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Global Navigation Satellite Systems  

GNSS enable users  
(on Earth surface or flying) 
to determine their position 
with respect to a  
Reference Frame x

y

z
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Getting Started  
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Addressed Problem: To determine 

the position of an object (receiver) 

                with respect to a reference frame. 

 

 

x

y

z

Å The early navigators and mapmakers 
relied on celestial observations 

Å The science of timekeeping allowed 
for an improvement of navigation 
(especially at open sea) 

Å Dead reckoning with inertial 
navigation systems  

Å In modern era, Radio-navigation is 
the most widely used 
(Determination of position and 
speed of a moving object by means 
of the estimation of parameters of 
electromagnetic signals sent by 
transmitters) 

SOLUTIONS 



Trilateration  

6 

The receiver is able to measure 
the TOA (Time Of Arrival) and 
consequentially the distances 

     Transmitters are in known positions 

       The receiver is in an unknown position 



The Basic Tool: the Clock  

The observer measures the TOA (Time Of Arrival) 
The time of departure is known (set by transmitter) 

The travel time is their difference 
The distance is the travel time multiplied by the 

speed of light. 
 
 
 

Transmitters and receivers equipped with clocks. 
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The Basic Tool: the Clock  

Time difference between TX and RX is the basis.   
 
 
 

TX and RX clocks must be synchronized 

Synchronization error of  1 s˃ corresponds 
to an error distance of approx. 300 m         

 

Very onerous 
requirement!! 
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Trilateration by Satellites  
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The user to be located  (receiver) 
Unknown position 

The satellites are equipped 
with atomic clocks 

Satellites are at known 
positions, as we know the 
orbits and the satellite 
time 

Transmitters 
are on board 
satellites 
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GNSS in One Slide  

A Global Navigation Satellite System (GNSS) consists of a constellation of satellites 
with global coverage, whose payloads are especially designed to provide positioning 
of objects 

x

y

z

GNSSs  implement the 
trilateration  method  

(spherical positioning systems)  

The satellites are at known 
positions, as we know 
satellite orbits and time 
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Satellite Orbits  

GNSS satellites 
orbit on  
Medium Earth 
Orbits (MEO)  

GPS orbit: 20,200 km 
GLONASS orbit:  19,100 km 
Galileo orbit: 23,222 km 

Galileo 

Van Allen belts 
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On-board Satellite Clocks  

Rubidium Atomic 
Frequency Standard 
 3.2 Kg mass 
 30 W power 

Rubidium 
ωCheaper and Smaller 
ωGood short-term stability (less than 10 nsec/day) 
ωSubject to larger frequency variation caused by   environmental 

conditions 
 

Passive H-Maser  
ωOutstanding short-term and long term frequency stability (less 

than 1 nsec/day) 
ωFrequency drift 

Passive Hydrogen Maser 
 18 Kg mass 
 70 W power 
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GNSS in One Slide  

A Global Navigation Satellite System (GNSS) consists of a constellation of satellites 
with global coverage, whose payloads are especially designed to provide positioning 
of objects 

x

y

z

GNSSs  implement the 
trilateration  method  

(spherical positioning systems)  

The satellites are at known 
positions, as we know 
satellite orbits and time 

Reference Coordinate 
Systems and Frames Time Scales 
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How Many Satellites ? 

 

 Why four  
satellites? 

To sidestep the 
synchronisation requirement 
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Ranges and Pseudoranges  
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Receivers are equipped with 
inexpensive quartz  oscillators.  

TOA measurements at the 
receiver are affected by the 
same clock bias )( cb

)( cb )( rb

To sidestep the synchronisation requirement 
four satellites are needed 

The range bias             becomes 
the fourth unknown to be 
estimated 

)( rb

Because of the bias  
pseudoranges are measured 
instead of ranges 

)( rb
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The Navigation Equation  
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rb

kr

known 

measured 

unknown 

Satellite clocks are 
synchronised 

The receiver has a clock 
bias vs satellite clocks 
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The Navigation Equation  

measured Known  
(written in the 
navigation message) 

4 unknowns 
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The Navigation Equation  

Å In order to estimate its position a receiver must 
have at least four satellites in view 

Å The satellites must be in Line-of-Sight 

Å If a larger number of satellites is in view a 
better estimation is possible. In the past the 
combination of four satellites giving the best 
performance was chosen 

Å Modern receivers use several channels in order 
to perform the position estimation 

REMARKS 

x
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z
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Positioning Errors  

Ideal measured pseudorange  
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Other errors impact on the measurement: 

Courtesy gAGE 
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The Geometrical Problem  

The impact of the pseudorange error on the final estimated position depends on 
the displacement of the satellites (reference points) 

Uncertainty region low GDOP high GDOP 

UERE 2D example 
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Accuracy and Precision  

ÅAccuracy: measure of how close a point is to its true position 

ÅPrecision: measure of how closely the estimated points are in 
 relation to each other 

High Precision 

Low Accuracy 

Low Precision 

Low Accuracy 

High Precision 

High Accuracy 
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Navigation Satellite Systems  

Space 
Segment 

x

y

z

Monitoring Stations  
Up-loading Stations 

Master Station/Control Centre 

Control 
Segment 

Satellite constellation 
Launching facilities 

User  
Segment 

User Receivers 
Applications 
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Space Segment  

Galileo (FM3) GPS (IIR-M) GLONASS (K) 
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Control Segment  

ÅA network of stations distributed all around the 
planet  

 

ÅMonitor the status of the satellites and of the 
signals 
 

ÅSome ground stations are able to communicate 
to the satellites in order to control them and 
correct the signal generation  

Example: GPS Control Segment 

24 


