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Chairman: Head of the Department of "Electronics, 'llelecommunications

and Space Technologies", PhD, associate professor E. Tashtay.

Secretary: Engineer of the Department of "Electronics,'llelecommunications
and Space Technologies" Z.S. Ekeibekova.

Participants: (At least 213 of the department's memberis, representatives of
the respective departments, according to the regulations on the clissertation council):

Head of the Department of "Electronics, Telecommunir:ations and Space

Technologies", crandidate of technical sciences E. Tashtay, associate professors:

K.H. Zhunusiov, N. K. Smailov, A. Khabay, A., r\.O. Kasymov, K.S. Chejimbaeva,

senior lecturers: K.N. Taisariyeva, A.E. Kuttybayeva, N.A. Jutrusov, S.E. Ibekeev,

teachers: J.N{. D,osbaev, G.S. Jobalayeva, G. Shraripova, A. Bazatbai, P. Akilzhan,

engineers: K.Yssyraiyl, external participants:ca.ndidate of technical sciences, Head

ofihe department of RET department of the Intemational University of Information

Technologies E.A. Bakhtiyarova, candidate of technical sciences, associate

professor of the International University of Information Technologies L.B.

ilipbu.,ru, arLd Pkr.D., associate professor of Kazakh National University named after

Al-Farabi B. Omarov.

AGBNDA
Discurssion of the dissertation work submitted for the degree of Doctor of

philosophy (:PhD) in the specialty "6D071900 - Radio enginer:ring, electronics and

telecommunications" on the topic "Research tlf effective UAV detection using

acoustic data recognition" by UtebayevaDana Zholdybayovkyzy, who is Ph.D.

student of Derpartment of "Electronics, 'Ielecommunir::ations and Space
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Technologies",, Insititute of Automation and Information Teclmologies, Kazakh
National Teclltical Research University named after K.I. Satbaye,v.

Domestiic sr:ientific advisor: Candidate of technical sr;iences, associate
professor of "l{adi,c engineering, electronics and telecommunications" department
of the International University of Information Technologies L.B. Ilipbayeva.

Foreign scientific advisor: Phd Professor at Purdue Univer:sity E. T. Matson,
West Lafayette>, In<liana, USA.

Reviewers:
Smailov, PhL.D., associate professor of thLe Departmenl. of "Electronics,

Telecommunications and Space Technologies" of the KazaI<h l trational Technical
Research University named after K.I. Satpaev and c;andidate of teohnical sciences of
the Internation;al University of Information Technologies, head of'the department of
"Radio engineering, ele,ctronics and telecommunications" E.A. Bakhtiyarova.

Introdur:ing the researcher Utebayeva Dana Zholdybaykyzy and her
dissertation research rvork

Listenecl to: Kazakh National Technical Research University named after
K.I. Satpayev, Institute of "Automatics and Information Technologies", Head of the
Department of "Electronics, Telecommunications and Space Technologies", Ph.D.,
Associate Professor E. Tashtay introduced the agerLda.

In2008-20111, Utebayeva Dana ZholdybaykSrzy received htx bachelor degree
in the sper;iallg "58071900 Radio engineering, electronics and
telecommunicertions" frrf,m the Almaty University of Energy and Communications,
and in the period fiom 2012-2014 she received the academic degree of Master of
Technical Sciences in the specialty "6M070500 - Mathematical and computer
modeling" frotn the Intternational University of Information Te,chnologies In the
period of 2017--2020, she received her theoretical knowledge atthe Kazakh National
Technical ResearchL University named after K.I. Satbayev with tho degree of PhD in
the specialty "6D0?'1900 - Radio engineering, electrronics and telecommunications".

The topic of the dissertation work of Ul.ebayeva Dana Zholdybaykyzy
"Research of effective UAV detection using acoustic data recognition" was
approved by the Academic Council of the University on June 30,,2020 on the basis
of Minute J\b 1203,q, and changes were made to the topic of the doctoral candidate's
dissertation research on the basis of protocol Nb812; of 061061202i1,.

