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INTRODUCTION EN-N-EE Main issue: In this poster:

CNES and CLS!! are the GRG IGS Analysis Center (AC): GS v’ Integer Ambiguity Resolution (AR) v' We apply the method for fixing the

v' They perform Multi-GNSS processing (GPS, Galileo & of GNSS phase measurements  undifferenced phase ambiguities for the
GLONASS) on a weekly basis. ’ has to be done firstly at the level Galileo system in a Multi-GNSS (Galileo + GPS)

v' Undifferenced phase measurement ambiguities!?! are fixed of orbit and clocks determination processing.

for the Galileo system.

for GPS observables within the daily computation of the v We present a way to do integer ambiguity

delivery of products to the IGS service. v' This will allow later Galileo matrices comparison, as another way of AR
v Research was done for how to apply the same method for sy . D integer precise positioning at the validation.

the Galileo system. user level.
METHOD L phase measurements 1.
1) Wide-Lane (WL) ambiguity resolution P pseudo-range measurements GPS = aowm Ea
Estimate the unknowns u® and ., fix the WL ambiguity (‘NW"L)[z,3,4] D, geometrical distances for the carrier phase (code, phase) only AR correction
fwi(Li L, P, P) = Ay (Lj — L) — Ay (Pi/A; + Pi/A;) = Ay Nyt AhL clockf:llfferences for carier phase , ¢

L,] two different frequencies GPS

Nwi = Ny +p° —pp = N = Ny + p1° — iy N

Ny, wide-lane ambiguity (over one pass) (phase fixed)

— | Multi-GNSS | — | Galileo AR | —> GalileoPhase

Galileo :
YV = /1]2 //112 — fiz /sz u’ satellite hardware delays (also WL satellite biases - WSB) (code, phase) correction
2) Narrow-Lane (NL) ambiguity resolution - receiver hardware delays (also WL receiver biases - WRB) 3
. . . . . GPS Galileo
lono-free combination, fix the NL ambiguity (NV;) Multi-GNSS with 31 GPS and 13 Galileo satellites GPS, Galileo | _ _
‘/ ) . . (phase fixed) Multi-GNSS | — Orbits + Orbits
YAiL; — AjLj — ANy, yDyi — Dy ISB: 1 bias per station per day Clocks Clocks
y —1 = y —1 + Ay W + Ahy, — Ay N, v Equal weighting for GPS and Galileo
Station Network
WL & NL FIXING 7 ~ - INTEGER AMBIGUITY MATRICES COMPARISON

60° [

Network:
96 IGS MGEX stations (Galileo E1/E5a, GPS L1/L2)M. =
The fractional parts of u® and u, for each station |
were calculated. The values of u® are proven to be
stable and can be estimated within 0,1 cycles.

Today there are no direct tools to know if ambiguity fixing is correct:

* Indirect tools used: % of fixing, improvement of orbits, clocks overlaps
 Hard to know when and where a false fixing may occur

 Need for comparisons & checks when changing processing models, weighting etc.
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Comparison of GPS and Galileo showed that for - t Jaqe : The algorithm:
Galileo, 1° can be considered constant The idea: Check. the a.greement betwee.n 2 different 1) et Elle A & e B e comman sesses
, ) _9?10%':' _15:0.3 -12It:|':' _9;3,:, -EID':' _3;3,:. GID 36,:, 5[;,3 g[;;.':' 12I|:|':' 15:[]:, 180° |nteger AR matI’ICES W|th common Sateulte paSSES ° Organize N Values in matrices
Galileo v From 2 successive days (satellites x stations)
Ir | J=oi v" From the same day with different processing 2) Subtract C = A-B
0.8~ 71— E03
e - Eos Day Day (processing A) | 3) Check data gaps:
= — PN T P e rerearenre A AAAN L At EO07 . . .
E Z 04 __?M | e Day+1 Day (processing B) Pgrform .a bubk?le sorting |
5 S 02— ey — O * Find stations with gaps and make them as if
= = r-';:_:‘ B s T _ED2 i/ \L h
g g ;- o= - e e i _.mw_ )
£ o2y | N = Passes Passes 4) Transform matrix C
£ R S S — - Rt — 24 The difficulty: * For every line, find most frequent non-zero
0.6 1= 5% e The matrices are not the same (for a given value, subtract from the entire line
g
i . _ 41— E27
08 1 08¢ . integer solution there is an infinite number of ° Do thesame forevery column
. ' | | | 4 | | | | “« : ” : * Percentage of non zero elements
Jul 2016 Jan 2017 Jul 2017 Jan 2018 Jul 2018 Jul 2016 Jan 2017 Jul 2017 Jan 2018 Jul 2018 eqU|Va|ent matrlces) . Repeat until C can not Change anymore
Month /¥ ear Month/ Year « Station and satellite data can have gaps
, Clock Overlaps GPS: DOY: 296 - 297 f _ _ 5) Find disagreements and do statistics
Integer Recovery Clock (IRC) overlaps: ! | | Transform C = A-B:
) . %
Clock products for consecutive days differ by
an integer number of NL cycles (i.e. 0,107 m for % ~ n oo e e
GPS, 0,109 m for Galileo)!4. This is necessary < ! N o 1ol ol
. z [N} ‘
for performing Integer PPP. < - _ — | C= - dgrees
n with o o | o0 | o0
-6h | 1st day +6h
i

-6h 2nd day | ceo cee cee cee >

AR Success Rate Vs. AR Matrices Comparison

Example:
Orbit overlaps: - AR Rates: GPS ~ 96%, Galileo ~ 93% ——

An example of orbit overlap for float and fixed * Comparison: GPS ~ 3%, Galileo ~ 10%
Galileo orbits. Improvement in along and ~ -f : * High % of AR does not guarantee

normal components. Orbit precision in 3D correct integer AR

reach less than 6cm!4l, 290 2669 Sg?y ldeally: 100% success rate with 0%

Balilee Float L matrices comparison dlsagreement P '~ / \ /N L

~~ —_— N\ ——  ——
Along RMS: 0.9095E-01 m Along RMS: 0.3552E-01 m T . T | o ep———C | e -
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Normal RMS: 0.7516E-01 m Normal RMS: 0.3503E-01 m E11

' | | Zj WL satellite biases u® are stable over time and can be estimated within approx. 0,1 cycles

— r\j— aee A-priori values of u° are stable over time (compared to GPS, where an a-priori value is

1> _ _— E24
' '- \T\ — E26 needed every day)

2079 2080 2981 % 2079 2980 281 2982 == Undifferenced ambiguity fixing of Galileo is possible in a Multi-GNSS processing. Percentages
Radial RMS: 0.3149E-01 m Radial RMS: 0.2918E-01 m . . .
Galileo Orbit of fixation is approx. 93 %
Overlaps Galileo phase fixed clocks have an integer property (IRC)
3D RMS ~6cm Phase fixed orbits improved in along and normal directions, with 3D RMS of overlaps around
6cm

A way to compare directly integer ambiguity solutions was presented
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