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Iucceprantr YtebaeBa [laHa Konael0a¥KeI3BIMEH ~ «AKYCTHUKAJIBIK
NepeKTepli TaHyIbl KONAaHy apKbUIBI YVIIKBINICEI3 Oye KONIKTepiH THiMA
aHBIKTAy/bl 3EpPTTEY» TaKbIPHIObIHA Xa3blrFal PhD micceprammsceina GepiareH

CBIH-IIIKIP

Ocsl JUCCEPTAUAIBIK 3epTTey JKYMBICBI VIOKBIOICHI3  YIITY
KOTIKTepiHiH JBIOBICTAPEIH aHBIKTAY JKYHMemepiH HaKTBl yakblT YIIH 3Ky3ere
achIpyZBl 3epTTemi. JIMCCepTAalMsUIBIK JKYMBIC Ma3MYHBI Herisri 5 GemiMuaepneH
TYpafbl.

AJFamKel TapayJa Kbl YIIKBIIICH3 Oye KONIKTEpiH aKyCTHKAIIBIK
CHTHAIJaDMCH  TAaHYMBIH  MAHBISIBUIBIFEL, O3EKTLIN JKOHE AaKyCTHKAJBIK
CHTHAIIApIsl OHAEYIiH Mocenenepi KapacTHIPBUIBII capamranFad. bym Tapayna
Heri3ri 3epTTeymH FBUIBIMM CYPaKTaphl aifa TapTbUIFaH. Conpaii-ak, o1ebu
WIONMyNap HETi3iHNe YIKBINCH3 YIIy KONKTepiHiH HBIOBICTAphIH  aHBIKTAy
XKyWenepiHe  KOMBUIFaH Mocenenep OoibIHIIA  3€PTTEY  KYMBICTAapEI
TaJIKbLIAHFaH.

ExiHmn Tapayga YIIKBIIICH3 dye KONIKTePiHiH JBIOBICTHIK AEPEKTepiHiH
N€PEeKKOphl KypbUTraH. OnapiblH TYpi NOSMAIMANAPMEH, XYKTEME THEIIeH
KyiIlepiMeH JOHE YINKBINICH3 Oye KONIiKTEPiHiH TYpii MONENBJCPiH YIIBIPY
Heri3igae ABIOBICTHIK Xka30a KOPBIH KypFaH.

Aun,  ymriHm Tapayfla JKMHAKTAIFaH  YIIKBIICH3 oye KeJIKTEepiHiH
IBIOBICTAPHIH OHJIEY SMICTEPi CapaNTaIBLIHEI HETi3E/ITeH.

TepriHmi Tapayfa YIIKBIIICE3 Jye KOJIIKTGlelH IOBIOBICTHIK nepeKTepm
TaHy apXUTEKTYPachlH Kypyasl RNN  peKKypeHTTI HeHWpOHIBIK KeJiIepi
KeMeriMeH 3epTrefi. OCB PEeKYpPEHTTI HEHPOHIBIK XKemiiep/i TEOPHUSITBIK HeTi31e
KEeHiHeH capalTal aHbIKTaraH. JIBIGBICTHIK Aepekrepii RNN xeninepiMeH TaHyIbI
3epTTey GaFBITBIE/AFHI FRUIBIME JKYMBICTapFa omeOu MIOIyNap XKacaraH.

BeciHi Tapay YIIKBIIICEI3 dye KemKTepmlH IOBIOBICTHIK z[epeKTepm TaHy
)KYI/ICCIHIH apxurekTypachlH RNN peKkkypeHTTi HeHpOHIBIK Kellilepi Herisinme
eHJEyNi 3epTTereH. bacTamkel KaJaMblHAAa KEHEHTLIreH O0acelM  IIynBI
HBICAH/IAPIIBIH ABIOBICTApEIH (OHIBIK IIYBULNAH YaKBITIIA KIAcC TYPHIFBICHIHAH
KEHEHTIiNl, yaKeIT ayJaHBIHAAa aHBIKTaraH. Opi Kapail OChI KaccTap HeTi3iHae
KUK CIIEKTpIepi AManasoHIaphlH aHBIKTaraH. JKuimik aiMarbl aHBIKTAIIbII,



