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VESPA: Status

¢ VESPA : an action in Europlanet 2020-RI (2015-2020)
Research Infrastructure programme
big effort integrated at EU level, with many external collaborations
(ESA, NASA, JAXA, IPDA, IVOA, IAU)

e Europlanet 2020 ended Aug 2019

¢ Follow-on in Europlanet 2024, started Feb 2020 (4 years)

Coupled with other actions, in particular planetary cartography WP

e VESPA portal in French context: certified INSU service, ANO5
VESPA portal http://vespa.obspm.fr



VESPA: What has been provided to the community?

1- A user interface to search data based on science parameters:
VESPA portal  http://vespa.obspm.fr
2- A set of data services provided by VESPA participants and other teams:
55 data services open, 15 more in development
Includes ESA’s PSA (10 million files!)
New or updated infrastructures: SSHADE, PVOL, AMDA
3- Connection with powerful display and analysis tools:
Tools from astronomy (VO, with planetary science updates)

+ Earth observation (GIS) + space archives (PDS)

=> Open Science system, providing FAIR access to the data

This data system is available for science teams to access and to distribute
data, as per the Virtual Observatory paradigm



VESPA: objectives

Make research data easily accessible:

e search Planetary Science databases based on physical / observational
parameters (making sense for researchers)

New DM : EPNCore, used with TAP protocol

e search many databases at once

All services queried together in default mode => data discovery

e straightforward interface to access VO tools for Planetary Science

SAMP on portal & new tools; OK as long as format permits

e contributive system open to additions

Stress on derived data, related to publications
=> publication of EPN-TAP standard and docs, tutorials
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VESPA: scope

VESPA encompasses many aspects of Solar System studies:
- surfaces

- atmospheres

- magnetospheres / radio observations

- small bodies / satellites / rings / dynamics
- solar physics / planetary plasmas

- exoplanets

- solid spectroscopy / experimental reference data

e Today: discussion restrained to surfaces only

VO context is handled in IVOA (IG for Solar System, 2017+),
& IPDA for space data

Main contributors in IVOA include VESPA / Europlanet



Contexte de la discussion

e Actions CNES sur surfaces / petits corps / atmospheres / accés OV
en soutien a la communauté

e Today: discussion restrained to surfaces only
=> commencé comme une confrontation entre solutions OV et GIS

- pas pertinent, ce sont des solutions complémentaires

e Rapport INSU 2019:

... jusqu’a l'arrivée de JUICE dans le systéme jovien (2030). La poursuite du développement de |I'observatoire virtuel de
planétologie VESPA est nécessaire.

[A propos de JUNO] Un soutien au SNO5 « VESPA » et a la proposition de labellisation du SNO5 « MASER » est souhaité.

e Rapport PNP 2018:

[A propos des surfaces planétaires] La prochaine décennie verra un plus faible nombre de missions spatiales européennes
étre lancées ou en opération que durant les deux dernieres décennies. Il en résultera une baisse significative du volume de
nouvelles données qui devra étre compensé par un investissement plus fort dans les demandes d’observation sol et dans
les outils d’Observatoire Virtuel pour augmenter le retour scientifiques des missions précédentes.



Planetary surfaces

e Encompass all solid surfaces (planets, satellites, asteroids, comets)
as long as they are resolved

¢ This community is (roughly) split in two parts for historical reasons:
- physicists / astronomers - including spectroscopy (& space operations?)

- geologists / geomorphologists - plus possibly geochemistry, etc

e These 2 communities use different tools / formats & have different needs
More astro than geol in France? - No reason to favor one against the other

Conversely, need to make all results accessible to all researchers

¢ In addition, space data are available in a different, funny format — PDS
+ in situ (landers /rover) data to be handled



Planetary surfaces - needs

e physicists / astronomers

Needs:

- powerful search functions in datasets (to find obs configs of interest)

- including own dataset (to manage an experiment in operation)

- quick visu in context (on maps / images)

- other dim are important: time, spectral (incl. lab data), alti (surf-atm interactions)
Formats:

- PDS (mostly PDS3) for space data; fits for ground-based/orbital ones; others

- VO context is recent: fits, VOTable, HiPS, MOC, STC-S, VOevents... + TAP, CS, SIA... queries
e geologists / geomorphologists

Needs:

- powerful and accurate 2D visu, mapping, many layers (including vectors)
Formats:

- GDAL lib available. geotiff, geojson, WMS / WCS / WMTS queries (OGC world)



Planetary surfaces - needs

¢ physicists / astronomers

Objectives:

- Adapt existing VO standards and tools for Planetary Science (2D and spectral)
- support funny formats (PDS, possibly netcdf...)

