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LE LOGICIEL GINS: Historique

e ~1970 Naissance

e 1994 Multi satellite ( GPS)

e 1997 Portage en Fortran 90

e 1997 Gestion en configuration

e 1999 Elargissement au cas planétaire

e 2000 Portage sur différentes machines (Sun, Dec/Alpha ...)
e 2006 Portage sur PC-Linux

e 2007 GINS-PC

e 2009 Multi constellation

e 240000 lignes de Fortran 90
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LE LOGICIEL GINS: fonctionnalités

e Calcul d’orbite autour d’un corps du systeme solaire

 Détermination de parametres géophysiques:

Parametres de rotation du corps: pole , TU1, nutations ...

position et vitesse des stations (géocentre)

coefficients du champ de gravité

coefficients des modeles de marée océanique

surface moyenne océanique

coefficients du modele d’atmosphére (température, densité des gaz)

e (Cas sans satellite: VLBI

e (Cas planétaire

* Simulation de mesures
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LE LOGICIEL GINS: Organigramme général

Comparaison orbites

Chaine DYNAMO

Visu des parameétres

Visu des mesures
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LE LOGICIEL GINS: Restitution d’orbite (1)

GPS

On cherche a minimiser les écarts entre les mesures et les
mesures théoriques déduites | ‘orbite calculée et en ajustant
des parametres
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LE LOGICIEL GINS: Organigramme

- Lecture des données )
ENTREE - Gestion des parametres libérés J

v - Intégration Numérique ----+
COW@ - Calcul des dérivées partielles des positions .
vitesses par rapport aux paramétres libérés ) -tockage des orbites
a convergence
% (- Calcul de la quantité théorique )
@@ Qi €t de ses dérivées partielles
- Calcul des residus Qups = Qinéo y
A 4 ( o\
- Génération de la matrice normale |- _— - - _—
@CULC - Inversion ) v
! o . Stockage
- résolution des parametres pour matrice normale
@@ L 'itération courante

)

> SOLUTION DES PARAMETRES

ITERATION
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Boite a outils pour automatisation des traitements :

 Rapatriement des données IGS

* Renommer un RINEX suivant les standards

* Création du fichier station GINS (pour stations de campagne)
* CC2NONCC

* PRAIRIE (détection cycle slip, résolution WL,...)

* Création DIRECTEUR GINS

* Lance GINS

e Résolution des ambiguités (réduction EQNA, bootstrapping)
* Correction des mesures

e Extraction des parametres pour interface graphique
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Les modules de la chaine DYNAMO

Calcul d’orbite
(logiciel GINS)

Gestion des E.N.
(chaine DYNAMO)

.| EQUATION

| NORMALE
|E.N. CODIORI
| E.N. | | E.N. | | E.N. | DYNAMO P ) PERMUTATION

v

DYNAMO B DYNAMO B DYNAMO B ) REDUCTION
DYNA% CUMUL
— INVERSION
DYNAMO D RESOLUTION

LISTING | SOLUTION|  + conversion

format SINEX
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AMBIGUITY FIXING FOR PPP AT CNES-CLS |

*GRG products from a global network  (see http:/igsac-cnes.cls.fr/)

o

Weekly Hardware WSBs

WSBs

WL

Weekly Sat. Orbits

A 4

IGS

“Weekly “Integer” Sat. Clocks

Loyer et al. (2012) in J. of Geod; igs-ac@cls.fr

*Users: methodology for « Integer » PPP (IPPP)

GRG Orbits GRG Sat. Clocks

combinations

Single Receiver
RINEX
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| - Integer (N1-N2)

- WL Rec. Biases

—| lono-Free combinations

A 4 \ 4

l

- Integer NL

- Positions

- Tropospheric delays
- Rec. clock biases
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PPP : fixation entiere des ambiguités

Nide [ane : Exemple station MCM4

horloge WL (determinée epq par epq) Jeu initial de WL (jul50=21571)
1
OB ccconmionieigl

;
0 20000 40000 60000 80000 0 20000 40000 60000 30000
"horloge” WL appliquée Mu_satellites appliqués

