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Ilpeocmasnenvt  pezynomamut  uccieoosanuss IJIOHACC. Hccneoosanus Ovinu  8bINOIHEHbL ¢ UCHONb308AHUEM
Ccnymuukogoll Hagueayuonnoi cmanyuu ProPack-V3 u cobcmeennozo 10 6 npoepammnoti cpede MathLab. Bwinoaneno
CpasHeHue pe3ynbmamos dghemepud u pe3yrbmamos peweHus 3a0adi  NO3UYUOHUPOBAHUS NOJYYEHHBIX NPUEMHUKOM
ProPack-V3 u cozdanneim I10. Beibpan onmumansubslii areopumm pacuéma sgpemepud. Anemepnamusnoe IO cooepoicum
@yukyuu nepecuéma 3gemepud, KOHEEPMUPOBAHUS KOOPOUHAMHBIX CUCTIEM, NPOSPAMM, O0eKOOUPYIOWUX HAGUSAYUOHHOE
coobwenue, npoepamm nepesooa anrvmanaxa IJIOHACC 6 ¢gopmam YUMA u Op. Ilpugedenvl pesynomamol
IKCNEPUMEHMATLHOU NPOBEPKU ANICOPUMMOB.

Berymienune

B macrosimee Bpemst odeBHAHO, uTo poccuiickas [JIO6ampras CrnytHukoBas Hasurammonnas Cucrema
(TJIOHACC) mpeononena TAXKENBIM MEPUOJ M HAXOIUTCS B CTaJUX BOCCTaHOBJIECHHS. [Ipu MpoeKkTUpoBaHWU
cnyTHUKOBBIX npuémuukoB ['JIOHCC aktyanbHbl 3a1aun nepecuéra s¢emMepu]] Ha TEKyIHUd MOMEHT BPEMEHH.
B paznuyHOl Hay4HO-TEXHHYECKOH JINTEpaType HaOIOAAI0TCS PACXOKACHHS B JITOPUTMaX pacuéra KOOpAUHAT
u ckopoctu crnytaukoB [JIOHACC c ucnonb3oBanueM 3demMepuaHoil uHdopmanuu. B maHHOM qokiajae
MPE/ICTAaBIICHBI PE3YJbTaThl HCCIICIOBAHUN PAa3IMYHBIX aJrOPUTMOB Hepecuéra sdemepua. beuin MccneaoBaHsl
AIITOPHUTMBI, TIPEIUIOKEHHBIC B HHTep(elicHoM KoHTpoibHOM aokymerte [JIOHACC (MK T'JIOHACC) [1] ¢
WCTIpaBIICHUEM OICYATOK, BBIABICHHBIX IPH TIOMONIM MAaTEpUAIIOB W3 IPYrod HAyYHO-TEXHHUYECKOU
muTeparypsl. Jta MH(popMarus Oblla MCIONB30BaHA UIS TOJyYCHHS COOTHOIICHWH, NMPUBEICHHBIX HIDKe. B
HCCIIEJIOBAHUAX UCIIOJIb30BAIKCH IKCIIEPUMEHTANIbHBIC MaHHble (3deMepHIpl, MCeBI0JaATBHOCTH, HOHOC(EPHBIE,
TpornocdepHble ¥ BPEMEHHbIC KOPPEKIMHU, TO3UIIMH), TTOJYyYCHHbIC MPH MOMOIIM HABUTAMOHHOTO MPUEMHUKA
ProPack-V3. Tlepecuér sdeMepua ¥ BBIYHCICHHE MO3MIUK BBIOIHSUINCH B mMporpammuoii cpene MathLab u
MOCJIe CPAaBHUBANCH C PE3YyIbTaTaMH, TIOTYYCHHBIMU HABHTAIIMOHHBIM MPUEMHHUKOM.

OcHOBHOM anroput™m mnepecuéra sdpemepua Ha Texkymmii MomeHT Bpemenu u3 MK TJIOHACC moxHO
3anucaTh B BUZE.
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WnrerpupoBanue cuctembl (1) BemonmHseTcs B «DUKCHPOBAaHHON» cucTeMe KoopauHat. KoopauHatsl,
CKOPOCTH, JIYHHBIE M COJTHEYHBIC YCKOPCHUSI SBIISIOTCS BXOAHBIMU JaHHBIMH JIJIsl HHTETPUPOBaHus cucteMsr (1).
OHu MOryT OBITH TIOMYYEHBI W3 HABHUTAIIMOHHOTO COOOIIEHHS W TIEPECUUTHIBAIOTCS W3 | PUHBHYECKOM
koopauHaTHO#N cuctemsl (I13-90) B aGCOMIOTHYIO KOOPAMHATHYIO cHCcTeMy. JIyHHBIE W CONTHEUHBIC YCKOPCHHSI
TaK)Ke MOTYT OBITh BBIYHMCIICHBI B «(PUKCHPOBAHHOY CHCTEME KOOpauHaT 1o popmynam (2-3) u3 UK [1].
HccnenoBanuch CleayOIne alropuTMbl epecyéra sdheMepu:
1. amroput™ 1 - mo popmymnam (1-3) uz UKJ] TJIOHACC [1];
2. amroput™ 2 — cooTHoureHue (1) ¥ 3HAaYCHHUS JIYHHBIX U COJHEYHBIX YCKOPCHHUH, MOJyYCHHbIC W
MepPEeCUUTaHHbIC B «(PUKCHPOBAHHON» CHCTEME KOOPHHAT;
3. amroputm 3 — ¢ HcHonb30BaHWEM (OpPMYJ, BBIBEICHHBIX CAMOCTOSATEIBHO W HCIPABICHHBIX
coorHomenui BI13-90.
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Pe3yabTaTsl Hcc/ieq0BaHUM