Difficulties:

- Coordinate systems (here limited body-fixed ones => |AU, but not only)

- New data descriptors, often with no counterpart in astro (reflected light,
illumination angles, local time, light travel time...) => UCDs

¢ geologists / geomorphologists

Objectives:

- Take advantage of (huge) dev for Earth observation, adapt to Planetary Science
Difficulties:

- Coordinate systems (body-fixed ones)

- Tiling schemes adapted to planets?



EPN-TAP Custom
Services Service

Main Parameters

Target Class
Dataproduct Type

Instrument Host Name

<>

Time

Location
Spectral

Illumination

EPN Resources

abs_cs - Data for numerical modeling of planetary atmospheres 13 results

AMDA - Planetary and heliophysics plasma data at CDOPP/AMDA 1217441 results

APIS - Auroral Planetary Imaging and Spectroscopy 55371 results

BASECOM - The Nancay Cometary Database 15611 results

bass2000 - Bass2000 solar survey archive 313365 results

BDIP - Base de Données d'Images Planétaires 16906 results

cassini_jupiter - Cassini RPWS/HFR Calibrated Jupiter Flyby Dataset 7 results

CLIMSO - CLIMSO coronagraphs at pic du midi de Bigorre 808951 results

cpstasm - CLUSTER STAFF-SA Spectral Matrix Data 11688 results

CANCENCENCENCHNCHNCHENCHNC)

DynAstVO - Asteroid orbital database and ephemerides 20659 results

ExoPlanet - Extrasolar nets Results in service VVEx

Show| 10 ~|entries

Column visibility Show all Hide all

Select Allin current page | Reset Selection

HFC1AR - Heliophysics Featur

uid dataproduct_type target_name time_min (d)

07G spectral_cube Venus 2006-05-16T17:12:20.414

H FC1 T3 = Hel i o p hySi cs Feature VI0026_07C spectral_cube Venus 2006-05-16T17:12:20.414

VV0026_07G spectral_cube Venus 2006-05-16T17:12:20.424
hisaki . Hisaki P'anetaw Datab VWV0026_07C spectral_cube Venus 2006-05-16T17:12:20.424
VI0026_08C spectral_cube Venus 2006-05-16T17:27:48.478
hrsc3nd - HRSC nadir images ( o o 2006.05-16T1727:48.478
VV0026_08G spectral_cube Venus 2006-05-16T17:27:48.672
hst_pla neto - Planetary data frl VV0026_08C spectral_cube Venus 2006-05-16T17:27:48.672
VT0027_00C spectral_cube Venus 2006-05-18T01:25:15.669
VT0027_00G spectral_cube Venus 2006-05-18T01:25:15.669

VESPA portal

http://vespa.obspm.fr

© Paris Obseqvatory 2016 -
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Data services connected via EPN-TAP / field Onen in test

Atmospheres

- Titan profiles - CIRS (Cassini, LESIA)

- Venus spectroscopy - VIRTIS (VEx, LESIA)

- Mars Climate Database (modeling, LMD-LESIA)

- Venus profiles - SPICAV/SOIR (VEx, IASB-BIRA)

- Mars profiles - SPICAM (MEx, LATMOS)

- All MEx derived atmospheric products (via MEx IDS)
- Venus cloud products (LATMOS)

Small bodies
- M4ast (ground based spectroscopy, IMCCE)
- 1P/Halley spectroscopy - (IKS / Vega-1, LESIA)
- BaseCom - (Nangay obs, LESIA)
- TNOs are cool - (Herchel & Spitzer + compilation,
LESIA & LAM & Utinam)
- SBNAF - (outcome of the H2020 prog, Konkoly Obs)
- Cometary lines catalogue (IAPS)
- Vesta & Ceres spectroscopy - VIR/DAWN (IAPS)
%~ DynAstVO: NEO refined parameters (IMCCE)
- MPCorb: Small bodies orbital cat (MPC/Heidelberg)
- Rosetta ground-based support (via C. Snodgrass)
- 67P illumination config (IRAP)
*- Meteor_showers predictions (IMCCE)

