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Review of the dissertation work by Zharas Z. Ainakulov
“Development of Information System Using Artificial Intelligence Approach to
Evaluate and Predict the Behavior of Complex Objects”
submitted for the degree of PhD in the specialty 6D070300 — Information
Systems

At present, unmanned aerial vehicles (UAVs), also known as drones, are in high
demand and widely used across various sectors of the economy. UAVs are used to
monitor road surface conditions, perform environmental monitoring, track the state of
glaciers, moraine lakes, and snow cover in hard-to-reach areas. The use of drones
enables support for mining operations, monitoring terrain topography, estimating
volumes of landslides and collapses, controlling tailings storage facilities, and detecting
gas leaks through thermal imaging of pipelines.

They are indispensable as a source of intermediate-scale information in tasks
where available satellite data provides only coarse surface textures, while signature
maps are constructed from high-resolution digital imagery. An example is the
assessment of pasture vegetation quality using multispectral satellite images from
Landsat with a spatial resolution of about 80 m, while the training dataset is obtained
via “manual” spectrophotometric measurements with a resolution of about 1 cm.

The difficulties encountered in solving many of these tasks are primarily related
to UAV control in conditions of heterogeneous airflows, especially in foothill and
mountainous areas typical of southern Kazakhstan. In such conditions, UAVs must
autonomously adapt a predefined survey scheme to constantly changing environmental
conditions. The flight of a lightweight UAV, with its limited energy resources and
exposure to turbulent near-surface atmospheric flows, significantly complicates control
tasks.

In fact, two complex interrelated problems arise: generating a multidimensional
flow of landscape images obtained during monitoring, and ensuring UAV dynamics in
an unpredictable and active atmospheric environment. It is evident that optimal UAV
control under such conditions is a complex problem requiring the processing of large
data streams to make correct control decisions. Modern artificial intelligence (AI)
systems, particularly those based on artificial neural networks, are capable of
effectively addressing this problem. Therefore, the research topic chosen by the
candidate is undoubtedly of both practical and theoretical relevance.

The research topic is clearly interdisciplinary. In his work, Zharas Ainakulov
applied Intelligent Data Analysis tools, including neural networks, fuzzy logic, genetic
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algorithms, system analysis methods, and object-oriented programming technologies.
Modern software packages were used as modeling tools in the dissertation.

During the research, the candidate modified traditional methods of automatic
control theory and proposed new approaches for assessing and predicting complex
dynamic scenes within the UAV-monitoring object system. In particular, a method for
developing a UAV-based GIS system for operational diagnostics of cartographic data
was proposed. As examples, the candidate presents domain-oriented GIS systems
developed by him: “Sairan,” “Alatau,” “Kurgany,” and “Otvaly.”

Special attention should be given to the original development of the “Flight
Planner,” implemented as an experimental prototype. It determines the coordinates of
the drone’s future route points and includes a scheme for an autonomous aerial imaging
module equipped with a GPS receiver and a recording device.

Importantly, the candidate not only described but also assembled an experimental
prototype of an aerial survey system based on a hexacopter UAV, equipped with
autopilot, navigation, and gyrostabilization units for aerial imaging equipment. The
results obtained during flight tests demonstrated high accuracy of photogrammetric data
processing.

Thus, overall, the candidate has conducted substantial research in selecting
theoretical UAV control concepts adapted to a wide range of practical tasks and has
implemented most of these concepts in practice in the form of control algorithms. The
presentation of results in the dissertation is carried out at a high technical level.

Considering the above, I believe that the dissertation work by Zharas Z.
Ainakulov,

“Development of Information System Using Artificial Intelligence Approach to
Evaluate and Predict the Behavior of Complex Objects”

can undoubtedly be recommended for defense in the specialty 6D070300 —
Information Systems.
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OT3bIB Ha IMCccepTannoHAY 0 paboty Aiinakynosa K.)K. «Paspa6oTka
HHPOPMALHOHHOM CHCTEMBI C HCTIOTb30BARHEM NOAX0Aa HCKYCCTBEHHOIO
HHTEJIEKTA LIS OLIeHKH W TIPOTHO3HPOBAHHS IIOBEACHHSI CI0MKHBIX 00beKTOBY
NMPEACTABICHHYIO HA conckanue crenienn PhD o cnenmansnocry 6D070300 -
Hudopmaunonnsie cncrempr

