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ABSTRACT

Integer ambiguity resolution on undifferenced GP&age
data has made a lot of progress in recent years. By
combining pseudo-range and phase information, it is
possible to fix integer ambiguities on zero-diffecte phase
measurements, for dual-frequency problems, witheuy

atmospheric models. Phase measurements then become

pseudo-range-like measurements with millimeterantasel.
Using these measurements, and precise satellite
ephemerides, it is possible to perform the syndzegion of

a regional network, to compute satellite clockseSenclocks
have an interesting property: they allow the positig of
independent receivers using a PPP-like method, widger
ambiguity fixing. The achieved positioning accuréat the
centimeter level.

This method can also be applied to real-time pursitg
[ION NTM 2008, ION ITM 2009 and ION GNSS 2010
meetings]. The core of the real-time implementatisna
Kalman Filter working with both real- and integeahved
phase ambiguities. The filter produces satellitbiterand
clocks compatible with integer ambiguity fixing. dse
products are then ingested by algorithms develdpedser
receivers to perform real-time positioning with a@Ecy
comparable to standard RTK.

To demonstrate that this processing strategy ispetitvie
with the latency constraints imposed by real-time
applications, and with the level of performanceidgp of
common personal computers,
complete real-time ‘integer PPP’ demonstrator. Tlaper
presents the architecture of the demonstratotsdt presents

CNES has developed a

results obtained within the framework of the Reghd IGS
Pilot project, as well as results from a stand-alon
experiment.

In order for users to assess the potential offesethis new
approach to real-time positioning, CNES providdsea user
test package containing all the tools needed ttoparPPP
with ambiguity resolution. This test package inesdan
access to the CNES caster, documentation to uadershe
nature of the ambiguity resolution parameters, and
modified version of the BNC software which handles
ambiguity fixing. This material is available on adicated
web site (www.ppp-wizard.net).

1. INTRODUCTION

Integer ambiguity resolution is routinely applied double
differenced GPS phase measurements to achieves@reci
positioning. Double-differencing is very powerfuddause it
removes most of the common errors between therelifte
signal paths, including biases, making it easieidentify
integer ambiguities. Double-differencing also miides the
size of the problem to be solved by removing adl thock
contributions. This technique is the basis for vprgcise
differential positioning.

Precise Point Positioning (PPP) is an alternatpg@ach to
perform precise positioning. In this technique, ozer
difference measurements are used in combinatiom wit
precise orbits and clocks for the GPS constellatibhe
performance of the method is directly related t® tjuality

of these input orbits and clocks, which are comgutsing
data collected over a world-wide network of stasioRPP is

a very powerful tool, in particular to track movingceivers;
however, until recently it lacked the ability tox finteger
ambiguities.

We have recently shown [1, 2] that it is possildalirectly
fix integer ambiguities on zero-difference phase
measurements. The process is a two steps procedoese
the difference between the ambiguities on the two
frequencies is first fixed using the four obseresblidelane
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combination (Melbourne Wibbena). No geometrical ehod
or orhits, clocks, receiver positions, etc. aredeeefor this
first step. Then the remaining ambiguity is fixeda global
network solution, using the models and the ionospliiee
phase combination.

Once ambiguities are fixed, phase measurementsnieeco
unambiguous pseudorange-like measurements withwa fe
millimeter noise level. In addition, during the aigudity
fixing process, clock corrections associated withe t
ionosphere free phase combination are estimatedenwWh
phase measurements from an independent receiver are
processed with these phase clocks the integerenafuthe
ambiguities is easily revealed. This allows the oalite
precise point positioning (PPP) of this receivethwinteger
ambiguity fixing (‘integer PPP’). Since November 020
such clock solutions are available in the CNES/GGS
analysis center solution (‘grg' solution).

The extension of this method to real-time applarai has
been developed in [ION NTM 2008, ION ITM 2009 and
ION GNSS 2010]. The core of the real-time impleration

is a Kalman Filter working in mixed-mode (with batbal-
and integer-valued phase ambiguities). The filtexdpces
GPS constellation states (orbits and clocks) wike t
‘integer’ property. At the same time algorithms edween
developed for real-time user receiver positionifidnese
algorithms take advantage of our orbits and clotks
perform real-time ambiguity-fixed positioning.