Surfaces

- CRISM WCS service (MRO, Jacobs U)

- Mars craters (Jacobs U, + update by GEOPS)

- USGS planetary maps, WMS (Jacobs U)

- M3 WMS service (Chandrayaan-1, Jacobs U)

- HRSC data, WMS (MEXx, Frei Univ)

- OMEGA cubes and maps (MEXx, IAS)

- VIMS calibrated/geometry cubes (Cassini, LPG)
- MarsSI GIS (Lyon)

In development
Being studied

* New/updated in 2019

Magnetospheres / radio
* - APIS (HST/Cassini, LESIA)
- NDA (Jupiter radio Nangay, LESIA)
- AMDA (CDPP / IRAP)
- MAG data (VEx, IWF Graz)
* - MASER & Juno support (LESIA) + associated services
- RadioJove (LESIA & US amateur network)
* - |Itate HF data of Jupiter (Tohoku Univ, Jap)
- UTR-2 Juno ground support (Kharkiv)
- MDISC (modeling, UCL)
* - Cluster & Themis data (IAP, Prague)
- Interface with IMPEx models (IWF Graz)
- Hisaki (Tohoku Univ., Jap)
* - Transplanet (CDPP / IRAP)
* - LOFAR Jupiter (SRC/PAS, Varsovie)

Exoplanets

- Encyclopedia of exoplanets (compilation, LUTH/LESIA)
- Transit observations (Bern)

- Interface with DACE (Geneva)

Solar

- HELIO AR & 1T3 solar features catalogues (LESIA)
*- Bass2000 (LESIA)

- Radio Solar db (Nangay, LESIA)
%= CLIMSO (Pic du Midi, IRAP)
*- |Iltate AMATERAS (Tohoku Univ, Jap)

Generic / interdisciplinary
- BDIP (LESIA)

*- PVOL (UPV/EHU & amateur network)

*- PSA complete archive (ESA)

*- HST planetary data (LESIA, to CADC archive)
- Planets/satellites spectra collection (LESIA)
- DARTS (JAXA - currently via PDAP)

Solid spectroscopy

k- SSHADE: ices & minerals (IPAG & network)
- Planetary Spectral Library (DLR)

k- PDS spectral library (LESIA)

- Berlin Reflectance Spectral Lib (DLR)

- Planets then satellites characteristics (LESIA/IMCCE)

- Gas absorption cross-sections (Granada)

- Nasa dust catalogue (IAPS)

- Stellar spectra, support for observations & exopl. (LESIA)
- Interface with VAMDC (TBD)



A Virtual Observatory in Planetary Science 0 b plene

Built on astronomical VO developments (IVOA)
+ previous European programs: IMPEx, HELIO, VAMDC...
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EPN-TAP request:

Typical for surfaces (assuming all data correctly described):

Mars, a given region (~ Tharsis volcanoes) (disk images need to be informed)
Illumination conditions (i < 20° / phase: needs to be informed)

Local time or season, etc (need to be informed)

@ o VESPA Query Interface
@® vese @ vec X | Mizar @ vese @ vese @ Deep B Goog ® vese ® vese ® vese @® vese A Issue @ Nouwv A rores & Acces G lightt

Prog

&« > C o © # 25 vespa.obspm.fr/planetary/data/?f-url_op=&f-schema_op=&f-target_na eoe 77 2L | Qlight traveltime -> 1Y @ & @ w )

%¥ Les plus visités G Google JfeBay FLESIA [ Actualités Fmail 5 Stick [ wiki,ete 5 OvParis