B Hacrosmuii MoMeHT GecniumoTHEE JI€TaTelIbHbIe annapars! - BITJIA, oxn xe
BJIA mmm npousl, BoctpeGoBanbl 1 MaccoBo HCIIONTB3YIOTCA B PA3IMYHBIX 001aCTIX
HaponHoro xossiictBa. Tak, ¢ mnomompio BITJIA KOHTPOTHPYIOTCS  COCTOSIHUS
OOPOXKHEIX ITOKprTHfI, BERITIOTIHSIeTCH BKOMOHHTOPHHI‘, OTCIICKHBACICSl COCTOSHHE
JICAHUKOB, MOPEHHBIX 03€p M CHEKHOrO IOKpOBA B TPYAHOIOCTYIHBIX O0JIacTsIX,
Henons3oBanne  1poHOB  mo3Bosser COMpPOBOXK/ATE  PabOTBl B  IOPHO-PYIHOM
TPOMBIIUICHHOCTH M OTCIICKHMBATE TONOrpadmio MECTHOCTH, OIICHHBATh 0OBEMbI
OMOJ3HEH ¥ 0OBAJIOB, KOHTPOIMPOBATE COCTOSHUS XBOCTOXPaHMIUIL, OOHAPYKUBATE
YICHKH Tasa C TMOMOIIBIO TEIUIOBH3HOHHON CHEMKH TpyOonpoBoxos. Onu
HE3aMEHHMBI, KaK MCTOMHHK HHPOPMAIMH IIPOMEKYTOUHBIX MacmTaboB, B 3anayax,
KOTla JIOCTynHas CIYTHUKOBag WH(OPMAILMH JaeTr KPYMHOMACIITaOHYI0 TEKCTypy
TTOBCPXHOCTH, a KapTa CHIHATyp (IpH3HAKOB) IIOCTPO€HA Ha LM(POBBEIX CHUMKAX
BPICOKOTO  paspelienus. IlpumMepoM  MoXeT CiyxuTh  oueHka Ka4yecTBa
PACTUTEILHOCTH JUKAUIIALY TIO MYJIbTHCTIEKTPAIBHBIM CIYTHUKOBBIM CHHMKaMm KA
LandSat, ¢ mnpocrpancreenupm paspemenreM okono 80M, B To Bpems Kak
oOyuaromiasi BbIGOpKa TOITyMeHa «PY4HOI» CNEKTPO(GOTOMETpHYECKOH CheMKoil ¢
paspereHremM oKojo 1 cM.

TpynaHocTH, KOTOpBle BO3HMKAIOT IIPH DPELICHHH 3HAYATENILHON YacTH
YHOMAHYTBIX  3a7a4, CBA3aHBl TVABHBIM O0OpasoM c IpodJaeMaMH  yIIpaBIIeHus!
/IPOHAMH B yCIIOBHSX HEOAHOPO/HBIX BOLYIHBIX IOTOKOB, OCOGEHHO B peJropHoH
W TOPHOM MECTHOCTH, THIHYHOM mif fora KasaxcTama. 3nech, BIUIA pmomken
CAMOCTOATCNILHO  afanTHPOBaTh — 3aJAHHYI0 CXEMy CBEMKH K IIOCTOSIHHO
H3MEHSIOMIMCSI Y CTIOBHSIM OKpyyKeHust. [Tomer serkoro BITJIA ¢ ero OTPaHUYEHHBIM
SHCPreTHYECKHM PECYPCOM M JNABJICHHS CO CTOPOHEI TYpOYJIEHTHBIX MOTOKOR
HIPH3EMHOTO CIIOs aTMOC(EPbl BO MHOTOM YCIIOKHSET 3anady ynpasienus. [To daxry,
UMCIOTCA 1IBE CIIOXKHBIE B3aMMOCBSI3aHHbIE 3a0auM: CO3aHMe MHOI'OMEPHOT'0 MOTOKA
u300paXeHHH NManmmadra, MmONyYEHHOro NpH MOHUTOPHMHIE W obecrneuenue
AuHamukd - BIUJIA B  Hempenckasyemolf M akTHBHOIN aTMoc(epHOl  cpeje.
OnHosHauHo, 4TO B 3TOM CHTYamum omTHMaTBHOE YIPaBIIEHUE IPOHOM SBISETCS
CIOKHOM 3amadeil u TpeGyerT 06pabOTKH GOIBIIOrG o0beMa MOTOKa JIAHHBIX JUIs
HPUHATHS  [PAaBUIBHBIX  YNPABIAIOWMX — PELICHMIA, CoBpeMeHHBIE  CHCTEMBI
HCKYCCTBEHHOrO uHTesutekTa (MH), nemons3yromue BoIYHCIIeHHs Ha HCKYCCTBEHHBIX
HEHPOHHBIX CETAX, peaaTbHO CIOCOGHE] [IOMOYP B pEIICHHH O5TOH MpPoGIIeMsL.
[Tostomy, BeIGpanmas cowckarenem Tema MCCIICIOBAaHUH, HECOMHEHHO MMeer
[IPAKTHYCCKYIO U TEOPETHYECKYIO aKTyalbHOCT.

