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of the scientific consultant for the dissertation work of Chinibayev Yersain Gulislamovich
"Development of methods for visualizing three-dimensional objects using augmented
reality technology (Augmented Reality) submitted for the degree of Doctor of Philosophy
(PhD) in the specialty 6D070400 - "Computer Engineering and Software"'.

In the process of teaching and conducting research, doctoral student Chinibayev Yersain
conducted significant scientific research, including the study of scientific literature. Yersain
attended Purdue University while studying as part of an overseas research fellowship. As the
cooperation showed, the doctoral candidate Chinibayev Y.G. carefully studied, critically evaluated
many studies and made significant progress in his scientific research.

I also note that under my supervision, the dissertation candidate was a member of the
program committee of the MobiSPC 2015 The 12th International Conference on Mobile Systems
and Pervasive Computing. August 17 — 20, 2015 Belfort, France. Where he vividly demonstrated
his knowledge of robotics and UAVs, as well as modeling 3D objects and virtual and augmented
reality.

The research topic of the doctoral student "Development of methods for visualizing three-
dimensional objects using augmented reality technology (Augmented Reality)" meets the modern
challenges of large-scale technogenic development of immersive technologies. The main results
and conclusions of the doctoral research were presented in scientific publications, conferences and
seminars.

The aim of the study is to develop methods for visualizing three-dimensional objects using
augmented reality (AR) technology.

The main objectives of the study. To achieve this goal, the doctoral candidate solved the
following tasks:

1) analysis of the current state in the field of augmented reality research, identification of
shortcomings of modern augmented reality systems.

2) search and analysis of methodological, algorithmic and software tools for research
purposes.

3) development of models of the service space, the area of perception and user behavior.

4) formulation of recommendations for designing a user interface for visualization by
means of augmented reality.

The object of research in the dissertation work are computer methods of information
processing.

The subject of the study is an information system with interactive visualization technology
using augmented reality.




Research methods. To solve the tasks set, the work uses a systematic and info
communication approach, methods of computer graphics, 3D modeling, the theory of sets and
relations. When developing the architecture of a software interactive system, component- and
object-oriented approaches were applied.

Scientific novelty and protected provisions:

1) A model of the user's service space has been developed, in addition to the interactive
data request at the user's request there is a possibility of predictive data request by the decision of
the client application is also considered.

2) A model of the user's perception area has been developed, characterized in that the
predicted user's perception area is represented as an ellipse, based on the probable user's
coordinates and the probable area of user's perception of data, which makes it possible to provide
at least 25% more efficiency than when using other figures.

Approbation of work and publication. The main provisions and scientific results of the
work were reported and discussed at seminars of the Computer Engineering Department of the
International University of Information Technologies and in the framework of scientific
internships organized by Purdue University.

The results of the study correspond to the completed dissertation work. Prepared
publications confirm the independence of the work carried out. Chinibayev Y.G. meets the
requirements for conferring a PhD degree in the specialty 6D070400 - "Computer Engineering and
Software".

PhD, professor ~ ' Eric Matson
Purdue University, IN, US.
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PELIEH3US

HAY4HOI'0 KOHCY/IbTAHTA HA AMCCEPTAUHOHHYIO pa6ory Unnubaesa Epcanna
['yauciamoBuua «PazpaboTka MeTOL0B BH3YaTH3aIHM TpeXMepHbIX 00bEKTOB C
HCIOJIb30BAHHEM TEXHOJIOTHH I0TOJHEHHOMH pealbHOCTH (Augmented Reality)»,
npeIcTABIEHHYI0 HA COUCKaHHEe yueHol CTeneHH J0KTopa ¢unocopuu (PhD) no

cnenuaabHocTn 6D070400 — «BpiuncauTeIbHasi TEXHHKA H nporpaMMHoe ofecredeHuey.

