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ABSTRACT

In the framework of the IGS real-time service (RTSNES

is now proposing for research purposes a new operce
implementation of its PPP client. This PPP client
corresponds to the user part of the PPP-WIZARD I{Wit
Integer And Zero-Difference Ambiguity Resolution)
demonstrator.

The paper presents this new product in details. Its
architecture is designed to be as flexible as ptessiCore
algorithms are implemented in a library, compatillih
other open sources implementations like BNC and RBK
The architecture allows easy replay mode processngell

as parallel processing of a network of receivetse T++
language was chosen for the implementation to alayh-
level programming while maintaining a good level of
portability, even on embedded devices with low Giwer.
Special attention has been paid to ensure rapiduér@ on

all platforms.

The paper also details the functional model. Thisdeh
exploits the concept of undifferenced and uncontine
measurements. It is compatible with the most thestastate
of the art techniques, such as ambiguity resoluti@st
reconvergence, gap bridging, seamless regional

augmentation, GNSS centric. It fully exploits the
possibilities of the State Space Representatiomptred by
the RTCM standard.

The estimation process is based on an extended akalm
filter. The parameters of the filter, i.e. the staéctor, which
reflect the functional model, are described. Therfiprocess
is split in two phases, propagation and estimattbat are
also described, with an emphasis on the state @itim
process based on an accurate measurement modgdicalt
tuning of the filter is proposed.

Ambiguity resolution is an important aspect of PRRir
model is by construction compatible with zero-diffiece
ambiguity resolution. Since the formulation is umdmned,
it is not only compatible with dual-frequency syate but
also paves the way for triple-frequency ambiguégalution
and the faster convergence time it allows reaching.

Another important aspect of a PPP client is itausbbess: to
do so, several advanced algorithms, such as sthftfsliM,
advanced RAIM and gap bridging are implemented.s&€he
algorithms are detailed and typical improvementiltssare
shown.

Doppler smoothing is also implemented in the tolhis
feature is particularly useful for single frequency
applications, where the positioning solution is hhjg
dependent on the quality of pseudo-range measutemién
is shown that adding Doppler data improves theituaf
the solution in such a configuration.

This PPP implementation is compatible with regional
augmentation, thanks to the use of a specific gbimeric
interface. This interface includes zenithal trogespc delay
and slant ionosphere delay . It is shown thatitifi@mation,
obtained for example from a dense network, allosehing
centimeter accuracy in a few minutes

The constellations currently supported are thosadrast by
the IGS RTS service i.e. GPS and Glonass; theam ien-
going work to add Galileo and Beidou.
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Finally, results obtained with real data using woasi
configurations are presented. These configuratiookide

comparisons between single and dual frequency psaug

standard or precise point positioning, and usingbaj,

regional or local atmospheric augmentation. Theultes
show the typical performance that can be obtairstnguPPP
technology in terms of convergence time and acquadter

convergence.

1. INTRODUCTION

In its role of IGS Real-Time Service analysis cer@,
CNES provides accurate orbits and clocks for GP8& an
Glonass (Product prefix CLK9x) on a routine badibe
particularity of the CNES solution is that it impilents a
technique called ‘undifferenced ambiguity resolati¢7].
This technique improves the intrinsic quality obaks for
the IGS Real Time Service. The use of these clatlksvs
ambiguity resolution on any isolated “user” receive
enabling it to achieve 1 cm horizontal precise poin
positioning accuracy. In order to evaluate the ityiaf these
real time products, CNES is now making available fo
research purposes a new open source implementatins
PPP client. The main purpose of this software igravide a
tool compatible with the CLK9Xx, to fully assess tpeality

of these products.

2. FEATURES
The software implements the following features:

Table 1. PPP module features

Functional Undifferenced and uncombined
model
Measurements Code, Phase, Doppler

Constellations

GPS, Glonass for now
ongoing Galileo and Beidou

Frequency Mono, Dual, Triple
Ambiguity Dual or Triple (GPS) frequency
resolution Bootstrap method

