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Motivation

MSL, ExoMars, Mars-2020 et al: Versatile suite of instruments —
remote (Sat & Rover vision) / close-up / analytic
®m Collaboration of instrument teams requires a toolset to host instrument data

In their spatiotemporal environment

Experience from MER & MSL: Drawback on collaboration tools
® Sharing of observations within & between teams not straightforward

MINERVA to provide Spatial &
temporal cross-instrument
data association

MINERVA to maintain a 3D GIS
for all Mission Instrument data

® Complement to mission GIS
® To include (processing) products

PROJECT GOALS:

MINERVA aims at researching enabling technology for a collaborative, holistic planetary
science data infrastructure to allow members of different instrument teams to cooperate
synergistically in virtual workspaces by sharing observation information, analysing and
annotating the data, and also by discovering new modes of scientific exploitation through
visual analytics. MINERVA will research and prototypically implement a novel framework of
interoperable and collaborative components based on an interactive 3D Viewer with GIS
functionality, a database that maintains the knowledge about spatiotemporal data products,
and a visual analytics platform that will help find new interconnections between the data
coming from different instruments. MINERVA will be evaluated in the course of the ExoMars
Rover Mission (launched in 2020), which provides a heterogeneous set of scientific data
captured by different instruments from the surface of the Red Planet. The MINERVA
concept will bring about a significant game-changing advance in the field of planetary
science data understanding and exploitation for the ExoMars Rover mission and beyond.
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Table 16: ExoMars science teams’ data (imaging instruments, other laboratory instruments including ALD)".

ExoMars Instrument

Characterization

m:g rived from

telemetry, relevant for
MINERVA maintenance

Science Data blobs to be maintained in
MINERVA (each complemented by
subsets of meta data listed in Table 4)

ical Amount of
Data per Sol

Data Examples*®

)

Panoramic camera
system: 2 wide angle
cameras (PanCam WACs)

Panoramic camera
system: high resolution
camera (PanCam HRC)

multi-spectral
stereoscopic panoramic
imaging using a
miniaturized filter wheel

high-resolution (on
surface) color imaging.
“stripe” interference
filters, each directly
bonded over part of the
active area of the APS

size 1024x1024,
optionally times up to 11
spectra

matrix of type integer and
size 1024x1024,
optionally times up to 3
spectra (RGB).

matrix of type integerand | ®

RGB & Multispectral Panoramas

¢ DEM (Cartesian / Spherical) &
monochrome / RGB /
Multispectral Ortho image

*  Spectra at specific rock surfaces

. RGB Panoramas
¢  Fusion product with PanCam WAC
o Multi-resolution Panorama
Multi-resolution Ortho Image

1 RGB stereoscopic
panorama (8 image
pairs) + 1 full filter-set
monoscopic view (11
images)

1 RGB monoscopic
panorama (12
images)

360° Spherical DEM (16 pan, 1 tilt) taken
during AMASE campaign in 2013. Top:
texturized wrl file, bottom: artho image.

Single channel PanCam HRC panorama
(10 images) taken during AMASE
campaign in 2013.
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PanCam [11] has been designed to perform digital terrain mapping for the rover and to search for morphological signatures of past biological activity preserved on the texture of surface rocks. It
will also support the scientific measurements of other instruments by taking high-resolution images of locations that are difficult to access, such as craters or rock walls, and by supporting the
selection of the best sites to carry out exobiology studies.
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ExoMars Instrument

Characterization

Data as derived from
telemetry, relevant for
MINERVA maintenance

Science Data blobs to be maintained in
MINERVA (each complemented by
subsets of meta data listed in Table 4)

Typical Amount of
Data per Sol

16
Data Examples

Close-Up Imager (CLUPI)

(source: CLUPI Team)

high-resolution colour
close-up imaging with
variable FoV and focal
length; beam splitting by
mirror; pointing by drill
box.

(source: CLUPI Team)

2D * N matrix of type
integer and size
1768x2652x3

Imaging positions in GNC
coordinate system/s
Capturing meta data
(focus positions,
capturing window, ...)

*  Focus stack
o 3D surface
o Focused image

+  Drilling observation time lapse

s 3D data fusion with PanCam
product

*  Resolution map / incidence angle
map

1 focus stack (6
images); 3 images
across bracket mirror

(source: CLUPI Team /.FR) -

CLUPI [12] is a camera system to acquire high-resolution color close-up images (50 em/20 in with sub-millimetre resolution) of rocks, outcrops, drill fines and drill core samples. The close-up imager
has variable focusing and can also obtain high-resolution images at longer distances.

Ground penetrating
radar (WISDOM)

(source: WISDOM Team
[49])

Ultrawideband ground
penetrating radar

(source: W-'SDOE:‘I Team)

Signal stream to be

preprocessed by WISDOM

Team; Relevant for

display of “raw” data:

s  Rover track

s  Depth targeted for
recording

(1} Contrast profiles

(2) Interfaces / iso-surfaces

(3) Objects

All available in VTK xml format for
unstruck-tured meshes vik
Unstructured Grid)

(Source: PRo3D. left: solid, right:
wireframe)

5-10 Profiles with 4m
in length each (TBD)

WISDOM Contrast Profile taken during
SAFER field trial in Chile 2013 [51].