P

Results from all services VESPA :
=> need to be described at similar ' : pean Solargind Planetary Aécess '
level s 8- -
H H auery EPN Resources Plotting tools
Footprints can be sent to plotting
Custom TOPCAT
tools from the portal Service hrsc3nd - HRSC nadir images of Mars 6 results ® ©®© o @
omega_cubes - L3 Omega Cubes from PSUP 70 results ® ©®© o &2 Aadin
Main Parameters
PlanetServer_CRISM - Subset of CRISM/MRO georeferenced cubes 48 results ® © ©o !{i SPLAT
Target Name abs_cs - Data for numerical modeling of planetary atmospheres 0 result ® O '
Mars AMDA - Planetary and heliophysics plasma data at CDPP/AMDA 0 result ®© o iilp, cass's
Target Class APIS - Auroral Planetary Imaging and Spectroscopy 0 result ® O &=~ 3DView
Dataproduct Type BASECOM - The Nancay Cometary Database 0 result ® O
Example queries
Instrument Host Name bass2000 - Bass2000 solar survey archive 0 result ® 0 pleq
BDIP - Base de Données d'Images Planétaires 0 result ® o Saturn in March 2012
Target Cl _ )
Aros e Generated WHERE clause of ADQL statement: &=z~ 3DView
Dataproduct Type
SELECT * FROM ... WHERE ((clmin <= clmax AND clmin <= 265.0 AND clmax >= 235.0) OR (clmin > clmax AND Example queries
Instrument Host Name (clmin <= 265.0 OR clmax >= 235.0))) AND c2max >= -15.8 AND c2min <= 15.0 AND (1 =
TAP uer ivo_hashlist_has(lower("target_name"),lower('Mars')) OR 1 = Saturn in March 2012
q y ivo_hashlist_has(lower("target_name"),lower('4')) OR 1 =
Instrument Name ivo_hashlist_has(lower("target_name"),lower('499'))) AND "incidence_min" <= 20.@ AND "spatial frame_type" Help
= 'body'
= j Help
Frocessing leve! I EPN-TAP compilation results ® © ©

PDAP Resources (by dataset)

X |Qanos A v Tout surligner Respecter la casse Mots entiers Occurrence 1 sur 2



EPN-TAP typical request on surfaces:

Mars, a given region (~ Tharsis volcanoes => limits in lon/lat)
Illumination conditions (i < 20° / phase: needs to be informed)
Local time or season, etc (needs to be informed)

eo0ce Mizar
@ vese: | @ vese Mizar X | @ veser | @ vesps | @ Deepl | By Goog @® vesee @ vesn | @ veser | @ veser | M issues | @ Nouvel | @b Adress: | @& Acces G iightte | Propo
Cc @ © # voparis-srv-paris.obspm.fr/mizar/ oo % ¥ Q light traveltime -> lin 5’ 4 @ @ [en IS O]

£¥ Lesplus visités G Google [ eBay [ LESIA

| +
©

HRSC & CRISM in Aladin (STC-S contours)
- also implemented in TAPHandle with AladinLite

Aladin v10.1

*** PROTOTYPE VERSION (based on v10.128) ***

DSS background from ™= |
FPS : 60 Color background provided by
Average render time : 1.50 ms Color background provided by
#rendered tiles : 41 Color background provided by

HRSC & CRISM in Mizar (bounding boxes)
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Using clever footprints

lon/lat min/max coordinates

C2max

S_region

C2min

Clmin Clmax

STC-S allow for very powerful
searches on intersections /
overlaps via TAP, e.g. images
overlapping structures

Open issue with coord system IDs

though (~same as geojson)

e PDS3-like limits (lon/lat bounding box)
=> provide very rough estimate of
footprint and many false alarms

e STC-S strings, aka s_region (sampling the
contour)

=> provide much more accurate footprints with
tunable resolution

Close equivalent in OGC world: geojson

ece Retrieval of HRSC images overlapping large craters
5 e via TAP, plotted in Aladin




footprint based searches

Typical request:

2D overlaps based on actual footprints, in TAP

identify overlapping images / spectral cubes from different datasets
based on footprints (also works with point features)

Tutorial: https://github.com/epn-vespa/tutorials/blob/master/surfaces/HRSC_vs_OMEGA/HRSC_vs_OMEGA-tutorial.md

Aladin v10.1

*** PROTOTYPE VERSION (based on v10.128) ***
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HRSC (red) and selection of OMEGA cubes (black) in Aladin
Overlapping HRSC images in yellow (Mars-Express observations)