Cascading: Extra-widelane, widelane, N1
lonoshere SBAS via RTKLIB
source

Orbits/Clocks
corrections

RTCM or SBAS via RTKLIB

RAIM improved
Gap-bridging YES
Multi-receivers YES
processing

Portable YES (C++, STL)

architecture

Compatibility BNC, RTKLIB

Doppler YES

smoothing

Code biases RTCM, Tgd(BRDC), DCB via RTKLIB
source

Phase biases RTCM

source

Regional YES (via RTROVER interface)
augmentation

Replay mode YES

Constellation YES

centric

Frequency

centric

Clock YES

synchronization

Platforms Linux, windows

The software is available in the format of a Cbrdry. C++
language has been chosen for the implementaticaildov
high-level programming while maintaining a gooddkbwof
portability, even on embedded devices with low Giwer.
The software is self-sufficient, i.e. it does nateuother
libraries. Attention has been paid to ensuring catibgity
with other open source software like BNC or RTKLIBrbit
and clocks corrections come mainly from RTCM (reéxae
streams) but the software is capable of handlin(ASB
corrections as well. Ambiguity resolution is an onant
feature of the software.

3. ARCHITECTURE

The overall architecture of the software is repnése: in the

following figure:
OBS SSR
? @ RTIGS CLK91, CLK93 RTCM streams

Raw stream
acquisition

Replay mode T
RTKLIB
Raw stream decoding |¢ L

RTRover interface

1
:
T PPP module i
1
1
1

(library)

C++ code

Trajectory

Fig. 1: Overall PPP architecture
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In order to be compatible with BNC [2], the core FPP
module is implemented as a library and respects the
RTRover interface: this allows linking directly tlreodule
with BNC. In addition, this interface can also lel fwith
RTCM streams of observables and corrections. In ¢hse,

the decoding of the streams is performed thankghé&
RTKLIB library [11]. A separate module using also
RTKLIB is in charge of the streams acquisitionthis way,

the streams can be directed to the PPP moduleadsfor
further replay.

The core PPP module is represented on the follofiguge:

Coarse Point

v

Propagation step

Measurement model
Resifuals

Estimation step

Fig. 2. PPP moduletask flow

The RTRover interface provides to the module tlffeidint
inputs:

- Observables

- Broadcasts

- Corrections

- Biases

- Atmospheric data

Then the computation step of the interface is imebKr his
step performs the following tasks:
- Computation of an initial coarse point
- Propagation of the state vector
- Computation of the residuals thanks to the
measurement model
- Estimation of the state vector

Finally, the computation step outputs the solutibime
solution is composed of the receiver’s positionvadi as the
troposphere delay and the associated covariances.

4. FUNCTIONAL MODEL (GPSCASE)

In this section, we review the formulation of theservation
equations. We will use the following constants ime t
equationg5, 7]

fi, f2 andfs are the three frequencies transmitted by GPS
satellites anat is the vacuum speed of light. For the GPS L1

, L2 and L5 bandd; = 1540,f.= 120 andfs = 1150, where

fo= 10.23 MHz. The pseudorange (or code) measurements
Pi, P2 and Cs, are expressed in meters, while phase
measurements,1, LzandLs, are expressed in cycles. In what
follows, the word “clock” stands for a time offde¢tween a
receiver or satellite clock and GPS System Time as
determined from either code or phase measurememts o
different frequencies or some combinations of them.

The notations are:
f 2
- 1

_f_zz’

_f? _ _ _
V> ys_?’ Ah=—, A=—, A=—
5

R +Ab, =D, +e+4h

P, +Ab, =D, +y,e+Ah

C, +Ah,, =D, +ye+4h

AL, +4b_)=D, + AW —e+ah- AN

/12(L2 +AbL2)= D, + AW - y,e+Ah—- A (N, +N)
Ag(Ls +Ab,_ )= Dy + AW — yre+ Bh— Ag(NL + Ny, +Ny)

N; =N, + N,
Ny, =N, + N,
Ng = Ng + N
where:

Dl , D2 and D, are the geometrical propagation distances

between the emitter and receiver phase centefs af , and
f5 including troposphere elongation, relativisticeetss, etc.

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

€ is the ionosphere elongation in meters ﬁt. This

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

Ah=h —h’ is the difference between receiver i and

emitter j clocks. This clock is arbitrary and catidw any
definition, if the code and phase biases are ctamgi§5], but
in the IGS convention these clocks are referencethée

ionosphere-free P1-P2 combinatitd., N, and N¢ are

the three carrier phase ambiguities, respectiveNi

Widelane and Extra-widelane. By definition, these
ambiguities are integers.

The AN;, N,,, N quantities are also integer values,
introduced for technical purposes (gap-bridgingateifiy).
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to O.
Ab, =b,, _ij is the difference between receiver i and
emitter j code biases, as defined in the RTCM stech{D].

