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Kanubpoeka aHTeHHO-(pMOEPHOro TPaKTa B CUCTEME OpPHeHTauun
Calibration of the antenna-feeder path in the orientation system

CWCTEMa OPWEHTALMK NOOBMAHOMO OBLEKTA NPEeanonaraeT YCTAHOBKY HA 0DLEKT, MCNbITHIBAIWMWA 3HAUMTENEHBIE
YCKOPEHWA NO KypPCY, TAHTaxXy W Kpery (yrme 3itnepa), YeTeIPEXEXOAHOMD HABWFALIMOHHOMD NMPUEMHMKA W MECTKYH0 pamy
C YETLIDEMA aHTEHHAMM, COOTEETCTEYIOLMMK KaH oMY BXO4Y NpMemMHMka. Takas cucTemMa Npy MenonbacsaHuM B obpa-
BOTKE NEPBOA PasHOCTH NCEBA0OANBHOCTM ND hade HECYLLER NO3BONAET PAcKPLIBaTE (DA30BYI0 HEOOHOZHAYHOCTE MPK
380aHHOA NOBEPWTENEHOW BEPOATHOCTH He MeHee 0,999999 npu MCNoNbaIoBaHWK OBLMHBIX MHOTOBXOOHLIX HaBWra-
LMOHHBIX NPUEMHWKOE Be3 yepeqHeHWA (ha3oBbix HEOOHO3HaYHOCTEN, TO ECTh 3a OOMH oTcHeT. OaHaKo WCNoNLIoBaHWE
Nepecil PasHOCTH NCEBOOOANEHOCTM No hase Hecyuwled TpebyeT KanuBpoBKWM aHTEHHO-(PMOEPHOrD TPaKTa CUMCTEMBI
OpPWMEHTALMK C BBICOKOW TOMHOCTEIO, YTO cenaTk BecbMa HEnpocTa.

Mpepnomed cnocob kanMBpoBKW, OCHOBAHHLIA HA OLUEHKE HEW3BECTHLIX 3afepMeK aHTeHHo-cdwaepHoro TpakTa
HEMNOOBUKHOR CUCTEMBI OPUEHTALIMK (PEMKW C BHTEHHAMM) B TEYEHWE HEKOTOPOro BPEMEHW NPW BLICOKOTOMHOW OLEHKE
YrNoe Jitnepa cMcTeMbl, MCNONB3YIOWER anfopUTM OPUEHTALUWM © paspelleHWeM LUenoYWcneHHol HeodHOSHaYHOCTH
BTOpO pa3sHoCTH NCEBOCaanksHOCTH No hase HecyLLen.

MaTepwan cTates ByOeT NonNese cneuwanucTam B obnacT cnyTHWKOBOIH HaBUFaLMK, FeOesuk M CMEXHBIX ANCLMN-
TNHH.

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 af 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.

KnwoueBkie cnoga: yrmel Jidnepa, NnceenogansHocTs no dhasze HecylWwel, Nepeas M BTOPas pPa3HoCTe NCeBfonans-
HOCTH, paspelleHne ha3oBblX HEOOHOZHAYHOCTEN.

Keywords: Euler angles, carrier phase pseudoranges, first and second pseudorange differences, phase ambiguity
resolution.
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CucTema opyeHTaLMKM guHamuyHoro obbekTa npeanonara-
ET YCTAHOBKY Ha 0BBLEKT YEThIPEXBXOAHOrD HABMIALMOHHO-
ro NPMEMHKKA, MCMEITHIBAIOWETD IHAYUTENBHEIE YCKOPEHUA
No KypCy, TAHraMy W KpeHy (yrmel 3iinepa), U MecTKoN paml
C YETBIPbMA SHTEHHAMMW, COOTBETCTBYIOWMMK KaMOOMY
EXOOY NPUEMHUKA.

Ons M3aMepeHWid B HABMIALWOHHOM NPUEMHWKE UCNONb-
3YeTCA BLICOKOTOYHEA, HO HeoOHo3HadYHaa ncesfodanke-
HOCTE NO ¢haze Hecywel [1]. Beeaem HyMepaUMI0 aHTEHH
CUCTEMEl OPMEHTALKMK oT 1 Oo 4, roe Nepeas aHTeHHa cuu-
TAETCA ONOPHON, TORAE HOMEPa aHTEeHHBl 11 UMEIOT 3Have-
HWe oT 2 go 4.

