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Recommendation letter
From foreign scientific consultant for dissertation work
doctoral student (PhD) Buribaev Zholdas Alladinovtch on the topic "Development of
efficient parallel machine learning algorithms for a robot orientation system in space”,
submitted for the PhD degree in the specialty 6D075100 - "Informatics, Computer

Science and Control"

The dissertation work deals with the problem of detecting and recognizing objects, as
well as calculating their three-dimensional coordinates. The purpose of the dissertation
work is: the development of an intelligent robotic complex, implemented on the basis of
the development of a new model and technologies for pattern recognition, computer
vision and machine learning with an adaptive control system, designed to perform
autonomous work on assembling tomatoes.

The following new results were obtained in the dissertation work:

1. A comparative analysis of machine learning methods for classifying objects (tomatoes)
with quality assessment based on a computational experiment was made;

2. A modified architecture and algorithm for a convolutional neural network with an
assessment of the quality of image recognition has been developed;

3. An intelligent computer vision system with stereo vision has been developed, which
allows to accurately recognize objects and calculate the coordinates of objects in three-
dimensional space;

4. A method has been developed for parallelizing image processing processes with the
calculation of three-dimensional coordinates of objects;

5. The architecture of a multi-link robot with machine vision has been developed, which
is used to recognize images of a tomato and collect them;

6. An agro-robot designed for picking tomatoes has been designed by conducting
experimental work in real time.

The theoretical significance of this work lies in the further development of computer

vision for robots, the improvement of the developed algorithms for parallel processes for
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image processing and calculation of three-dimensional coordinates based on the selection
of central objects. The practical significance of the work lies in the fact that the developed
algorithms and information system can be successfully applied to solve many scientific
and applied problems in the agricultural industry.

The research results were fully and timely published in periodicals and reported at
international scientific conferences.

The dissertation work has all the signs of relevance, scientific novelty, theoretical and
practical significance.

As a foreign scientific consultant, I am satisfied with the overall result of the work. I
believe that the dissertation work of Buribaeva Zh.A. on the topic "Development of
effective parallelized methods and machine learning algorithms for a robot orientation
system in space and their applications”, submitted for the PhD degree in the specialty
6D075100 - "Computer Science, Computer Engineering and Control", meets the
qualification requirements for dissertations on specified major.

In general, the dissertation work is a completed research work performed at a high
technical level, has the unity and integrity of research. The volume of research and the
results obtained meet the criteria established by the Regulations of the CC SON MES RK
on the award of PhD doctoral degrees, and the author of the dissertation Buribaev Zh.A.
deserves the award of a PhD degree in the specialty 6D075100 - "Computer Science,

Computer Engineering and Management".
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PexoMeHaTe/ibHOE MHUCbMO

OT MHOCTPAHHOI'0 HAy4YHOI'0 KOHCYJIbTaHTa Ha IMcCepTaLMOHHYI0 PaboTy JIOKTOPaHTa
(PhD) Bypu6aesa Xosnaaca AJIafiMHOBH YA HA TEMY «Paspa6oTka 3pPpeKTUBHBIX
napaJiJieJibHbIX aJITOPUTMOB MALINHHOTO 06y4eHus A CUCTEMbI OPHEHTALNH po6oTa B
MpPOCTPAHCTBEY, IPe/ICTaBJeHHYIO Ha COMCKaHHe Yy4eHOH cTeneH KaHu/jaTa HayK 1o
cnenuanbHoctd 6D075100 - «VH$OpMaTHKa, BBIYUCINTE/IbHAS TEXHUKA H ynpaBJieHHEe»

B  auccepTalMOHHOH  paboTe  PpacCMaTpHBAETCH npo6semMa OOHapyxeHHd U
pacnosHaBaHusi OGHEKTOB, a TaKXKe BbIMMCICHHUSA HX TpexMepHbIX KoopauHat. Llebio
JvccepTalOHHOM paboThHI ABJISETCA: pa3paboTKa WHTEJJIEKTyaJIbHOTO
POGOTOTEXHMYECKOTO KOMILIEKC, pean30BaHHOro Ha OCHOBe pa3paboTKU HOBOW MOJieNH
1 TEXHOJIOTHI paclio3HaBaHUsA 06pa30B, KOMIbIOTEPHOTO SpPEHNA H MallMHHOTr0 00y4YeHHs
C aJAlTHBHOM CHCTEMOH ynpaBJeHHs, Npe/iHasHauyeHHoro AJs BbINOJIHEHHS] aBTOHOMHBIX
pa6oT no c60pKe TOMATOB.

