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Review of foreign scientific supervisor for the thesis of Aidos Ibrayev
“Development of methods and algorithms for improving accuracy of inertial satellite navigation system”

The thesis of Mr. Ibrayev is devoted to integrating GPS with low cost inertial sensors and odometry for
using in vehicular navigation and investigating methods for improvement of its performance. Such
hybridization of INS and GPS measurements can greatly reduce the shortcomings of each standalone
system to provide increased reliability and accuracy. The GPS estimates of position and velocity are
used to restrict the growth of the INS errors over time and allow estimation of the inertial sensor errors.
The INS provides highly accurate short-term navigation information at a high data rate, which can also
be used to aid GPS ambiguity resolution, correct cycle slips and bridge periods when there is no signal
reception.

Chapter 1 of the thesis describes various positioning systems and their operating concepts and then
summarizes their advantages and disadvantages for application in a hybrid system. Six position and nine
position static calibration methods of IMU sensors are described and tested.

The second chapter deals with INS/GPS/Odometry hybridization models. It explains the use of
dynamic error equations in the Kalman filter, based on differential linearization for position, velocity,
and orientation errors. Various techniques for improving the accuracy of INS / GPS systems are also
discussed. In the case of loss of GPS data, one proposes to integrate INS and odometry with constraints
on the model of the vehicle.

Chapter 3 presents the experimental results and their analysis. The results of integration of
INS/GPS/Odometry have been analyzed. The experimental data has been received using the Cybus
intelligent car of INRIA (Paris-Roquencourt, France), as well as a database of automated transport
sensors from the KITTI (Karlsruhe, Germany).

The research carried out by A. Ibrayev indicates that the author has good knowledge of the scientific
analysis and possesses a sufficiently high level of readiness for carrying out scientific research in the
field of inertial and satellite navigation. I believe that A. Ibrayev deserves to be awarded the degree of
Ph.D.

Yours faithfully,

Vicente Milanes
Research Engineer
RENAULT SAS
Guyancourt, France
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Aiinoc 6paeBTHIH «VIHepUHAIIBIK-CITY THUKTIK HABHI AUMAIBIK aKyitesepain
: AJIIriH apTTHIPY Taciiaepi MeH AJAropuTMIEPIH Kacay» aTThbl AHCCEPTANHUSIIBIK
: JKYMBICHIHA MIETEIIK FHUIbIMH skeTeKImiciHin miKipi
| /i6pacs MBIP3aHBIH JUCCEPTALUSIIBIK JKYMBICH] KOJNIKTIK HABATALMANA KOJ@Hy YIIiH
GPS-1i ap3aH MHEPIHAJIBIK JATIHKTEP JKIHC O/IOMETPUSMEH MHTETpaLUsayFa XKOHE OHBIH
THIMJILTITIH apTTHIPY OMICTEPiH 3epTTEYre apHAIFaH. UK xone CHXK emmemzaepin Oyiaiima
: ruGpuU3anusIIay JKEKEICreH op6ip KyHeHiH KeMIIUTIKTepiH aiTapibIKTai TOMEHIETII, JKOFapbl
CeHiMIUTIK TeH IOIIIKTI KaMTaMachl3 eTyre MyMKiHZiK Gepesi. GPS-tin opHajiacy JXoHE
& sKbUIIaMabIKTe Garanaynapsl MK KaTeIKTepiHiH yaKbIT OOMBIHIIA eCyiH MIeKTey YIUiH
xomnansuiagsl. THXK GPS-Tix GipMoH/Ii €MECTITiH IIeHTy YIIiH, IHKIIBIE CEKipyi JKoHE CHIHAI
? : KabpuIIaybl OoIMaraH Ke3JIeTi «KeIrip MeprHoATaphiH» TY3CTy YIOiH KoJJaHyFa OonaThiH KBICKA
4 5‘ Mep3iMi XKOFapbl JQJUIIKTI HABUTAIMAIBIK aKIapaTThl JKOFaphl JKULTIKIIEH KAMTaMachI3 eTe/li.

