OT3bIB
3apy6e)KHOr0 HayYHOIO KOHCYJIBTaHTa Ha JANCCEPTalMOHHYIO paboty
CwmaxkanoBa baysipkana CepikKaHyJIbl
«MHTenIeKTyanbHas cucTeMa BUeOHA0IOeH s [Ulsl 00ecreueH s TEXHUKH
6e30MacHOCTHY, TIPEICTaBICHHYIO Ha COMCKaHHe CTENeHH J0KTOpa Gunocodun
(PhD) no crieuuanbHOCTH
8D07101 — ApromaTn3auus ¥ ynpaBjieHue

| AKTYyaJIbHOCTD.

B coBpeMeHHbIX yCIOBHSX IOBBILIAIOTCS TpeOOBaHHMs K ©e30MacHOCTH Ha
MpOM3BOACTBE M B 0ObI4HOH sku3uu. Bospacraer  KOJIMYECTBO JOZIEH,
3AHUMAIOLMXCS  MOHOTOHHOI  JIeATEeNbHOCTBIO,  YTO  NpPEAbsBISCT  HOBBIC
TpebOBaHMS K  aBTOMATH3MPOBAHHON TOIEPIKKE MOHMTOPHHIA  COCTOAHMA
yenoseka. Taxum o6pasom, pelienue MpodiIeMbl yCTalOCTH BoAMTENICH W
OTIepaTopoB, CBOEBPEMEHHOE OIOBEIIEHHE H MPEAYNPEXK/IeHHE O BOSHUKHOBEHHH
OMACHOrO COCTOSIHUS SIBJISIIOTCS O4Y€Hb aKTyalbHbIMH. Taikoke CTOMT OTMETHTH TO
akt, 4TO TeMa AMCCEPTALUOHHOIO MCCIIE0BaHMs COOTBETCTBYET MPHOPUTETHOMY
HarpaslieHnio pa3sutus Hayku PecrryGmukn Kaszaxcran — 5710 uH(opMaLMOHHbIE,
KOMMYHUKALIHOHHBIE H KOCMHUYecKue TexHomorny. Takum 0bpasom, anccepraius
BBIMOJTHEHA HA aKTyalbHYIO U MPAKTHYECKH 3HAYUMYIO TEMY.

2 Hayunble pe3yJbTaTbl B pamMKax TpefoBaHuii K KBaJH(PHKAUHOHHBIM

Hay4YHbIM paboTam.

[lpu paszpaboTke CHCTEMbl  HHTEJIEKTYaJbHOTO BH/IeOHAOIONCHMS,
NpeJICTaBIeHHOM JUCCePTAHTOM, ObLIT IOy YeH PAZ BAKHBIX PE3yIbTaTOB. Tax 6bL12
paspaboTana CHCTEMa BU/IEOHAOIO/ICHNS 32 COCTOAHNEM HelloBeKa, Oasupytomascs
Ha OPUIMHAIBLHON MOJE/H, 00beMHAIOLIeH PasHOTHIIHBIC NMapamMeTpbl C y4eTOM
HEYeTKOro Xapakrepa AAaHHBIX B CBEPTOYHYIO HefipoHyio ceTb. Ilpu sTom
HeoOX0IMMO OTMETHTB TIIATENIbHbINH TEOPETHYECKHI MOAX0/ NPH MOJACTHPOBAHNH
B HpOLIECCe MOCTPOSHHUs H 00y UCHHS HEeHpOHHON CEeTH.

PaBorocrnocoOHOCTh MpOBEpeHa M Jl0Ka3aHa Ha TECTOBBIX W pealibHbIX
nanubix. TlocTpoenHas ¢ MCIOIB30BAHUEM HEHPOHHBIX CETeH CcHCTeMa HMeeT
GoJiplI0E MPUKIIAJHOE 3HAYCHHE.