Ab =D —b,_j is the difference between receiver i and

emitter j phase biases, as defined in the RTCMdstah
[10].

In routine mode, these quantities are set

In general, the/A operator represents a difference between a
receiver and emitter quantity. In this model, th&seone
receiver quantity per constellation.

The main difference between this formulation an@ th
classical one is that it is not combined. The i@phese
elongation is explicit in the equations and allavs use of
external ionosphere information enabling fast cogeece
and gap bridging. Integer ambiguity appears exgligiin
the model in an undifferenced formulation.

5. COARSE POINT

The initial point (which is used as an initial cdtiwh for the
linearization of the filter's equations) is compditat each
epoch, using the code measurements and an itelatige
squares estimation. The estimated accuracy of aydint is
about 100 m, which is inside the linear domainhef filter.

6. KALMAN FILTER

The general formulation of the Kalman filter is die

P =UDU' form, with U an upper triangular matrix and D
a squared diagonal matrix. The update of the smiutatrix
follows the Bierman algorithm [1], while the proign of
the solution uses the Thornton algorithm [12].

The parameterization of the filter follows the ftinoal
model. The satellite part of the functional modehuwtities
(positions, clocks, biases) are known and thus raoe
identified. Only the receiver parameters are edtohan the
State vector.

For practical reasons, the receiver clock is diyexstimated

in the biaseslg = 0).

The following table represents the state vectortanihg of
the filter (for the two constellations GPS and Glss but it
can be easily generalized to other constellations):

Table 2. Filter parameterization

Parameter | Unit | Quantity Typical Typical
initial model
covariance noise
(19
Position 3 50 m 10 m
Clock P1 m 1 inf inf
GPS
Bias P2 m 1 0 1 mm
GPS
Bias C5 m 1 0 1mm
GPS
Bias L1 m 1 0 1mm
GPS
Bias L2 m 1 0 1 mm
GPS
Bias L5 m 1 0 1 mm
GPS
Clock (P1) m 1 inf inf
GLO
Bias P2 m 1 0 1 mm
GLO
Bias L1 m 1 0 1 mm
GLO
Bias L2 m 1 0 1mm
GLO
Zenithal m 1 0.5m 0.005
tropospheric mm
delay
lonospheric| m 1 per 10m 2 mm
delay (slant) satellite
(70)
Phase Cycle 1 per inf 0
ambiguity satellite
Ne (70)
Phase Cycle 1 per Inf 0
ambiguity satellite
Nw (70)
Phase Cycle 1 per inf 0
ambiguity satellite
N1 (70)
Phase Cycle 1 per 0 routine 0
ambiguity satellite inf if gap-
dNe (70) bridging
Phase Cycle 1 per 0 routine 0
ambiguity satellite inf if gap-
dNw (70) bridging
Phase Cycle 1 per 0 routine 0
ambiguity satellite inf if gap-
dN1 (70) bridging
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7. PROPAGATION STEP

The propagation step of the filter is relativelgnpie because
the transition matrix of the parameters equalsitieatity.
Thus, this step consists only in the addition ofiagonal
model noise on each parameter.

8. CORRECTION STEP
The correction step of the Kalman filter involvesnadeled
measurement set at the current epoch. The targetedacy

for the measurement models has been set to 5 mmo Fo,
the following terms and models are computed:

Table 3. M easurement model

Model term Al e Comment
(m)
Propagation distancg 107 Incl. Sagnac effect
. . Routine
Solid earth tide 0.10 dehanttideinel.f
Phase Wind-Up 0.10 Wu & al. [13]
Zenithal delay
Troposphere 0.10 Mapping function:
Saastamoinen
Attitude law 0.10 Nominal
Satellites and stationis .
PCV and PCO 0.01 igs08_wwww.atx
2nd order correction
Relativistic effects 0.005 on QIOCkS_
gravitational time
delay

9. AMBIGUITY RESOLUTION

The integer nature of ambiguities is preserved kban the
use of the appropriate phase biases RTCM messdge. T
identification of the integer ambiguities is perfad with
the bootstrap method [3]: after an initial apridist, the
remaining ambiguities are fixed iteratively. Thichnique
allows partial ambiguity fixing. To facilitate thestimation
process, ambiguities are fixed in a cascading sehdinst
the extra-widelane Nthen the widelane Nand then )\ A
new set of integer ambiguity is estimated at egutck to
avoid staying on a wrong ambiguity solution fromeapoch
to another.

