


How precise is satellite positioning?







1. INTRODUCTION

@ Why to focus on satellite geometry?

* GNSS: Global Navigation Satellite System
= Performance levels still rising:

v’ Precision
v’ Spatio-temporal coverage

"Error sources:

v’ lonosphere

v' Troposphere
V..

= Amplifying effect of satellite geometry

» Quality indicator of satellite geometry: DOP (Dilution Of Precision)

=) Objective: Betterunderstanding of the impact of satellite geometry on the
precision of positioning:

» Absolute Positioning (AP) with code measurements (SPSE)
> Relative Positioning (RP) with phase measurements (SE)
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2. ABSOLUTE POSITIONING

@ How to calculate a position by means of GNSS?
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2. ABSOLUTE POSITIONING

@ The solution is the estimated by means of a least
squares adjustment.
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2. ABSOLUTE POSITIONING

@ How does a least squares adjustment work?

= Design matrix:

* Normal equation matrix:
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2. ABSOLUTE POSITIONING

@ The satellite geometry amplifies the impact of errors
from observations to adjusted parameters.
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= GPS satellites

* Highly symmetric satellite distribution =)

2. ABSOLUTE POSITIONING

@ From symmetric to real satellite distribution...

analytical form
of DOP
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2. ABSOLUTE POSITIONING

@ The satellite sky distribution influences the DOP.
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2. ABSOLUTE POSITIONING

@ The satellite sky distribution influences the DOP.
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2. ABSOLUTE POSITIONING

@ High DOP values are related to singular states of N
matrix.

N|=0

QX :N—l :(ATA)—l

I L DOP

N is singular/invertible

|

Linear relation between Linear relation between
rows of N matrix ™= rows of design matrix A




2. ABSOLUTE POSITIONING

@ A conical satellite sky distribution involves a singular
state of the N matrix.
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= Topocentric form of the design matrix: A=
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= | east squares adjustment of 3D cone on real satellite sky distributions.



2. ABSOLUTE POSITIONING

@ A conical satellite sky distribution involves high DOP

values.
Case1 Case 3
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3. RELATIVE POSITIONING

@ What are the general principles of relative positioning?
Pre (1) = Pag = Pig = D +Tag + 12 + M3 + €145
PXB(J[) = 1 (Xg) Ys,Z5)

= 3 unknown parameters (u = 3)

» Redundant observations (n = 3)

=) | east squares adjustment
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3. RELATIVE POSITIONING

@ From Absolute DOP value to Relative DOP value...

= GPS satellites

= |s there a correlation between DOP and RDOP values?

LONCHAY Année académique 2008-2009

DOPR

Sélection: RA, Tirme———————————— | SEélaction:
Latitude {*): 15 Doy: 1 Latitude (°): 18
Longitude {*): 15 YY: ’7 Longitude (°):

e - ~
s ::____-- ~an B s
ooad : :
Ricunais

B — Info:
[ Graphicue PRM/Time -- A Dos: de données:
v Graphigue PRMITime - B Dassier de résultats:
C 1@ [ Observables satellites in the case of relative positioning S -
Coord. B (°):
~ Masque) sque (7) & S
aaaaaaaaaaaaaaa — | Durée ep. obs (s:
= BOGR Durée obs (s):
_— " HDOP Nb époques:
" yDoP v
O NE DOY:




3. RELATIVE POSITIONING

@ From Absolute DOP value to Relative DOP value...
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Very long baseline (= 1600 km) B s

DOP (A)
DOP (B)
RDOP (AB)

Time [h]




3. RELATIVE POSITIONING

@ Correlation between DOP and RDOP evolves

according to the baseline length.

Very long baseline (= 1600 km)
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3. RELATIVE POSITIONING

@ SoDIPE-RTK computes the ionospheric position error.
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3. RELATIVE POSITIONING

@ Satellite geometry is the origin of high position errors in
SoDIPE-RTK results.
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4. CONCLUSIONS AND PERSPECTIVES

@ Absolute Positioning

= GPS constellation offers a very good coverage in time and space.

= Identification of factors influencing the quality of the satellite
geometry.

= Identification of critical geometry leading the N matrix to a singular
state and DOP to high values: the conical satellite sky distribution.

@ Relative Positioning

= Correlation between DOP/RDOP

* SoDIPE-RTK




4. CONCLUSIONS AND PERSPECTIVES

@ Perspectives

= Actuality: “Is GPS satellite failure imminent?”

= GPS, Galileo, GLONASS, SBAS: interoperability between GNSS

= Identification of all satellite geometries leading N matrix to a singular
state.

= Study of the link between DOP values and volume of polyedra built
on unit vector pointing from receiver to satellites.