Bce npeioKeHHbIe TEXHHYECKHE PEIICHHS! BBIMOTHEHBI HA  BBICOKOM
HAayyHOM M MPO()ECCHOHANBLHOM ypOBHE. ITO MOATBEPIKIACTCS J0CTATOMHO
BBICOKHM yPOBHEM IyOIMKaLHii 110 TeMe HCCIIe/I0BAHIS W HATHUHEM CBH/ICTE/IbCTRA
0 rocyiapeTBeHHOIl perncTpaiin na 00bekT aBropekoro npasa «MuresnekryanbHas
crcTeMa KOHTPOIis cocTosiHus BoauTes asromobmis» Ne 38413 or 15 asrycra 2023

roja.



3 Crenenn 060CHOBAHHOCTH H I0CTOBEPHOCTH KAK/A0T0 HAYUHOIO pe3y/ibTarta
(HAy4HOro  moJOKeHHs1), BLIBOAOB W  3aKJIOYEHHs  COMCKATeJsl,
¢ OpMY/IHPOBAHHBIX B IHCCEPTAHH.

[lonyuennble B auccepraliMOHHOM MCCIEIOBAHMM PE3YJBTaThl, Hay4uHbIE
MOJIOKEHUSI, BBIBOABI XOPOILIO 00OCHOBaHBI U J0CTOBEpHBL. B JIUCCepTaLuOHHON
pabote npensiokKeHHbIl METO/ U aJalTUBHBIMA AJITOPHTM, a Ta)XKe HeYeTKas MOJIENb
BBISIBIIEHHS. OMACHOTO COCTOSIHHS BOJAWTENSl TEXHOJOTHs anpoOMpOBaHbl |
MOATBEPK/CHBI peabHbIMK JIaHHBIMU. [lonyueHnbie pe3ysbTarhbl COINacyoTCs KaK
C TEOPETHYECKHMHU, TAK M MPAaKTHYECKHUMH KJIACCHYeCKUMM paboTaMu B JaHHOM
HATIPABJIEHUH, KOTOPbIE NPUBE/EHbI B CIMCKAX CCHUIOK Ha JIMTepaTypy B padore.
PaspaGorannasi  aBromMaruszMpoBaHHash —cuUcTeMa  T103BOJIMJIA  OCYIUECTBIATH
MOHUTOPUHI COCTOSIHMSI BOJAMTENSE B pPEKUME PeajbHOro BpPEMEHH, YYHTBIBAThH
HEYETKOCTh [apaMeTpOB CUCTEMBI, OTOBELLATH O HACTYIIJIEHUH OMTACHOIO COCTOSIHUA
C MOMOIIIbIO HEHPOHHOM CETH.

4 Crenenb HOBH3HBI Kaz/I0I0 HAYYHOrO pe3y/bTaTa (HAy4HOro MoJIOKeHHs),
BBIBO0B H 3aKJIIOUEHHsI cOHCKaTeIs1, ¢(pOPMYJIHPOBAHHBIX B IHCCEPTALHH.

Ilpennoxennas B pabore aBromMaTu3MpoBaHHas CHCTeMa paHee He ObLia
UCIIOJIb30BaHAa M HE ONUChIBajlach. B CBSI3KM ¢ 3TMUM HOBHU3HA SBJSETCS OCHOBOM
JAUCCEPTALMOHHBIX HayYHBIX MCCIIEJ0BAHUM, TMO3BOJSIOUIMX TOJIYYUTh HOBYIO
J0CTOBEPHYIO WHGOPMALIMIO O BBISBIEHHH OMACHOIO COCTOSIHMS COHJMBOCTH 3a
pysieM. [Ipu 3TOM Hcnonb30BaHKE U3BECTHBIX MOAXO/0B (HeveTKas JIOruKa, anmapar
HEHPOHHBIX CeTel M JIp.) B LEJIOM JAlOT MPHHLMIHAIBLHO HOBYIO METOIMKY OLEHKH
COCTOSIHUSI 4YeJIOBEeKa, 3aHUMAIOIIErocsi MOHOTOHHOM JIESITEJbHOCTBIO. MOYKHO
FOBOPHTB O TOM, WYTO BIEPBBIE IOCTPOEHA MHTE/UIEKTyallbHas cucTeMa
BH/IOHA0MIO/IEHHsI C WMCIIOIb30BAHHEM HEUeTKOH HeWpoHHOi ceTu. PaspaGoran
afanTUPOBAHHBIL METOA ¥ OPMIMHANBHBIA aJanTUBHBIA AIrOpPUTM aHaIM3a
ABWXKEHUSI a3 Boautesis. HOBU3HY MOMyuYeHHBIX — pe3ysibTaToB  TakKiKe
NOATBEPXK/IAeT HAJWYMe CBHJETENbCTBA O TOCYAApCTBEHHOH perucTpauuu Ha
00BEKT aBTOPCKOIO MpaBa.