‘ JTuccepTalUsIbIK KYMBICTBIH 1-TapayblHaa OpTYpii MO3HIHAsIAY Kyienepi KIHE
| OJap/IBIH JKYMBIC iCTey KOHIETIHAIAPEI CHMATTAIBI, COJIaH KeHiH Ooyiap/bl rubpuITiK Kyheae
KOJIIAHY/aFbl ApTHIKIIBUILIKTAPbl MEH KeMIIUTIKTepiHe IOy JKacayajbl. Wnepuuan bk
JATIMKTEpJi AIThl IIO3MIKMSIBIK JKOHE TOFBI3 [O3UIHMANBIK CTATHKAIBIK KaiuOpanusiay
Tociepi CHIATTANIBII, ChIHAKTAH OTKi3UIreH.

Eximmi  Tapayzaa VHK/CHXX/OmomeTpusi  THOpUIM3aHACHIHBIH MOJIENbAEPI
Kapacteipsuazel.  OHIA Kanman (EIGTPIHAETi MO3MLHSA, KBUIAAMBIK JKOHE OpHEHTALIUs
KaTeTiKTepiHe HETi3/ereH JAUHaMMKAJIBIK Karenik Terjeysepi tycinaipineni.Conyaii-ax,
VHDK/CHXX xyiiesnepiHin JONiriH apTThIPyABIH opTYpii Tociimepi KapacThIpbUIAbL. GPS
JepeKTepi JKOFaJIFaH sxarmaiiaa, KoK KypaslbIHBIH yariciazeri MeKTeyJIepMeH, NHX xone
L 0ZIOMETPHUSHBI GipIKTIPy YCHIHBLIABI.

3-rapayna ToXipuOemK ChIHAK HOTHOKEJIepi JKOHE OJIapABl Tajjady YChIHbUIABL
NHXX/CHX/OnomeTpusi HHTETpaLUsIChIHBIH HOTMIKENIEpl TaJlaH/Ibl. Toxipu6enep INRIA
(IMapwx-PokeHKYD, ®panupns) FBUIBIMH  3€PTTCY opranbirbHBH Cybus HHTEICKTYaJIbI
aBTOKOJIIT] apKBUIBI XKY3ere achIpbUIIEL, connaii-axk KITTI (Karlsruhe, Germany) UHCTUTYTBIHBIH
ABTOMATTAHIBIPHUIFAH KONIKTEPiHIH JATUMKTEPiHEH AIbIHFaH MAIMETTED 6a3achl KOJIJAHBLIIbI.

A.V6paeB XyprisreH 3epTrey aBTOPIIbIH FBUTBIMH TaJIAayIbl JKaKCBI MEHrepreHIiria
KOHE HHEPIUSIBIK JKOHE CITyTHHKTIK HABHTalls Ca/lachIH/a FRLIbIMH 3epTTeyJIep KYprisy yuliH
JKETKUTIKTI JKOFaphl JeHreiieri HaibIH/IbIKKa He exenirin kepcereni. A.M6paes Ph.D nokTop
JOpEKECiH aTyFa JaibIK ACI ecenTeiMiH.

KypmerrieH,

Bucente Muanec

3epTTeylIi-HHKCHEP

RENAULT SAS

Tusukyp, OpaHims
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Ocpl ayaapMa aF bUTIIBIH rimigeH Ka3aK Tinine aynapMaribl

PepuxOacBHAMCH OpBIH/ATIEL

Kobl:

ANTHIHIIBL exi MblH OH

AnMaTbl Kanachl. MaMBbIp,

KasaxcTat PecmyOnuKachl,
TOFBI3BIHIIBI HKBUL. MeH, Acpui0exoBa Kazupa AMUpEKOBHA, KazaxcTat PecmyOnuKachl ominer
No0001830 MEMJICKETTIK AuLeH3usA gerizinae

MuHACTPITIMEH 27.04.2004 KBUIHL Gepliret

opeKeT ey AyMaThbl KanachIHbIH HOTApUyChl, Marat Genriti aynapMarist ViGpaioBa AiirepuM

bepukOacBH MEHIH Ko3iMIe KOMBUIFaH KOJIBIH pacTaiiMBIH. OublH JKEKE Gachl AHBIKTALIDL
Ka6ine'r'riniri texcepini.

Tizimimae Ne }Zﬂ/ 7 TipKeIl

HoTtapuycka ToNEHIeH/OpPMMA: 1339 TeHre
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