PA3HOCTHO-AAJNIbHOMEPHbIA METO[, OTHOCUTENbHBLIX HABUIALMOHHBLIX ONPEQENEHUA
B UINDPOBbIX MPUEMOUHOUKATOPAX CIMTYTHUKOBbIX PHC

lonosaHoB 3.6.

MockoBCKUI rocygapCTBEHHbIN TEXHUYECKUI YHUBEPCUTET rpaXkaaHCKon aBnaLmnm

Hapsagy ¢ u3BeCTHbIMM MeToAamMu OTHOCUTESNbHbIX HaBUraLMOHHbIX ornpeferneHnn B LndgpoBbIxX
npuemonHavkatopax cnytHukoBbix PHC T[TIOHACC GPS MoxeT O6bITb WCMNOMNb30BaH pPasHOCTHO-
JanbHOMEpPHbIN MEeTof, Takux onpegeneHuin. Ero npeumyllectBOM SBNAETCH MOBbILWEHHAA TOYHOCTb
onpefeneHnst KOOPAMHAT 3a CHET YCTPaHEHUSI BNUAHWUS CUCTEMHbBIX MNOrPELLIHOCTEN.

[1na KogoBoro BapmMaHTa U3sMepeHnn anropuTM, peanmsyoLnin ykasaHHbl MeTo, 3anncbiBaeTcs

Dec, + AR; = [(AX; - Ax)* + (AY; - Ay)* + (AZ; - AZ)’| P + e Ay, =1, ..., 4, (1)

roe {AX; , AY; , AZ; } - koopauHaThl i-ro kocMuyeckoro annapaTta (KA;) oTHOCUTENbHO NOABUXHOIO
o6bekta (IMO); {Ax , Ay , Az} - uckomble koopauHatbl 10O oTHocUTENbHO ToukM koopauHauun (TK); Dsc, -

HaknoHHasa ganbHocTb oT BC o KA, asnsiowascs moaynem sektopa {AX; , AY;, AZ; }; AR; - namepeHHas
pa3HOCTb HakMoHHbIX AanbHocTen oT KA; oo TK u MO; At, - cmeleHne wkanbl Bpemenn MO oTHoCUTENbHO
wkanbl BpeMmeHn KA; ¢ - CKOpoCTb pacnpoCTpaHeHNsa pagnoBornH.

OcHoBHasa uvaes pa3HOCTHO-AAnNbHOMEPHbIX OTHOCUTENbHbLIX HAaBUraLWOHHbLIX OfnpeaeneHun
3aKkniovaeTcs B OQHOMOMEHTHOCTU m3mepeHu ganbHocten Ha MO u B TK go ogHux u tex xe KA. MNpu

3TOM BEKTOp MOrPELIHOCTEN OTHOCUTENbHBLIX koopauHaT MO MornHOCTLI0 onpefensieTcst Bektopom OR,

norpewHoctern AR; 1 He 3aBMCUT OT pacdeTHbIX koopauHaT {AX; , AY; , AZ; } KA n yxoga ero wkansl
BpemeHun. [oaToMy BCe CUCTEMHbIE MOrpeLlHOCTN kocMuyeckoro cektopa CPHC B mnpgeane, npyu nonHowm
peanusaumMm OOHOMOMEHTHOCTU W3MEPEHWA, MOMHOCTbIO UCKMYatoTcs. [lorpellHocTs onpegeneHus
NPOMeXyTOUHbIX kKoopauHaT KA; oTHocuTenbHo MO Takke He BXOAWUT B NOrPeLUHOCTb MecToonpeaeneHus
Mno.

BpemeHHass aekoppensaumsi MOrpeliHocTen, OOBYCMNOBMEHHbIX MOHOCKEPHONW M TponocdepHON
3afiepXXKamu curHana, npyv ogHOMOMEHTHbIX uamepeHusx ganbHocten 0o KA; B TK 1 Ha MO Becbma mana,
a npu KCNoMb30BaHUM peTpaHcnATopa paavoHaBuraumoHHoro nonss CPHC, paswmewaemoro B TK,
NpPaKkTU4ECKN OTCYTCTBYET.

lMpocTpaHCTBEHHAA Oekoppensumss  TPonocepHON COCTaBRSOWEN MNOrPELHOCTEN  TakkKe
npakTU4eckn OTCYTCTBYET, MOCKOMbKY Mpu ManbiX yrnax mecta KA; y < 5° npu KOTOpbIX BRUsSiHWE
Tponocdepbl MakcumansHo, Ana yaaneHui MO ot TK AD < 500 km, pasnuuune yrrnos BusnpoBaHus KA; 13
TK u ¢ MO He npeBbiwaeT 0,12°.