In order to demonstrate that these filter and élgars are
compatible with the latency constraints imposeddaf-time
applications when running on standard equipments¢real
computers), we have developed a complete real-titeger
PPP’ demonstrator. As part of this demonstratorprepose
a free user test package which provides the toetsied to
perform ‘integer PPP’ with any receiver. The teatkage
includes an access to the CNES caster, an ICDderatand
the nature of the ambiguity resolution parametars] a
modified version of the BNC software which handles
ambiguity fixing.

This paper details how the demonstrator works, e it
performs and how users can try ‘integer PPP’ fentbelves
using information provided on our website.

1.1. NOTATIONS AND MODEL EQUATIONS

In this paper, we use the following notations:

/]zzi

C
1 /1 :_1
o f,

where f; and f, are the two frequencies of the GPS system
and c is the speed of light. For GP$ and L, bands,

f, =154f, and f,=120f,, where f;=1023MHz.
Pseudorange or code measuremeng, and P,, are
expressed in meters, while phase measurementand L,

are expressed in cycles.

The pseudorange and phase measurements are maseled

R = D, +A4h, +(e+Arp)

P, = D, +Ah,  +yle+Ar, (1)
/11'—1 = Dl +/11W +Ah _(e+AT) _/11N1
Where:

- D, and D, are the geometrical propagation distances
between the emitter and receiver phase centefg ahd f,
including troposphere elongation, relativistic efte etc.

- W is the contribution of the wind-up effect (in cgs).

- € is the ionosphere elongation in meters gt This

elongation varies with the inverse of the squarethaf
frequency and with opposite signs between phaseaahel.

-Ah=h -h! is the difference between receivand emitter
j ionosphere-free phase clocksh, is the corresponding
term for pseudorange clocks.

- AT =T, -7! is the difference between receiverand
emitter j offsets between the phase clocks fat and the

ionosphere-free phase clocks. By construction,
corresponding quantity atf, is yAr. Similarly, the

corresponding quantity for pseudorang@i% (Time Group

the

Delay).

- N; and N, are the two carrier phase ambiguities. By

definition, these ambiguities are integers. Unamobig
phases measurements are therefqre N; and L, + N, .

These equations take into account all the biadeseteto
delays and clocks. The four independent parameters
Oh,AT,Ahy, A7, are equivalent to the definition of one clock

per observable. However, our choice of parameters
emphasizes the specific nature of the problem btifying
reference clocks for pseudorange and phase (and Ah)

and the corresponding hardware offse§rp( and Ar).

These offsets are assumed to vary slowly with timith
limited amplitudes.
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1.2. GENERAL OVERVIEW OF THE METHOD

The key characteristics of the method are sumnurize
hereafter.

According to [1, 2], the measured Widelal’;lg;V (also called
the Melbourne-Wibbena widelane) can be written as:

<NW>:NW+lui_iuj 2

where N,, is the integer widelane ambiguity;’ is the
constant widelane delay for satellite 4 is the widelane
delay for receiver i (fairly stable for good geddet
receivers). The symbo{ > means that all quantities have

been averaged over a pass.

Integer widelane ambiguitie,, are then easily identified
from averaged measured widelanes corrected follitate
widelane delays. Once integer widelane ambiguiligs are

known, the ionosphere-free phase combination can be
expressed as

Q. =D, + W +h —hl - AN, (3)

b - ’12(|12 +N,) ionosphere-free
y—

phase combination computed using the know,
ambiguity, D, is the propagation distanch is the receiver

is the

where Q.

clock, hlis the satellite clocN; is the remaining

ambiguity associated to the ionosphere-free wagthen
A¢ (10.7 cm).

The complete problem is thus transformed into alsin
frequency problem with wavelengi4, and without any
ionosphere contribution.

Many algorithms can be used to solve equation (& @
network of stations. D¢ is known with sufficient accuracy
(typically a few centimeters, which can be achieusihg a
good floating ambiguity solution), it is possibleo t

simultaneously solve fcN; , h andh! .

The properties of such a solution have been studied
details. A very interesting property of th! satellites clocks
is, in particular, the capability to directly fikeé N; values of

a receiver which has not been part of the initet\work [1,
2].

1.3. REAL TIME IMPLEMENTATION OF THE
METHOD

As shown in figure 1 our PPP approach involves the
following steps:

- On the network side, raw data are collected, -zero
difference widelanes are fixed for each receivhent N1
ambiguities are fixed for the network and ‘integeldck by-
products are generated and broadcast to users.

