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GNSS satellites in space model
Mopaens [HCC cnyTHMKOB B KOCMOCe

* Created in MATLAB / Co3naHa B8 MATLAB

* Models the visibility conditions of satellites (if we can receive their
signal) for objects in given points of space / BbinonHer
MOJe/IMPOBaHUE YCNOBUM BUONMOCTU (BO3MOXKHOCTU MPUEMA
TPaHCAMPYEMbIX HAaBUTALUMOHHbIX CUTHANI0B) A1 OObEKTOB,
pacnonaraembix B 3a4aHHbIX TOYKAX KOCMUYECKOro NPOCTPAHCTBA

e Data is based on the Almanac / laHHble ocHOBaHbl Ha AnbMmaHaxe

* The model considers physical restriction on the visibility of satellites /
Co34aHHAA KOMMNbIOTEPHAA MOAENb YYUTbIBAET PU3NYeECcKme
OrpaHNYeHnA BUAMMOCTU CNYTHUKOB



Restrictions on visibility of satellites cocxnren wanvin

Space Systems Company

OrpaHmMyeHma no BUANMOCTU CNYyTHNKOB
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Material published by LOCKHEED MARTIN in 2014
Marepuan onyoiaukoBan LOCKHEED MARTIN B 2014 rogy
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Errors and geometric factor
OWNOKM 1 TEOMETPUYECKMM DaKTOP

Accuracy = UERE - DOP
JUPNE = UERE - PDOP
JHNE = UERE - HDOP
JVNE UERE - VDOP

UERE

User Equivalent Range Error - cpegHekBaaparndeckas OlImoOKa H3MEPECHHS IICEBI0NAIBHOCTH MOJIb30BaTEIIEM
- the mean square error of user pseudorange measurement
U...NE

U...Navigation Errors - cpeHeKkBagpaTHUY€CKHE€ HABUTALIMOHHBIC OIIMOKH KOOPAUHAT
- the mean square navigational errors of coordinates



Satellites visibility on low orbit
BUAMMOCTb CAYTHUKOB C HU3KOW OpBUTHI

GPS + GLONASS
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Satellites visibility on low orbit
BUAMMOCTb CAYTHUKOB C HU3KOW OpOUTbI
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Satellites visibility on low orbit
BUAMMOCTb CMYTHUKOB C HU3KOW OPOUTHI
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Satellites visibility angles on low orbit
Yrbl BAAMMOCTU CNYTHUKOB C HU3KOM OpDOUTHI
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Radiation in borders of the main lobe of the navigational
satellite antenna radiating pattern

N3ny4eHne aHTEHHbl HAaBMIAUMOHHOIO CNyTHWKA B Npegenax
OCHOBHOTO /IenecTka AMarpammbl HanpaBAEHHOCTU
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3aropn3oHTHble
CMYTHUKMU

Over-the-horizon
Satellites

Satellites visibility on low orbit
BUAMMOCTb CMYTHUKOB C HU3KOW OpOUTDI

GPS + GLONASS
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w2kt Satellites visibility from geostationary orbit
BUAMMOCTb CNYTHUKOB C re0CTaLMOHAPHOW OPOUTHI
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Satellites visibility from geostationary orbit
BUAMMOCTb CMYTHMKOB C reocTauMoHapHOM opbuThbl
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Satellites visibility from geostationary orbit
BUAMMOCTb COYTHUKOB C re0CTaLMOHAPHOM OPOUTHI

GPS + GLONASS
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BUAMMOCTb CI

Some actual values of GDOP
with a minute step

HeKkoTopble 3Ha4yeHna GDOP
C LLAromM B MUHYTY

282.379
277.732
282.444
287.174
291.935
296.733
301.576
306.465
311.394
316.350
321.310
326.234
331.071
335.747
340.170
344.221
347.760
350.624
352.635

353.603
353.345
351.698
348.538
343.795
337.469
329.635
320.436
310.075
298.793
286.848
274.497
261.976
564.511
487.742
427.315
139.152
717.244
681.975

Satellites visibility from geostationary orbit
VTHWUKOB C reoCTaLMoOHapHON OpOUTDI

GPS + GLONASS



Satellites visibility from geostationary orbit
BUAMMOCTb CNYTHUKOB C re0CTaLMOHAPHOW OPOUTHI

GPS + GLONASS

DOP values for given moment of
time

3Ha4vyeHuna DOP ana
AAHHONO MOMEHTA BPEMEHMU

GDOP 282.379

PDOP 201.682
HDOP 9.612

VDOP 201.453
TDOP 197.642
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Satellites visibility from geostationary orbit
BAMMOCTb CAYTHWUKOB C reoCTauMOHapHOM OpbunThl
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Satellites visibility from geostationary orbit
BUAMMOCTb CNYTHUKOB C re0CTaLMOHAPHOW OPOUTHI

GPS + GLONASS
GPS + GLONASS + GEO
<108
@_'Qt\?f—-\

5 4 S o

0 b7 _--\——_<—-“—'_"-—-__

” : | —‘_______d_“_,-"—«o h
-10 4 =

-9 ﬁ-
-1 2
7 0 ‘ :
. , P %10 -4

HauMoHaNbHbIN aBUALMOHHbIN YHUBEPCUTET 20



Satellites visibility from geostationary orbit
BUAMMOCTb CNYTHUKOB C re0CTaLMOHAPHOW OPOUTHI

Eea' almanac GPS + GLONASS
easIbHbl afibMaHax +GEO
DOP values for given moment of GDOP 54.106
time

PDOP 32.775
3HayeHnAa DOP gna HDOP 5.919
[AAHHOrO MOMEHTa BpEMEHMU VDOR 52256

TDOP 31.384
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Satellites visibility from geostationary orbit
BUAMMOCTb CMYTHUKOB C reoCTaLlMOHAapPHOM OpOUTHI

Synthesized almanac

CUHTE3MPOBAHHbIN aZibMaHax GPS + GLONASS +

Galileo +COMPASS

GPS: 5 GDOP 56.860
1-32 PRN N
GLONASS: . PDOP 40.726
38— 61 PRN ey HDOP 3.624
GALILEO: e VDOP 40.565
62 — 88 PRN ooy TDOP 39.679
COMPASS: B
92 — 121 PRN 07 o
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Direction of research
HanpasneHMa nccnegoBaHUM

1. Habop cTaTUcTUUYECKMUX AaHHbIX /
Accumulating statistical data

2. M3yyeHne BO3MOXKHOCTU paboTbl N0 HOKOBbLIM sienecTkam /
Research possibility to work on side lobes

3. WHTerpupoBaHue Bcex CNYTHUKOBbIX HAaBUTraLMOHHbIX cuctem /
Integration of all satellite navigation systems
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Thank you for attention

bnarogapto 3a BHUMaHMeE

HauMoHaNbHbIN aBUALMOHHbIN YHUBEPCUTET

24