Selected SPICAM profiles (red) and overlapping HRSC images

(blue) in TOPCAT (Mars-Express observations)




Using clever footprints, next step

e MOC - Multi Order Coverages
(healpix-based)

=> Even quicker to compute and
use (but difficult to store). Can
apply to entire datasets or
individual files

u%,« Robblns crater db and CRISM footprlnts over V|k|ng HiPS in Aladin

- preserves reference to progenitors

- now extended to time coverage

=> potentially extremely powerful to manage an operational dataset &
cross-correlate several datasets

See h //www. .com/watch?v=ggn IhRmA
Application to Saturn ephemerides: https: iKi.i
Application to VIRTIS/VEx dataset in progress




Coordinate Systems

Need to tag spatial data correctly
Body / frame (IAU2000, etc) / properties (-centric / -graphic) / etc
Need for short descriptors / IDs to be used as keyword values

Several classifications exist:
IAU WGCCRE (mostly body-fixed)
NAIF / SPICE (JPL - usual computation system for space missions)
STC (IVOA standard for astronomy, with room for planets)
Reference publications for heliophysics / magnetospheres

VESPA action started in EPN-RI & EPN2020
Body-fixed frames (Jacobs Uni / GEOPS / USGS / ObsParis)
Outer solar system (JPL / PDS PPl / ObsParis)

To be completed and made consistent

— long-term effort, should involve all the community

CNES is certainly involved in this (same issue for OGC standards)



Tools connected to / used by VESPA

- Standard/existing tools associated to VESPA/Europlanet:
Aladin (CDS/CNRS), CASSIS (IRAP/CNRS)
Both include Planetary Science updates from VESPA
3Dview (CNES/IRAP/GFI): plot along s/c trajectories
MATISSE (ASI/IAPS): 3D visu for some PDS3 data, supports shape models
TOPCAT (Univ Bristol): tabular data, including metadata

- New tools developed in VESPA:
Planetary Cesium Viewer (GEOPS/CNRS)
APERICubes (some PDS spectral cubes, ObsParis)
QGIS SAMP plug-in & improved fits (VO-GIS bridge, Jacobs Univ/GEOPS)
Image) SAMP plug-in & improved fits support (ObsParis, in progress)

- Other useful tools in VESPA context:
SPLAT-VO (Heidelberg), Autoplot (lowa), Mizar (CNES)
+ possibly DS9 (SAO), Cosmographia, WebGeoCalc (JPL)



New VESPA functions Multiresolution maps (HiPS) in Aladin (and more)

e

A X

See also http://aladin.u-strasbg.fr/AladinLite/doc/API/examples/mars-visualisation/

Currently 61 planetary HiPS available for use (from USGS WMS maps and more]



New VESPA functions Multiresolution in Aladin: panoramic images

PIA20332Hips

PIA20332Hips

HiPS computed from a Curiosity MASTCAM panorama from JPL web site
(available in the Aladin data tree)




Favorite VESPA tools Aladin (CDS/CNRS):
Georeferenced images + objects superpositions

{& Aladin v10.0 *** BETA VERSION (based on v10.079) *** - a X

File Edit Image Catalog Overlay Coverage Tool View Interop Help

Available data — 21016 / 21019 Command Frame w Projection j

M oon K‘é‘g uya

iy o
f L RRIY I ,v‘,‘ R Sl | filter
from - E. (I -l T Eo ANy LSRN Vol MoonCrater

LEul ! M Lol L R el ; : AP 1 “ Moon/k

multivi

Moon/(
©) 2018 Université de Strasbourg/CNRS - developed by CDS, distributed under GPLV3

CRISM cubes over MOLA HiPS

Relies on IAU planetary
coordinate frames (fits' WCS)




Favorite VESPA tools

Window Layers Subsets Plot Export

[e]#]a

8 @ x

Mapping capabilities in TOPCAT
From a list of point measurements
Convolves with marker symbol/size

=> powerful to visualize an operation plan
2D density plot

LAT_CENTER

0 10 20 30 40 50 8O 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360
LON_CENTER

| %/ TOPCAT(3): Table Browser [=ET=

= = P S

Window Subsets Help .