Ha cnenyronux rpadukax npuBeeHbI pe3yIbTaThl CPABHECHUS CIIYTHUKOBBIX KOOPIHHAT, MOTYYCHHBIX IPH
nomotu anropurma 1(puc. 1), anroputma 2 (puc. 2), anroputma 3 (puc. 3) u pe3ynpraTa pacuéra Ux MO3HIIIH,
BBITIOJTHCHHBIC HABUTAILIMOHHBIM IPUEMHIKOM Pro-Pack-V3 B TeueHne 3aIJaHHOTO HHTEPBAja BPEMEHH.
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Puc. 3.

IMony4yeHHble PE3yJbTAThl JEMOHCTPHUPYIOT OJWHAKOBYIO TOYHOCTH HCCICIOBAHHBIX AITOPUTMOB C
HE3HAYUTENbHBIM IIPEUMYIIECTBOM anroputma 3. [1oatomy 3TOT anroput™ ObUI NPUMEHEH B MPOrpamMMe,
peanu3yromeil pelieHHe HABHIAlMOHHOM C  WCIOJIBb30BAaHHEM PpE3yJbTaTOB H3MEPEHHUMH, IONTYYIEeHHBIX
CIlyTHHUKOBBIM HPHEMHHUKOM. Pe3ynbrarTsl BBIMUCICHUS IO3WIMH IPOTPAMMON U MOJyYaeMble MPUEMHHKOM
CPaBHHUBAIUCH MEKAY co00# (puc. 4).

Puc. 4
BriBoabl

Br10 co3mano mporpammHoe obecrieuenne, peanusytomiee oopadotrky naHuHeix [ JIOHACC, coxepxamiee
anroputMel anbrepHatuBHble TpemioxeHHsIM B MKl TJIOHACC, u obecneunBaromiee BBICOKHH YpOBEHBb
TOYHOCTH PEIICHHS HABUTAI[HOHHOMN 3a/1a9H.
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It represents results of GLONASS analysis. Research was being completed with use satellite navigation station
ProPack-V3 and own developed software in MathLab environment. It was compared ephemeris calculation results and
results of positioning obtained by ProPack-V3 and developed software. It was selected an optimal ephemeris calculation
algorithm. The alternative software consists of ephemeris calculation functions, coordinate system conversion functions,
navigation message decoding programs, almanac GLONASS into YUMA-format conversion program, etc. The results of
experimental test of the algorithms are given.

Introduction

At a present time we can see that the Russian GLObal NAvigation Satellite System (GLONASS) passed a
difficult time and has been recovering. For purposes of GLONASS navigation satellite receivers design it is
actual problem of re-calculation of ephemeris to current time. There are discrepancies in algorithms for
calculation of coordinates and velocity of GLONASS satellites using ephemeris parameters in various scientific
and technical literature. In this report are given the results of research of different algorithms for re-calculation of
ephemeris. It was being researched algorithms given in GLONASS Interface Control Document (GLONASS
ICD) [1] with misprints correcting, that were being detected with help of materials from another scientific and
technical literature. This information were used for receiving relations, that are given below. In researches were
being used experimental data (ephemeris, pseudoranges, ionospheric, tropospheric and time scale corrections,
positions) had being obtained with help of navigation receiver ProPack-V3. Re-calculations of ephemeris and
position calculations were processing in MathLab environment and after that results were compared with data
obtained by navigation receiver.

The main algorithm of re-calculation of ephemeris to current time from GLONASS ICD let note as
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Integration of the system (1) is completing in ECEF coordinate system. Coordinates, velocities, lunar and
solar accelerations are initial conditions for integration of the system (1); they are taken from a navigation
message and then re-computed from Greenwich coordinate system (PZ-90) to an absolute coordinate system.
Also lunar and solar accelerations can be computed in ECEF coordinate system with help of formulas (2-3) from
GLONASS ICD [1].

It was being researched next number of algorithms of ephemeris re-calculation:

1. algorithm 1 — formulas (1-3) GLONASS ICD [1];

2. algorithm 2 — relation (1) and values of lunar and solar accelerations have received and re-
calculated in ECEF coordinate system;

3. algorithm 3 — with usage formulas, own developed and corrected relations in PZ-90.
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Results of research

The following figures demonstrate the results of comparing satellite coordinates, obtained with help of
algorithm 1 (fig. 1), algorithm 2 (fig. 2), algorithm 3 (fig. 3) and results of computation its position in navigation
receiver Pro-Pack-V3 during defined time interval.
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Fig. 3.

Results of research are show the equal precision of algorithms that were analyzed with low advantage of
algorithm 3. Therefore this algorithm was applied in program that provides navigation problem solution with use
data of measurements obtained by satellite receiver. Results of position computing by program were compared
with results of positioning obtained by receiver (fig. 4).
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Fig. 4
Conclusions

It were developed GLONASS data processing software that contains algorithms alternative to given in
GLONASS ICD and provides high level of precision of navigation problem solving.
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