B npoliecce npenojaBanys 1 MPOBEICHNA HayUHbIX yccnenoBaHuii JoktopanT UnHubaes
Epcaun npoBes CYIIECTBEHHYIO Hay4YHO-MCCJIe/I0BATENbCKYIO paboTy, BiOYad H3YHCHUC
Hay4yHOM nuTepaTypbl. EpcauH yuuncs B Vuusepcurete [I€pabio B pamKax 3apy0OexHon
HayuHoil crunenauu. Kak rmokasana COBMeCTHa paGora, jaokropaHT YuHnOacs 1.
BHUMATENbHO M3YUMJI, KPUTHYECKH OLEHMI MHOTHE MCCIe/oBaHn U J00MIICS 3HAYUTENbHBIX
YCMEXOB B CBOEM HAaY4HOM HCC/IEIOBAHUH.

Takoke OTMeuy, 4TO MOJ MOMM PYKOBOJCTBOM AMCCEPTAHT OblT YJIEHOM MPOrpaMMHOrO
xomutera MobiSPC 2015 The 12th International Conference on Mobile Systems and Pervasive
Computing 17 - 20 asrycra 2015 roja Benbdop, ®panums. Tam OH APKO MPOAEMOHCTPUPOBAT
cBOM 3HaHus B obnacth poGororexunku u BIUIA, a Taroke MOASIMPOBAHMA 3D-00BEKTOB 1
BUPTYaJIbHOMN U JIOTIOIHEHHOH PeabHOCTH.

Tema uccienoBaHus OKTOpaHTa «PaspaboTka METONOB BHM3yaIM3aLMK TpEeXMEpPHbiX
00BEKTOB C MCIOJIb30BAHUEM TEXHOJIOIMHU JOTMOJIHEHHON peanbHOCTH (Augmented Reality)»
OTBEYaeT COBPEMEHHBIM BBI30BAM MACLITAOHOr0 TEXHOIEHHOTro PpasBUTHA WMMEPCHBHbIX
TexHONOTMil. OCHOBHBIE PpE3yNbTaThl M  BBIBOJBI JOKTOPCKOro ycclneloBaHus  Oblin
MpeCTaB/EHbl B HAYYHBIX nyGnMKaLusX, Ha KOHQEepeHLMAX U CeMUHApaXx.

Llens ucciaeaoBaHuA - pa3paloTKa METOJOB BHU3yalH3alMH TpexMepHBIX OOBEKTOB C
JCTIONb30BAHMEM TEXHONOIUH J0TIONHEHHON pealbHOCTH (AR).

OcCHOBHbBIE 3aJa4yyd MCCJIEAOBAHMA. I[Ilﬂ JOCTHXXCHUS [IOCTABJEHHOW LEJIU JOKTOPaHT
pean cireayrouue 3a/1auym:

1) aHaliM3 TEKYUIEro COCTOSIHUA B obnactu I/ICCHeLIOBaHl/lﬁ IIOHOHHeHHOﬁ peajibHOC i,
BbISIBJICHUME HEJOCTAaTKOB COBPEMEHHBIX CUCTEM }LlOHOJlHCHHOﬁ peajibHOCTH.

2) [IOUCK ¥ aHajau3 METOJO0JOrNYECKUX, AJNrOpUTMHUYECKUX ¥ porpaMMHbIX cpencTs AjiA
HUCClieI0BaATEIIbCKUX uenei/‘l.

3) paspaboTKa Mojefeii CepBUCHOrO MpOCTPAHCTEA, 061aCTH BOCIIPUSITUA U TOBEAEHUS

110J130BaTEJIA.

4) ¢opMyIMpOBaHHUE peKkOMeHJauuii 10 MPOEKTHPOBAHMIO M0JIb30BATENLCKOrO
unrepdeiica Ans BU3yaiu3aluu C MOMOLIBIO JIOTIOJIHEHHOM peajibHOCTH.

OOBbeKTOM HccieoBaHus B JMCCepTalMOHHON paboTe  ABJAIOTCA KOMITBIOTEPHbBIE
MeTo 16l 00paboTKU HHPOPMALIKH.




