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GPS/GLONASS/Galileo constellatio

= Ground tracks and their repetition rates

= QObserving satellites by a typical global tracking network
= Sky plots and their repetition rates

= Number of observable satellites

= PDOP and its spectra
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GPS constellation

Orbital elements for GPS satellites
Semi-major axis: a= 26,560 km
Eccentricity: e=0 (circular orbit)

Inclination: | = 55O

Orbital planes
Number of planes: 6 plane at Qn=Q, + n-60°
Satellites per plane: 4 irregularly distributed
=24 nominal constellation (currently 32 active)

Repetition rates
Revolution period: 11 h 58min
Repetition of the constellation: 1 sidereal day

Repetition of the geometry: 23 h 56min 1 sidereal day
Repetition of the constellation means that the same satellite has to be over the

—
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GPS constellation
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GPS constellation

GO06

Ground track for GO6 for 1 day (30-Mar-2012)
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GPS constellation

GO06

Ground track for GO6 for 10 days (30-Mar-2012 to 08-Apr-2012)
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GPS constellation

Ground track for all GPS satellites for 10 days (30-Mar-2012 to 08-Apr-2012)
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GLONASS constellation

Orbital elements for GLONASS satellites
Semi-majoraxis: a= 25,510 km
Eccentricity: e=0 (circular orbit)

Inclination: | = 650

Orbital planes
Number of planes: 3 plane at Qpn =Q, + n-120°
Satellites per plane: 8 regularly distributed
=24 nominal constellation (currently 24 active)

Repetition rates

Revolution period: 11 h 16min
Repetition of the constellation: 8 sidereal day
Repetition of the geometry: 1/3 sidereal day with the next plane

1 sidereal day with the same plane
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GLONASS constellation
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GLONASS constellation

Ground track for R04 for 1 day (30-Mar-2012)
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GLONASS constellation

Ground track for R04 for 10 days (30-Mar-2012 to 08-Apr-2012)
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GLONASS constellation

Ground track for R04 for 2 days (30-Mar-2012 to 31-Mar-2012)
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GLONASS constellation

Ground track for RO4 and R05 for 2 days (30-Mar-2012 to 31-Mar-2012)
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GLONASS constellation

Ground track for RO1 to R0O8 for 10 days (30-Mar-2012 to 08-Apr-2012)




GLONASS constellation

Ground track for all GLONASS satellites for 10 days (30-Mar-2012 to 08-Apr-2012)
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Galileo constellation

Orbital elements for Galileo satellites
Semi-majoraxis: a= 30,000 km
Eccentricity: e=0 (circular orbit)

Inclination: | = 56O

Orbital planes
Number of planes: 3 plane at Qpn =Q, + n-120°
Satellites per plane: 9 regularly distributed

=27 nominal constellation

Repetition rates

Revolution period: 13 h 45min
Repetition of the constellation: 10 sidereal day
Repetition of the geometry: 10 sidereal day with the same plane
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Galileo constellation
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Fictive Galileo constellation

Bl GALILEO
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Galileo constellation

h

Ground track for EO4 for 1 day (fictive constellation)
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Galileo constellation
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Ground track for EO4 for 2 days (fictive constellation)
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Galileo constellation

Ground track for EO4 for 10 days (fictive constellation)
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Galileo constellation

R

Ground track for EO4 and EO5 for 2 days (fictive constellation)
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Galileo constellation
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Ground track for EO1 to EQ9 for 2 days (fictive constellation)
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Galileo constellation

i
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Ground track for EO1 to EQ9 for 10 days (fictive constellation)
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Galileo constellation

Ground track for all Galileo satellites for 10 days (fictive constellation)

credl Ecole d’Eté 2012




Global tracking network

250 IGS stations (assuming that all stations observe all available satellites)
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Number of observations per satellite
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Number of observations per satellite
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Number of observations per satellite

1 day (30-Mar-2012)
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Number of observations per satellite

& 9500 i D 9500 |
O ] i o
© ©
> 1 i N |
@ 9000 - @ 9000
0 | i %) 1
3 3
O 8500 - O 8500 -
S ) I S 1
3 3
% 8000 1 I % 8000 | -
Z | L z
_ 2 9500 . _
GPS Satellites o | GLONASS Satellites
e
©
> i L
O 9000 -
3 | I
Q
o
— b L
O 8500 -
o | i
o)
Q
% 8000 s
> ] I

8 days (30-Mar to 06-Apr-2012) GALILEO Satellites
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Number of observations per satellite
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Satellite visibility: GPS
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Satellite visibility: GPS
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Sky plots for R04 for 1 day (30-Mar-2012)
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Satellite visibility: GLONASS
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Sky plots for R04 for 10 days (30-Mar-2012 to 08-Apr-2012)
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Satellite visibility: GLONASS

Sky plots for all GLONASS satellites for 10 days (30-Mar-2012 to 08-Apr-2012)
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Satellite visibility: Galileo
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Satellite visibility: Galileo
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Satellite visibility: Galileo

Sky plots for all Galileo satellites for 10 days (fictive constellation)
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Histogram for elevation and azimut
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Histogram for elevation and azimut
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Histogram for elevation and azimut

Zimmerwald, Switzerland
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Histogram for elevation and azimut

Zimmerwald, Switzerland
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Histogram for elevation and azimut
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Histogram for elevation and azimut

Malindi, Kenya
equator o
0 20
n
C
3
7 ©
/ >
| )
\ N
@)
[ 5, |
R s =
=
O
o
)
ol
0 - }
-180  -90 0 90 180
e Azimuth
Sky plot for all GPS satellites for 1 day (30-Mar-2012)
ool Ecole d’Eté 2012




Histogram for elevation and azimut

Amundson-Scott, South pole
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Histogram for elevation and azimut

Amundson-Scott, South pole
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Histogram for elevation and azimut

Amundson-Scott, South pole
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Histogram for elevation and azimut

Amundson-Scott, South pole
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Number of satellites in view for Zimmerw
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Number of satellites in view for Zimmerw
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Number of satellites in view for Zimmerw
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Number of satellites in view for Zimmerw
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Number of satellites in view for Zimmerw
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PDOP: Position Dilution of Precisio

« PDOP values indicates, how good a station position can be
determined with the current satellite geometry.

* |tis computed from the reciprocal of the normalized volume of the
body formed by all tracked satellites and the receiver position.

« The PDOP can be extracted from the trace of the cofactor matrix:
Adxx Yxy Yxz
Cyy = [qyx Ayy qyz‘ PDOP = /qyy + g,y + 4y,
Azx  Yzy Yzz

 The smaller the PDOP value is the better a position can be derived.
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PDOP for Zimmerwald
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PDOP for Zimmerwald

0

PDOP

GLONASS

140

I
141

I
142

I
143

I I I I I I
144 145 146 147 148 149 150

Days of year 2012

Computed based on 10 days in May 2012

credl Ecole d’Eté 2012

57




PDOP for Zimmerwald
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PDOP for Zimmerwald
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PDOP for Zimmerwald
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Spectral analysis of the PDOP for Zimme
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Spectral analysis of the PDOP for Zimme
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Spectral analysis of the PDOP for Zimme
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Spectral analysis of the PDOP for Zimme
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Spectral analysis of the PDOP for Zimme
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Spectral analysis of the PDOP for Zimme
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Spectral analysis of the PDOP for Zimme
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