GapnelK IBIOBICTAp HErisri ym Kiaccka Kaiita Oipikripinmren. Omapra THIMAI
THIIEpIIapAMETPIIEP] AHBIKTATIBIHBIN, HAKTHl yaKbITTa JKYMBIC icTeHTiH Men-
CrieKTarpaMma  Kipic ~ KabGarel ~ OefimMpenmin HEHPOHABIK apXHUTEKTypara
uHTerpanusianapl. OChl YCHIHBUIATHIH JKYWe HETi3iHAe 4 PEeKypeHTTi HEHPOHIIBIK
xemi mozem xoHe 1 CNN momeni KypburraH. Kyprsurran 5 Mozpens HerisiHze
yipery xyprizinmren. HelipoHIBIK keiiepMeH YipeTy OapBICHIHIA JEPEKKOPILIH
70 %-b1 TepeH OKbITyFa 30%-bI CBIHAK JKyprisyre OemiHin Toxipubuenep
acasFaH. AJIBIHFaH HOTIDKEJEpre capanTaMa JXacallblll, ONapAblH imiHeH 64
yameIkTel GRU peKKypeHTTi HeHpOHIBIK XKEIiCi THIM1 eTill YCHIHELIFaH.

JluccepTalysIbIK, JKYMBICTBIH Talgaygapbl HETi3iHAE VINKBIIICEI3 dye
KeJIKTepiHiH akycTuKanslK curHaagapblH GRU pekyppeHTTi HEHpOHBIK JKemici
HErisiHae TaHy JKOFaphl KOpCeTKimmeH aHbIKTanabl. HoTmokeciHae YIIKBIIICH3
aye KeJIKTepi HBEICAaHOAPHIHBIH IBIOBICTHIK CHTHANIAPBIH TaHy AT JKOFaphl
KabineTTi TaHy MYMKIH/ITiHE He €KEHIITT TYKBIPBIMIAIFaH.

Jl¥cCepTaHTIIeH YCHIHBUIFAH JKYHEHI eNiMi3fiH YITTBIK KayilCi3firi YIIiH
KOJIIaHBUIAaTBIH OMMOANBILI TaHy JXKYHelepiHe eHri3yre THIMII XyHe peTiHze
YCBIHYFa 00mazsl.

JKympicta Oapnelk KOHBUIFaH —TalChIpMalap OpBIHIAIFaH, 3€pTTey
YMBICHIHBIH ©3€KTLIIr, FEUIBIMH KaHATBIFE! JKOHE TOXIPHOUETIK MaHBI3IBLIBIFEL
TOJNBIFBIMEH alIBUIFaH XKOHE TOKIpHOHE HOTHXENIEepiMEeH OoneneHres. 3epTTeyain
Somamaxrarsl xanracel Software Defined Radio amiciMen namyra GaFbIT ananbl.

JIOKTOpAaHT AMCCEPTALMSUILIK 3epTTeydi OpBIHAAy OaphIChIHIAa ©3iH OimikTi
MaMaH pETiHJe, 63 OeTiHIe FEUIBIMH CYpaKTapibl IIEIyre KaOLIETTUIrH XoHe
KOMBUIFAaH TalanTapAbl JXayanTEUIBIKIIEH HAaKTHl HOTIDKeNIepre JeHiH Imemre
QJIaTBIHIBIFBIH KOPCETTI.

Xorapsiga aNTBUIFaHAApObIH HeTI31Hae VTebaeBa Jlana
XKonapi6aiKe3EIHEIE,  Gmiocopus gokropel (PhD) nmopexecin amy ymnH
VCHIHBUTFaH TaKBIPHINTAaFsl AUCCEPTAlMSUIBIK JKyMbICh Kasakcran Pecry6iukacst
Frusrv xoHe JKorapel GimiM wmumucTpinmirinin «FeuiBIME  Jopexenep Oepy
epexeci» TalanTapplHa cail OPBIHOAIFaH JXOHE JUCCEPTALMIIBIK KYMBICTEI
KOprayFa Xi0epy/i YCHIHAMBIH.

FuLIbIMH KeTeKri HNiunoaesa JI.b.
T.F.K., KaybIMJACTBIPbUIFaH IpO(ECCOPHL,

“PagnoTeXHHKA, JIEKTPOHUKA JKOHE
TeekoMmmyHuKanusa” kagenpacel, XATY
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Applicant Utebayeva Dana Zholdybaykyzy submitted her doctoral
dissertation work on the topic of "Research of effective UAV detection using

acoustic data recognition".
REVIEW

This dissertation work study investigated the real-time Unmanned Aerial
Vehicle sound detection system realization. The content of the dissertation consists
of 5 main parts.