Scientific trips: According to the order N13!)8a of Decem)lter 21,2018, from
January 9 to IVIay :lI,2019, UtebayevaDana Zholdybaykyzy underwent a foreign
intemship at the Embry-Riddle Aviation University located in Prescott, Arizona,
USA. The supervisor was a PhD, Associate Professor of the Department of Electrical
Engineering of th,: Embry-Riddle Aeronautical University A, Almahambetov.
Further, from ,Iuly 2019 to August 2020, she corLtinued her scientific work as a
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visiting scholeu at PurrCue University, in the CIlt' department. Supervisor: PhD,

professor, E. I\{atson.

Based on the main scientific results of the dissertation work, 4 published

papers have been Published,
processing stalge of a Peer-rev
the international licoPrus and

Drones), and 2 journal articles - publish

Committee for egality Assuranc. in gd.tcation and Science arf the Ministry of
Flight ublic c,f Kazakhstan, other 2 articles -

coll, confe:rences (4th IIEEE International

n Rol 2020)'

Chairnrran: According to the agenda, the turrn is being given to the doctoral

student Uteb a'yev a D ana Zholdyb ayky 
"y 

to pre s ent'

A scientifrc report by Dana Uieb yeva Zholdybaykyzy \Nas heard, in which

she noted the goal, oU.lectives, relevance, practicat significance' and the volume of

scientific research corulucted in doctoral studies. The doctoral student for the degree

of Doctor of P,hilorsophy presented a report on the dissertation w'crrk in the form of a

presentation.
In the c,oursro of the report, she focused on the following characteristics:

1) Goal of the research toPic;

2) Rele'vance of the dissertation work;

3) The rnainLresearch objectives;

4) Scierrtific noveltY of the work;

5) Methods used in research;

6) Strur:ture of drone recognition system working in real time;

7) Scientific concepts to be protected;

8) The main content of the sections of the dissertation work;

9) The main conclusions of the work'
10) Obrtaine,d results of the work.

Questi,ons llnd answers given to the researcher:

Head of thre Department of "Electronics, Telecommun jications and Space

Technologies;", ,,urrdidute of technical sciences E' Tashtay: Is the database

collected in the ploposed work a novelty of the work?

Speaker Utebayeva D.Zh.z The databasr: of drones c,ollected during the

p.opor.d work i,s ,roi a novelty of the work. For the first time, this database

fomposition was expanded, i.e., it was collected as a database 'classified into three

classes, despite having different models, and was considered for monitoring using a

real-time reoognition system. However, the novelty of t'he work was the

development oia systernthat processes the acoustic signals of rlhis database in real

time and p.rforots ...ognitiott using an algorithm b'ased on efficient

hyperparameters.

3
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An exteynal ,oarticipant, a scientist-researcher engaged in extensive research

in the freld of sournd signal processing based on lDeep Learninle5, Ph.D., associate

professor of At-Farabi Kazakh National University B. Omarov a.sked the following

i I questions. First question: Is the proposed database classified into classes as

balanced?
Speakerr Utrebayev a D.Zh.z The proposed database does not list the classes

in a balanced order because the classified acoustic data in each class is given in

sufficient qualtity to be recognized for its class. l\nd part of thtl data allocated for

the test was classified as unbalanced.

Associate prrofessor B. Omaroy, second quttstion: How long is the full length

of the databasr:?

Speaker Utrebayev aD.Zh.z The total lengttr of the database is 7612 seconds,

of which 7312:. seconds were considered for trainirLg and 300 seconds were used for

observation testingl.
Associarte frofessor B. Omarov, third question: How much time was spent

on general tra:ining based on this database?

Speaker Ute-6ay evaD.Zh.: It was about one and a half mirnutes for one epoch

training based on the database. It took two to three hours to prooess the algorithm.

Associarte prof,essor B. Omarov, fourth question: what software

environment was used for the implementation of this work?

Speaker Utebay,ev a D.Zh.z The experiment was perforrned in the Python

(Spyder) software environment. KAP I librari,os were installed for processing

audio data.
Associ:tte prrofessor B. Omarov, fifth question: What cr:rmputer model was

used for this erxPerrimerrt?

