Chapter 7

Satellite Positioning



7.1 Historical Background

7.2 Orbital Motion of Satellite Systems

7.2.1 Satellite Orbits
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Figure 7.1 Satellite orbits.
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Figure 7.2 Inertia and centripetal force.



7.2.2 Keplerian Elements
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Figure 7.3 Shape and size of orbit.
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Figure 7.4 Orientation of orbital plane and satellite position.



7.3 Global Positioning System

7.3.1 GPS Segments
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Figure 7.5 GPS control stations.



7.3.2 Satellite Constellation

Figure 7.6 GPS constellation.
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Figure 7.7 GPS frequency spectrum.
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Figure 7.8 Pilot signals and codes.
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7.3.4 Navigation Message

Subframe #1

Subframe #2

Subframe #3
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Subframe length =300 bits =6 s

Figure 7.9 GPS navigation message: frame structure.
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Word length = 30 bits

<> <>

GPS week number, SV accuracy and health,

TLM | HOW clock correction data

TLM | HOW Ephemeris data

TLM | HOW Ephemeris data

Almanac and health data SVs 25-32,
R “ OV ionospheric data, UTC data
Almanac and health data for SVs 1-24,
TLM __HOW alamanac reference time, week number |
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Figure 7.10 GPS navigation message: masterframe structure.



7.3.5 GPS Services

Table 7.1 Positioning and timing accuracy standard

Accuracy standard 95% Vertical error 95% Horizontal error

Global average <22 m <13 m
Worst site <77 m <36 m




7.3.6 GPS Positioning

Identification of satellites
Range measurements

Position calculation

P = (X, = X)2+ (Y, - y)? +(Z, —2)* +CcAt (7.5)



Figure 7.11 Positioning in GPS.



7.3.7 GPS Error Budget

Table 7.2 Example of observed GPS error budget (National Research Council 1995)

Error source

Range error magnitude [m, 1o]

SPS (SA on) SPS (SA off) PPS
Selective availability 24.0 0.0 0.0
Ionospheric error 7.0 7.0 0.01
Tropospheric error 0.7 0.7 0.7
Clock and ephemeris error 3.6 3.6 3.6
Receiver noise 1.5 1.5 0.6
Multipath 1.2 1.2 1.8
Total user equivalent range error 25,3 8.1 4.1
Typical horizontal dilution of precision 2.0 2.0 2.0
Total horizontal accuracy (20) 101.2 32.5 16.4




(b) Poor DoP
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Figure 7.12 Good and poor DoP.
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Table 7.3 Dilution of precision

DoP measure Defined by
VDoP o %

HDoP Jo2+ 02

PDoP Jo2+ o2+ o2

TDoP \/a

GDoP \/ 02 + 02+ 02+ (co?)




7.4 Differential GPS

Mobile Reference
GPS receiver station

Figure 7.13 Differential GPS.
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pi,rs - ri,rs +C'Ati,rs +gi,rs

Api — pi,rs - ri,rs - C'Ati,rs

pi,mr _Api = limr +C'Ati,mr +gi,mr _(C'Ati,rs + &

i,rs

*
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7.5 Galileo

Figure 7.14 Galileo constellation.



E5a Esb L2

& & 8 §
gi wvi ol &
~ o N A i v
. ‘i\ N ﬂ? N Nt
In phase | =
Quadrature - Signals accessible to all users
————— Signals to which access is controlled
-------------- Signals to which access is restricted

Figure 7.15 Galileo frequency spectrum (Hein and Pany 2002).



Table 7.4 Quality parameters of Galileo services

Open Commercial Public reg. Safety of
service service service life service
Level Critical Noncritical
Accuracy
— horizontal(h) h=4m <l m h=6.5m h=4m h =220 m
— vertical(v) v=8m (dual v=12m v=38m
(dual frequency) (dual (dual frequency)
frequency) frequency)
h=15m
v=35m
(single
frequency)
Availability 99.8% 99.8% 99-99.9% 99.8%
Integrity optional
— Alarm limit - — h=20m h=12m h=55m
v=35m v=20m
— Time-to-alarm - - 10 s 6 s 6 s
— Integrity risk = = 3.5x 1077/ 3.5x1077/ 10=7/
150 s 150 s h




Table 7.5 Mapping of Galileo services onto signals

1+2 344 5 647 8 9410

Open service (single frequency) X
Open service (dual frequency) X X
Open service (improved accuracy) X X X
Safety-of-life service X X ¥
Commercial service X X
Commercial service (multiple carrier) ¥ X X X
Public regulated service X X

7.6 Conclusion
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