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The dissertation study begins with an analysis of UAV sound detection systems and Signal
Processing techniques. It develops to describe UAV data preparation and its processing methods
after examining all currently used techniques. To establish a theoretical foundation, it goes on to
thoroughly explain Recurrent neural networks (RNNs) such as Simple Recurrent Neural
Networks, Long Short-term Memory Networks, Bidirectional Long short-term Memory
Networks, and Gated Recurrent Neural Networks. The real-time UAV sound detection system
Framework is discussed in the final chapter.

Chapters of dissertations are constructed appropriately. Theoretically - based explanations of the
methods were provided, and their effectiveness was demonstrated by experimental effort and
outcomes. The proposed system was adequately presented and discussed.

It is advised to add a subsection conclusion to the contribution portion of the dissertation to
strengthen it. In addition, the characteristics of the microphone must be added to the "Data
preparation" section with minor changes.

The submitted dissertation work presents a deep and extensive analysis of Recurrent Neural
Networks based Real-time Framework with a number of experimental results. I would especially
like to highlight the developed structure with the processing of the Melspectrogram as an input
layer and other effectively selected hyper-parameters. Thanks to the well-built Framework
layers, the proposed base can recognize acoustic data with high accuracy. In this case, only one
RNN layer is used, which does not require extra space and time to train the given parameters.

As a general review, the work has a relevant contribution to the UAV detection system. It can be
used for protected areas where security is required. My assessment is that the proposed approach

is a reliable and efficient real-time solution for detecting suspicious UAV positions using their

audio data. I also consider it is a robust approach for accurately assessing the loaded drone's
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conditions without false negative detection. I consider the work well-researched in accordance
with the given objectives and recommend it for defense.

Eric T. Matson, Ph.D.

Professor and Purdue University Faculty Scholar
Director, Korean Software Square

Co-director, M2M Lab
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PhD auccepranusira GepijireH FoIIbIMA KeHeCIIiHIH miKipi

TareIpbIObI: “AKYCTHKANBIK JEPEKTEPAi TaHybl KOJIIaHy apKbLIBl YIIKBILICH3 oye KeJIiKTepiH ThimMi
aHBIKTayasl 3epTTey”
AsTop: YTebaepa [lana

ferasivu kenecmi: Opuk T. Marcon, PhD moktops
I[Tpodeccop xone yHuBepcuteT (axynsTeTiHiH Fanpimbr
Kommbrotepiiik jxoHe aKnmapaTThIK TEXHONOTUSANAP AeMapTaMEHTI
[Tepaero ynusepcureri, (Yacr Jladaiierr)

AMCCepTalMANIBIK JKYMBICTBIH 3epTTeyi YIUKBINCH3 oye KeMKTepiHiH (¥9K) neI6GBICEIH
S=misTEy AyHenepl MeH CHrHanjapAbl eHAEY oicTepiH TanjaygaH GacTraniajbl. JluccepranusibiK
SLMEIC K231pri YaKbITTa KOJIIAHBLIBII JKYPreH Gapisik ficTepi 3eprreyaeH Gactarn, YIIKbIIICH?3 aye
sTepiEin (YOK) nepektepiH JalblHZay KOHE OHBI OHJEY oNliCTepiH cHUMaTTayMeH JaMBIFaH.
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“=workse. «Long Short-term  Memory Networks», «Bidirectional Long short-term Memory
Networkss mone «Gated Recurrent Neural Networksy cHAKTEI skeminepin MYKHAT TyciHAipreH. HakTel
JESsTTETE YWKBINCHI3 dye KeikTepiHiH (¥OK) ABIGBICEIH aHBIKTAy XKyifeciHiH KymbIc KaHKachl
Framework) coursl 0eiMIe TaNKbIIaHFaH.

DwsTmE Herisal Kypy ywiH Pekkypentri Helponnwik seminepmin «Simple Recurrent Neural

~MCCEPTALWAIBIK  KYMBICTEIH  GeaiMAepi THicTi Typae KypacTHIPBUIFaH. Oxicrepre
TEOpEMETME HETI3ZCATEH TYCiHiKTeMenep Oepiiin, onapmblH THIMAINIrNI TexipubHesnik KyII TeH
SSTICESIED 2pKalIbl KOPCETii. Y CBIHBLUIFAH XKYHe aleKBATThI TYp/E YCHIHBLIBII, TaIKbLIAHFAH.