5 Onenka BHyTPEHHEro eIHHCTBA MOJYYeHHBbIX Pe3y/ibTATOB.

COBJlaHHa}] HHTCIUIEKTYyallbHass CHCTeMa BH}IEOH&6HIOIICHHH, o CyTy,
06’beﬂlfl HACT BCE COCTABHLIC HACTH AUCCEPTALINH. Tak IMpOoCIICKUBaeTCs cienyrouias

[NEJOCTHOCTL B JHMCCEPTALlMOHHOM Marepuale: Pazmen 1 - 0630[) CUCTEM
aBTOMaTH?.MPOBaHI'IOITI MOANIEPIKKH BOUTECIIS, Pa3lleﬂ 2— MO}J,CIIHPOBEIHHG CHUCTEMBI
aBTOMaTMB}HpOBﬂHHOﬁ HNOJIEPIKKH  BOJAHTETS, Pa3nen 3 - l—lpoemipOBaHne

3|<cnepnmemanbnoﬁ YCTAaHOBKH. B COBOKYITHOCTH MaTepHall SIBJISIETCS LEJIOCTHBIM
W TMO3BOJISAET CHEIaTh BbLIBOJIbI, OCHOBAHHBIE Ha BCeX pasjeiiax, a He TOJIBKO 110
KOKAOMY 13 pas/iesioB. Moxno NPOCIICAUTH JIOTUKY IpHu HAITMCAHUN AUcceprannu,
YTO OTpaXKaeT BHYTpEHHEEe eJIUHCTBO TeopeTM‘IECKHﬁ HacTH, MOJCJIMPOBAHMS,
SKCIIEpuMeHTa 1 ﬂpaK’I‘H‘leCKOﬁ peajim3alnmn p'il60T[>I.
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6 Konkpernoe .uyHoe yuacTHe aBTOpa B MOJY4YeHHH Pe3yJbTaTOB,
M3JI0KEHHBIX B /IHCCEPTALIMH.

ABTOPOM  JIMCCEpTAlMK  CaMOCTOSTENBHO — c(opMylipoBana 1pobiema,
MOCTaBJ/IeHA 1EJIb W 3a/Jlaud WCCIIe[0BAaHUA, IMPOBEACH MMOMCK H obocHOBaHUE
BO3MOXHOCTEl M cnoco6oB WX pelleHns, a Takke MOJydYeHbl HayTHBIC 7
MPaKTUYECKUE pe3ysbrarhl, cjeflaH aHaiu3 M 00o0lieHne MTOroBbIX BBIBO/IOB.
Jlucceprant JIMMHO BBICTYMajl € YCTHBIMM JIOKJIazamu 110 OCBEIEHHUIO 1
O0CY/ICHHIO TIOJIyYEHHBIX B XO/e BBINOJHEHHs Juccepralii pe3y/1bTaToB Ha
PYCCKOM, Ka3aXCKOM M aHIJIMICKOM sI3bIKaX Ha MEWKy HApO/IHBIX KOH(pepeHLHX HE
Tosibko B Pecriybnnke Kaszaxcrau, HO U 3apyOeiKoM.

7 HanpapJjieHHOCTD MOJIYyYEHHBIX Pe3yJILTATOB Ha PEIICHHE COOTBETCTBYIOLICH
AKTYAJILHOI NPoGiIeMBbI TEOPETHUECKOI 1 npaKkTHUYECKOi 3HAMHMOCTH.

