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KanubpoBka aHTeHHO-huaepHOro Tpakta B CUCTEME OpPUEHTaLuumn
Calibration of the antenna-feeder path in the orientation system

Cuctema opueHTaumm nogsuxHoro obbekTa npegnonaraer YyCTaHOBKY Ha OOBbEKT, UCMbITbIBAKOLNA 3HAYUTENbHbIE
YCKOPEHUSA MO KypCy, TaHraxy u KpeHy (yrnbl nnepa), YeTblpexBXOAHOIO HABUTALMOHHOMO NPUEMHMKA U XKECTKYI0 pamy
C YeTbIpbMsi aHTEHHaMW, COOTBETCTBYIOLLUMMM KaXXaAOMy BXOAy NpUeMHuKa. Takas cuctema npm Mcnonb3oBaHum B obpa-
D0Tke NepBoON pasHOCTM NCEBOOAANLHOCTU MO dha3e HecyLleln No3BonsAeT packpbliBaTb )a3oBy0 HEOAHO3HAYHOCTb NpuU
3afjaHHOW OoBepuTenbHON BepoATHOCTU He MeHee 0,999999 npu ucnonb3oBaHWM OObIMHBIX MHOFOBXOOHbLIX HaBwra-
LIMOHHbIX NpreMHUKOB 6e3 ycpeaHeHUs ha3oBbIX HEOAHO3HAYHOCTEN, TO €CTb 3@ 0AMH oTc4eT. OgHaKo NCnonb3oBaHme
nepBoN pa3HOCTU NceBAoAanbHOCTM MO dhase Hecyllen TpebyeT kanubpoBKM aHTEHHO-PMAEPHOro TpakTa CUCTEMbI
OpMEeHTaLMKN C BbICOKOW TOYHOCTbIO, YTO cAenatb BeCbMa HemnpocTo.

MpennoxeH cnocob kannbpoBKW, OCHOBAHHbLIN Ha OLEHKE HEWU3BECTHbIX 3adepXXeK aHTEHHO-(MAEpPHOro TpakTa
HEenoaBWXKHON CUCTEMbI OPUEHTaLMK (PaMK/M C aHTEHHaMM) B TEYEHNE HEKOTOPOro BPEMEHUN MPU BbICOKOTOMHOW OLEHKE
yrnos dunepa CUCTEMbl, UCNOMb3YIOLLEN anropuTM OpUeHTauun ¢ paspeLleHnemM LenoYUCneHHON HEOQHO3HAYHOCTM
BTOPOWN pasHOCTM NceBaoAanbHOCTM No hase HecyLuen.

MaTtepuan ctatbu 6yaeT noneseH cneynanictam B 06nactu CNyTHUKOBOW HaBUraumm, reoaesvm  CMexXHbIX AUCLmn-
TINH.

A mobile object orientation system involves installing a four-input navigation receiver and a rigid frame with four
antennas corresponding to each receiver input on an object experiencing significant accelerations in yaw, pitch, and roll
(Euler angles). This system, when using carrier-phase pseudorange first differences in processing, allows for the reso-
lution of phase ambiguities with a specified confidence level of at least 0.999999 using conventional multi-input naviga-
tion receivers without averaging phase ambiguities, i.e., within a single sample. However, using carrier-phase pseudo-
range first differences requires high-precision calibration of the attitude control system's antenna-feeder path, which is
quite challenging.

A calibration method is proposed based on estimating unknown delays in the antenna-feeder path of a fixed attitude
control system (a frame with antennas) over a certain period of time, with a highly accurate estimate of the system's
Euler angles using an attitude control algorithm with integer ambiguity resolution of the second-order pseudorange di-
fferences based on the carrier phase.

This article will be useful to specialists in satellite navigation, geodesy, and related disciplines.

KnroueBble cnoBa: yrnbl unepa, NceBaoAanbHOCTb NO hase Hecyllen, nepBas U BTopas pasHOCTb NceBgodanb-
HOCTW, pa3peLueHne a3oBbIX HEOAHO3HAYHOCTEN.
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resolution.
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Cucrtema opueHTauumn guHamu4Horo obbekTa npegnonara-
€T YCTaHOBKY Ha OOBbEKT YETbIPEXBXOLHOMNO HaBUraLMOHHO-
ro NPUEMHMKA, UCMbITbIBAKOLLErO 3HAYNTENbHBLIE YCKOPEHMS
Mo Kypcy, TaHraxy v KpeHy (yrnbl 3rnepa), u XecTkon pambl
C YeTblpbMsi aHTEHHaMW, COOTBETCTBYIOLLMMMU Kaxaomy
BXOAY NPUEMHMKA.

[na namepeHnii B HaBUraLMOHHOM NPUEMHMKE MUCMOSb-
3yeTCcs BbICOKOTOYHAs, HO HeodHO3HayHas nceBgoAarb-
HOCTb No hase Hecyuwlen [1]. BBegeM HymepaLumio aHTEHH
CUCTEMbl OpueHTaumm oT 1 go 4, roe nepBas aHTEHHA CUK-
TaeTcsl ONOPHOW, TOorga HOMepa aHTEHHbI u UMEKT 3Have-
Hue oT 2 no 4.
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cnyTHuMkoB “MoHacc-K2”, nanyyatowmux B AnanasoHax L1,
L2 n L3 curHansl, KOTopble UCMOMb3YHT Kak TpaauumnoHHoe
4YacToTHOE pasfeneHue, Tak U kogosoe, aHanornyHoe GPS
[2]. Tak kak 3agayn OUEHKM OpueHTauuMu O CUCTEM C
KOLOBbIM pasgeneHneM peLuaroTcs npoe, B ctatbe byaet
paccmaTtpuBaTbca 06paboTka MMEHHO TaKMX CUrHamnoB.

M3 [3] n3BecTHO: nepBas pasHOCTb McesBgodanbHOCTU
ONA paccMmartpuBaeMblX CUTHANoB COOEPXUT Meluarolue
napameTpbl, KOTOPbIE YCTPaHATCHA KanMbpoBKOW aHTEHHO-
duaepHoro Tpakta BCeX NPUEMHMKOB. HO BbINOMHUTL 3TO
BeCbMa Tpy4Ho.
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