- On the user side, zero-difference widelanesiaeslf and
then ‘integer’ clocks are used to fix N1 ambigustiend to
estimate the stochastic position of the receiveading to
“absolute” centimeter level PPP.

PPP-like compact representation

" — Receiver
, —

widelane fixing
GPS orbits
hyz, clockd

(sliding window)

Raw measurements
(M fixed)

Network raw
data flow
Kalman filter

N, fixing and posifion
estimation

widelame fixing

(liding window)

Precise trajectory

Raw measurements
(¥ fixed)

Kalman filter
(mixed floatrinteger for Ny
Sfixing)

clocks/orbits corrections
computation

Network side (orbit and clock estimation) User side (ppp trajectory)

Fig. 1. Integer PPP diagram

The real-time implementation of the method has been
described in [6]. The network-side is mainly based a
Kalman filter fed by measurements. Widelane amtigsli
are fixed during preprocessing. Narrowlane ambigsiitire
fixed in the filter, using network connectivity csiderations.
The user-side is based on a similar Kalman filteere the
position of the antenna is estimated as a parameter

A standard state space representation consistslymiain
orbits and clocks as defined in a sp3 file for egbnj4]. In

[6], we have proposed to add new quantities, adajoteur
method. These new quantities can be sent to aeitker in a
specific standard like RTCM, or directly in a tdie for

slowly varying quantities like widelane biases.
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2. THE CNES DEMONSTRATOR

In order to validate the pertinence of the methoddtual
real-time, CNES has developed a full scale dematustr
which has been patrtially described in [6].

2.1. SYSTEM SIDE ARCHITECTURE

Figure 2 describes the architecture of the systiden af the
demonstrator. This part is in charge of:

1) collecting network measurements
2) computing state-space products
3) disseminating them over the network

A ftp interface is used to retrieve IGS measuresfsiton a
daily basis to compute widelane clocks, and on ho6r
basis to compute real-time orbits. An NTRIP inteefa
associated with the BNC tool [3], is used to cdlleetwork
measurements in real time. It is estimated thatatency of
these measurements is about 2 or 3 seconds orgavéitze
GNSS engine processes these data and outputs atee st
space representation. The products are then disatedi
over the internet, on a NTRIP caster, using a RTCM
message or text file. The current sampling rate seconds,
while the overall average latency is estimated betw6 to 8
seconds. All this process is implemented on a nmachi
running under the Linux operating system.

Network

Analysis

NTRIP

IGS CASTERS WEB Dissemination
SERVER (23 sec latency)
X, Y, Z,H, Hw, Hp-H
FTP BNC
(C1), PL, P2,L1, 12 Realdime
(23 sec latency)
WideLane clock Hw Overall latency
Daily computation GNSS engine 6-8 sec
XY Z (Kalman filter)

Real-time continuous ™ "°
6 hours orbit construction
Computation: 2 sec

stations/
satellites
configuration

Fig. 2. System side demonstrator architecture

2.2. USER SIDE ARCHITECTURE

The architecture of the user side of the demorostrit
described in figure 3. State space representasiordeived
from a NTRIP caster. The dual frequency observahles
read directly from a local or distant receiver M&RIP. The
PPP software is a version of BNC [3], modified for

ambiguity resolution. The integer PPP algorithms tise

same Kalman filter as the network side. In thisecastellite
clocks are not estimated, and the receiver posii®n
estimated instead. The ambiguity fixing processaiesthe

same in both cases. Results can be compared tocarate

reference for monitoring purposes.

Internet

CNES
CASTER

RTCM 3.1 messages:
- MT 1060 (BRDC corrections)
- MT 1059 (custom hiases)

BRDCs Real-Time Receiver
Measurements

WEB SITE

BNC
(modified for integer
ambiguity resolution)

£X,Y,2 | B T

Fig. 3. User side demonstrator architecture

2.3 REAL TIME IGS PILOT PROJECT
PARTICIPATION

In 2010, CNES joined the Real Time IGS Pilot Projec

The main objective is to process data from the tiesd IGS
network and to participate as an analysis centegrbyiding
the orbit and clock solution generated by the destrator.