B ArccepTalMOHHO# paGoTe nojy4eHsl CreAyloliie HoBbIE pe3yJibTaThl:

1. TlpoBejeH CpaBHHUTEJNbHbIH aHaIHM3 METO/OEB MallMHHOrOo OOy4YeHHd  JJid
kaacciuKaluy 06beKTOB (TOMATOB) C OLIEHKOH KayecTBa Ha OCHOBE BBIYHC/IHUTEBHOrO
9KCIIEpPUMEHTQ;

2. Paspa6oTaHa MOAMGMIMPOBaHHAs apXUTEKTYpa W aArOpPUTM JJ1 KOHBOJIIOLMOHHOM
HellpOHHOM CETH C OL|EHKO# Ka4eCTBa pacno3HaBaHHA U306pakeHUH;

3. PaspaboTaHa MHTe/UIEKTyaJbHas  CHCTEMA KOMIIbIOTEPHOrO  3peHuss  Co
CTepeoBH/ieHHEM, KOTOpas MO03BOJIAET TOYHO pacrosHaBaTh 06'bEKTbI U BBLIYUCIATD
KOOp/AMHATHI 06bEKTOB B TPEXMEPHOM NPOCTPAHCTEE;

4., PaspaboTaH MeTOJ pacnapajjesuBaHHs NpPOLECCoB 06paboTKU HM306paXeHUH C
BBIYMC/IEHHEM TPEXMEPHbIX KOOP/JMHAT 0GBEKTOB;

5. PaspaboTaHa apXMTEKTypa MHOT03BEHHOTO po6oTa C MalIMHHBIM 3pEHHUEM, KOTOPbIH
HCIOJIb3yeTCs AJi pacno3HaBaHUs 1306paXeHuii NOMU/I0pa U UX c60pa;

6. Arpo-poGoT, NpeJHasHayeHHbIH s c6opa TOMaroB, GbL1 pa3paboTaH INyTeM
NpOBe/JeHNUs 3KCIIepHMeHTalbHbIX pa6oT B peKMMe peasbHOro BpeMeHH.

TeopeTHyeckasi 3HaYUMOCTb AaHHOH paGoTHl 3aKJIOYaeTcs B JajbHellleM PasBUTHHU
KOMIbIOTEPHOTO ~ 3peHHs Jyia  Po6OTOB,  COBEPIIEHCTBOBAHMM pa3paboTaHHbIX
aJTOPUTMOB MapaJsule/IbHbIX TPOLEeccoB 06paboTKd H306paxKeHHMH | BbIYUCIEHHA
TpeXMepHbIX KOOP/MHAT Ha OCHOBE BbIAENEHHA [eHTPaIbHAIX 06beKkToB. [IpakTHYecKas
3HAaYMMOCTb paboThl 3aKJw4vaercd B TOM, HTO paspa6oTaHHble aJTOPUTMbl M
uH(OPMAIMOHHAsl CHCTEMa MOTYT GbITb yCIENIHO MpUMEHEHE JJIsl pelleHHs MHOTHX
Hay4YHbIX U IPUKJIaJHbIX 337134 B CeJIbCKOX03AMCTBEHHOM OTPaCIH.

Pe3y/bTaThl HCCAENOBaHWH ObUIM TOJNHOCTBIO H CBOEBPEMEHHO OMNy6JMKOBaHbl B
NepHOAMYECKMX  M3JaHMsX W TPEACTaBIEHbl  Ha MeXJIyHapoAHbIX ~ Hay4YHbIX
KoHdepeHLUAX.

JluccepTanyoHHasi pa6oTa o6sajaeT BCEMM NpHU3HaKaMHU aKTyalbHOCTH, Hay4HOH
HOBHM3HbI, TEOPETHIECKOM 1 MPAKTUYECKOH 3HAYMMOCTH.

