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GNSS Signals — A Mine of Data for Innovative Solutions @ esa

Global Coverage
Well-Characterised
Highly-Monitored
Long-Term Archiving
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GNSS Science Support Centre (GSSC) esa
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GSSC Operations & Integration Room (ESAC, Madrid - Spain)

GSSC strategy pivots around five key goals
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GSSC Home Portal

ESA GNSS Science Support Centre
A\
GSSC Now

Discover our GNSS
Digital Platform

EXPLORER L 4

Go gle GNSS Science X & & Q

Al Images Videos News Books Maps Flights : More Tools

European Space Agency
https://gssc.esa.int

GSSC Home

GNSS Science Support Centre fosters collaboration across scientific communities through the
provision of GNSS science-based products and services.

About GSSC
The Global Navigation Satellite System (GNSS) Science ...

Earth Sciences
GNSS is also a powerful tool for the analysis of the ionosphere

Discover GNSS Data

This global and permanent GNSS infrastructure constitutes a ...

5C Now

E5h GNSS St e e enable it to continue. X. ESA GNSS Science Support ...

3
GSSC Now GSSC Now

Discover our GNSS S Discover our GNSS Digital
Digital Platform Platform
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results from esa.int »

Our activities
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GSSC Repository: IGS Global Data Centre and more Eesa

sftp://gssc.esa.int http://gssc.esa.int/webftp

Goal = Quick access and long term preservation for ESA and non-ESA GNSS data
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GSSC Repository: Contributors & Users Eesa
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GSSC Repository: Public & Privileged Data
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Public and Privileged Storage Usage
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GSSC Portals - GSSC Now, ESA GNSS Digital Platform @esa
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SA GNSS Soence Support Centre | GSSC Now fxrioneE  sara AtA oNruous ¢

<

© 0 0 0 0 0 0 00 0 0 0 0 0 0 o

Cesa

ESA GNSS Science Support Centre  (s€7
Vv 8 @ seacnonssas QM

330,150 015 M0
1-20 of 42221611

Oy R <k 0 v

PERTO0AUS_S_20202662330_15M
015_MO.r

[Rop—— e 22100119t

fion: CORS (IGS data from IGN)

Ype: Others

As:
File Paih /gnss/datamighrate/2020/266123

File Format: Others

Date: 10/0612021

License: IGN Data Ctation and Acknowledgment

L © A

tandem 2021011405t e 221011205t

Tags: Ground-network
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GSSC Now Explorer for Data Discovery
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ESA GNSS Science Support Centre | GSSC Now

? Filters

esa

EXPLORER DATASETS DATALABS ANONYMOUS @

© Science Domain

© Collection

© Dataset

© Resource Class

© Resource Type

© Resource Format

© Resource Period

© Observed Constellation
© Observed Satellite

© Observation Code

© Instrument Type

© Station / Platform

© sampling Rate

© Network / Organisation

© Source

1 - 20 of 250,878,751

< kD8

© Tags

®  Expand { Description

D GNSS observables

D GNSS observables

A
C Filename

KIRUOOSWE_R_202...

KOUROOGUF_R_20...

SOUTH
AMERICA

=

{ FTP Path C Collection

[cddis/gnss/data/high...  CORS

[cddis/gnss/datalhigh..

AFRICA

C Network / Organi...

{ Ob. Constellation

BeiDou Galileo GPS ..

BeiDou Galileo GPS .

{ satellite { Observation Code

Co7C10C11C12C... C1P C2I C5P C6l C7...

C20C23C27C28C... C1P C2I C5P C6lI C7...

Goal > Seamless browsing of +200 million GNSS assets
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Paradigm shift for Data Centric Navigation esa

Data

Insights

From bring the
data to the user

To bring the user
to the data




GSSC Now Datalabs Marketplace
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ESA GNSS Science Support Centre | GSSC Now '*“"™

A& Continue Working

UbiSAP

NSA3

RINEX Viewer 3
Last access: a few seconds ago

> EBEO

® Featured

REKUBUN
AMIC - lonospheric monitoring with

data from affordable GNSS receivers

> O 8

GMLD - Ephemeris Parameters
Prediction

> ® 8

Goal - Zero config & download, data-centric GNSS innovation

EXPLORER DATASETS DATALABS FILTERS

Jupyter

lono Quick Look Analysis .’l,~
Last access: 2 minutes ago

> EBEO

Camaliot Camaliot

Camaliot lonosphere Prediction Camaliot Troposphere Modelling

> O 8 > O 8

GMLD - Multipath Prediction GMLD - Fast and Long Term GMLD - Scintillation Prediction
Corrections (EGNOS SBAS
Messages) Prediction

