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1. BmocKkoHasIeHHSI METO/IiB i aropuT™MiB BU3HAYEHHSI TTapaMeTPiB opieHTallil 171 6e3n1aTdOPMHOI iHepIliaIbHOI
HaBiraiifiHoi cuctreMu

2. Improvement of methods and algorithms for determining attitude parameters for strapdown inertial navigation
system

Pedepar:

1. lucepTariis nmpucBsayeHa po3po6bili indbopmMarliiiiHoi Mopesi st BUBHaUYEeHHs [TapaMeTpPiB OpieHTallii, 1110 MoKe
BHMKOPHCTOBYBaTHCh [IPY CUHTE3i aJIrOPUTMIYHOTrO i IporpaMHoro 3abesnedeHHs BucokotouHux BIHC. [IposeneHo
IeTasibHe OOIPYHTYBAaHHS 1 JOCIIKEHHS METOIiB Kai6pyBaHHS YyT/IMBUX €JIEMEHTIB: aKCEJIEPOMETPIB i
ripockomiB. ITifTBEpA>KeHO BUCOKY TOUHICTh METOAY IIPOCTOPOBOrO KaJlibpyBaHHSI iHepLiaJIbHOTO BUMipIOBAJIbHOTO
MOJyJIs1 Y IOPiBHAHHI i3 Bimomumu. Po3po6ieHo iMmitaliiHy Mozesb 6e311aTrgopMHoO] iHeplianbHOi cucTeMu
opieHTallii, M0 MiCTUTb NPOLENYPH MOJEIIOBAHHS KyTOBOTO PyXy OCHOBHU, YMCEJILHOTO iHTETPyBaHHS
KiHEMaTUYHUX PiBHSHb Ta 6JIOKY MOPiBHSIHHS OTPUMaHUX pe3ybTaTiB. OTPUMAHO €MITIPUYHY 3aJI€XKHICTb, 110 Ja€

3MOTY OLIiHIOBAaTH TOYHICTh METO/iB iHTerpyBaHHs. OOrpyHTOBaHO BUKOPUCTAaHHS TPUKPOKOBOro MeToxy [likapa



YETBEPTOTO MOPSIKY IJ1s1 iIHTEerpyBaHHS KiHEMAaTUYHOrO PiBHSHHSA [lyaccoHa 111 CUHTE3y aJITOPUTMIYHOTO
3abesneyeHHs BICO. 3anponoHoBaHO METOIMKY KOMITeHcallii anroputmiyHoro apeiidy BICO BHacifoKk KOHIYHOTO
pyxy ocHoBHU. [TobynoBaHo iHdpopMauiliHy Mogesnb 6e311aTdopMHOi iHepLianbHOi cucTemu opie-HTaujii. BoHa
CIIPSIMOBaHa Ha po6OTY 3 peaIbHUMU CUTHAJIaMU BUMipPIOBaJILHOTO MO-[1yJIs HaBirauiHoi cucrtemu. Ilporpamunii
aJITOPUTM MIiCTUTh KOMILJIEKCH MTPOLIeyp [Jisl KaliOpyBaHHS CUTHAJIIB YyTJIMBUX €JIEMEHTIB, PO3PAaXyHKY
[I0YaTKOBOI'O 3HAYEHHs MaTPULi HAIIPSIMHUX KOCUHYCIB LIJISIXOM IIPOBEEHHS II0YaTKOBOI BUCTaBKY Ta PO3Pa-XyHKY
KiHEMaTUYHUX [IapaMeTPiB opieHTallii 06'eKTy LIISIXOM YHUCEJIbHOTO iHTerpy-BaHHs MmeTonoM Ilikapa
KiHeMaTU4HOro piBHAHHA [lyaccoHa. [HdopMaliiiHa Mozesb MiATBEPAUIIA aleKBaTHY POOOTY Ta JOCTATHIO TOYHICThb

1Ipu po6OTi Ha HEpPYXOMiil OC-HOBIi, 06epTaHHi cuCTeMH i3 IOCTIITHOIO KyTOBOIO UIBUAKICTIO Ta IIPU KOHIYHOMY pPYCi.

2. The thesis describes the development of an information model for determining the orientation parameters of
high precision SINS. A detailed substantiation and study of methods for calibration of sensitive elements:
accelerometers and gyroscopes. It was created the simulation model, which allows studying different calibration
methods. The mathematical model of sensors output signal was increased by adding stands and sensors errors. It
was compared the eight-position method for accelerometer calibration with new spatial method. One axis rotation
method for gyroscopes calibration was compared with spatial calibration approach as well. Mean values and
standard deviation of method's errors according to stand equipment and sensors 24 hardware random errors was
studied. The specifications of real navigation accelerometer and ring laser gyroscope were used for testing
calibration methods. The high accuracy of the spatial calibration method of the inertial measuring unit in
comparison with the welloknown ones is confirmed. The main approaches to synthesis of attitude algorithms
presented. It was described the main types of attitude kinematic parameters such as directional cosines matrix,
Euler's rotation vector and quaternions. All of these parameters describe the same attitude of body frame about
inertial frame. Transformations of some parameters into others were shown as well transformations into
Euler-Krylov. Different methods of numerical integration of attitude equations such as low accurate squares and
trapeziums, predictor-corrector Runge-Kutta and Picard methods were presented. A simulation model of a
strapdown inertial attitude system has been developed. The model contains procedures for modeling an angular
motion of the base, numerical integration of kinematic equations and a block for comparing and studying the
obtained results. It was tested a several Picard methods for integration of Bortz's equation with different
integration steps. This well-known methods was compared with Picard methods for Poisson's kinematic equation.
All tests were made for conning motion, which is the most dangerous for all types of inertial systems. In consist of
two harmonic angular oscillations around two body axes. It leads to an algorithm drift of the third angle. An
empirical dependence the error drift was obtained. It makes possible to assess the accuracy of any integration
method. Research shows, the use of the three-step Picard method of the fourth accuracy order for the integration
the Poisson's kinematic equation is the best for the synthesis of the attitude system algorithmic software. A
method for compensating the algorithmic drift of attitude system due to the conning motion of the base is
proposed. This method allowed to compensate the algorithmic drift more than an one order. An information model
of a strapdown inertial attitude system is constructed. It was designed to work with real signals of the inertial
measuring unit of the navigation system. The software algorithm contains a set of procedures for calibrating the
output signals of sensitive elements, calculating the initial value of the directional cosines matrix by conducting an
initial exhibition and calculating the kinematic parameters of object attitude by numerical integration the Poisson's
kinematic equation by Picard's method. The output signals of accelerometers and ring laser gyroscopes of high-
precision SINS were used for testing and studying the model. The information model confirmed its adequacy by
working on a fixed base. System was showed the imaginary drift of attitude, according to real local values of
Earth's angular rate projections. The integration algorithm was expanded to consider this imaginary drift.
Information model of attitude system was tested by constant angular rotation of the stand around each axis. The
errors of system were in the accuracy orders of gyroscopes, which showed the great accuracy of software. Final
tests were made for conning motion of base. It was several different motions with their own amplitudes and
frequencies but the phase was ninety degrees. System showed the great accuracy, but conning frequencies was
not big enough to see an algorithm drift.
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