Ha ocHOBe W3JI0KEHHOIO Marephajia BbICTPaHBACTCA obmiuii  BEKTOP

MOCTPOEHHOIl  3aja4y,  BBUIMBAIOLIMHACA B paborocrnocobHylo  CHCTEMY
MHTEJUIEKTYaILHOTO BH/ICOHAOIIOCHHS.
[pakThueckoe MpUMeHeHne paboThl  MOATBEPKAACTCA aKToM O BHEJIPEHHH,
npuioxKeHHbIM K anccepraumu. Taioke nmeercs MPOTOKOT MPOU3BOJCTBEHHbBIX
ucrpiTannit  coGpanHoii  ycraHoku. [lposeseHHbIEe  HCIILITAHHA rokasaju
paboTOCIOCOOHOCTh  yCTAHOBKH, HTO  TAKKE MOATBEpIK/aeT IPAKTHYECKYIO
3HAYMMOCTE UCCTIENI0BAHMS.

7 ﬂozn‘Bep;KneHue MNOJIHOTHI onyﬁ.mmoaamm OCHOBHbIX I'lOJ'lO)KEHl/Iﬁ,
pe3y/ibTaToB, BBLIBOJAOB H 3aKJIIOYCHHSI JAUccepTalnH

[To Teme JAucCcepTalMOHHON0 HCCIIEN0BaH s OIyOIMKOBAHO 12 pabot, U3 HUX:
— 1 crathd B KypHaje, PELIEH3UPYEMOM Scopus, MMEIOLUIMM KBapTHIbL MO
TexHUKe 1 MeXIMCHMIIMHApHBIM Tpyaam Q2 u npouentuiem 0,75;
— 1 craTes B JKypHajle, peleH3MpyeMoM Scopus, MMEIOUMM KBapTHib MO
TexHuKe 1 MEKANCUMIIHHAPHBIM TpyAam Q4 1 npouenTiiem 0,13;
_ 3 crathM B JKypHANaX, pexomeHgoBaHHbIX Komurerom mo obecrieuenmio
KauecTsa B cepe HayKH U BBICIIEro 0OpasoBaHms PecryOonnku Kasaxcran,
— 6 B xondepenuusx OmwkHero W manbhero 3apyOexbs u PecryGnuku
Kazaxcran.
Ananns onyGnukosanibix pador Cmakanosa b.C. ¢ yueToM BbICTYIUICHHIT Ha
MEKJIyHAPOJIHBIX KOH(EpeHLMAX MOKa3bIBACT, YTO pe3yjibTar nonytnéu Mo BCEM
pas/iesiaM M MoTBEepIK/IeH COOTBETCTRY IOLMMIT ITyO/IHKALMSIMH.
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REVIEW
from the foreign scientific consultant on the thesis of
Smakanov Bauyrzhan Serikkanuly
the theme “Intelligent video surveillance system for ensuring safety”,
submitted for the degree of Philosophy Doctor (Ph.D.)
the specialty 8D07101 - Automation and control

1. Relevance

Safety requirements at work and in everyday life are increasing in modern
conditions. The number of people engaged in monotonous activities is increasing,
which places new demands on automated support for monitoring human condition.
Thus, solving the problem of fatigue of drivers and operators, timely notification,
and warning of the occurrence of a dangerous condition are very relevant. It is also
worth noting the fact that the topic of the dissertation research corresponds to the
priority direction of the development of science in the Republic of Kazakhstan —
information, communication, and space technologies. Thus, the dissertation was

carried out on a relevant and practically significant topic.
2. Scientific results within the requirements for qualifying research theses.

Several important results were obtained during the development of the intelligent
video surveillance system presented by the dissertation candidate. Thus, a video
surveillance system for the human condition detection was developed, based on an
original model that combines different types of parameters, taking into account the
fuzzy nature of the data, into a convolutional neural network. At the same time, it is
necessary to note a careful theoretical approach to modeling in the process of
developing and training a neural network.