> ® 8 | 2 > O 8

WORKSPACE

esa

VNAVARRO &
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= + = ol E =l === ™ ] 3 +

2 THE EUROPEAN SPACE AGENCY



Datalabs for GNSS Interactive Analysis as a Service esa

Web-Based

- ol by QAR Pasaanh gung o 2idnw

jupyter

European Space Agexcy

Desktop-Based
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Datalabs and Data Co-location: GSSC Repository

# THE EUROPEAN SPACE AGENCY

ESA GNSS Science Support Centre | GSSC Now '*“"™! EXPLORER DATASETS DATALABS FILTERS WORKSPACE

File Edit View Run Kernel Tabs Settings Help

C [Z Launcher X #| nsa3_rinex_visualisation.ip @ +

+ X O [ » m C » Markdown v é Python3.9 UbiSAP O =

Q

s /data/ # Create Basic Plots

import plot as plot
Name Modified
8 gssc 7h ago pseudorange_fig = plot.obs_time_plot(obs_frame,
carrier_phase_fig = plot.obs_time_plot(obs_frame,
doppler_fig = plot.obs_time_plot(obs_frame,
B8 selection 7h ago signal_strength_fig = plot.obs_time_plot(obs_frame,
8 ubisap last yr.

8 gssc-privileged 7h ago

pseudorange_fig.show()
carrier_phase_fig.show()
doppler_fig.show()
signal_strength_fig.show()

File Browser

Pseudorange (m)

Signal/Satellite
—— C1C G01
- C1C GO08
CiC G10
—— C1C G11
Ci1C G20
CiC G27
CiC G28
C1C RO2

00:02
Feb 1, 2020

Simple 0 E 1 & Python3.9 UbiSAP | Idle Mode: Command @ Ln1,Col1 nsa3_rinex_visualisation.ipynb 1 Q

European Space Agency Contact ~ Terms and Conditions ~ Subscribe oy 0 in|
13

2 THE EUROPEAN SPACE AGENCY




Datalabs and Data Co-location: Your Own Workspace

» THE EUROPEAN SPACE AGENCY c esa

ESA GNSS Science Support Centre | GSSC Now “5™ EXPLORER DATASETS DATALABS FILTERS WORKSPACE VNAVARRO &

File Edit View Run Kernel Tabs Settings Help

k4 C [ Launcher X | [A nsa3_rinex_visualisation.ip ® | +
+ X 0O [ » m C » Markdown v é Python3.9 UbiSAP O =

‘ Filter files by name Q

[}
-/ # Create Basic Plots

import plot as plot
Name Modified

data 8h ago pseudorange_fig = plot.obs_timq

ibrary 8h ago carrier_phase_fig =  plot.obs_timcuuuees TV I TS J.Xd F.Xcl 3 (0%
doppler _fig = plot.obs_timd
8 my_workspace

Dsetdorange R g¥hon () ESA GNSS Science Support Centre | GSSC Now *°"™! EXPLORER DATASETS DATALABS
carrier_phase_fig.show()

doppler_fig.show()

signal_strength_fig.show() BB My files Q_ Ssearch...

New folder H
Pseudorange (m)

FILTER

Eesa

Eesa

WORKSPACE IVNAVARRO &

New file Name P

BB camaliot1_out

DataScienceDemo

Downloads

00:02

Feb 1, 2020 my_data

Simple 0 1 & Python3.9 UbiSAP | ldle my_notebooks

European Space Agency Contact  Terms and Conditions ~ Subscribe

European Space Agency Contact ~ Terms and Conditions ~ Subscribe

https://gssc.esa.int/portal/files
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Last modified

2 months ago

2 months ago

3 months ago

5 months ago

2 months ago

4 months ago
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Find and launch your datalab Cesa

ESA GNSS Science Support Centre | GSSC Now EXPLORER DATASETS DATALABS  FILTERS

Datalab Launcher
8 Al

Name
Multipath Processing
Jupyter

Type

GSSC Datalab

GSSC Datalab Demonstrator 1
Demonstrator 1 > 0®

GSSC Lab. >0

Description

This JupyterLab demonstrator allows users to get familiar with
GSSC capabilities for GNSS data analysis. It shows how to

UbiSAP UbISAP UbiSAP

NSA1l NSAS5 NSA2

UBISAP FLAMINGO
Processor

UBISAP RINEX PPK
Processor

UbiSAP Binary toRINEX P> © UbiSAP RINEX Viewer

>0

Y Fiters
o0 © Science Domain
Long1
Jupyter © Collection

© Dataset

Pesottoe G

© Resource Type

Status.