Speakel Utebayrev a D.Zh.: The experiment was carried out on an "Intel(R)

Core(TM) i5-826:tU processor at 1. rp'

Associllte p,.of..ro. B. Oma ition: How was the case where the

sound of the dro,re overlapped wi cf other objects during the work

considered?
speaker utebayev a D.Zh.z During the work, drone sounds were sent to the

algoritirm along r,vittr lbackground noise' This is I the

nelwork, the background noise class is trained and

process is reralized as ication i. Ho

prrrpor. of this work is rund noise, but the inclusion of the

drone sound, even if th ves an imitation of the presence of

a dangerous dro1e. T'herefore, the clas re drone sould was immediately

processed.
Associate prof'essor B. omarov, questicln seven: Ho'w are the incoming

audio data files processed as 1 second long files?

speaker urtebayev a D.Zh.z The drone sounds were lirst compiled with

different len1gths. The collected data is "downsetmpled" to 16,000 Hz and passed

through a filfir called "Cleaner", which is divide<l into 1 second lengths'

4
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matrix of the lvlelspectrogram selected by the job offer?

Speaker UtelbayevaD.Zh.z The collected auclio data is

as a result of rvhich the first input layer of Melspectrogram

and sends thern to the next laYers.

Associarte professor B. Omarov, Question 9: How man)r epochs were there

during traininlg?
Speaker-Utebayreva D.Zh.z During the tra,ining of the audio database' 30

epo.hs were fiirst consirJered. Some layer hyperpara eters were rrltrained and shifted

to 25 epochs to obtain a "Good Fit" graph.

Associate ,profressor B. Omarov, Question ten. In 1.he course of the

experiment, rn,hat lrercentage of the database was subjected to a validation test during

the audio training Phase?
Speaker Ut.buyen aD.Zh.:30 percent of the database wars left for validation

during the traininLg ptrase of the audio files during the experiment. In addition,

another 300 fiiles \Mere tested.

Associ:lte professor B. Omarov, Eleventh question: What method of

processing neural layers and their thickness was considered?^ 
Speake' Uterbay evaD.Zh.: Empirical research was carrierl out to treat neural

layers and their thickness.
Associate prof,essor K.H. Junusov: Which layer prooesses the acoustic

signal?
Speaker Utebayev aD.Zh.z As mentioned above, acouslJic signal processing

*u, .onriderr:d pr:oces,sing through the first input layer of the all3orithm'
phD,lrssoriiate prof"rro. N. Smailov: How can you disl.,inguish between the

correctness of your proposed recognition accurac'y graphs in the study?

Speakrer Uteiayev aD.Zh.t A lot of resear:ch has been d,rne until the graphs

of recognitiorr accuru.i., proposed in the study converge to the norm of "Good Fit".

Empiri-al res,earch continued until an algorithm u'as found that provided "Good Fit"

recognition accuracies. As a result, in the obtainerd graph, the distance between the

training and ttest recognition graphs is close and the "untepresentative" shape is not

observed.
Head rof the Department of "Electronics, Telecommutrications and Space

Technologies", candidate of technical sciencesi E. Tashtay: Ifow many seconds

should the recogllitionL duration of a real-time recognition systern be according to the

generally accepte,d world standard?

Speaker lJtebayev a D.Zh; According to the generally accepted world

standard, the recclgnition duration of the real-timr:

be 1-3 seconds. In the course of this work, it is
second.

recognition liystem is assumed to

considered to be processed for 1

Associate professor B. Omarov, eighth qurestion: What \r/as the size of the

inpurt as a 1-second file,
takersi 128* 100 matrices
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tlead olt the l)epralfment of "Electronics, lfelecommunications and Space
Technologies"', candidlate of technical sciences Il. Tashtay: S/hat is the practical

Head oll the Depraft6ent of "Electronics, lfelecommunications and

signifi cance oll your res earch?
Speakerr UtebayevaD.Zh.z The practical importance of your research is that

it can be usedl for strategically important areas in the country. In particular, it is
possible to use it for defense purposes in border regions ol'the country with
neighboring counlries, in customs buildings, adlministrative buildings, schools,
kindergartens, airports, etc.

Head ollthe Department of "Electronics, 'lfelecommunications and Space
Technologies", candidlate of technical sciences I0. Tashtay: ![hat documents do
you have for your research submission?

Speaker Utr:bayevaD.Zh.z This work is carried out within the framework of
the scientific project "IZhas Galym" of the Repubrlic of Kazal<hstan, IRN number
4Pr4971907.

Statement of scientifir: advisors

Chairman: clomestic supervisor, candidate of technical rsciences, associate
professor at In.ternational University of Informatio,n Technologi,;s, L.B. Ilipbayeva
gave her Review (l{eview attached).