Kak WHOCTpaHHBbIA Hay4HbIA KOHCYJIbTaHT, s JOBOJEH 06IIMM pe3yJbTAaTOM paboThl.
CyuTalo, 4YTO AUCCepTal{oHHas pa6oTa Bypu6aeBa J.A. Ha TeMmy «Pa3paboTka
3¢ PeKTUBHBIX MNapajjiebHbIX aAJrOPUTMOB MalIMHHOTO O6Gy4YeHWs [ CHUCTEMBI
opHeHTaluK Po6OTa B MPOCTPAHCTBE», NpeACTaB/IeHHas Ha COMCKaHHe yYeHOH CTEelNeHH
KaHAMJATa HayK IO ClieliHaJbHOCTH 6D075100 - «WHdopMaTHKa, BBIYMCIUTEJbHAA



TeXHUKa M  ynpaBJieHHe», COOTBETCTBYeT KBaJUPHUKALHOHHBIM TpeGOBaHUSAM,
NpeAbsABJISIEMbIM K JUCCEPTALIMAM 10 YKa3aHHOM ClleL{MaJlbHOCTH.

B uenom  pguccepranyoHHas — pa6oTa  mpeAcTaBJASeT  CO6O 3aBepIIEHHYI0
MCCNIeOBATENIbCKYI0 paboTy, BbINOJHEHHYI0 Ha BbICOKOM TEXHUYECKOM YPOBHE,
06Jiajaoly0 €AMHCTBOM M LeJIOCTHOCTBIO HCCAeZoBaHUSA. 06beM HUCCelOBAaHUM U
NoJiyeHHbIe pe3yIbTaThl COOTBETCTBYIOT KPUTEPHAM, yCTaHOBJIeHHbIM [losoxenueM 1K
COH MOH PK o npucyXAeHHUH [OKTOPCKHUX CTeneHeil KaHJMJlaTa HayK, a aBTOp
Aucceprauun Bypubaes MK.A. sacnyxUBaeT NPUCYXAEHUS Y4EeHOH CTemeHu KaHAauzaTa
HayKk mo cneuuanbHoctH 6D075100 - «MHQopmaTHKa, BbIYMCAUTENbHASs TEeXHUKA U
ynpaBJiEHHE».

MexyHapoHbIH Hay4YHbIH PYKOBOAUTEND
I[Ipodeccop, fokTop dunocopuu
yHuBepcuTeTaa Tokaii /noanuce uMeercsa/ Taizo Msauu



i, Kensxeraesa uana Cepuxoéonosna, UNH 890416450513, (ymocroBepenue mmunocTa Ne
037494459, Brimano MBJI PK ot 02.02.2015 r. neiictutensHo o 01.02.2025 JNEHCTBUTENHLHO 1O
01.02.2025 r.), HacrosmmM TIONTBEPIKIAIO, YTO NAHHBIM IEPEBOJ SBIAETCS TOYHBIM IIEPEBOJIOM
AAHHOTO IOKyMEHTA H COOTBETCTBYET COLEPKaHHMIO OPUTHHATIA AOKYMeHTa. :
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«ONMHHA/IIATOC) MapTa JIBE THICAYH JBaALATH BTOPOIO Iofa 4, MyrameBa Tunspa Pamminosna,
HOTapuyc ropona AIMaTsl, JeHCTBYIOIIAS HA OCHOBAHHH ToCynapcTBeHHOM Junen3uu Ne0000252,
ot 03.11.2005 roma, BbImaHHO# KoMuTETOM 110 OpraHM3alliM MPaBOBOM IIOMOINM M OKA3aHHIO
TOPUIIMIECKHX yCIIyT Haceaenuto Munucrepersa IOctumun Pecry6muxu Kasaxcran, CBHUJIIETENBCTBYIO
HOUIMHHOCTE IOANMCH IepeBoqunka KemxkeTaeBoii Huanel  Cepuk60J10BHEI. JIuynocte
TICPEBOIIIKA YCTAHOBICHA, IEECTIOCOGHOCTD M IIOJIHOMOYHS IIPOBEPEHEI.
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