The second objective is to disseminate ‘integeodpicts on
a pre-operational basis to demonstrate the potenofia
integer clocks for user PPP. This should help supphe
evolution of the RTCM standard in order to allowe th
dissemination of phase-code biases and clocksoltld be
noted that with the current RTCM standard a workat
has to be found to broadcast the different clodktEms
needed by our method (for example, disseminatirdghane
biases in a separate file). This is the reason 2vijfferent
solutions are generated: one solution dedicat¢hdetd®RTIGS
pilot project, and the other dedicated to ambigtégolution.
Even if the first solution is the only one takenaiccount in
the real-time combination, both solutions are rmareid by
the RTIGS pilot project.

The CNES first solution is available on the prodiigs-
ip.net caster with the prefix CLK9x, while the othane is
only available via the CNES caster.
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2.4 WEB SITE AND STREAM USER ACCESS

CNES has set-up a web site dedicated to the deratmst
Its internet address isttp://www.ppp-wizard.net ppp-
wizard is an acronym for “PPP With Integer and Zero
difference Ambiguity Resolution Demonstrator”. Thigeb
site provides all the material to monitor the destator and
to perform user side integer ambiguity resolution:

- A description of the caster used by the demotusti@P
address, different stations and products mountgpint

- A network monitoring feature by means of a Japplet
which shows the network of stations (updated in-tieze)
as well as the current active satellites and sotatsscs
about the number of fixed widelane and narrowlane
ambiguities.

- A set of PPP monitoring stations. For each ofs¢he
stations, an instance of the PPP software modified
ambiguity resolution is running. The web site diggl the
errors of the obtained solution with respect toaaourate
reference. The displays are updated in real-tine rafiect
the current performance of the demonstrator, frbm user
side.

- A “user test package” freely available for dowado
which consists in:

o A PPP software modified for real time ambiguity
resolution. This is a freeware, available in soucode, as
well as a precompiled version for windows.

0 An anonymous access to the orbits/clocks stream
dedicated to ambiguity resolution, from the CNEStea
(CLK93 mountpoint).

o A link to the current widelane biases compatible
with this orbits/clocks stream.

0 A quick guide (ICD) on how to perform ambiguity
resolution using CNES products.

With this package, everyone should be able to thpre
the results obtained in the PPP monitoring section.

- There is also the possibility to download the lydai
consolidated products, to perform ambiguity resotubff-
line.

3. EXPERIMENTAL RESULTS

3.1. RTIGS PRODUCTS PERFORMANCE

CNES started sending its solution to the real-tI@8 pilot
project in January 2011. Performance analysis tepamd
combined solutions are generated by ESOC [7, 14, t
RTIGS pilot project coordinator. The CNES solutiaas
introduced in the real-time combination in Februz@yt 1.

Figure 4 shows the orbit performance (RMS) of ttiecknt
real-time analysis centers, as computed by ESOCAJ/(the
reports are produced from real-time streams). Eference
is the IGS rapid solution.

Orbits RMS per A.C.

—T T —T — L T T T
60 80 100 120 140 160 180 200

Day Of Year 2011

Fig. 4. Orbit quality for various rtigs analysis centers

Orbit accuracy is very good for all centers (bettem 5 cm

on average). Orbits from many centers are veryeciosach
other, probably because they all use IGU solutem#nputs

in the same way. In our solution the orbit errodéninated

by the 6-hour extrapolation period. One possible
improvement is to use orbits computed more oftehg@r or
even 1-hour batch) [12]. Another possibility is éstimate
orbit corrections in the real-time filter.

Figure 5 shows the clock standard deviations fog th

different real-time analysis centers. The refereadbe IGS
rapid solution.

Clocks sigmas per A.C.

—®— bkg
—®— cnes
—®— cnes2

0.9-frwremrarean s shea s

0.8 ererermm s b

—®—dr

SOV P PV SRR —®— esoc

0.7=peseeeesaremmnchuncceniaens

gz
—®— gmv

0.0 T L— LE——
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T L
140

Day Of Year 2011

Fig. 5. Clocks sigmas for various rtigs analysis ogers
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Despite some outliers, the performance of the gwiattends

Displacenents for GRAS, real time PPP

to converge towards 0.1 ns for the majority of gsial 0.5 . - .