Candidate rcf technical sciences, associate professo.r of the "Radio
engineering, electronicrs and telecommunications" department of the International
University of lnformation Technologies, L.B. Ilipbayeva:

This work vras based on the detection of suspicious states of drone sounds,

and was carrie,d ouit by studying the processing of a recognition system that allows
for real-time detection.

During the rnain study of the dissertation, 4 scientific papers were published
based on the results o[ the research. The main lith journal artticle related to the

research topic is at the stage of editorial requirements and processing of the joumal,

which is included in the international Scopus database. At the mo'ment, in the course

of general research, 1 article has been published, inoluded in the irrternational Scopus

database. 2 art;icles based on the results of dissertation research were published in
joumals reconlmended by the Committee for Qua.lity Assuranc,e in Education and

Science of the Ministry of Science and Higher Education c,f the Republic of
Kazakhstan. In adclition, 2 articles were published in publicationLs in the collections

of international conferenc es (2020 Fourth IEEE International ConLference on Robotic
Computing (II{C)).

According to the results of the work, all the assigned taskt; were fulfilled, the

relevance, scientific novelty and practical importance of the rtlsearch work were
fully disclosecl ancl reliably proven in the dissertal.ion work. And as an application

of the work, the scientific project for "National Security and Defense" was won on

the basis of the compel.ition, and currently the research continues as a future work
with the method o1, Software Defined Radio.
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Based on the above, I recommend that the dissertation r,vork of Utebayeva
DanaZholdybayk'zy on the subject proposed for receiving the clegree of Doctor of
Philosophy (PhD) iis completed in accordance with the requirements of the Ministry
of Science and Higher Eiducation of the Republic ol'Kazakhstan "Rules for awarding
scientific degr,oes" and t recommend that the dissertation work bro sent for defense.

Chairman: The next word is offered to the lReviewers.

Statement of reviiewers
The spe:ech was given to E.A. Bakhtiyarova, Ph.D. of the International

University oli Intflormation Technologies, department head of the "Radio
engineering, e:lectronics and telecommunications" departrnent.

We all know the relevance of the issue of drone recognition due to the current
military and irrterstate political situation in the wordd. I rate the research conducted

by the doctorerl student UtebayevaDana Zholdybaykyry in thirs direction and the

presented dissr:rtat,ion work as important and very.relevant from apractical point of
view. During the study of the work, discussions were held wiith the dissertation

student about models of drone databases. We disoussed with thLe dissertation how
the proposed systetn is capable of reco gnizingFP!' drones. And this proposed work
is designed tc, adapt to training and recognition accordingly r'r7i11t minimal time
processing by inputting any new drone data. Also, it is possible to make sure that
sufficient reseiarch has been carried out, taking into account tho expectation of a Q1
quartile articler entroring the Scopus database as a r:esult of the rtlsearcher's work in
this field.

The puqpose ofthe work was determined and the tasks wer€, set systematically.

The relevance of the work was also justified. In conclusion, I believe that the

dissertation work on the topic proposed for the degree of Do,ctor of Philosophy
(PhD) by Utebaye'va Dana Zholdybaykyty has been completed in accordance with
the requirements of the Ministry of Science and Fligher Education of the Republic

of Kazakhstan "Rules for awarding scientific degrees" and I recolnmend sending the

dissertation work Ibr defense.

The speech was given to N. K. Smailov, P'h.D., associarte professor of the
Department of ttlllectronics, Telecommunicatiorns and Space Technologiestt of
theKazakh National llechnical Research Universify named after K.I. Satbayev.

Currentty, the use of unmanned aerial .,zehicles (UAVs) has increased

significantly. 'We a,ll know that drones are often used for video suLrveillance, military
reconnaisSonc,o, delivery and other tasks, especially' in remote areas. Due to the many

uses of these rCrones, illegal activities with them have also incr,sased. The issue of
recognizing th.ese .yehicles in international customs zones, airport security and local
laws is becorrring more and more important. And for these reasons, this proposed

work on their recognition is relevant. The researches and results obtained by the

dissertation sl,udent Utebayeva have a high recognition rate. I consider that the

proposed method is relevant.
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Doctora.l student D.Zh.Utebayeva's work on the topic "R,esearch of effective

UAV detectiorn using acoustic data recognition" meets the requirerments of the thesis,

and the results obtained are good. I propose to submit the work for defense and

submit the disrsertiltion work for the degree of Doctor of Philorsophy (PhD) in the

specialty ,6;D071900 - Radio engineering, electrorrics and telecommunications".

