Lecture 1
Introduction to GNSS

Professors: Dr. J. Sanz Subirana, Dr. J.M.
Juan Zornoza and Dr. A. Rovira-Garcia
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1.- An intuitive approach to
GNSS positioning




@ With a single lighthouse, ¢ With two lighthouses

possible solutions lie on * the possible solutions
a circle of radius O are reduced to two

Suppose that a lighthouse is emitting
acoustic signals at regular intervals

of 10 minutes and intense enough to
be heard some kilometres away.

Assume that a ship with a clock perfectly synchronised to the one in the lighthouse
is receiving these signals in a time that is not an exact multiple of 10 minutes, for
example 20 seconds later (t = n*10m + 20s)
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@ With a single lighthouse, ¢ With two lighthouses
possible solutions lie on * the possible solutions
a circle of radius O are reduced to two

The ranges are measured by
traveling time of the acoustic
signal from the lighthouses to
the ship.

Synchronism errors in
clocks (lighthouses and
ship) affect accurac
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2.- How GNSS Works

Satellites broadcast orbit |
and clock data )

=>» Satellite coordinates
and clock offset t

= Lighthouses
=20\ coordinates

Receiver measures
traveling time from
satellite to receiver

=» Pseudorange (P) t_

Lighthouses-ship ranges

Thence, the receiver coordinates are found solving a geometrical
problem: from satellite coordinates and ranges
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Twe measuremeants puts

us somewhare on this circle

Three measurements puts us

One of the solutions is not
on the Earth surface.
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Satellite location

Satellite coordinates and
clock offsets are computed
from navigation message.

EUBT‘“‘ME K— ONE SUBFRAME = 300 BITS, 6 SECONDS —

TLM | HOW | SY CLOCK CORRECTION DATA T

TLM | HOW | S¥ EPHEMERIS DATA ()

TLM | HOW | SY EPHEMERIS DATA (I1)

25 PAGES OF SUBFRAME 4 AND 5 = 12.5 MINUTES
TLM | HOW | OTHER DATA (IOND, UTC, ETC)

1500 BITS,
30 SECONDS
TLM | HOW | ALMANAC DATA FOR ALL SVS AL

— ONE WORD = 30 BITS, 24 DATA, 6 PARITY —3
8-BIT PREAMBELE DATA PARITY

TLM
TELEMETRY WORD

s How
17-BIT TIME OF WEEK DATA, PARITY

HANDOVER WORD

Receiver
Location GPS NAVIGATION DATA FORMAT

F HDOARA 1002
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Receiver
Location

=

Measurements:
Pseudo-ranges

“Pseudoranges” are computed
by measuring the traveling
time from satellite to receiver

Several error sources affect
these measurements.

travel time x speed of light

AR S o

www.gage.upc.edu

© J. Sanz & J.M. Juan

13



225 pLrioy 315" o 45 o0

=== 01.0UT.upciDD178
30

T T T T T
! U T T — T T
0 B0 160 240 330 400 480 380 640 720 800 8RO

Atmospheric propagation errors: Ionosphere

and Troposphere
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Navigation
equations

The geometric problem
is linearized, and
Weighted Least Squares
or Kalman filter are
used to compute the
navigation solution.

135"

180°

Pseudo-ranges

“Pseudoranges” are computed
by measuring the traveling
time from satellite to receiver

Several error sources affect
these measurements.

Atmospheric propagation,
relativistic effects, clocks
and instrumental delays
are modeled and removed.

And navigation equations
are built.
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Colrado Spigs, ColEoo

2 May Z0m
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Tima of Caz [

Navigation
equations

or Kalman filter are
used to compute the
navigation solution.

h

The g_eome_trlc problem are modeled and removed.
is linearized, and
Weighted Least Squares And navigation equations

Atmospheric propagation,
relativistic effects, clocks
and instrumental delays

are built.
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Satellite location

Satellite coordinates and
clock offsets are computed
from navigation message.

=5

Measurements:
Pseudo-ranges

VULGIHILG O k=WUwOLivi

“Pseudoranges” are computed
by measuring the traveling
time from satellite to receiver

Several error sources affect
these measurements.

MODEL:

Navigation Atmospheric propagation,
equations relativistic effects, clocks
and instrumental delays
are modeled and removed.

The geometric problem
is linearized, and
Weighted Least Squares And navigation equations
or Kalman filter are are built.

used to compute the
navigation solution.
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A ‘ ‘ ‘_.‘ .
e Emission ~300m
Ny x ............ Reception
receiver /) '.w

{up to hundreds of km

Relativistic clock correction: < 13m :

Earlh"c':entre
/Satellite instrumental delay{ ~m

Pseudorange

Geometric range: P NEDDDOkm

Code Pseudorange
Modelling:

Navigation accuracy

depends of precise

modelling and R
measurements used :
(code, carrier). B

aaaaaaaaaa

rec

CLML UL
= |/l 1 1 ﬂl‘lﬂflﬂﬂﬂ.ﬂl‘lﬂﬂlLﬂJ‘Lm—%

travel time x speed of light

Cl);.[modelled] = o ) —c (df 4 Arel*™ ) +Trop: + lon. " + TGD™
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For each satellite in view Tono+Tropo+TGD... NaVigation

e
CL =(pi) + c-(dr,,, —dr*™) 4.5, + & Solution

Linearising p around an ‘a priori’ receiver position (Xg ..> Yo rec > Zo,rec)

Navigation Equations
gy 4t T gy g JoeE gy LR E g Le(ar, -a)+ Y5, | solution:
0,rec p(),rec 0,rec
o — » The geometrical problem

linearised about an
approximate receiver
Prefit-residuals (Prefit) coordinates (x0, y0, z0).

Clizz _ p(b)fl’ta +Cdtsat _25k B xO,recS; X 4 yO,recX; y @ i ZO,recS; 4 @ O |—-east Sq ua res Or Kalman
pO,rec pO,rec IOO,rec » fllter are used to SOIVe

R % the navigation equations.

Axre‘c :xrec - ‘xO,rec 5 Ay rec = rec Y 0,rec 5 Az =2z

measurement | computed unknown
NEU positioning error [Static PPP] Ka I ma n fl Iter (See kalman.f)
020 f 1 1 1 — :
- Bet arve Measurements
OISpl e —gperor 1|
: : : : : L et &7 (n) Y(n)
P_ P,
005 Mo N i 2 |, y(n)
£ ‘ ‘ ‘ ‘ ‘ ‘ f f & . . %
= 000 L e - Estimation
RS I Gt S Prediction 4 \ 4
¢ 1 : : : : : : : * 3 _ . t p-l -1 &-
0,05l frvi R — e e - % (n)=®x(n-1) X(n) = Pi(n) [G Py(n) y(n)+ Pf{(n)x (n):|
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Dilution Of Precision (DOP)

-----------------------
-------------
.........
.......

Uncertainty region in
the position estimate

Apparent range due to
measurement errors

.
......
-----------
....................

N ‘ Satellite Geometry
------------------------------------------ affects the error
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Thank you!
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