@ x Table preview
Table Browser for 3: concat(1+2)
UBE ID_CUBE TIME ELAPSED_.| PIX_NUM  |ID_REG.| NAMES..| SIGNAL_IR [SIGNAL_MIDSIGNAL R..| 10F_TH | 10F_mD | 1oF REFL| INcCI60 | cos_i_60| EMER 60 [ PHI20 SSA SSA_19 | SPECTRA..|LON_CENTER|LAT_CENTER

918494 599086.CAL 29 [2015-11-20T00:21:20.000 0,15556 5437, 22 | Wosret 0,46448 0,44323 0,47421 0,00571 0,00312 0,00231 57,2337 0,54121 25,8291 78,8011 0,02949 0,03575 0,00023 357,4863 -21,7783 -
918495 p99086.CAL 29 [2015-11-20T00:21:20.000 0,15556 5438, 22 |Wosret 0,34086 0,43702 0,43032 0,00414 0,00308 0,00211 58,4652 0,52302 23,239 78,8011 0,02784 0,03403 0,00022 356,7872 -21,2106 |~
918496 F99086.CAL 29 | 2015-11-20T00:21:20.000 0,15556 5439, 22 | Wosret 0,32882 0,47675 0,51409 0,00398 0,00335 0,00252 57,6656 0,53486 29,6872 78,8012 0,03167 0,0386 0,0002 356,08939 | -20,6886 =
918497 502986.CAL 30 |2015-11-20T01:16:48.000 0,00278 68, 13 |Imhotep 0,52421 0,71458 0,81156 0,00626 0,00509 0,00396 56,907 0,546 55,9204 79,9794 0,03943 0,04783 0,00019 147,9697 -61,6778
918498 502986.CAL 30 [2015-11-20T01:16:48.000 0,00278 T2y 13 |Imhotep 0,46887 0,59695 0,62441 0,00562 0,0042 0,00304 45,7488 0,69781 56,98 79,9794 0,02657 0,03034 0,00023 168,33629 | -75,489 «|
K I Il ] Dl

VIRTIS / Rosetta coverage in TOPCAT (4 months of observation)



New functions in VESPA Multiresolution maps in TOPCAT (Bristol Univ)

Virtis/Rosetta coverage, scale = 6

S G

Virtis/Rosetta coverage of 67P for a selected mission phase, scale = 7 o 2

"

,, Virtis/Rosetta coverage, scale = 5
1bv

Start from a table of sparse

observations (lon/lat)
VIRTIS/Rosetta on 67P

140

r120

r100

Integrate / average on
healpix cells (including overlaps)

SIGNAL_IR

r80

r60

Modify resolution / scale on the ﬂya

Output format now consistent with Aladin

40

20




Typical workflow in imaging spectroscopy from PDS format

- identify cubes of interest from EPN-TAP query

- read file, select pixels, process under IDL | python (or TOPCAT?)

- write in VOtable, open in TOPCAT for spatial integration in healpix cells
- Plot result in Aladin over HiPS

Applications:

- VIR/Dawn spectral parameter over Ceres HiPS in Aladin

- OMEGA spectral parameter over Mars HiPS g — g—————a—
- any point measurements (altimeter, etc) Ry

=> Alternative:
- provide individual spectra in EPN-TAP service

+ access tool (being tested on VIRTIS / VEx)

s
i o
Sty

TOPCAT healpix map (scale = 6) over MOLA HiPS in Aladin - dummy example



Nice solution to browse imaging spectroscopy data

1- EPN-TAP service describing cubes with geometry range (coord / angles)
=> retrieve sessions of interest
=> Aladin, DS9, APERIcubes (which allows extracting spectra)

2- add EPN-TAP service describing pixels with geometry (coord / angles)

=> retrieve measurements of interest, comparison with HR imaging
=> CASSIS, SPLAT-VO (or TOPCAT for 2D aspects)

800 | :

Apericubes Demonstrator \ +
<= voplus.obspm.fr/apericubes/js9/de C Search I AT BE 40 =
(@] Most Visited ~ [ Google S cBay [JLESIA~ (] Actualités = (] mail = []Stick = (] wiki,etc ~ (-] OVParis Open issues With data format
-
&