10. CONVERGENCE RESULTS

This section presents typical results of the PPRiuieo
during the convergence phase. For these testsipla-tr
frequency, dual constellation receiver is used. RITESR

corrections are sent to the PPP module, as wealkgisnal
ionosphere information pulled from the EGNOS system

The typical convergence profile (horizontal accyjdor the
single frequency configuration is represented fgar for
four modes /runs :

- GPS only (dark blue)

- GPS + Glonass (green)

- GPS + Glonass and clocks corrections (red)

-  GPS + Glonass, clocks correction and EGNOS

ionosphere (cyan blue)

Single frequency PPP convergence

— aups

aps_glo_cormr

1
. aps_glo |
1
1

aps_glo_cor_ijono
T

Epach (10 sec)
Fig. 3: Typical single frequency convergence

These runs show that the use of the accurate chiltkss a
faster convergence. The most interesting combinatf
given by the use of both the accurate clocks agibmel
ionosphere. In this case, 50 cm centimeter accuiacy
obtained instantaneously. The following table sumires
these results:

Table 4. Convergence (single frequency)

Configuration Horizontal | Vertical Convergence
accuracy | accuracy time
(RMS, cm) (RMS, (horizontal <
cm) 1m)
aps 59.47 78.75 n.a.
gps_glo 69.88 83.19 2h
gps_glo_corr 23.31 33.62 30 min
gps_glo_corr_iono 24.80 27.99 1 min
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Typical convergence profile for the dual-frequency
configuration is represented in figure 4 for thmedes /
runs:
- GPS only + clocks correction (dark blue)
- GPS + Glonass + clocks correction (green)
-  GPS + Glonass + clocks correction and EGNOS
ionosphere (red)

convergence run). The convergence time is reduwedféw
minutes. No conditions for ambiguity resolution &get,
which explains the noisy patterns during the cogeece.

Triple frequency PPP convergence runs (widelanes and narrowlanes)

Dual frequency PPP convergence
BT AT TS T TS T "0

gps_corr

gps_glo_con

gps_glo_cor_iono

A
oAl

convergence time. The PPP module has an interfadedal
a-priori troposphere and ionosphere information. idt
therefore possible to test several configuratiosmal this
information. Four runs were made:

- No information
An important improvement of the convergence timadted - Troposphere only
when Glonass is added. It is expected that conmesgéme - lonosphere only
will be reduced even further when other consteltati will - Troposphere + ionosphere
be available. It is also noted that, thanks totheombined It is assumed here that this atmosphere informat®n
formulation, there is a slight improvement when the  perfectly known. To do so, we conduct a first PBR (with
ionosphere information is used, even in the dusdifency the receiver fixed to its reference value), getdtraosphere
context. information, and then carry out a second run witks t
information representing the a-priori values.

00

1
1 1 I I
1 1 I I
1 1 I I
1 I 1 I
1 1 1 I
1 1 1 I
1.0 i bl il it il ol |
1 1 1 1 R 114 B Lm }
1 1 1 1 -l f I A
1 1 1 1
: ! ! ! ! 3 5 n 5
1 1 1 I
1 1 1 1 Epoch {minutes)
057 Tt Tt Fig. 5 Triplefrequency convergence (4 blocks IIF in
1 1 1 1 1 VIeW)
I 1 I 1 I
1 I 1 I
N ————— . ! : Regional augmentation also allows the reduction of
} } |
51

0 1;0
Epoch (10 sec)
Fig. 4: Typical dual-frequency convergence

0 50 1

The following table summarizes these results:
Figure 6 shows the convergence profile for theedéit

Table 5. Convergence (dual-frequency) runs.
Configuration Horizontal | Vertical | Convergence ) )
accuracy accuracy time PPP convergence using augmentation data (dual frequency)
(RMS, (RMS, | (horizontal < | —

cm) cm) 10 cm) e

gps_corr 2.87 4.42 45 min - -
gps_glo_corr 2.64 3.66 20 min a0
5 25+
gps_glo_corr_iong 2.65 3.68 20 min -
Another study carried out in the triple-frequenontext [5], |

shows that the use of the third GPS frequency lgreat
improves the convergence time. Figures 5 showscaypi
convergence profiles in a configuration where 4 QS
were simultaneously in view (each color represetiffarent

T T T T T T
1500 2000 2500

Epoch (1 s)
Fig. 6: Typical convergence using regional
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It is clear that the use of both the tropospherkianosphere
information allows a very rapid convergence (betw&end
2 minutes).