0 20000 40000 60000 80000 0 20000 40000 60000 30000
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PPP : fixation entiere des ambiguités

Exempl

¢ de résidus sur les phases avant le blocage Narrow-Lane

BARH residuals with using clocks& orbits
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E-W Fixed
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E-W_IPPP vs DD
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N-S Fixed
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0.08
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-0.01 [~

-0.02
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N-S _IPPP vs DD

IS SE. SR o[- DoubleDifference |
¢ . -+ PPP difference »
| l R R | Lo | T .
o 2 4 6 8 10 12 14 16 18 20 22 24
HOURS
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PPP difference
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Correlation_Up_ZWD(%)

-100 = | I

CORRELATION TIME VARIATIONS

— How the correlations between parameters change over time?

— We computed the correlation matrix derived from a 24h Kalman Filter
using an SP3 orbit file.

— Positions, Rec. clocks and ZWDs estimated every 30s. Constraint of 5Smm/
h”0.5 applied on ZWD estimates.

Corr. Coef. Up vs ZWD (%) Lon: 0° Lat:45°N

-80 | | 1 | '

-90 — ' :ll:**..g)(:) .+.//_
o JI\)L A Ml 1 RVAS l ~ A IAVTA N _MIIN TV N L

T 5%

0 21600 43200 64800 86400
Seconds_of _the_day

— Strong correlation between Up and ZWD estimates.
— But, no significant variations despite evolutions of sat. geometry.
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CORRELATION SPATIAL VARIATIO

® East not significantly correlated.

® More than 40% correlation between North 100
N [ | and Up/Clock/ZWD at latitudes >55°. 80
"""""""""""" o0
40
® More than 90% correlation 20
U between Up, Clock, and ZWD 0
. 5 -20
estimates! 40
' 60
Clk : ; '80
. -100
ZWD| | . :
E N U Clk
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HOW ERRORS PROPAGATES AT CLOSE STATIO

— Ildea: comparing their PPP series

ZWDx3!

SN; D(PPP)_vs_D(Tropo) OHI; D(PPP)_vs_D(Tropo)

DHeight_(m)

TSK; D(PPP)_vs_D(Tropo)

(m)

Sbooo000

DHeight

A A 000 4
oo uoum

- 004 _
002 E
0.00 £
0.02 N
-0.04

DHeight

— Horizontal errors are dominated by satellite geometry

— DPPP vs Double differences present similar performances for
horizontal components

— Up/Clocks errors suffer from:
» Differences in tropospheric estimates

* The correlation between Up/Clocks and ZWDs
el Ecole d’Eté 2012
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Impact de la paramétrisation

Is-sampled data

" | — GINS FIXED; TROPO (2h) WITH POS FREE (+0.1m); RMS: 2.3cm
—— GINS FIXED: TROPO (2h) WITH POS FIXED (+0.0m); RMS: 1.8cm

GINS FIXED:; TROPO (30min) WITH POS FIXED (-0.1m); RMS: 1.5cm
02— — GIPSY FIXED; TROPO WITH POS FIXED (-0.2m); RMS: 1.4cm

Up (m)

L I ! I ! I 1 I
0 20000 40000 60000 80000

Seconds of the day
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IPPP vs DD

Comparing IPPP and DD on short baselines :
e |PPP kinematic height time series errors at the level of 4-5cm

DD remains the most powerful technique on short baselines
(when a reference technique is availale)

Using [5mm+1ppm] as the DD Up baseline error:

Up DD
kinematic
solution
: IPPP
|
I
|
I >
Baseline
20-40 km length
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lGoogle B h . The PPP-Wizard Project p ¢ m L ‘

B

v.ppp-wizard.net

v G' *Jv PPP wizard

Ccnes

De l'espace pour |2 Terre

The PPP-WIZARD project

Precise Point Positioning With Integer and Zero-difference

Ambiguity Resolution Demonstrator

PPP-Wizard SSR
Project Computation

NetworkPPP | Links
Monitoring, Contacts

PPP-Wizard: Precise Point Positioning With Integer and Zero-difference Ambiguity Resclution Demonstrator

advantages are the following:

This demonstrator is built around 3 parts:

ol Ecole d’Eté 2012

The PPP-WIZARD demonstrator is a 'proof of concept’ of the zero-difference ambiguity resolution method developped in the orbit determination service at CHNES.
One can find all the details on this method in the publications available in the links page.