- (PDS reader?) & representation

(no standard cube format)

Spatial dimension is neglected

I R

Similar extraction

function is provided by
e — V. == VESPAGIS interface for
seseo 07— | CRISM service

VIRTIS / Venus-Express cube in APERIcubes & CAéSIS




Favorite VESPA tools

CASSIS v5 (IRAP/CNRYS)

- Supports data in flux & various types of
reflectance (scaling)

- Auto converts spectral axis & flux

- Supports echelle spectra

Cassis 4.3 beta - database from SQLITIk(cassis120705.db)
Flle Edit Modules View Scripts Windows Database Preferences VO Help

A N O BR

[ Full Spectrum | File Edit Modules

8 0 0 Cassis 5.0 - database from SQUITE (cassis20161026.db)

File Edit Modules View Scripts Windows Database Preferences VO Help
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New functions in VESPA

Support for extended pixels in TOPCAT

Sky Plot (1)

B &lBFeld L0 ¥ nE @

Sky Plot (6) F
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HRSC/MEx observations of Mars, image footprints
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VIRTIS/Rosetta observations of 67P, individual pixels

Position is defined by a
guadrilateral instead of a point

Particularly useful for
imaging spectroscopy and
to display image footprints



Fits extensions & GIS interface

geofits
e fits/WCS extension for planetary surfaces
Extends the WCS standard for planetary coordinates, including description of

projection in use — handled by fits software (ds9, Aladin...)
Marmo et al 2018, Earth & Space Sc

Mars polar fits image (MOLA altimetry) on Viking MDIM2.1 basemap, in QGIS

‘1/. B vy IR @ ¢ VE W E gy G A
8ix g

> - nv# 20 o GET 4N o = < \’,:‘.%v " o
. . . A -4941 ‘o y awee 17 N ‘\ fac s’y \-““Q
Driver included in GDAL from v3.0: = = NV PR RN
v | .2:42031 ’ v, ‘ s ; : ' l % » 2 2 g ke \

- georeferenced fits files can be
converted & projected in QGIS

- geoTIFF files can be converted to
geofits for use in VO tools
Associated to QGIS SAMP plug-in:
=> QGIS can receive fits from portal




Fits extensions

Fits cubes
e (spectral cubes + coordinates + viewing geometry) in a multi-

extension fits file
Assessment based on VIRTIS / VEx experiment
=> demo that imaging spectroscopy data, with ancillary information, can be

provided in fits & embedded in PDS4



Typical workflow in imaging spectroscopy involving GIS queries

- identify CRISM granules (cubes) of interest from EPN-TAP query
- passes WMS queries to QGIS (via new SAMP plug-in), plot maps
- passes WCS footprints to QGIS, forward to Aladin

- New Image plug-in downloads the preview

- subgranule module browses spectra, forward to CASSIS

USCS_WMS map SAMPed to QGIS from VESPA portal

ﬁ_
VO Help  go% | ¢ | Q searc

wa ¥ a9 1

;punrum preview

CCCCC
Coj

File Edit Modules View Scripts Windows Database Configuration VO Help

000000000000000000000000000000

* ™
\‘ o
CRISM preview downloaded from QGIS

f["- o'l*
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o o
o w

Spectrum forwarded to CASSIS



Planetary images: data and tools

VO, world PDS world
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Planetary images: data and tools

VO, world PDS world, VO,world GIS world,
¢ N~ NS o — [ W/
with PDS fermats EPN-TAP services ~ N
I
Other protocols PDAP services, / with VO formats \

with VO formats

PDS formats VVEX

-
I

PDAP
queries A
EPN-TAP
Some PDS queries
cubes *
APERICube B
portal
’
—>

Filling gaps:

make all data accessible from all tools

\
/ C
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Climso
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VOtable

(geo)fits
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with GIS/WCS access formats (tiff...)