Chairman: Dear colleagues, if there are any participants who want to speak

again and have suggesl.ions, please allow me.

Dissertation work's discussion

Head of the Department of "Electronics, Telecommunications and Space

Technologies", c.t.s.f associate professor E. Tashtay: He noted that a lot of work

has been done on the dissertation work. He mentioned that it is possible to present

the research vrork for defense, taking into account the opinions of reviewers.

C.t.s., associate professor E. Tashtay: From the present report of the

doctoral student, the research results obtained during the experiment are presented,

which arr: relevant and work in real time. Complet,ed research tasks are presented. In

the future, I r,ecommend working on obtaining a patent based o,n the results of this

research. AndI offer support for sending the dissertation work {br defense.

phd doctor, urroiiute professor of Kaza\<h National University named after

Al-Farabi B. romarrov who was inviuted as an extr:rnal expert in this field: The real-

time system, which has been developed at a high level of researrch and accepted at

the intemational level, is a system that can recognize within 3 seconds, and the

system proposed by the researcher is able to process and recognize audio data of 1

slcond 
-duration. 'this is a very good indicator. T'he innovationLs introduced by the

dissertation are large-scale, in particular, the datatrase of drone sounds, which is not

found in operr da1ra, their database obtained with different moclels and load states,

and the abili1y to edit the structure of the algorith:m that can be processed in a short

time with the he\r of a simple computer, can be highlighted. At the same time. the

main innovatjlon c,f the work is that the input audic, data canbe processed in real time

in a different way'than traditional methods. The proposed Mek;pectrogram defined

the layer well and rationally, and as a result significantly reduced the number of

neuron cells iand layer thicknesses in the general algorithm. Arrd the time spent on

training is very el1ective. The fact that the genererl drone can idlentiff drone sounds

in such-a 
"oo,pl"r, 

situation withgSYo recognition accuracy is a very good indicator.

Further, rese,arch as a National Security Award-winning rtlsearch project can

demonstrate the practical significance of the work. It is also prossible to apply the

method of work tit other objects. The dissertation student has aclhieved the originally

set goal and research tasks. I believe that it is c,ompletely porssible to present the

research wor.k for defense.

Afl;er tlfre discussion, 19 participants of the seminar voted openly.

RESULT O]F OI'EN VOTING:
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<<Yes>> - 19,

<No> -no one,

<< neutrerl ) - no c,ne.

Chairman: Dear colleagues, let's summarizre the results of the discussion on

the work of the dissert.ation student. In general, the thesis worlk is researched and

written at a good level. However, I am in favor of submissiion to the defense,

suggesting that the disrsertation wait until the full publication of a journal article

appiopriate to the reseauch topic in progress. According to the res;ults of the meeting

of tn. departrnent, if there are participants who oppose the proposal to send the

dissertatirrn work of the doctoral student UteLrayeva Dana Zholdybaykyzy to

defense, t ask you to put forward your suggestions. If you do not mind, then we

recommend to defend the work based on the rersults of the d,elpartment meeting.

Those who took partinthe meeting unanimously supported the di.ssertation proposed

by Utebayeva Dana L',holdybaykyry on the topic "Research of effective UAV
detection usirng arcousrtic data recognition" and recommended it to the dissertation

council of IQzNT'RU named after K.I. Satbayev for protection for the degree of
Doctor o,f PhLilosophy (PhD) in the specialty "t5D071900 - lF{adio Engineering,

Electronics and telecornmunications. I propose to accept the folllowing conclusion.

Decision making for the departmentl

After revie'wing and discussing the dissettation work of Utebayeva Dana

Zholdyb ayky :zy, F,h. D. student o f D ep artment o f " El e ctroni c s, T' e l e c ommuni c ati ons

and Spac,e Te,chnologies" Institute of "Automatics and Information Technologies"

Kaza|d-r.Nati<lnal Tec|nical Research University' narned after K.I. Satbayev, the

following corrclusion was made.