This method can be applied to the precise positioning in real-time using GNSS measurements and allows to obtain a centimeter accuracy positioning. Its

+ The precision is about one order of magnitude better than the standard PPP methods (1 cm BRMS vs 10 cm RMS).

« |tdoes notneed a reference station, unlike local methods like BTK.

¢ |tcan be applied globally, with a very low additional required bandwidth, compared to PPP. In particular, this bandwidth is comparable to whatis used in
SBAS systems or will be used for the Galileo Commercial Service (below 500 hits/sec).

« ltis well suited for isolated areas, where no reference station is available.

o |tis NOT a regional augmentation method. In particular, it does not estimate atmospheric parameters and does not need a dense network of stations.

1. The 'SSRP computation' part, which consists in the computation of orbits and clocks of the GPS and GLONASS satellites. in a state space representation.

29




e aake 7
P ol o Bl CNES
o % ‘- real-time solution
sl R RTIGS
B - T e < RTCM 3.1 messages:
<teud i CASTERS MT 1060 (BRDC corrections)
- ; MT 1059 (custom biases)
lcs . ~1Kh's
RTIGS Pilot project CNES CASTER
network of stations
Dissemination
, (2-3 sec latency)
FTP BNC BNS
(C1, P1, P2, L1, 1.2 Real-time
B3 pecialbtion X, Y, Z, H, Hw, Hp-H
) _ WideLane clock Hw
Daily computation GNSS engine
Kalman filter
Real-time continuous * ¥ Z . ( ) 0ve:aél ;aet:ncy
6 hours orbit construction
Computation: 2 sec
stations/ —
satellites
configuration
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Displacements for GRAS, real time PPP - (c) CNES

g5 bmr——aAr—mw-r—-v--—-v—-
i 3 East Displacement (RMS=0.82 cm) — |
0.4 |--mmmoee SERCEREE North Displacement (RMS= 1.38cm) ——— -
i 3 Vertical Displacement (RMS= 4.20cm) ——— 1

0.3 [roeeemmmmmmmobonnnnn R SnRREEEEFFFFFPRIRRR ey -

—~ 0.2 - -

=

Zz

C

@

=

@

Q

m

o

2

O =0 2 .
_0'3 s -
_0.4 e -
_0.5 1 1

-20 -15
24h Sliding Window, last epochf 2012/09/06 13:20:0 (UTC)
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« Centre National d'Etudes Spatiales / Groupe de Recherches de Géodésie

Spatiale develop the GINS scientific software for more than 40 years

« muti-technique tool

» global static/variable earth and planetary gravity field models (i.e. GRACE)

» contribution to international services, etc.

IERS/COL

GINS software

* Implement recently multi-GNSS capabilities

cnedl Ecole d’Eté 2012

IDS

ILS

IVS
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Traitements GNSS pour |'IGS

* CNES et CLS

e GPS:2mai2010

 GLONASS (+GPS) : 2 janvier 2011

 « GINS Engine » 4 opérateurs

e Contribution aux produits finaux (J+11)

GPS seul (lib.) GPS seul (fixe) GPS (fix.) + Glonass

Mesures ~260 000 ~150 000 ~260 000
Dynamique ~380 ~380 ~700
Tropospheére ~2550 ~2550 ~2550
Ambiglités ~8400 ~1300 ~5500

ISB 0 0 ~1200
Horloges ~20500 ~20500 ~24000

Total (param.) ~32000 ~25000 ~34400

cnedl Ecole d’Eté 2012
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g é cnes

ore « CNESICLS Analysis Center for IGS

Home  Ourteam  Ouranalysis strategy summary = The products = Documents = Some links Private

Presentation

Since 2007, CNES/GS and CLS teams have been processing regularly GPS data from a wiNgwide network of IGS permanent stations,

We compute precise GPS orbits together with Earth rotation parameters and stations coordinates he sub centimetre level