Cnenuduka TeMbI Heclle0BaHMI HMEET SBHO MEKIHCUUIITHHAPHEIN XapakTep.
B cBoem wuccnemoBanun Kapac AiHakynoB wmcmone3oBan «MHTenek Ty anpHbIii
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AHanmu3 JlaHHBIX», WHCTPYMEHTapHi BKIIOYAIOIMMIA B cebs HEWpPOHHBIE CEeTH,
HCUCTKYIO JIOTHKY; TICHETHYECKHe AITOPUTMBI; METO[bl CHCTEMHOIO aHAJIH3a,
TEXHOJIOTHH  O0OBEKTHO-OPHEHTHPOBAHHOTO IIPOrPAMMUPOBAHMUSL, Huctpymentamu
MOZICIMPOBaHH B TUCCEPTALIUM CILY>KMIIM COBPEMEHHbIE TTaKeThl IIPUKIamHbix 110,

B mponecce BoimonHeHns paboThl cOUCKATENb MOIM(DUIMPOBAI TPAIUIIHOHHbIE
METO/Ibl TCOPHH ABTOMAaTHYECKOTO YIPABICHHUS W MPEIJIOKMI HOBbIE MOAXOMBI IUIS
OLICHKH W MPOTHO3UPOBAHMS CIOXKHBIX TUHAMHYECKHX CLEH U1 KoMmiuiekca BITJIA-
O6vekt wmouutopunra. Tak, ObIT TpeIONKeH crHOCO6 IOJIyYeHHSI CHCTEMBI
I'MCBIUIA nuist onepaTUBHOM IHarHOCTHKY KapTorpa(@uyeckux JTaHHbIX. B KayecTse
[pUMepa, concKaTelb NIPUBOIUT CO3AANIILIE HM NMPCIMCTHO OpreHTUpoBaHHbIe [ HC:
«Catipan», «Anaray», «Kypraas, «OTBasy.

OTHenbHO ClleflyeT OTMETHUTh OPHIHHATBHYIO paspabotky «IlnanEpoBmIK
[IOJIETOBY, BBIMOJIHEHHYIO B OSKCIEPHMEHTATbHOM obpasme. Oma omnpemenser
KOOpMHATBL  TOYEK MPEACTOALIEr0 MapmipyTa JIpOHa M COMNEPKUT CXEeMy
ABTOHOMHOI'0 a3p0CheMOYHOro Moyisi ¢ GPS npueMHHKOM M yCTPOHCTBOM 3aIicH.

BaxkHO, 4TO COMCKATeNp He TOIBKO OMUCAT, HO H cobpar JKCIIEPUMEHTAIbHBIH
oOpasen; a’pochEMOYHOro KOMIUIEKca Ha ocHoBe BIIJIA IE€KCaKOMTEePHOro THIIA,
CHAOXeHHBIH OJIOKAMH aBTONMIOTUPOBAHHUS, HABHUTALMH W ITHPOCTA0HITH3AIHH
aPOCHEMOYHOH ammaparypbl. [lomydeHHble Ha JIETHBIX HWCHEITAaHMAX DE3YIBTATHL
[I0Ka3alld  BBICOKYIO TOYHOCTb (hOTOrpaMMeTpHuecKoif 06paboTKH MoMyYeHHBIX
JAHHBIX.