HpenmeTOM UcciieJoBaHUsA ABJIACTCA umbopmaunonHaﬂ cUCTEMA C TEXHOJIOTUEH
HHTCpaKTI/lBHOi/'I BU3YyaJIU3allluu C UCIIOJIb30BAHUEM IlOl'lOJIHCHHOﬁ pe€ajbHOCTH.

MeTobl MccienoBanus. JUis pellleHus MOCTABICHHBIX 3a7a4 B paboTe HCIOJB30BaHbI
CUCTEMHBIT U MHQPOKOMMYHMKALMOHHBIA TMOAXO/bI, METOABI KOMIIBIOTEPHO#M Tpaduku, 3D
MOJEMPOBaHUA, TEOPUU MHOXKECTB H otHoweHuit. Tlpu pa3paboTke apXHUTEKTYpbl
MHTepaKTUBHOM cucTeMbl [10 npUMEHATUCH KOMIIOHEHTHBI U 0OBEKTHO-OPUEHTHPOBAHHBIH
MOAXO/IBI.

Haquaﬂ HOBHU3HA Y 3alUIIAEMbIC MNOJIOKEHHUA!

1) Pa3pa60TaHa MOJI€Jb  CEpPBHUCHOIO MNpoCTpaHCTBA MOJIb30BaTeEJIA, INOMHMO
MHTEPAKTUBHOI'O 3ampoca JAHHBIX 0 JKEJaHUIO IMO0JIb30BaTCJIA paccMaTpuBacTCA BO3MO>KHOCTb
NpPEeIUKTUBHOI'O 3anpoca JaHHBIX I10 pELICHHUIO KJIMEHTCKOI'O NMPHUIIOKEHMUS.

2) Paspa6Gorana mMojenb 061acT BOCTIPUATHS MMOJB30BaTE N, XapaKTepU3yIoIascs TeM.
YyTO MNpOrHo3upyemas o0nacTb BOCMPUATHA TOJB3OBATENA npeicTaBieHa B BHAC DJUIMICA,
OCHOBAHHOTO Ha BEPOSTHBIX KOOpAMHATaX MOJIB30BATEIIA U BEpOATHOW 007aCTU BOCHPUATHA
JMAHHBIX [0JIb30BATEJIEM, 4YTO TMO3BOJIAECT obecrieduTh Kak MHHMMYM Ha 25% 00JbliytO
3 (PEKTHBHOCTD, YEM MPHU MCTIONb30BAHMH IPYTUX ¢uryp.

Anpobauuss paboThl KM MyOnUKaLuMa. OCHOBHBIE TMOJIOKEHUS U HAy4YHBIC pPE3yJIbTaThI
paboThl [OK/IaAbIBANIMCH M 00CYKIANNCh HA CEMMHApaX Kadeapsl KOMITBIOTEPHON MHIKEHEPHUH
MesKAyHapOJHOro  YHHBEPCHTETa HH(POPMALMOHHBIX TEXHOJOTMH K B paMKaX Hay4yHbIX
CTaXKMPOBOK, OPraHU30BaHHBIX Y HUBEPCUTETOM [1€pasto.

Pe3ynbTaThl MCCIEI0BaHHMs COOTBETCTBYIOT BBIMOJNHEHHON JMcCepTalliOHHON paboTe.
[ToaroToBJeHHble MyOIUKALMKM TOATBEPKAAIOT CaMOCTOATEIEHOCTE BBIMOJIHEHHOM pPabOTHI.
YunuGaes E.T. COOTBETCTBYeT TpeOOBaHMSM, MpPEAbABIACMBIM K MPUCYHKACHHUIO CTENCHH
KaHJ1JaTa HayK Mo CIelHabHOCTH 6D070400 — «BpluncauTeabHasd TEXHUKA U MPOrpaMMHOE
obecrieueHue».

JokTop ¢pusocodun, npogeccop Spuxk MsTCOH
Yuusepcuter II€épabio, raT HWuauana, CIIIA