CONCLUSIONI
Relevance of ttre research topic. In recent years, unmanned aerial vehicles

have become widrespread and very popular. These vehicles are increasingly used in

the world's milita.ry and political situations, in hLard-to-reach places, for purposes

such as vicleo surveillance, agronomy, military intellige,nce, delivery and

transportatiorr. Also, the affordable production of unmanned a<trial vehicles in the

last decade has created the problem of using therse vehicles for various purposes.

Careless or rnalicious use of these vehicles can endanger people, their lives and

protectecl institutions and border areas of countries. These reasons warn that the
^durrg., 

of urunanned aerial vehicles is increasing. Recently, there have been several

drone irLcidents in tLre country. In particular, drone pilots of the Republic of
Uzbekisl.an, one of the five countries bordering our country, were registered in the

border apeas durilg unauthorized flights. At the same time, the f{eadquarters of the

National Sec,uribr Forces of the Border Servicr: of the Republic of Kazakhstan

confirmed the far;t of'the crash of the drone of the Republic of Uzbekistan, and

negotiations .were) helcl between the relevant services of the Reprublic of Kazakhstan

und th" lLepublic of Uzbekistan. Similar events took place in Nr"rr-Sultan, above the
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building of th,e Ministry of Defense of the Republic of Kazakhstan. Such situations

are increasing; da1,6t day a1the world level. In this regard, it raises the issue of

recognitirrn ol u-tanned aerial vehicles and its rersearch is a very urgent issue.

As a result of thre research, a system is being developed that can detecr the

sound of drones irL real time.
The dergree of novelty of each scientific rersult, conclusion and conclusions

made by the researcher:
In the dissertatign, the research goals and tasks set by the researcher at the

beginninll arc> considered step by step, studies are conducted and the results are

obtained. Disr;ertation.work level meets the requirements. The main scientific results

of the research:
In this studly, ttrey investigated architectures such as SirnpleRNN, LSTM,

bidirectional LST'il4, and GRU based on their practical application for real-time

UAV sound recog;nition system. Common UAV s,cunds are grouped into three main

classes: loaded Ut\Vs, unioaded UAVs, and backgSround noise. In the next stage, the

accuracy leve,l of the llAV recognition system was evaluated using all measures of

multi-class classilication tasks. As a result, the GllU architectur:e (64) was found to

be an effecti.,ze rrrodel with high predictability. r\ccording to ilre objective of the

work, this model was able to relognize loaded and unloaded drones with 98%

accuracy and bachground noise withggo/o accurac'f. Thus, based on the assumptions,

it is proposed that SimpleRNN, LSTM, BiLSTM and GRU archiitectures can be used

in UAV payl,oad detei:tion task due to their better content-base{d recognition ability

than CNN model:;. Within this study, the work found the follorving solutions:

1) Mel-sperttrog;ram hyperparameters with fixed parameters for UAV sounds

were dslzslepred during empirical experimental rersearch'

2) Hyperpu.uor.t.rr og the Algorithm herve been developed, which allow

efficient pro,-.rring of u.o.tttit signals in less time, and thrs structure of RNN

networks basled c,n a smaller number of neural leryers has beenL developed for real-

time systems.
3) llhr: reerl-time recognition system is adapted to recognize UAV states in

the presence of different weight masses.

4) For the, first time, ull nWS cell types were investig;ated in the research

problem by recopSnizittgthe sounds of different objects.

The propoii.d r.,.og.tition structure of the w'ork allowed for real-time detection

and estimation o1 drone l,oads. The future work of the research continued within the

framework c,f the ,'Zhas Galym" postdoctoral program. That irs, extensive research

on distance-based drone audio recognition by arugmenting the downloaded UAV

audio dataset; arrd processing research in a bimodal manner within the Software

Defined Radio m.ethod.

Theoreticall an4 practical significance of rvork. It is important to recommend

this work for use in miiitary anO potitical situations' agronoffiy, military intelligence

areas, cletection of siuspicious objects used for purposes such 
-as 

delivery and

transpoftation, ,;ustc,ms, airport, school, kin.dergarten, crowded government
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buildings, eduLcational institutions and border areas. The propose,d research is being

investigated by IRN project number AP 14971907 for National S;ecurity with a new

method that u'orksl in combination with the bimodal method.

