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Why do we need satellite-based 
positioning? 

¸ With satellite-based positioning we can acquire Position, Velocity 

and Time (PVT) with   

 1) global coverage  

 2) very good accuracy  

 3) integrity 

Ą major limitation is still the difficulty of indoor location (due to low signal 

power and severe multipath environments). Joint cellular and satellite-based 

positioning is also possible. 

¸ Various applications, both civilian & military 

¸ The current global market of applications and services of 

positioning systems is estimated to be more than 3 billion US 

dollars and it is expected to grow 

¸ Inexpensive receivers 

 

2 1st SaPPART Training School, Aveiro, 10/05/2016 



COST is supported by the  

EU Framework Programme  

Horizon 2020 

GNSS applications 

 

Applications can be summarized into 5 broad categories: 

¸ Location = determining a basic position (e.g., emergency calls) 

¸ Navigation = getting from one location to another (e.g., car 

navigation) 

¸ Tracking = monitoring the movement of people and things (e.g., fleet 

management, workforce management, lost child/pet tracking) 

¸ Mapping = creating maps of the world 

¸ Timing = bringing precise timing to the world 
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GNSS applications (cont.) 

¸ Personal navigation 

¸ Aviation applications 

¸ Automotive applications 

¸ Marine applications 

¸ Space applications 

¸ Timing and frequency standard                          

applications 

¸ Agriculture, forestry, and natural resource exploration 

¸ Geodesy and surveying 

¸ Scientific applications 
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Satellite navigation ï the basic concept 
 

Á Satellite navigation is based on radio signals transmitted by Earth-orbiting satellites and 

distance measurements between satellites and a user receiver 

Á A GNSS receiver 1) measures the signal travel time from the satellite to the Earth, and/or 2) 

computes the number of  full carrier cycles between a satellite and a receiver 

Á Range/distance measurements 

Á A receiver receives simultaneously information from multiple satellites through multiple 

channels 

Á When satellite locations are known, the user receiver location can be estimated based on the 

range measurements 
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USERS 

Á  Range measurements  

to satellites: 

 Location, speed and time computation 

 

         CONTROL SEGMENT 

Á  Control center and ground 
stations 

SATELLITES 

Á Carrier frequencies L1 (1575.42 MHZ) , L2 (1227.6 MHz) and L5 (1176.45 MHz) 

Á Modulated onto the carrier signal:  

Á pseudorandom signals (codes) 

Á navigation data with satellite orbits 
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How GNSS works?: travel distance 

Velocity x Time = Distance  

 Radio waves travel at the speed of light 299 792 458 m/s 

(i.e., around 3*108 m/s) 

If it took, for example, 0.067 seconds to receive a signal 

transmitted by a satellite floating directly overhead, the 

travel distance of the received signal can be calculated 

using the above formula.  

Travel distance:  299792458 m/s x 0.067 s =  

20086094.69 m ~ 20086 km 

Precise position of the satellite at the time of signal 

transmission and travel time must be resolved! 
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1 Satellite 2 Satellites 

3 Satellites 

How GNSS works?: 3D trilateration 
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User position(xr , yr , zr) 

Finding (xr , yr , zr) so 
that the three 
equations stand, when  
r and (xs, ys, zs) known  

Position 

Position computation illustration:                    
from ranges to position 
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User position (xr , yr , zr) 
e = error 

e2 
e1 

e3 

Error space: 
Size of the error space 
i.e. the uncertainty of the 
position depends on 1) 
number of satellites and 
2) user-to-satellite 
geometry   3) sizes of 
measurement errors e 

Uncertainty in satellite-based 
positioning 
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GNSS system architecture 

¸ All GNSS systems are based on the same 

architecture (3-segment architecture): 

ïSpace segment: satellites 

ïControl segment: monitoring, controlling and uploading 

stations => a heavy ground infrastructure required in 

order to deliver the right signals with the right 

parameters to the users. 

ïUser segment: user community/GNSS receivers 

¸ The number of satellites and monitor stations differ 

according to the GNSS system (GPS, Glonass, 

Galileo, BeiDou,...) 
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The three segments of GNSS 

Ground 

antennas 
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Tasks of space segment 

¸ The space segment is formed by the satellites, 
also abbreviated by SV (Satellite Vehicle). The 
functions of a satellite are: 
ï It receives and stores data from the ground control 

segment. 

ï It maintains a very precise time. In order to achieve such 
a goal, each satellite usually carries several atomic 
clocks of two different technologies (e.g., cesium and 
rubidium), depending on the generation of the satellite. 

ï It transmits data to users through the use of several 
frequencies 

ï It controls both its altitude and position 

ï It may enable a wireless link between satellites 
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Tasks of control segment 

¸ The main functions of the control segment are to: 

ïMonitor the satellites; activate spare satellites (if 

available) to maintain system availability; check the SV 

health 

ïEstimate the on-board clock state and define the 

corresponding parameters to be broadcast (with 

reference to the constellationôs master time) 

ïDefine the orbits of each satellite in order to predict the 

ephemeris data, together with the almanac; 

¸ Ephemeris = accurate orbit and clock corrections for the 

satellites. Each satellite broadcast only its ephemeris data. In 

GPS, ephemeris is broadcast every 30 s. 

