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Introduction
The CNES-CLS IGS Analysis center:

 uses the Integer Recovery Clock (IRC) approach
* to processed un-differentiated iono-free phase observation

* and fix ambiguities to integer values for GPS L1, L2 measurements

We have investigated the capability to apply this methodology to Galileo E1,ES5A

In this presentation:
* remind the two steps procedure to fix ambiguities (two frequencies approach)
e evaluate the stability of the Galileo satellite “hardware” biases
* present Galileo results: ambiguity success rate, clocks and orbits products consistency

* discuss potential applications and perspectives



Ambiguity fixing: stepl

Melbourne-Wiibbena Linear Combination P,L: Range and phase observations
f, f; - Ly and L frequencies

f;
MW= (f o it Lj) (f +f 1+f] P]) Awy: Wide-Lane wavelength
}\'WL = C/(fi — f])
— }\WL (NWL + WSB - WRB) GNSS AwL (m)
GPS (L1, L2) 0.862
Ny, : Wide-Lane ambiguity Galileo (E1, E5a) |0.751
WSB: WL Satellite Bias Nwr= Nj- Nj

WRB: WL Receiver Bias

N examine WSB
Stability ?

NWL, WSB and WRB are 100% correlated

< if possible solve Ny,

(Loyer, et al., 2012)



Ambiguity fixing: step?

lono-free Linear Combination Lir : phase lono-free LC

Ki, Kj - iono-free coefficients
LIF — KiLi + Kj L] 2 _sz
1

=p  tAh, + AW — ANy —igANw, %= 5 = pop

p :geometric distance

The precision on p (orbit and station AnL- Narrow-Lane wavelength

coordinates) is critical Nw1.- Wide-Lane ambiguity from step 1

~» solve for N; GNSS Ayt (m)
GPS (L1, L2) 0.107
~ hence also solving for N; Galileo (E1, E5a) |0.109

( Nwr= Nj- Nj )




Cycles

Galileo WSB measurement (1/2)
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Fractional part (cycles)

Galileo WSB measurement (2/2)

15— , , , , | , | GALILEO Doy=1-50/2017
— EO1
— EO02
_ — EO8
\ A A ) - — EO09
_/\/ {L/\/\/\'Q/—M‘V—V\i Ell
. E12
El14
ZIM3 — EI8
n E19
— E22
WMWWW E24
. — E26
0.5 e T~ |= Ex 0.1
cycle
0 — —
0.5 | | I ! | | I | I ! |
001 010 020 030 040 050
DOY 2017 v ot
Left: WSB per passes are stable even over 50 days """ SR
Right: consistency of WSB between receiver Conclusion: fixing WL ambiguities with

manufacturers is below 0,1 cycle Galileo must me feasible 6



Galileo Wide-Lane ambiguities fixing
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Galileo Narrow-Lane ambiguities fixing

Success rates of AR for Nov. 2017 o Ambiguity resolution
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GPS + Galileo “Integer” clock solutions

Clock Overlaps GPS: DOY: 296 - 297
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Constellation GAL
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Galileo orbit overlap consistency
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Using “Integer” clocks (some GPS results)

* |[PPP static and cinematic positioning (e.g. Barbu et al. 2018, ASR)
* High accuracy even on remote stations
* short CPU and easy to process in parallel

* Comparing atomic clocks frequency (e.g.. Petit et al. 2015, Metrologia)

e Even if the clocks are distant

* Continuity at arc boundaries ensured by overlapping passes with identical
ambiguities: frequency comparison over months !

* Could improve TAIl time scale realization?
* Tracking LEO satellites (e.g. Montenbruck et al. 2018, JoG)

* Without involving a ground network
* Already TUM, ESA, CODE have successful results

... awaiting results based/including Galileo data !



Perspectives and challenges

* GRM CNES-CLS Galileo Integer clocks are delivered to MGEX since week 2022
* In the frame of REPRO-3 effort, CNES-CLS will provide “integer” clocks and WSB

v from may 2000 for GPS

v'from 2014 (TBC) for Galileo
* Fixing un-differenced Galileo ambiguities is more and more accessible
* This is also true for Beidou (e.g. X. Li et al. 2018, JoG)
* What about producing combined clocks and biases from different ACs which

keep the “integer” nature of phase ambiguities ?

» Should deserve an IGS Working Group ?



Posters: More information in...

« G. Katsigianni et al. Improving Galileo orbit determination using zero-difference ambiguity resolution in a Multi-GNSS processing

« S. Loyer et al. CNES/CLS IGS Analysis center: recent activities
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Narrow-Lane Fixing

SLR Average value
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Narrow-Lane Fixing

Example of orbit overlaps (doy: 297/2017 — 298/2017):

1 month period overlaps
Float (cm) |Fixed (cm)
Radial |[3.2 3.2
Normal |5.4 4.4
Along |5.6 4.1
3D 7.8 6.1
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Fixed Ambiguities

Radial

Normal

100 T I T I T 100 T I T | 100 | l T
T5H— 1 [ — T3 — IS5 — —
50 — 50— — [ — 50— BEE —
i ] _ﬂ Wm; h —|_’_’TH‘I—»—
0 B 0 0 —I_
0Ocm 5cm 10 cm I15cm Ocm 5cm 10 cm I5Scm Ocm 5cm 10 cm 15 cm
100 T I T I T 100 T I T I 100 I I T
75 Ht — 75 — Y5 —
50 = — 50 — - — 50— —
N _h_’_h,«, 1 :lr 1 j |
0Ocm 5cm 10 cm 15cm Ocm 5cm 10 cm IScm Ocm 5cm 10 cm 15 cm
G. Katsigianni 16



Wide-Lane Fixing

Comparison of WSB biases organized by receiver manufacturers

JAVAD

JAVAD

(Katsigianni, et al., 2018)
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GPS and Galileo WSB from a global network
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GPS and Galileo WSB from a global network
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Narrow-Lane Fixing

Orbit overlaps for Float and Fixed solution DOY 297-298

Galileo Float Galileo Fixed
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Wide-Lane Fixing

Histograms of WSB for IOV and FOC satellites
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