The operability of the setup has been tested and proven using test and real data. The
system built using neural networks has a great practical importance.

All proposed technical solutions are carried out at a high scientific and professional
level. This is confirmed by a high level of publications on the research topic and the
presence of a certificate of state registration for the copyright object “Intelligent
system for monitoring the driver’s condition” No. 38413 dated August 15, 2023.

3. The degree of validity and reliability of each scientific result, statements and
conclusion of the applicant formulated in the dissertation.

The results, scientific statements, and conclusions obtained in the dissertation
research are well substantiated and reliable. In the dissertation work, the proposed
method and adaptive algorithm, as well as a fuzzy model for identifying a dangerous
state of the driver, were tested and confirmed by real data. The obtained results are
consistent with both theoretical and practical classical works in this field, which are
given in the lists of references to the literature in the work. The developed automated
system made it possible to monitor the driver’s condition in real time, take into



account the fuzzy characteristics of system parameters, and notify about the onset of
a dangerous condition using a neural network.

4. The degree of novelty of each scientific result (scientific provision), findings
and conclusion of the applicant formulated in the thesis.

The automated system proposed in the work has not been used or described befor'e.
In this regard, novelty is the basis of dissertation research, which allows us to obtqm
new reliable information about identifying a dangerous state of drowsmgss while
driving. At the same time, the use of well-known approaches (fuzzy loglc,'neural
networks, etc.) generally provides a fundamentally new method for assessmg'the
state of a person engaged in monotonous activities. We can say that for the first time
an intelligent video surveillance system has been built using a fuzzy n‘eural r}etwork.
An adapted method and an original adaptive algorithm for ana]yzmg dm{er eye
movements have been developed. The novelty of the results obtained is also
confirmed by the presence of a certificate of state registration of the copyrighted
object.

5. Evaluation of the internal consistency of the results obtained

The created intelligent video surveillance system, in fact, combines all the
components of the dissertation. Thus, the following integrity can be seen in the
dissertation material: Section 1 — Review of automated driver support systems;
Section 2 — Modeling of an automated driver support system, Section 3 — Design of
an experimental setup. Taken together, the material is holistic and allows one to draw
conclusions based on all sections, and not just on each section. It is possible to trace
the logic when writing a dissertation, which reflects the internal unity of the
theoretical part, modeling, experiment and practical implementation of the work.

6. Specific personal involvement of the author in obtaining the results stated in
the thesis.

The author of the dissertation independently formulated the problem, set the
goal and objectives of the research, searched and substantiated the possibilities and
methods for solving them, and also obtained scientific and practical results, made an
analysis and generalization of the final conclusions. The dissertation author
personally gave oral presentations to highlight and discuss the results obtained
during the dissertation in Russian, Kazakh and English at international conferences
not only in the Republic of Kazakhstan, but also abroad.

7. Directionality of the obtained results of violation of the relevant topical
problem of theoretical and practical significance.

Based on the presented material, the general vector of the constructed task is built,
resulting in a operable intelligent video surveillance system.



The PraCtindl application of the work is confirmed by the certificate of
implementation attached to the dissertation. There is also a production test report for

the experimental setup. The tests showed the operability of the installation, which
also confirms the practical significance of the research.

8. Confirmation of the publication completeness of the main provisions, results,
and conclusion of the dissertation.

12 works have been published on the topic of the dissertation research, including:

- 1 article in a journal peer-reviewed by Scopus, having a quartile for technology

and interdisciplinary work Q2 and a percentile of 0.75;

- 1 article in a journal peer-reviewed by Scopus, having a quartile for technology

and interdisciplinary work of Q4 and a percentile of 0.13; '

- 3 articles in journals recommended by the Committee for Quality Assurance In the

Field of Science and Higher Education of the Republic of Kazakhstan,

- 6 in conferences near and far abroad and in the Republic of Ka.zakhstan. :
Analysis of published works by Smakanov B.S. considering presentations at

international conferences shows that the result was obtained in all sections and

confirmed by relevant publications. WN/
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