© Resource Format
© Observed Constelation
© Observed Sateliite.

© Observation Code

© Instrument Type

© Station / Platform

© Sampiing Rate

© Network / Organisation
EXPLORER DATASETS DATALABS FILTERS WORKSPACE
» THE EUROPEAN SPACE AGENCY 0 Source 0 e

0 Tags
ESA GNSS Science Support Centre | GSSC Now € oATALAB:

A Running Expand Description © Filename FTP Patn % Collection  Network/ Organisa...  Ob. Constellation  Satelite Observation Cods

' / notebooks import georinex as gr

Japyter L Name - Last Modified or.Toad( *selected_data/abpo1410.190")
L] , time: 2880)
lonosphare ML >0 ject 'EO1' 'EG2' 'E03' 'E04' ... 'R21' 'R22' 'R23' 'R24"
datetime64(ns] 2019-05-30 ... 2019-05-30723:59:30

sv) Tloat64 1.275e+08 nan nan nan ... 1.151e+08 nan nan nan
sv) floaté4 nan nan nan nan nan ... 8.953e+67 nan na
© Featured sv) float64 nan nan nan nan nan 151e407 nan nan nan
e sv) float64 nan nan nan nan nan ... 2.
sv) float6d 2.427e+07 nan nan nan

UbiSAP sv) Tloat64 nan nan nan nan nan
,50) Tloated 4315 nan nan an nan’.
(%4 Jupyter NSA1 sc wuine] sv) flaatsd nan nan nan nan nan .. 40,25 41.75 nan nan nan
~’ Actributes:
-~
inextype: 5
J— fast processing: 1
oLAB | o} Demonstrator 1 0] GSSC Lab. >0 UbISAP Binary to RINEX B> @ time_system: GPS

filename: abpo1500. 190
positior [4097216.5539, 4429119.1897, ~2065771,1988]

UbISAP UbISAP UbISAP

NSA5 NSA2 NSA3

simple 0 [ 1@ Python3 pykemn Mode: Command  ® Ln1,Col1 Analysisipynb
UbISAP FLAMINGO UBISAP RINEX PPK

European Space Agency Gontact Terms and Conditions  Subscrbe oveooDn
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Select data, fin
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GSSC Now '*°™
? Filters

© Science
Domain Lat1 Long1

+ @ ¢

5 Search GNSS Assets

© Collection

© Dataset

© Resource Class
© Resource Type

NORTH
© Resource

Lic AMERlca
Format

© Resource °
Period D)

© Observed
Constellation

© Observed o

Satellite e
© Observation

Code

© Instrument Type

-
© station / 1-20 of 258,604,688 3 assets selected

Platform

aunch your

©
%

AFRICAe
L]
@

esa

Open in Datalab

Select running Datalab or click New

datalab

2 THE EUROPEAN SPACE AGENCY

ESA GNSS Science Support Centre | GSSC Now {EEES

File Edit View Run

- BEEN = -

Kernel

(&

‘ Filter files by name

Q

o

s / data /

Name

8 gssc

B8 selection

\ Datalab GSSC Lab - Running

-
-

Open in selected Datalab: "Datalab GSSC Lab - Running"

CERARG & < = M

© Sampling Rate

© Network /

® ) Expand < Description  Filena

Organisation
© Source GNSS observables  CEBROO!

© Tags
GNSS observables

KIRUOOSWE_R_202...

me v F1P Path

ESP_R_202... Icddis/gnss/data/high

/cddis/gnss/data/high...

Modified
8h ago

Oh acn

8h agc

Tabs

Help

[Z Launcher X #| nsa3_rinex_visualisation.ip @ | +

+ X O [ » m C » Markdown v

Signal Strength (dBm)

50
T TEL AW TETVRLANL
I m f\lll_llﬁ nLulll e LB LUL AR LR

mﬂ_d*ulm i ST n}rr—vlrlrrvrﬂfw q\

TY'

00:02
Feb 1, 2020

6/28/24, 10:43 AM
While these basic plots of the observables can be a useful analysis tool, g
pseudorange and carrier measurements to show sudden changes in their