11. ROUTINE RESULTS

After convergence, when GPS ambiguities are fixed,
centimeter accuracy is routinely achieved, as showthe
figure 7, which is a snapshot of the PPP-Wizard sith[8].

Displacements for FFMJ, real time PPP - (c) CNES

" East D\sp\acer‘m ent (RMS= 1.34 cm) ———
0.4 r Morth Displacement (RMS= 149 cm) ——— -4
Vertical Displacement (RMS= 3.77 cm) ———

0.1 F

Displacements (m)
o

0.z F

0.3 F

0.4 F

-0.5

-20 -15 -10 -5 a
24h sliding Window, last epoch: 2015/01/21 14:07:27 (UTC)

Fig. 7. Routine dual-frequency accuracy (AR)

12. RAIM

The RAIM (Receiver Autonomous Integrity Monitorinig)a
generic mechanism to detect and possibly excludee fa
measurements at the receiver level. It is in gérersed on
measurements redundancy. In this implementatioo,RIRE
(Fault Detection and Exclusion) mechanisms are
implemented, on both code and phase measurements:

Simple RAIM: Generally speaking, a false measurdnen
detected when the measurement residual is aboestarc
threshold. However, as described in figure 8, aonsous
measurement can contaminate the others residudlsnag
lead to wrong exclusions. This is why an iterative
elimination is performed: after each elimination, naw
solution (and new residuals) is computed.

T Erroneous

measurement
Residual threshold

/
N I
I U,
\\/"/
T Contamination effect
Fig. 8: Simple RAIM detection

Figure 9 shows a typical positioning result usimg simple
RAIM algorithm, with a station in rough conditions.

Displacements for CONC, real time PPP - (c) CNES

Displacements (m)
o

0.2 F

0.3

0.4 I

-20 -15 -10 -5 o
24h sliding Window, last epoch: 2011,/05/29 07:58:15 (UTC)

Fig. 9: Outlier detection (ssmple RAIM)

Advanced RAIM: The idea of this algorithm is to ram
that it is not necessarily the erroneous measurene
gives the worse residual i.e. the residual of threreous
measurement can be below the threshold (figure 10).

\ Contamination effect

Residual
/ threshold
1 1 / 1 \ l 1 1 1 1
[ M [ T 1
\\7 Erroneous
measurement

Fig. 10: Advanced RAIM detection

The principle of the algorithm consists in testialj the
combinations of measurements to remove (one bythee,
two by two, etc.) until a combination where all tleenaining
residuals are below the threshold is found). Fidilreshows
the results of the advanced RAIM algorithm. Theurithn
of outliers is clearly visible.

Displacements for CONZ, real time PPP - (c) CNES

0.5 T T T

East Displacement (RMS= 5.78 cm) ——
0.4 F North Displacement (RMS= 6.40cm) ———
Vertical Displacement (RMS= 7,27 cm) ———

03 r
02 r

0.1 r

0.1 F

Displacements (m)
o

0.2 F

0.3 F

0.4 F

-0.5

-20 -15 -10 -5 o

24h Sliding Window, last epoch: 2011,/05/29 07:58:15 (UTC)

Fig. 11: Outlier detection (advanced RAIM)
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13. GAP-BRIDGING

Gap-bridging is a technique that allows recoverfngm

measurement gaps or from an initialization of theeiver
[4]. The set of ambiguities may be completely diffet

before and after the gap. The typical duration gép is less

than one minute. This event generally occurs when t

receiver passes through a tunnel or under a bridge.
During the gap, the receiver is capable of maiimgirsome
of its internal state (typically the tropospheredathe
ionosphere), to ensure a fast reconvergence. liti@udif
one assumes that the ambiguity jumps are of integleles,
it is possible to estimate these jumps. It is wantting,
however, that this functionality does not needittdividual
ambiguities to be estimated as integer values.ahiqular,
this is the reason why the technique also works thear
Glonass constellation.

Jump estimation is possible thanks to the estimaifodN
parameters of the filter and a bootstrap resolution

The overall mechanism is described in the followfiggre:

RAIM
Eliminations NO
e |

Threshold

l YES

Phase jumps estimation
Bootstrap over 8N

|

# NOT Fixed NO
> —
Threshold

l YES

Initialization of ALL
ambiguities

kd
OK

Fig. 12: Gap-Bridging diagram

The following figures (13 and 14) represent a studhere
artificial jumps are introduced every hour in a RER (with
a zero-length gap), which is clearly visible in firet figure.
In the second figure, both atmospheric parametatgumps

are estimated. It clearly shows the improvementhefgap-
bridging algorithm.