¸ Almanac= coarse orbital parameters/information of the satellites 

(valid for up to several months) 
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GPS control segment 
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Tasks of user segment 

¸ The main functions of GNSS receivers are: 

ï Receive the data from the satellites belonging to one or 

several constellations (e.g. GPS; Galileo) on one or several 

frequencies. If several constellation => multi-system 

receivers. If several frequencies => multi-frequency receivers  

ï Acquire the signal from each satellite in the sky (acquisition = 

identification of satellite code and coarse estimation of time 

delays and Doppler shifts) 

ï Track the signal received from the satellites in the sky 

(tracking = fine estimation of time delay and Doppler shifts) 

ï Estimate the PVT solution (position, velocity, time estimation) 
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GNSS signal characteristics 

¸  An RF signal is divided in two distinct parts: 
   ï a carrier signal, and  

  ï modulation (information) 

¸ The carrier signal is a sine wave which amplitude and 
frequency depends on the system (standards & 
regulations) 

¸ The modulation is a time-dependent variation in signal 
phase, frequency and/or amplitude which carries the 
actual information content in the signal 

¸  An ideal signal can be expressed as follows: 

 

 

 Navigation Data Spreading Code 

Modulation 

Channel Modulation 

(BPSK, BOC, etc.) 
Carrier Signal 

50 bps* 1.023 MHz* 1575.41 MHz* 

*in case of GPS L1 C/A signal 
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Existing and future GNSS: 

¸Global Constellations 

ïGPS 

ïGLONASS 

ïGalileo* 

ïBeiDou*  
 

¸Regional Constellations 

ïQZSS*   
ï IRNSS*     

 

¸Satellite-Based 
Augmentations 

ïWAAS 

ïEGNOS 

ïMSAS* 

ïGAGAN* 

*Future 

Global Navigation Satellite Systems 
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GNSS systems 
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Current Status of Multi-GNSS 

GPS GALILEO GLONASS BeiDou 

First launch 1978 2011 1982 2007 

Full Operational 

Capability 

(FOC) 

1995 2018~2020 2011 2020 

Number of 

planned 

satellites 

30 30 24 35 

Current Status 31 

operational 

7 operational, 

2 under 

maintenance 

23 operational, 

1 under 

maintenance, 2 

in check phase  

18operationa

l satellites, 2 

in 

commissioni

ng 

Orbital planes 6 3 3 3 

Access Scheme CDMA CDMA FDMA/CDMA CDMA 

Á SBAS: 3 WAAS, 3 EGNOS, 3 SDCM, 7 IRNSS, 1 QZSS (4 
planned) 
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GPS constellation 
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Next generation GNSS (1/2) 
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Next generation GNSS (2/2) 

Source: Manuel Toledo Lopéz, GMV 

Á Position Dilution of Precision (DOP) with multi-GNSS 

Multi-GNSS leads to  

improved availability  

and accuracy 
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The US GPS (1/3) 

¸GPS 

ïThe American GPS consists of a 
nominal constellation of 24 BLOCK ll 
satellites and three active spares and 
their ground base stations 

ïThe GPS BLOCK ll satellites orbit the 
Earth once every 12 hours on six orbital 
planes angled 55Á from the equatorial 
plane 

ïLife expectancy of these satellites is 7.5 
years 

ïGround station locations are: Hawaii, 
Ascension Island, Diego Garcia, 
Kwajalein, and Colorado Springs 
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¸ GPS had its full operational constellation            
declared in 1995 

¸ Intentional signal degradation SA (selective 
availability) was turned off in 2000 

¸ Only L1 and L2 frequencies until 2009 when L5 was 
added 

¸ The GPS signals are generated in the satellites by 
utilizing a common atomically stabilized clock 
operating at 10.23 MHz 
ï L1 154*10.23 MHz 

¸P and C/A codes 

ï L2 120*10.23 MHz 

¸P code and C/A in the future 

ï L5 115*10.23 MHz 

The US GPS (2/3) 
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¸ The GPS constellation is very robust  
ï 31 space vehicles currently in operation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¸ Projected future: 30 BLOCK III satellites with modernized signals 

The US GPS (3/3) 
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The Russian GLONASS 

¸ GLONASS  

ï The Russian GLONASS FDMA system consists of a 

nominal constellation of 24 (21 active and 3 spares) 

KOSMOS satellites and their ground base stations 

ï The KOSMOS satellites orbit the Earth once every 11 

hours and 15 minutes on three orbital planes 

separated by 120° and with orbits inclined 65 degrees 

ï Life expectancy of these satellites is 3-5 years 

¸ Next generation satellites are being developed 

with an expected service life of 10 years and 

CDMA technology 

ï All ground base stations are located within former 

Soviet Union territory 

ï GLONASS uses a different geocentric datum (PZ-90) 

ï GLONASS time and GPS time are not the same 

ï Projected future: 24 CDMA satellites by 2020 
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The European Galileo 
¸ Galileo 

ï The European Union Galileo will 
consist of a constellation of 30 GSTB-
V2 satellites (27 active and 3 spares) 
and their ground base stations 

ï The GSTB-V2 satellites orbit the Earth 
once every 14 hours on three orbital 
planes angled 56Á from the equatorial 
plane 

ï Life expectancy of the satellites is yet 
to be determined 

ïGround base stations will be located 
throughout Europe 
¸ two Galileo Ground Control Centres in 

Oberpfaffenhofen (GER) and Fucino (IT) have 
been inaugurated 

ï Full FOC-1 infrastructure in orbit, comprising 
8 operational satellites 
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