In the first part, the importance, relevance of recognition of unmanned aerial
vehicles using acoustic signals and the problems of acoustic signal processing were

nalyzed. In this part, the scientific questions of the main research are put forward.
Also, research works on the problems posed to the sound detection systems of
unmanned aerial vehicles are discussed on the basis of literature reviews.

In the second part, a database of UAV sound data was created. It was created
2 sound recording dataset based on the launch of various models of unmanned aerial
vehicles with different positions and loading conditions.

In the third part, the methods of processing sound of unmanned aerial vehicles
are analyzed and based.

In the fourth part, the construction of the architecture of UAV audio data
recognition was studied using RNN recurrent neural networks. These recurrent
cural networks have been extensively analyzed on a theoretical basis. It was made

iterature review of scientific works in the direction of studying the audio data
ecognition with RNN networks.

The fifth part studied the architecture of the UAV audio data recognition
system processing based on RNN recurrent neural networks. In the initial step, the
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sounds of the high noisy objects were expanded from the background noise in terms
of temporal class and determined in the time domain. Further, on the basis of these
classes, it was determined the ranges of frequency spectra. The frequency domain
characteristics were determined, and all sounds are regrouped into three main
classes. Effective hyperparameters were investigated for these sounds, and the real-
time Mel-spectrogram input layer was adapted and integrated into the neural
architecture. Based on this proposed system, 4 recurrent neural network models and
I CNN model were created. Training was conducted on the basis of these 5 models.
In the course of training with neural networks, 70% of the dataset was divided into
deep learning and 30% into testing. The obtained results were analyzed, and the 64-
cell GRU recurrent neural network was presented as effective one.



Based on the analyzes of the dissertation work, the recognition of acoustic
siznals of unmanned aerial vehicles based on the GRU recurrent neural network was
cetermined with a high rate. As a result, it was concluded that unmanned aerial
vehicles have the ability to be recognized using sound signals with high accuracy.

The system proposed by the dissertation work can be recommended as an
i" *me system to be integrated into the bimodal recognition systems and can be
used for the national security of the country.

In the dissertation work, all the assigned objectives were fulfilled, the
‘evance, scientific novelty and practical importance of the research work were
uly disclosed and proved by the experimental results. The future works of the
research will focus on using the Software Defined Radio method.

In the course of the dissertation research, the doctoral student proved herself
2 5e 2 gualified specialist, was able to independently solve scientific questions and
Senaved responsibly to solve the assigned objectives till exact results.

Szased on the foregoing, the dissertation work on the topic proposed for the
=zm== of Doctor of Philosophy (PhD) Utebayeva Dana Zholdybaevkyzy was
SompisteC i accordance with the requirements of the Ministry of Science and
“zher Education of the Republic of Kazakhstan "Regulations on the award of
scatemc cegress” and I recommend the dissertation work for the defense.
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Scientific supervisor signature Ilipbayeva L.B.

candidate of technical sciences, associate professor,
Department of "Radio engineering, Electronics and
- Telecommunications”, IT university
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Republic of Kazakhstan, Almaty city,
The thirty-first of March, two thousand twenty three

The text of the translation from Russian into English was made by translation agency

* "Enjoy Service" LLP BIN: 141240001665, represented by the Translator Getts Artur Vitalievich,
2 native of Atyrau region, IIN: 99051730007.

Contacts of translator:

Telephone: 7 778 279 95 07 Address: Almaty, Abay street 115A, office 217

E-mail: almaty@enjoyservice.kz

Signature

Republic of Kazakhstan, Almaty city,

The thirty-first of March, two thousand twenty three

1. Akhmetov Askhat Talgatovich, notary of the city of Almaty, acting on the basis of state license
No. 21025003 dated August 26, 2021, issued by the Ministry of Justice of the Republic of
Kazakhstan, certify the authenticity of the signature of the translator Getts Artur Vitalievich. The

wranslator's identity has been established, his legal capacity and authority have been verified.

Registered under No.2257
Collected: according to articles 30-1 of Law “On Notary”
Notary
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