‘‘Becthux ceasn” N 05 '2026

cnyTHUKOE “‘MnoHace-K2°, wany4awwmx B guanasoHax L1,
L2 v L3 cwrHansl, KOTOpbie MCNONB3YIOT KaKk TpagWMUuWoHHoE
YacToTHOE pasfenaHue, Tak W Kogosoe, aHanorMuHoe GPS
[2]. Tax kak 3agavv OLEHKW OPWEHTALMKM ONA CUMCTEM C
KOOOBEIM pasgeneHlen PeLanTea Npolle, B cTatee DyoeT
paccmaTpuBaThea obpaboTka MMEHHO TaKUX CUTHANODB,

Mz [3] v3eecTHD: Nnepeas pa3sHOCTL NCEBOOAANLHOCTH
OnA paccMaTpyBaeMblX CMIHANOE COOEPMMT Mellalolwe
napameTpkl, KOTOpPLIE YCTPaHAKTCA KanwBpoBKOH aHTEHHD-
thaepHOro TpakTa BCexX NPUEMHWKOE. Ho BLINONHWTE 3TO
BECEMA TRYOMO.

CTaTuio YENMKOM YHTaATE
B ByMamHOW BEPCHH MypHana
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CALIBRATION OF THE ANTENNA-FEEDER PATH IN THE ORIENTATION SYSTEM
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BOPOTIAEBA Anexcanagpa Baneprepna
{AQ "PocciicKHe KOCMHYECKHE CHOTeME)

CHcTeMa OPHEHTALHH NOJBHEHOTD 0FLEKTa NPeANoAaraeT YCTAHORKY Ha 00BEKT, HCIMTRIBAKLHI 3HAMHTENLHBE YCROPEHHA
no Kypey, Tauramy ¥ kpeny (yras Jiinepa), HeTHPEXBXOAHOIO HABHTALHOHHOTO NPHEMHHKA H HECTRYI0 PaMy ¢ HETHIPEMA aHTEHHAMM,
COOTBETCTEYHIUIHMK KoMy BXOOY NPpHEMHHKA, Takan cHerema NpH HCNOAL3IOBAHHH B Oﬁpﬂ.ﬁOTHE ﬁﬂ'ﬂ'ﬂﬂﬁ Pa3HOCTH NCCBA0AAALHOCTH
no gasze HecyweH NoIBoARET packprBaTe $AI0oBY0 HEDJAHOIHAMHOCTE TIPH 33JaHHOH JOBEPHTENLHONH BEPOSTHOCTH HE MEHEE 0,999999
NpH HCMOALIOBAHAH O0RMHBIX MHOTOBXO,JHLIX HABHTAUMOHHBIX NPHEMHHKOE Ge3 ycpeaHenua $asoBex HeOIHOIHAYHOCTEH, TO eCTh 3a
ofHH oTeder, OHAKO HENONB3OBAHHE NEPBOIT PA3HOCTH NCEBAOAANBHOCTH Mo dase Hecywed TpedyeT KANHOPOBKH aHTEHHO -dHAEPHOrO
TPAKTA CHCTEM B OPHEHTALMM C BRICOKON TOYHOCTEIO, YTO CAEAATE BECEMA HENPOCTO,

Mpesaomen cnocod kKanMGPOBKH, OCHOBAHHBIA HA DUEHKE HEM3BECTHEIX 33JEPHEK AHTEHHO -PHALPHOTO TPAKTA HEMOABHMHOHN
CHCTEMBI OPHEHTALUHH (PAMKEH C AHTEHHAMH) B TeYeHHEe HEKOTOPOTO BPeMEHH NMPH BRICOKOTOMHOI OueHKe yraok Jinepa cCHCTEMEL,
HCHO.-’IH:;"ID“J.QH ANrOpUTM OPHEHTAUHH C PaspelleHHeM UEA0HHCACHHON HEOQHOZHAYHOCTH mpﬂﬁ PA3HOCTH NCEBA0AATEHOCTH Mo Ill‘!d.'!l!
HeCyLei.

Marepuan craTeH GyAeT NoaeseH CNeUHaTHCTaM B 001aCTH CNYTHHKOBOI HABMTALMK, reofest i CMEKHBIX JHCLIHILTHH,

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 resolution of phase ambiguities with a specified
confidence level of at least 0.999999 using conventional multi-input navigation receivers without averaging phase ambiguities, i.e.. within a
single sample. However, using carvier-phase pseudorange 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
algarithm with integer ambiguity resolution of the second-order pseudorange differences based on the carrvier phase.

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

Knwuessie cnoma: yram Jiinepa, noepiofanbHOCTE Mo daze Hecywed, Neppas ¥ BTOpaf PasHOCTE NCeRIOAANEHOCTH,
paspeweHHe GazoBsx HeOQHOIHAYHOCTEH.
Keywords: Euler angles, carrier phase pseudoranges, first and second pseudorange differences. phase ambiguity resolution.
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