Our solutions have been submitted since January 2004 to the International Earth Rotation Service in theWwgework of the Combination Research Center experiment,

Main events

2012.08 Switch to daily Sinex products (GPS week 1702)

2012.05 30' grg clock files available on |GS products archive centers DOC !
2011.06 Contribution to the IGS GLONASS final products
2011.04 Switch to IGS08/ANTEX08 (GPS week 1632)

2010.05 Contribution to the IGS GPS final products

2009.11 New analysis strategy: zero-difference ambiguity fixing
2009.03 Increasing number of stations in the processing upto 110
2009.01 Start of routine delivery of clock files (5') H I f
2008.03 Increasing number of stations in the processing up to 90 WWW' I gsaC'CneS - c s . r
2007.09 Start of weekly SINEX routine delivery to IGS

WSB!

ftp site direct acces (weekly updated Wide-Lane Satellite biases and 30s clk). -«
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sexample of solution when the mobile was stopped to check the
repeatability

eusing IGS-ESA GLONASS orbit/clock products

*because GRG GLONASS clocks are not (yet) correctly aligned to GPS

time , , East-\West
| e | - - . GPS

O B A U
ool R GPS+GLONASS

0.15 8 =53
0.10
0.05
0.00 -

-0.05 p--Y- LT )" ST N, L LRV -
e L € e e

B GPS+GLONASS
B GPS
B GLONASS

0.3 04 0.5 0.6 0.7 0.8 0.9
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EXPLOITATION DES PRODUITS GRG :
DONNEES GPS DE LA CAMPAGNE DRAKE-2009

BOUE 89 2009 ; Amb=100%

I T
—Raw GPS data
1 | || = Vondrak filtered data
——EOT10 Ocean + Loading Tides applied

Height Res. (m)
S o
& o &

T z:i}
; -

75 76 77 7.8 7.9 8 8.1
Epoch Number

Blocage des ambiguités en mode PPP réussi :

= - hauteur de la bouée estimée a mieux que 5 cm
—= RMS en mode cinématique

- positionnement precis en plein océan (sans
station de référence)

Post-doc Francois Fund

gEttrCones SN @ @ (D e @5 L e cnam




ETUDE DES MODES PROPRES DE VIBRATION DU GLACI

- Positionnement cinématique de 2

recepteurs GPS (« isolés ») en mode IPPP

- Mise en évidence de modes propres de
vibrations du glacier

Thése Lydie Lescarmontier (2012)

a) GPS 4-TUGO height

-0.3}-
r r

0.3 T T T T T ]

0.15- m

-0.15 - _

r r Il

;

0 10 20 30 40 50 60
Time (days)

b) GPS 4-TUGO height Power Spectrum with Morlet wavelet in dB

GPS 4-TUGO height (meters

b [ S I | L i [SEEAT il T F TR T T

[ A
Maln rift S GPS 5
J Y l

GPS4

c) Global Wavelet Spectrum

1231

|
|
a2l
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EXPLOITATION DES PRODUITS GRG :
TRANSFERT DE TEMPS PAR IPPP

» La technique IPPP assure la continuité [
des solutions d’arc en arc ce qui présente
un grand intérét pour l'observation du
comportement d’horloges atomiques |
(connectées a des récepteurs GNSS) a long
terme. o
| 427 M\ MM\“‘&% &W\Wj‘m " :ﬂ’\MMW
Exemple : comparaison d’horloge Two-Way (TW) ’ Woin W
et PPP entre les stations NIST et PTB e
55566 5557'IMJD 55578 55584
TABLE IL RMS OF DIFFERENT COMPARISONS FOR THE LINK NIST-PTB Figure 4. Difference between the IPPP solution and the GPSPPP(2011)
OVER JANUARY 2011 “standard” solution for the link nist-ptbb over January 2011 (RMS 1s 221 ps).
Comparison RMS / ns
GPSPPP (2011) — (2007) 0.129 Coopération avec Gérard Petit
GPSPPP (2011) — IPPP 0.221 (B|P|\/|) et Jérébme Delporte
GPSPPP (2007) - TW 0.539 (CNES/RF/HT)
GPSPPP (2011) - TW 0.534 ‘
IPPP - TW 0.518 <
cresl Ecole d’Eté 2012