. . L. East Displacement (RH5= B.63 cn) ——
centers, which is far better than the initial targé the ol o orth Displacenent. (RAS= 1.00 on) —— |
project (0.3 ns). The red plots (CNES solution ifateger Froest Taptacenent TET RS2 e
ambiguity resolution) are regularly among the loests. The 0.3
average standard deviation of the CNES solutidnlg ns. 0.2 |

Another approach to evaluating real-time orbits aflwtks
precision is to use them in PPP solutions. Thiefusde”
PPP (where ambiguities are estimated as floatirmgtifies)
is monitored by BKG with the BNC tool [3] for sewbr
RTIGS analysis centers and is available on theovioiig

Diszplacenents {n)

link: http://igs.bkg.bund.de/ntrip/pppin  general, the IGS el

FFMJ station is the preferred choice for monitorirn 6.4

example of the monitoring of the quality of the CBIE .5 i i i i

solution (floating ambiguities) as seen by a user i -28 -15 -18 -5 °

24h 5liding Hindow, last epoch: 2811/82/11 12346348 (UTC)

Fig. 7. PPP accuracy for FFMJ using CNES “integer”
Realtine PPP results for FFMIL, Honitor Stenario 18 (c) BKE solution (BNC software modified for ambiguity
j ! resolution)

represented on figure 6:

Height Displacenents, RHS +/-8,851 n
East Displacements, RMS +/-8.829 n
8.4 | Horth Displacenents, RHS +/-8.828 n

3.3 USERS ACCESS

B3| Some statistics can be drawn about the users’ aitoethe
web site and the demonstrator.

In particular, since January 2011, there have W28 visits

to the web site, 567 absolute unique visitors al®i74pages
views. The PPP software has been downloaded alfijut 1
times and the clocks stream dedicated to ambiguity
resolution has been accessed about 50 times.

Displacenents in Heters

3.4 USERS FEEDBACK

-8.5

16:00 20:00 00:00 B84:08 06:00 12:08
24h Sliding Hindow, 11-87-19 1232182 UTC

An experiment using the demonstrator was condubted
Fig. 6. PPP accuracy for FFMJ using CNES solution GMV (Ricardo Piriz). This experiment took place tre
(standard BNC software) roof of the GMV headquarters building in Madrid.eTket-

up consisted of a dual-frequency receiver (TopCon)

connected to a MacBook (see Fig. 8) running thevwere
3.2. INTEGER’ PRODUCTS PERFORMANCES: PPP version of BNC modified for ambiguity resolution.
MONITORING

Figure 7 presents a typical example of station hooinig
using the CNES orbits/clocks stream and the PPRvard
provided on the web site, using the integer ambygui
resolution feature. In this example, the perfornesnc
(centimeter accuracy on the horizontal componemd a
equivalent to those obtained in simulations or revjpus
studies.
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Fig. 8. GMV experimental set-up

The receiver was kept static during the initiali@atphase.

Later on the receiver described a loop trajectoouad the
initial position (see Fig. 9).

Fig. 9. Receiver trajectory (distant view)

Raw measurements were recorded in real-time, dsawéhe
trajectory computed by the demonstrator. The ateura
trajectory reconstruction was performed using tH&KRb

tool [8] and a reference station located near-byhensame
roof. Figure 10 shows the two trajectories, themfice (in
green) and the one computed using the ppp-wizard
demonstrator (in red). The output rate of the mesaments
was set to 1 Hz so reference positions are giveh Eiz
(green dots).

The ppp-wizard trajectory is only available evergegonds,
at the rate of the clocks. This is the reason vileyd is only
one red dots every five green dots. The red dothethower
left of the figure correspond to the initializatiphase.

During the moving phase of the experiment, the two

trajectories (relative and absolute) were withimtoceeters
of each other.

RTK and PPP-WIZARD trajectories

4 A ok

6 * pppfwizard

East (m)

Fig. 10. Antenna trajectories (tk and ppp-wizard)
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4. FUTURE WORK

Several improvements of the demonstrator are ustlety.
These improvements are detailed hereafter:

4.1. GLONASS/GALILEO INTEGRATION

Glonass orbits and clocks computation is requebtethe
RTIGS pilot project, and will be implemented by esfdyear
2011. Unfortunately, due to the complex nature arfdtvare
biases in Glonass [13], the integer ambiguity netmh
feature is not supported in the demonstrator ferrttoment.
The Glonass clocks arel be processed as standesd on

Galileo clocks computation is planned for futurtegration,
upon request from the RTIGS pilot project and witlea
SSR representation and external tools like BNCBING are
updated.