Takum oOpasom, B 1menoM, COHCKaTeTb BBHITIOTHU CYLLECTBEHHYIO
HCCIIE/IOBATENICKYIO PaboTy MO BBICOPY TEOPETHUECKHUX KOHIIETTIH yIIpaBJIeHHS
JIPOHOM, aNAaNTHPOBAHHBIMA K IMIMPOKOMY CIEKTpYy TpakTHYecKMX 3afad, u
peanu3oBal Ha NpaKkTHKe OOJNBUIYI0 YacTh pa3pabOTaHHBIX KOHIENIWH BBHIE
AIIFOPUTMOB  YIpABJeHUsA. II3MOKEHHE pesyNbTaToB B TeKCTe AMCCEpPTALHH
BBITIOJHEHO HA BEICOKOM TEXHHYECKOM YPOBHE.

YUuThIBasg H3JI0XKEHHOE BHIIIE, CYHTAID, YTO JUccepTanMoHHas pabota
Atinakynosa JKapaca JKerbiGaesuua «Pa3paGorka MHQOPMAITMOHHON CHCTEMBI C
UCTIONIB30BAHUEM  IOIXONa  HCKYCCTBEHHOTO  HMHTEJUIEKTA [UIS  OLIEHKH WU
[IPOTHO3HPOBAHMS TIOBEJCHHS CIOXKHBIX OOBEKTOB» HECOMHEHHO MOXET OBIThH

PEKOMEHZOBaHA K 3alluTe Mo creunanbHoctd 6D070300 — Wudopmanumonusie
CHCTEMBI.

Hay4nblit KOHCYJIBTAHT,

Tumyp Ianranies, 10KTOP TEXHAIECKMX HAyK

Crapiuuii MeHeKep 1o IPOEKTHPOBAHMIO TPOrPAMMEBIX CHCTEM

S3BIKH B KOMIIUTATOPBI MAIITHHHOTO 00y4eHHs, pa3paboTka [IPOrpaMMHOI0
obecrieuenus MamuuHOrO 00yyenus (MLSE)

I'pyniia nckyccreennoro unresiexra (AIG)
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[lepeBox pOKyMeHTa C aHTIHHCKOTO s3BIKA HA PYCCKOIO S3BIK  BBINOJIHEH
nepesomunkom Jlaynerkepumosoii ['ymesamer AGumeBbl, 30.05.1976 roma pokiaenus,
WHIMBHYaIbHBIH — uAeHTHQUKAIHOHHBI HoMmep 760530402349, Mecto  posKICHHS
Kaparangunckas obiactb.
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ropoa Anmatsl, Pecnybinka Kazaxcran,
TPEThE alpells JABe THICSYH JIBA/IIATE MIECTOro roja.

A, Wmankynosa Bemerra Epanuna, Horapuyc ropoza Ammartsl, JeficTBylomas Ha
CHOBAaHMH rocymapcTBeHHON muieHsuu Nel7012498, BrinanHoif MHHHCTEPCTBOM KCTHIIMA
Pecnyoimkn Kasaxcran ot 11 uions 2017 rona, cBHIETENBbCTBYIO TOMIMHHOCTD IIOAMKUCH
nepeBounka Jlaynerkepumosoit ['yinb3anst AGueBHBL JIHMUHOCTE HEPEBOAYMKA YCTAHOBIIEHA,
J1eecIoCO0HOCTE U [10JIHOMOYHS TPOBEPEHEL.
3aperucTpHupoBaHo B peectpe 3a No321
3bICKaHo: cornacHo cT. 30-1 3PK «O Horapuare»
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Horapuartaiy, ic-aperettiv, Biperedi nemipi / YHAKBABHIA HOMED HOTZPWANEHOTD AERCTEMA
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