This can be done easily with the pandas library using the groupby and
this over each satellite while the diff function produces the difference

obsMframe_diff = obs_frame.groupby('sat').diff() # First ord
ahs, me_ddiff = obs_frame_diff.groupby('sat').diff() # Dou

e_ddiff_fig = plot.obs_time_plot(obs_frame_ddi|

1@

European Space Agency

” phase_ddiff_fig = plot.obs_time_plot(obs_frame_ddi]

Python3.9 UbiSAP | Idle

Contact

Terms and Conditions  Subscribe

Bringing discovery and analysis goals together
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Enabler for Navigation Al and Digital Twin esa

ESA GNSS Science Support Centre | GSSC Now '** ™ EXPLORER DATASETS DATALABS FILTERS WORKSPACE
© Featured
L] ) )
REKUBUN Camaliot Camaliot

AMIC - lonospheric monitoring with
data from affordable GNSS recelvers

> ® 8

Camaliot lonosphere Prediction Camaliot Troposphere Modelling
> ® 8 > O 8

GMLD - Ephemeris Parameters GMLD - Scintillation Prediction

Prediction

‘GMLD - Muitipath Prediction GMLD - Fast and Long Term
Corrections (EGNOS SBAS
Messages) Prediction

> O B8

) *

> O 8

GNSS MACHINE LEARNING DEMONSTRATOR

Jupyter

GMLD - TEC Map Prediction GSSC PVT & DOC/DOP Map GSSC Lab Spatial Interpolation of VTEC
> OB | JNON - > OB > O 8

UbiSAP UbiSAP UbiSAP

NSA1 NSA2 NSA3

Spatial Interpolation of ZWD UbISAP Binary to RINEX UbISAP RINEX PPK Processor UDbISAP RINEX Viewer
> ® 8 > ® 8 > o8 > O 8

Goal = Short time-to-market for the deployment of Al-based Navigation solutions

POWERED BY

17/
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GNSS Open Science

What?

 Datasets
. .  Datalabs

» Native integration
* Federated integration

Goal = Maximise visibility and realise the potential of GNSS community contributions
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Fostering FAIR Research Principles in GNSS Qecsa

@) B Q © 8 @
Overview  Details Query  Visualize Analyze Download
Identifier
I https://data.esa.int/asset/MmL2JzdbUQMx & ESA GNSS SCien(e Support centre I GSSC NOW Jded

I https://doi.org/10.57780/esa-nlhirh0 &

| Language % Collecti $ Dataset % Descripti ~ DOI
r
. http://id.loc.govivocabulary/iso639-1/en O v LOSSCRON v ENIERES v SRSCTpHON

DOI (Digital Object Identifier) GREAT GREAT Experiment (...  Public dataset of the ...  https://doi.org/10.577...

DOI for this resource

CAMALIOT CAMALIOT - Brazil The CAMALIOT data... https://doi.org/10.577...

Landing page
. https://doi.org/10.57780/esa-nlhirh0 ICESAT ICESAT Mission ICESat (Ice, Cloud,a... Not Available

_Instrument JASON JASON Mission GNSS data from JA... Not Available

ESA Minted Digital Object Identifiers (DOIls) for Datasets and Datalabs (in-progress)
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Open Platform in Beta — Moderated Registration Process @esa

Public Access

Preview Access
- Invitation Code 1GS52024

2 Observasen Cose I

®  Expans I Oeseriptos 2 Fiane 2 PP Pm S Cotecnon = Nawwerk/ Organd 2 On Constatation < Samitne
o —
- - Re: ; : v v h 2 e : : n
< se a m I
ESA GNSS Science Support Centre (874
ovRa<n=s .
ERIOOAS 5 FRSSEI 019 015 Mocs [rompr—"

Yv B @ seachGhssas | Q ]
gssc.esa.int/register

| ova<e

PERTO0AUS_S_20202662330_15M
015_MO.cr

Tags: Ground-network
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GENESIS PROAD: Collaborating across ESA

Measurements and Ancillary Data

Data and Products

Data Processing Data Storage
& - €oesa esa |+ &
Precise Orbit Determination ESOC ESAC Distribution
. Qesa
EN-E-EE GN SS —
% VLBI e AN
@ =ER | PROcessing, Archiving and Distribution
# Session 5 - GNSS-Enabled Applications
(PROAD) GENESIS: A Multi-Technique Geodetic
Observatory in Space, Pierre Waller, et al.
21
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y

Five Goals Strategy Summary

N
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Thank You! esa

... this Is a journey

about impacting
gnss

This is not a journey
about impacting
technology ...

Invitation code - Find us at -
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https://gssc.esa.int/register/

