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Outlines

• GPS overview
• Different segments 
• GPS signal structure
• Absolute and relative positioning
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Other refs on the web
• site web de Peter Dana
http://www.colorado.edu/geography/gcraft/notes/gps/gps.html

• French Permanent GNSS network
http://rgp.ign.fr/

• IGS: International GNSS Service
http://igscb.jpl.nasa.gov/

• UNAVCO http://unavco.org
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Global Positioning System
• Military system for navigation et positioning

• Position, velocity and time
– Anytime
– Everywhere
– In a global reference system

• Different kind of precision
– few mm to several  meters

• 3 segments
– Space segment
– Control segment
– User segment
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2 types of GPS positioning

Absolute pos. Relative pos.

Metric accuracy Accuracy on the baseline length: 
few mm to few m.
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Space segment
24 nominal satellites:

- altitude:   20, 000 km
- velocity:        4 km/s

- Revolution period: 
less than 12h

- Nearly circular orbit

Every satellite emits a signal 
on two frequencies in L-band.

L1 and L2

Every satellite is equipped
with an atomic clock
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Space segment
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Space segment
Block Launch period Success Failure In 

preparation
Planned Currently 

in orbit 
and 
healthy 
(oct 2012)

I 1978 - 1985 10 1 0 0 0
II 1989 - 1990 9 0 0 0 0
IIA 1990 - 1997 19 0 0 0 9
IIR 1997 - 2004 12 1 0 0 12
IIR-M 2005 - 2009 8 0 0 0 7
IIF 2010 - 3 0 10 0 3
IIIA 2014 - 0 0 0 12 0

Total 61 2 10 12 31
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Control segment

 Control segment:    compute the broadcast orbit
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Control segment
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User segment
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Different receivers
and antennas             
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Permanent GPS 

GPS pillar (Strasbourg)

Antenna with a radome Steel mast (Toulouse)
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GPS on a tripod or on a rod
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GPS signal structure
• Two carriers L1 and L2 are generated on board

– f1 =1575.42 MHz (wavelength of 19 cm)
– f2 =1227.60 MHz (24cm)

Two pseudo-random codes are modulated 

=>C/A-Code Coarse Acquisition 
(acquisition grossière) on L1

=>P-Code (Precise) on L1 and L2
Encrypted into Y-code for military 
purposes

GPS signals contain the navigation message :
satellite informations:
(numbers, health, …)
broadcast ephemeris (éphémérides radio-diffusées)
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Denial and accuracy access
of GPS signal

• GPS = military system  deny access for other users

• Different denial access for civilian use of full GPS system

– SA (Selective access, accès sélectif)
• SA on   position precision limited to 100 m in real time
• SA off   turned off on May 2, 2000  position hz 2-10m, V 10-50m

– A/S (Anti-spoofing, anti-leurrage)
• To protect the GPS from other signals closed to the GPS one.

– P-Code is replaced by the unknown Y-code (military code)
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Navigation file in RINEX format
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• Satellite
– Orbits
– Offset of the on-board clock

• Atmospheric errors
– Ionosphere (70  1000km)
– Troposphere (0 to 20km)
– Multi-paths
– Interferences

• Receiver:
– Thermal noise

Error sources on the GPS measurements
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Types of measurements

• Pseudo-range
– Using the C/A or P-code
– Used for navigation
– pseudo-range = velocity of the wave x time travel

• Phase measurement
– Highly precise (in theory: 3/1000 of cycle i.e. 1 to 2 mm on 

the distance receiver-satellite)
– Non absolute measurement
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Range measurement  with PRN code
(Pseudo random noise)

• A replica of the received 
signal is generated by 
the receiver

• This replica is shifted in 
time to reach the 
maximum of correlation

tTE

Signal 
emitted

Local 
replica

t

t
TR

Signal 
receivedTpropa

Tpropa
time shift

 = received signal phase
 = received signal radian frequency

PN(t).D(t).cos(.t + )

PN (t -  )
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Abolute positioning
using C/A-code

4 distances between satellites and receiver
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PDOP (Position Dilution Of Precision)
= facteur d’affaiblissement de précision 

du résultat de positionnement instantané

• Purely geometric method of positioning using the range measurements.
• PDOP: is an indicator computed instantly by the receiver.

Good  geometry  
PDOP<6 

Bad geometry 
PDOP>6 
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Impact of the geometry
• The geometry implies that the vertical component is 3 to 5 times less 

precise than the horizontal component.

 

Horizontal plane Vertical plane

Good constrain in Horizontal Bad constrain on vertical
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Different DOP parameters

• GDOP: Geometric (pos. 3D+ time)
• PDOP : position (3D)
• TDOP : time
• HDOP : horizontal (2D)
• VDOP : vertical (1D)

– >> Instantly computed, indicator of the 
position precision.
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DOP Value Rating Description
< 1 Ideal

1-2 Excellent

2-5 Good
5-10 Moderate

10-20 Fair

20 Poor
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Phase measurement and ambiguity resolution (N0)

Emission time Reception Time 1

- Determination of the small phase 

- Estimation a floating value for N0 (floating solution)

- Estimation an integer value for N0 (initialization process)
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Differential positioning : DGPS

 Use a fixed receiver A at a known position

Transmit in real time differential corrections to receivers B.
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XA XA Dx XB Dx X’B     

YA - YA = Dy YB + Dy = Y’B

ZA ZA Dz ZB Dz Z’B

Réf. GPS Corr. 
Dif.

GPS
+/-
5m

Cor. 
Dif.

+/-
0.5m

A : Reference Point

Position known

Unknown position

single-frequency receiver with 
usign C/A-code
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DGPS by Omnistar system

Corrections sent by 8 geostationnary satellites

(DGPS positioning at dm level : for agriculture etc )
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Real Time Kinematic (RTK cm)

Base and Rover/or Mobile

Data sent by radio or phone

 precision Hz 1-2 cm, Vertical 3-5 cm
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Relative GPS positioning

- 2 static GPS receivers

- Post-processing

 Accuracy on the baseline length: few mm to few cm.
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Different modes of GPS positioning 

• Absolute / relative positioning (DGPS, RTK, network)

• Real-time positioning (base + UHF radio or GSM or 
geostationnary satellites) / post-processing

• Static / kinematic positioning

•  8  possible  « combinations »
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GPS field measurements

• Relative positioning
• Post-processing
• Static positioning

•  Equipment: 
• Trimble 5700 receiver
• Controller
• GPS antenna