PPP convergence (no iono, no phase jumps est.)

Epoch (hours)
Fig. 13: 1-hour artificial jumpswithout gap-bridging

PPP convergence (jono est., phase jumps est.)

4
Epoch (hours)

Fig. 14: 1-hour artificial jumpswith gap-bridging

The duration of the gap is also an important faaér

success. Figure 15 represents the success rateheof t

algorithm (percentage of corrected estimated junps.
the gap duration. It shows that, in order to achiavgood
success rate, the gap should not exceed 2 minutes.

Phase jump estimation success rate (%)
moderate ionosphere activity

100
95
90
85
80
75
70
65
60
55
50

30 60 90 120 150 180

Gap duration (sec)

Fig. 15: Gap-bridging successrate
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14. DOPPLER SMOOTHING

Code measurement is in general noisy. This noise is
particularly visible in single-frequency solutiowhere it is

not possible to perform an ionosphere-free solutiith the
phase measurements only. However, it is possibsenmoth
these code measurements thanks to the Doppler
measurements. The aim of this smoothing is to redhe
noise and not to reduce the bias. This smoothing is
performed independently on each frequency witHter fof
order one:

+
Cy =(1-a)C, + a(cs(t_dt) + dt%j

with :

Cg; Smoothed code measurement (at t)

Ct Raw code measurement (at t)

Cs(t_dt) Smoothed code measurement (at t-dt)
Dt Doppler measurement (at t)

Dt_dt Doppler measurement (at t-dt)

a Smoothing coefficient (O not smoothing, 0.95 smoah

The following figures (16 and 17) present the resfisuch a
smoothing in a single-frequency context (respebtiveot
smoothed and smoothed):

nvs_avec_iono_avec_corr

BT - - -f-=--r---1---

- ——H-———#———[+- - -4 - ——H - - -4 -~ —

vert (RMS = 242 75 cm)
east (RMS = 181.12 ¢cm)
north (RMS = 158,62 em)

e U | U |

e ——=~r—-—"F -t -t -4 - - =g ===
1 1 1 1 1 1
P4 N T I O U | D
1 1 1 1 1 1
10 } } } } } }
[v] 10000 20000 30000 40000 50000 60000 70000
Epoch (1 s)

Fig. 16: RAW singlefrequency PPP

nvs_avec_iono_avec_corr_smooth
o T T T

1 1 1
s --—-r--—-r---T1---

vert (RMS = 204,85 cm)
east (RMS = 185.85 cm)
narth (RMS = 178.42 cm)

T T T T
30000 40000 50000 B0000

Epoch (1 s)
Fig. 17: Doppler-smoothed single frequency PPP

T T T
o 10000 20000 FOO00O

15. OTHER FEATURES

- Constellation independent, frequency independent
For symmetry reasons, there is no preference gueeific
constellation or a specific frequency. The user dan
example select to perform a PPP solution on GLONASS
only. In addition, this allows the computation ofalution
even if less than 4 satellites are in view for eemhstellation
(for example 3 GPS and 2 Glonass).

- Multi-receivers
The multi-receivers feature allows to process alelset of
receivers at a time, particularly useful for hazawhitoring.

- Clock correction synchronization

Accurate clock corrections available at the RTSjgmto
follow the RTCM convention and are time-tagged.otder
to perform a precise positioning, these clocks neede
recent. A new mechanism is implemented to enswaethe
delay between the clock corrections and the time of
measurements does not exceed a certain threslypidalty
10-20 seconds). This delay is modifiable in thdirsgs. It
consists in buffering the measurements until theckd
correction are refreshed. This functionality allowesiucing
the short term noise of the solution.

16. CONCLUSION

The proposed PPP implementation is available iromen-
source format under license for non-commercial sus&s of
2015-04-28, the current version of the softwarelig.
Interested users can follow the instructions to wload the
package at the address of the project:

http://www.ppp-wizard.net/package.html
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The content of the package is the following:

- The PPP library code

- The modified rtklib code

- The modified BNC code as well as a static
executable for Windows

- Code for stream acquisition and stand-alone
executable

- Documentation and examples
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