 3ByKOBOTO THCKY

STFT (Short-Time Fourier Transform) — KopotkouacoBe neperBopenns dyp’e
TDOA (Time Difference of Arrival) — Pi3nuris yacy npudyTTst

UAV (Unmanned Aerial Vehicle) — be3ninoTauii giTansHuii anapar

VAD (Voice Activity Detection) — JleTekTop aKyCTU4YHOI aKTUBHOCTI
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