KopsiTeiHae! GeiMiHe aBTOPABIH €HIi3reH YJIeCiH KOpCeTydi HbIFaiTy YLIiH OHBIH ©3iMeH
STisTem yaeci alael Kocy yChiHbUIIBL. COHBIMEH KaTap, MUKPOQOHHBIH CHIATTaMaiapbl LIaFbIH
TieTyaepues «/lepekTepai naitbiHAay» GesiMiHe KOCBLTYBI MiHIETTEI .
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¥CHIHBLIFAH IMCCEPTALMSANBIK JKYMEIC GIPKaTap OKCTIEPUMEHTTIK HOTHXKENEPMEH HAKTHI
JESMT peEMMIHS HeTisZenreH PeKKypeHTTIK HeHpOHIBIK JKENiNepiiH TepeH XKoHe KeH TaAayblH
icsmazm. MencnextporpamMma  KaOaThIHBIH  Kipic  KabaThl  JkoHe  THIMII  TaHJaIFaH
TRSPEEpaMSTDASPMEH SHJCIIIN 93ipeHreH KYpBUIBIMMEH GepireHiriH epexine aram eTKiM Kelesi.

o gt

#2scs wabarTapmen KYPaCTBIPBUTBIN YCHIHBUIFAH JKYMBIC KAHKACH! aKyCTHKAbIK JEPEKTEePAi KOFaphl
J=Rmisnes Tasu anazsl. byn karjaiina GepinreH napamerprepai yipeTy YImiH KOCBIMINA KEHICTIK el
JESEITTE KaMeT eTneiTiH Oip FaHa PekKypeHTTiK HeMpOH/BIK Jeli KabaThl KOMIaHBLIIFaH.

A3 MBICKa Kanmel WMy GapbICBIHAA JKYMBICTEIH YINKEIIICHI3 oye KOJIKTepiH aHBIKTay
i=e THICTI yaeci 6ap Gonbin Tabbitaasl. OHBI KayiNci3AikTi KaxeT eTeTin KOpFaJlaTblH ayMaKTap
|=i= maiizatanyra Oonmazgel. Menin GaranaysM GOMBIHINA, YCBIHBUIFAH TACINM — aymuo JepEKTEpiH
SEfiaiasma OTBIDBIN, KYAIKTI YIIKBICHI3 oye KONIKTePiHIH MO3MLMSNAPHIH AaHBIKTAYFa apHAJIFaH




Aeniy oiipIMIIa, O JKalFaH TEpiC aHBIKTayChI3
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Kazakcran PecyOmukacsl, AMaThl Kajlackl,
JKHBIpMa CETi3iHImi Haypbl3 eKi MBIH JKUBIPMa YIIIHII XKBLT

AFBUINIBIH TiTiHEeH Kasak TitiHe aygapma MotiniH "Enjoy Service" XKIIC aymapma
arenTririniy aynapmamsickt BCH: 141240001665, ATbipay OOJIBICBIHBIH TYMackl I'etn Aptyp
BuranbeBry ayaapMa KeHiHAeri MeHe[pKepl TyrackHna opeHiaras, JKCH: 990517300075
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Kazakcran PecryOimkachl, AJIMaThl Kajlachl,
JKubIpMa Cceri3iHImi Haypbl3 €Ki MBIH XHEBIPMA YIIiHII KL

Men, AxmeroB Acxar Tamrarymsl, KasakcraH PecryGmuKachIHBIH OmineT MHHHACTPJIIT
Geprer 2021 xeUrsl 26 Tambznarsl Ne21025003 MEMIIEKETTIK JIHICH3HSA HETi3iHIe OpeKeT
eTeTiH AJMaThl KaJachIHbIH HOTapUycCHl, ayaapmanibl ['ety ApTyp BuTanseBHUTIH KOIBHBIH
TYIHYCKAIBIFBIH KySJIaHABIPAMbIH. AyJapMaIlbIHEIH JKeke 6achl aHBIKTAIIIEL KaOimeTTimiri
MEH OKIJICTTIT1 TeKCepiIi.
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