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Global Navigation Satellite Systems

GNS®nable users
(on Earth surface or flying
to determine their position
with respect to a

Reference Frame
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Getting Started

Addressed Problento determine
the of an object (receiver)

with respect to a

A The early navigators and mapmakers
relied on

A Thescience of allowed
for an improvement of navigation
(especially at open s¢a

A Dead reckoning with

A In modern era) is
the most widely used
(Determinationof and

of a moving object by means
of the estimation of parameters of
sent by

transmitters




Trilateration

Transmitters are in positions >

g The receiveis inan position | ; \

Thereceiver is able toneasure
the TOA TimeOf Arriva) and
the distances
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The Basic Tool: the Clock

T Theobserver measurethe TOA TimeOf Arriva)

7 The time of departure is known (set by transmitte
/ \ The travel time is their difference
| The distance is the travel time multiplied by the
speed of light

<

Transmittersandreceiversequippedwith clocks.
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The Basic Tool: the Clock

T ~.o Time difference between TX and RX is the ba:

e BN
a \
/ \
/ \

TAanRX doeksFnust be syncAhron]zed
Vl

Veryonerous
requirement!!

Synchronization error of - corresponds
to an error distance of approx.
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Trilateration by Satellites

(X Yie 2) Satellitesare at

_as we know the
orbits andthe

Transmitters
are on board
satellites

The satellites are equipped
with '

The user to be locatedrgceiver)
Unknown position
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GNSS in One Slide

A Clobal Navigation atellite “ystem( yconsists of a constellation of satellites
with globalcoverage, whose payloads are especially designed to prpasi@oning
of objects

GNSSs implement the

% y ﬁ%‘ method

(spherical positioning systems)

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

- Roslla ) ), ;
Sy oasseon. Pildol b\ s M 8 [l Capital High Tech ThalesAIgnjg -7 Telespazio (:)l,'ll)l"i 10



Satellite Orbits

Pentriad, Russian television Geoslationary orbital ring (GEO)
(useful at apoges) Spaceway, Astrolink, Ewroskyway, KaStar)
Moinya orbit Dumarsat, Intelsat, VSAT, teleyisre,

GNSS satellites
orbit on

~ Orbital altitudes for satellite constellations

peak radiation bands of the Van Allen belts (high—energy protons)
odits 1 1ot shown at actal Dnclimtiorg ties is 2 guadde to altinade celdy
from ond's satellite constellations htp Heww ee surey ac.ukiPersona VL Wood/consse lations/

JupitersC

Medium Earth
Orbits(MEO)

GPSorbit: 20,200km
GLONASGYbit: 19,100km
Galileoorbit: 23,222km
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On-board Satellite Clocks

Rubidium Atomic
Frequency Standarg
3.2 Kg mass
30 W power
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Rubidium Measurement time /s

w Cheaper and Smaller

w Goodshort-term stability(lessthan 10nsedday)

w Subject tdarger frequencwariationcaused by environmental
conditions

Passive HMaser

w Outstandingshort-term and longerm frequency stabilityless
than 1nsedday)

w Frequencydrift
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GNSS in One Slide

A Clobal Navigation atellite “ystem( yconsists of a constellation of satellites
with globalcoverage, whose payloads are especially designed to prpasi@oning
of objects

GNSSs implement the

g ﬁ’ #i® method

(spherical positioning systems)

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

Reference Coordinate
Systems and Frames -
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How Many Satellites ?

Why four
satellites?

To sidestephe
synchronisation requirement
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Ranges and Pseudoranges

To sidestep the synchronisatioaquirement
four satellites are needed

TOA measurements at the
receiverare affected by the
same clock biz(be)

() — (by)

Therange bias(lB,) becomes
the fourth unknown to be
estimated

Because of the bia(b)

Receiverare equipped with
inexpensive quartoscillators
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The Navigation Equation

(Xk» Yk Z) known  Satellite clocks are
- '%Q synchronised
measured

#i®

K The receivehas a clock
unknown bias vs satellite clocks

ry= \/(Xk' Xo)2+(Yk' yo)2+(zk' Zo)2 ) br
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The Navigation Equation

o =06 ) (v )+ (22"
v%»:f i 2= (X 9%)° + (Yoo £ W) +(20042)° -
& i Fo= (X £30) 2+ (Vs £ ¥0)° + (25 £ 29)° -
g" 1 =0 E%) + (va EW)7 +(2., £3)° -
measured Known X9r YorZor &,
(written in the 4 unknowns

navigation message)
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The Navigation Equation

REMARKS

A In order to estimate its position a receiver must

have In view $* '%o o

A Thesatellitesmust be in

A If a larger number of satellites is in view a 5®
better estimation is possible. In the past the
combination of four satellites giving the best
performance was chosen

A Modern receivers use in order
to perform the position estimation
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Positioning Errors

|deal measured pseudorange Emission ,  ~300m

r = \/ (x, - Xu)2 +(Y, - yu)2 +(z, - Zu)2 - C@ﬂu /%ziérﬁ?‘.*.’f%.i;iiv‘..*:effff%f

.................................

= rk -C Qﬁ:u Relativistic clock correction: < 13m :

Pseudorange

Other errors impact on the measurement: ™ ° /i

r k = I‘k T Cthk ) dtu) T l I -I-Trk T erk o Zsom

Courtesy gAGE
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The Geometrical Problem

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

UERE 2D example
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Accuracy and Precision

A Accuracymeasure of how close a point is to its true position

A Precision'measure of how closely the estimated points are in
relation to each other
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High Precision Low Precision High Precision
Low Accuracy Low Accuracy High Accuracy
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Navigation Satellite Systems

Space Satellite constellation

Launching facilities Monitoring Stations
Segment Up-loading Stations

Master Station/Control Centre

User User Receivers
Segment Applications
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Space Segment

Galileo (FM3) GLONASS (K)
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Control Segment

A A network of stations distributed all around the
planet

A Monitor the status of the satellites and of the
signals

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

Example: GPS Control Segment
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