ReliabiliLty oil results. The reliability of the results of research conducted within

the frameworl< of 1he dissertation is determined by the use of mathematical methods

during ttre work, high recognition accuracy of experimental results, theoretical

prerequisites of the crbtained results and concl'usiorrs obtainerd by the authors,

publications of the resrearch results on the topic of the dissertaition work in peer-

ieviewed scigntific journals and discussions at conferences, as well as being

confirmed by the successful acceptance into the project that finernces state research

projects.

Personal crontriibution of the doctoral studettt on the work done in the

dissertation. In the c,ourse of the research of the thesis, the processing of the

structure that allows the input audio data to be processed as an input layer in real

time; processing ,rf the reduced structure of the number of neural cells and layer

thicknesses of ther proposed algorithm; and the arssignment of ar system capable of
identi$ripg the compleix sounds of unmanned aerial vehicles with 98% recognition

u".,r.uty is cgnsidleied the contribution of the dissertation. Setting research tasks and

discussing the results vras carried out together with the scientific supervisors.
proof of publtication of the main conclusions arrd results of the

dissertaltion iin fuLll purblications
The main scGrrtific results of the disserl.ation have been published in 4

publications on ttre subject under consideration, and 1,he 5th maLin journal article is

ut tn. sta.ge of editorial processing and publicatiorr. Tkrat is, 4 pu.blished works have

been published, and 1 .journal article is in the stage of editorial processing of a peer-

reviewecl joumal with a high impact factor included irr the intenrational Scopus and

Web of Science dratabzrses (Switzerland, MDPI Drones), 2 journarl articles - Republic

of Kazakhsgn gc;ienco &nd Higher published in publications recommended by the

Commitl.ee for (lualir.y Assurance in Education ancl Science of the Ministry of
Education, 2 articles 

- 
- publications in collections of articles of international

conferen,c ss '(2020 Fo,urth IEEE International C,onference on lR.obotic Computing

(rRc)).
Tlne n:lme of tlrre relevant passport of the dissertation
The dirssertationL of Utebayeva Dana Zholdybaykyzy on the topic "Research

of effecrtive UA\/ derlection using acoustic data recognition" submitted for the

degree of Doctor of philosophy (PhD) coresponds to the specialty "6D071900 -

Radio engineerin g, electronics and telecommunicr ations " .

Compliance ol'the dissertation with the requiremenls of the "rules for
awardilg scientiific dlegrees" of the control connmittee in the field of education
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and science of the Mirnistry of Science and Higher Education of the Republic of
Kazakhstan

Utebay,:val)ana. Zholdybaykyzy's dissertation work on thLe topic "Research
of effectiive IIAV detrection using acoustic datur recognition" submitted for the

degree of Doctor of P,hilosophy (PhD) meets thr: requirements of the "Rules for

Ariarding Scientiflrc Degrees" of the Control Cornmittee in the Field of Education

and Scierrce of the Mi.nistry of Science and Higher Ilducation of the Republic of
Kazakhstan.

Based on the abrove, the thesis work of Utebayeva Dana Zholdybaykyzy is

recommendecl for the search for the degree of Doctor of Philor;ophy (PhD) in the

specialty "6D071900 - Radio engineering, electronics and telecommunications".

DECISION:
1. 'Ihe rlissertatirrn work of the candidate UtebayevaDanaZholdybaykyzy for

the degree olf Dc,ctor of philosophy (PhD) in tlhe specialty "6D071900 - Radio

Engineering, Eler;tronics and Telecommunications" on the topic "Research of

effective UAV detection using acoustic data recognition" of the department

"Electronics, telecommunications and Space technologies" is approved by the result

meeting No. t5 of December 8, 2022.

t. Ut,ebayeva Dana Zholdybaykyzy's thesis on the topic "Researcir of

effective U4V 6etection using acoustic datrl recognition" in the specialty

"6D071900 - Radio engineering, electronics and telecommunications" forthe degree

of Doctor of phil,osop[y @hD) should be submitted to the Disr;ertation Counciil of

Kazal<hl\ational TechLnical Research University named after K.l. Satbayev.

Head of the dePartment
t t Electronicsl, tel,ecommunications
and space technologiestt, c.t.s.,

associate professior J0. Tashtay

Secretary ol' the meeting

Secretary in English

lZ. Ekeibekova

lZh. Dosbayev
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