4.2. ORBIT QUALITY

A recurrent problem with the demonstrator is thaliy of
input orbits. The demonstrator currently uses tbgign of
IGU orbits which is available in real-time, i.et8@9 hours
after the date of the last measurement used to wianthe
orbits. This extrapolation period is quite long.dégn specific
conditions such as a large number of satellitegdlipse
season, the quality of these extrapolated orbitg Ineasuch
that the D, quantity of equation (3) exhibit errors above one

N, wavelength 4. (10.7 cm), thus possibly leading to
wrong ambiguity fixing.

The best strategy to improve input orbit qualitynist yet
known. Obviously orbits computed more frequentlpr (f
example every one or two hours instead of six héarshe
IGUs) would shorten the extrapolation period angbriove
results, but the operational burden induced by saoh
approach is very high. The estimation of an orbital
correction in the Kalman filter appears as a pramgis
solution however it is not very robust with respextdata
gaps in real-time streams, in particular from thosening
from isolated stations in key locations (middletiod Pacific
Ocean).

4.3. THREE-CARRIER AMBIGUITY RESOLUTION

Two satellites already broadcast on a the thirdjUeacy
(f5), and, with the modernization of GPS, a full

constellation will broadcast civil signals ofy, f, and f

in the future. There have been many studies omaptihree
frequencies combinations [9], and TCAR (Three arri

Ambiguity Resolution) techniques, mainly in the RTK
framework [10]. These studies can be transposedheo
undifferenced case and some preliminary conclusicars
already be drawn:

- The widelane betweeh, andL, (extra widelane) has a

wavelength of about 5.9 m. Given the noise level of
pseudorange measurements, the traditional Melbeurne
Wibbena technique can be used to solve instantalyefou

the ambiguity of this widelane .

- The knowledge of this extra widelane ambiguityofs
little help to solve forNW using the traditional technique.
However, introduce a new phase observable
combination 7, which is the linear combination ofl -

we can

L)) and (L;-L,) which eliminates the ionosphere
contribution. It can be shown that, if the extradelane
ambiguity is known, the wavelength (B‘ﬂwon ¢, is about
3.4 m. Using the pseudorange measurements to form a
initial positioning solution, solving forN,, should be
relatively easy. Then, when all the widelane amitigg are
known, the /, combination becomes the equivalent to an

undifferenced measurement with a noise of aboutcrbQ
leading to a positioning accuracy better then 50wdthout

the need to fix th&l, ambiguity.

- When all the widelanes ambiguities are known, cae
compute the combination of phase measurements which
eliminates both the geometry and the ionosphere

contribution. This combination gives an estimateldf, the
only remaining unsolved ambiguity. It can be shdhat the
theoretical noise of this combination is about\j cycles,

which can be easily solved by averaging over sévera
epochs. Unfortunately, the huge phase noise arcytiifin
factor of this combination amplifies time-correldterrors
like multipath that can lead to an averaging precesich
longer that expected. Other approaches using tbmegey-
dependent combination may also be considered.

These preliminary results show that the entire goibi
resolution process may be reduced to a few minateybe
less, depending on the quality of the pseudorangephase
measurements and of the receiver's environment. An
intermediate  observable where only the widelane
ambiguities are solved may be of particular inter&smore
detailed study of undifferenced ambiguity resolntiwith
three frequencies observables can be found in [11].
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5. CONCLUSION

In [1] a method to fix integer ambiguities on zelifference
GPS measurements was introduced.

This zero-difference integer fixing method has bsérce
extended to real-time, and tested successfully avglobal
network. A full scale demonstrator using this methwas

developed in the RTIGS framework and has been ngnni

operationally since January 2011.

The CNES RTIGS solution shows promising resultseim

of orbits/clocks accuracy and user PPP, and has bee

introduced in the real-time combination by the R¥I@ilot
project coordinator.

A PPP software modified for ambiguity resolutionveedl as
a compatible clocks stream is provided by the destrator.
Some users have reproduced CNES
horizontal centimeter accuracy) using this material
Some

improvements are already under study:

introduction of the Glonass and the future Galileo

constellations for the RTIGS project, the improveingf the
quality of the GPS orbits, and the addition of @RS third

frequency to reduce the convergence time of usep, PP

which is the main limitation of this promising meth
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