[nsa noHocdepHon cocTaBnsioLLel NOrpeLlHOCTeEN Aekoppensuns 6bonee 3ameTHa, MOCKOMbKY Npwu
Bonbwmx yrnax mecta KA; y90°, korga BnusHue noHocdepsl MakcumarnsHo, Ans AD < 500 kM pasnuyune
yrnoB Bu3MpoBaHus pgocturaet 1,3°. OpHako, 3Ta CcoCTaBnswowasi MOXET ObiTb Uu3MepeHa WU
CKOMMNEeHCcUpoBaHa npu UCMNOMb30BaHUN ABYXHYACTOTHOrO MeTOAa U3MEPEHUN.

Pa3HOCTHO-AanbHOMEpPHbIN METO, HaBUraLMOHHbLIX OnpeaeneHnii B BapuaHTe uamepeHust no ¢gase
Hecyllel 1 npomsBoacTBe a3oBbiX UamepeHuit Ha MO npu oTHocUTENbHO Hebonblunx yaaneHusax MO ot
TK, korga gonnepoBckue cMmelleHnsa yYacTtot curHanoB KA; , npuHateix B TK n Ha O, MoxHO nonaratb
NPUMEPHO paBHbIMU, OMUCLIBAETCH CUCTEMOMN YpaBHEHUI, aHanoru4Hom (1)

Dac, + (¢ /2Ttfno) (#1x; - o) = [(AX; - Ax)* + (AY; - By)* + (AZ; - A2)’T™ + ¢ M, &y

i=1,..4,

roe ¢TKi - haza curhana KA, mnamepeHHoro B TK, :[J,-,oi [ f,-,oi - yacTtoTta un asa curHana KA,

namepeHHoro Ha 0.

Pa3HOCTHO-AanbHOMEpPHbIN METO[, CYLLLECTBEHHO ynpoLLaeT npouecc hasoBbIX U3AMEPEHU 3a cHeT
npoBedeHns ux aunddepeHumnanbHeim crnocobom ana kaxgoro KA B 0gWH MOMEHT BPEMEHM, 4TO
obneryaeT npoueaypy paspeLleHmuss MHOro3Ha4yHocTu. [pu namepeHnsax HaBuraLMoHHbIx napameTtpos (HIM)
B TK un Ha O, nepegaye mnx Ha MO no umdpoBoMy KaHamny CBs3UM U BbluMcrneHun Ha MO MCKOMBbIX
OTHOCUTENbHbLIX KOOPAWHAT AN COBMELEHUS MOMEHTOB usMepeHun B TK u Ha T[1O MOXHO
Bocnosb3oBaTbcs cBOMCTBOM CPHC ObiTb  MCTOYHMKOM  BbICOKOTOYHOTO BPEMEHW W MPUMEHUTb
cnenywowmmn NMMHENHbIM anropuTmM KOppeKLNN pesynbTaToB U3MepPEHUI

d0
HMpdt) = HMg (6 + A) - HIT 7 A, (3)
roe ti - momeHT namepenus HIM no wkane Bpemenu MO, t; + A - To Xe no wkane spemeHn TK,

O
HII 7y - ycpenHeHHasi CKOpoCTb M3MeHeHus HI.
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RANGE DIFFERENCE METHOD OF RELATIVE COORDINATES POSITIONING IN DIGITAL
GPS\GLAONASS RECEIVERS

Golovanov E.

This report investigates the range difference method of relative coordinates mode. The proposed
method provides high accuracy by means of eliminating the system errors common to the user and the
Reference Station.

In this concept, the receivers installed on a mobile object (MO) (aircraft or ground vehicle) and the
Reference Station or Point of Coordination (RS) synchronously measure times of arrival of the signals from

the common to the both objects (MO and RS) constellation of GPS/GLONASS satellites S and compute
the pseudoranges to them. The MO relative coordinates vector error is completely defined by range
differences from the satellites to the MO and the Reference Station and is insensitive to the satellite S

position and its onboard clock errors. Therefore the errors related to the space segment of the system
practically are completely eliminated.

Synchronized measurements of the pseudoranges to the satellites conducted on the MO and
Reference Station significantly reduce time decorrelation of the errors caused by ionospheric and
tropospheric propagation delays. These errors can be reduced further if a retransmitter is installed at the
Point of Coordination.

Spatial decorrelation of the troposphere error is also insignificant due to small differences of the
viewing angles (less 0.12°) of the satellites observed from the MO and Reference Station at low elevation
angles when the troposphere effect reaches its maximum. For the ionosphere error, however, spatial
decorrelation is somewhat higher since the viewing angles difference reaches 1.3° at high elevation angles
((P0°) when the ionosphere impact is maximum.