Déformation de marée solide

« Deéeformation de la croute terrestre a Toulouse sous l'effet de I'attraction
de la lune et du soleil

« Calcul d'un point GPS toutes les 8 minutes

TLSE PPP Solution / GINS-PC

DOY 37-38-39 2008

0.2 -
| @ -@ Solution 24h
i #--m Solution 6h
' « Solution |h
Solution 24h NO Solid Tide
0.1F Solution 20 mn NO Solid Tide
s "" * + Solution 8mn NO Solid Tide
i “ '°.8 « Solide Tide Model
% i 41 f
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CNES/GRGS, Toulouse i E
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crel Ecole d’Eté 2012 JUL 1950
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Déformation crustale de charge

Effet des marées océaniques

BRITTANY NETWORK
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S. Melachroinos, CNES, Toulouse

19860

19862

cnodl Ecole d’Eté 2012

Effet hydrologique

“ . GPS
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D. Fazhilova, LEGOS, Toulouse

Effet atmosphérique
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Remote User

PC Distant

Fichiers
supplémentaires

| FICHIER DIRECTEUR |

Internet

Distribution de GIN

GRGS/OMP

network

connexion BERENICE

M

=

Fichier « fic »
Intermédiaire

« GINS software for science

applications

 convention to be signed with
CNES

* contact : jean-charles.marty@cnes.fr

cnedl Ecole d’Eté 2012
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Activities f Firefox Thu 15:03

Training | SELPER 2012 | 19-23 Nov. 2012 | Cayenne - Mozilla Firefox

Firefoxv |*§ Google * | @ Training | SELPER 2012 | 19... % | 4 |

‘. selper2012.com/en/? i v C’\ |"‘V selper 2012 Q\ ) V

SELPER 2012 2 ¢

XV Symposium SELPER | 19-23 November 2012

& Training
IRD
Laboratoire Régional de
TEledetection

. P . . BP 165, R de Montab
GPS precise positioning with GINS S oo

France

contact@selper2012.com

From MNovember 26 to November 29

Proposed by R. Biancale, F. Perosanz, J.-C. Marty and F. Fund (CNES/CRGS)

The GINS software is the result of 40 years of algorithm development by the CNES/GRGS. Itis Key dates
used by many scientific laboratories around the world for applications in Earth sciences
(geodesy, seismology, oceanography, ...) using space techniques such as GPS. GINS is also
used to produce standard geodesic products (points coordinates, Earth rotation parameters,
satellite orbitography, ...) acquired by international services (IERS, IGS, IDS,...) that
redistribute them to final users. Since 2007, a Linuxversion of GINS is available for research

Call for papers
March 2012

GROUPE DE RECHERCHE DE GEODESIE SPATIALE

Online Abstract submission

and education institutions that sign a convention with CNES. 5 13;3:"2‘312
The trainees will learn how to use GINS for precise positioning (centimetre) of static and mobile GPS receptors. The GINS software Registration Opening
developed by the CNES/GRGS will be given and will serve for the practical sessions. The applications of these technologies in static June 2012

and dynamic mode are numerous such as:
Deadline Abstract
submission

® siatic mode: determination of control points (geo-referencing or images geometric corrections), crustal deformations 4-Jdure-2012 14 July 2012
measurements (tectonic rift, volcano deformations, effects of terrestrial waiter mass load changes) o .
& 2 ¥ 3 3 i < g Notification to authors
® dynamic mode: tracking of mobiles with measurement instruments on board like buoys (measurments of river profiles, September 2012 il

ocean water medium height measurments), pianes (LIDAR, gravimeter, ...)

Final papers due
8 October 2012

The training will be given in English by GINS software developers and will include:

Neather in Cayenne
e 6h of lectures (fundamentals of geodesy and GPS system) =
e 6hofwiorial on GilNS 31
® 12h of practice with real data '

22°

Friday 31° 2

3
N

Saturday 31° 22° - »

Sunday 32° 23°

: |
tameteo.com tinfo &t
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