(el

WMS/
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geoJSON
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VESPA VO-GIS bridge, summary

e EPN-TAP services can provide WMS or WCS requests instead of file URL
(currently CRISM, M3, USGS_maps, HRSC) - add service for MarsSI outputs?

e These data can be sent to QGIS (open source, terrestrial)
Planetary GIS such as JMars are closed and can’t be used as viewers

e Format conversion relies on GDAL library (extended fits <=> geotiff)
Can be included in workflows (fits handled in QGIS)

e Tools connection relies on SAMP

e USGS reference maps (WMS/geotiff) are converted to HiPS for use in
Aladin and other clients (other HiPS generated from different formats)

e Contours can be converted STC-S <=> geojson (coord syst ID required)
DaCHS provides conversion to geojson (in progress)

e Contours can be sent from QGIS to Aladin (as STC-S)
e geojson bounding boxes are produced by VESPA portal for quick display



New VESPA tool

Planetary Cesium Viewer (GEOPS/CNRS)
Quick multiresolution 3D visu |
Supports ellipsoids % =

Color Value L ET

Annotation/validation tool Valid

Invalid

SAMP implementation to come Uncertain

Ghost
http://134.158.75.177/viewer/Apps/PlanetaryCesiumViewer/index.html Secondary

[aXs) Cesium Viewer " Layered
B  VEsPAQueryinterface X - » 5 v \+

) (0 134.158.75.177 /viewer/App er/Index.htm € | @ (Q Recnerche
| Les plus visités ~ G Google I eBay [ LESA ~ [ Acuualités ~ (i mail ~ [ Stick ~ (5] wiki, etc ~ (5] OVParis ~
Save
Color picker Panel |

ide  Hide vectorial data

Robbins Mars craters database in PCV




New functions in VESPA Support for shape models in TOPCAT

Cube Plot (4) (with precomputed Cartesian coordinates)

%0 & F & (E| (@]

0.0015

0.0010

0.0005

SPECTRAL_SLOPE

-0.0005

VIRTIS/Rosetta observations of 67P, individual pixels -0.0010




Updated tools in VESPA MATISSE (ASI):
mapping on 3D shape models

SAMP connection added

https://tools.ssdc.asi.it/matisse.jsp

VIRTIS/Rosetta observations of 67P on OSIRIS 3D shape model



New tools in VESPA

Image]) (open source):

- SAMP connection installed (input only)

- Provides support for unusual data types (TIFF...)

& format conversion
- Provides image processing functions in the VO

Historical image of Jupiter from BDIP (tiff format) in Image]

BDIPOOO1.TIF

% x=422, y=0, value=2

. VESPA Query Interface X x vespa-report-2017-11 - VE X @ VESPA tutorials

() vespa.obspm.fr/planetary/data/display/?resource_id=ivo:

£¥ Les plus visités G Google [ eBay [T LESIA [5) Actualités £ mail [ Stick [ wiki, etc 5] OvParis

Results in service BDIP

Show 10 j entries

Column visibility Show all Hide all

Select All in current page Reset Selection

granule_uid dataproduct_type target_name time_min (d)

bdip0001 image Jupiter 1890-05-01T00:00:0¢
bdip0004 image Jupiter 1890-07-09T09:02:8
BDIP0004_tif image Jupiter 1890-07-09T09:02:59.998
BDIP0002_tif image Jupiter 1890-07-09T09:04:59.999

bdip0002 image Jupiter 1890-07-09T09:04:59.999

1.18x1.10 inches (529x493); 8-bit; 255K

1880-07-09T09:02:59.998

1890-07-09T09:04:59.999

1890-07-09T09:04:59.999

httr
httg

htty

Saturn in March 2012

i ‘




Conclusion (surfaces)

e VESPA mature, proposes standard VO-based solutions to handle surface data
Will be supported in Europlanet-2024 for 4 years
Main focus remain data search & visu + further processing
Need to add new dedicated functions in VO tools

e Open issues
Coord syst need std description and IDs (hopefully common with planetary GIS)
Extend both geojson & s_region standards to support planetary context
Refine access to PDS data

No standard for spectral cubes - cruelly missing
Refine existing VO-GIS bridge, starting with refined fits support in GDAL (TBC)

search interface http://vespa.obspm.fr
web site (with tutos) http://www.europlanet-vespa.eu
wiki https://voparis-confluence.obspm.fr/

github https://github.com/epn-vespa