(Source: PRo3D)

WISDOM [13] Water Ice and Subsurface Deposit Information On Mars: Explore the subsurface of Mars with a centimeter resolution up to a depth of 3 meters below the ExoMars Rover to identify
layering and help select interesting buried formations from which to collect samples for analysis.
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ExoMars Instrument

Characterization

Data as derived from
telemetry, relevant for
MINERVA maintenance

Science Data blobs to be maintained in
MINERVA (each complemented by
subsets of meta data listed in Table 4)

Typical Amount of
Data per Saol

16
Data Examples

Infrared Spectrometer for
ExoMars (ISEM)

ISEM [14] is an infrared spectrometer for bulk mineralog

AOTF-based single-pixel
spectrometer with 1° FoV,
within FoV of HRC

Spectrum consisting of
5000 points, preprocessed
by ISEM Team.

s Spectra at specific rock surfaces

*  Fusion of spectra with PanCam
WAC

s  Qverlay of spectra on HRC / WAC
3D fusion

100 observations of
full spectra

v characterization, remote identification of water-related minerals and for aiding PanCam with ta

Example of Gypsum spectrum

mavelengile pn

(Source: ISEM Team)

rget selection.

21 1 al

Adron Neutron
Spectrometer (ADRON)

(Seurce: ADRON Team)

The instrument contains
two detectors based on
3He proportional
counters

CTN / CETN along the
Rover track

*  Fusion with WISDOM visualization
s Density of CTN/CETN along Rover

track

*  Hot Spots / Points of interest
highlighted, displayed on top of
PanCam or HIRISE DEM

1 Mbyte of counted
Neutrons

Example: CTN / CETN detectors of
DAN/MSL during 600 sols on Mars.

CTHCETH detercions of DANMSL dunisg 600 50l on Mars.
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(Source: MSL Team)

ADRON [15] [16] (see [17] for MSL heritage) is a neutron spectrometer to determine the amount of subsurface hydration, and the passible presence of water ice. It is further used to monitor
radioactive environment of the Rover’s vicinity, and to moniter Solar flares.
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ExoMars Instrument

Characterization

Data as derived from

Science Data blobs to be maintained in

Typical Amount of

Data Examples'®

telemetry, relevant for MINERVA (each complemented by Data per Sol

MINERVA maintenance subsets of meta data listed in Table 4)
Mars Multispectral VIS/NIR Spectrometer to Spectrum along the e Drill hole 3D spectral response Spectral track Example of Ma-MISS spectrum.
Imager for Subsurface observe the lateral wall of | drilling trajectory through points through drillhole:

Studies (Ma_MISS)

I

(Source: Ma_MISS Team)

the borehole generated
by the Drilling system

(Source: Ma_MIS§ Team)

drill hole

e Fusion with WISDOM visualization

Rings, vertical
columns or even grids
of spectra, several MB
during one drill
operation.

Ma_MISS [18] is located inside the drill, the infrared spectrometer will contribute to the study of the Martian mineralogy and rock formation.

e

]
as

wavwergh (1)

(Source: MA-MISS Team

Infrared imaging
spectrometer
(MicrOmega-IR)

MicrOmega acquires
reflectance spectra of 5
mm sized samples with a
spatial sampling of 20 um

Image cubes of spectral
range between 0.9 and
3.5um

(Source: MicrOmega-IR
Team)

e  Spectra at specific rock surfaces

e  Fusion of spectra with PanCam
WAC

e  Overlay of spectra on HRC / WAC
3D fusion

applying to the original place & time of
sample acquisition

Each probe: An image is
acquired at different
wavelengths (about 500
channels), building an
image cube

Example of spectra for 3 measured
points.

®

v
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(Source: MicrOmega-IR Team)

MicrOmega-IR [22] is an ultra-miniaturized near infrared hyperspectral microscope dedicated to in situ analyses, with the goal to characterize the composition of Mars soil at almost its grain size
scale in a non-destructive way.

I
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ExoMars Instrument

Characterization

Data as derived from
telemetry, relevant for
MINERVA maintenance

Science Data blobs to be maintained in
MINERVA (each complemented by
subsets of meta data listed in Table 4)

Typical Amount of
Data per Sol

Data Examples'®

Raman Laser
Spectrometer (RLS)

The Raman Laser
spectrometer will analyze
at the mineral grain scale
samples crushed into a
fine powder by means of
an automatic crusher and
a dosing station.

The spectrometer covers
the spectral Raman shift
from ~150 to 3800 cm’™
with an average spectral
resolution of ~7 cm™

*  Overlay of spectra
on HRC / WAC 3D
fusion

applying to the original

place & time of sample

acquisition

(used only when probes are
available). RLS will obtain Raman
spectra on the flattened powder
surface along a line, with a density of
at least 20 points automatically
selected on the surface at random
positions. Such data will occur only
sparsely during the mission and most
likely be treated as a unique
opportunity.

As an element of the Analytical Laboratory of the Rover (ALD) the RLS [20] intends to establish mineralogical composition and identify organic pigments.

Example of RLS measurements.

(Source: RLS Team)

Mars Organic Molecule
Analyzer MOMA)

(source: MOMA Team)

B

MOMA will target biomarkers to answer questions related to the potential origin, evolution and distribution of life on Mars. It will conduct a broad-range, very-high sensitivity search for organic
molecules in the collected sample providing two different ways for extracting organics: laser desorption and thermal 76olatilization, followed by separation using four GC-MS columns.

Mass spectrometer
capable of analyzing
samples from pyrolysis /
chemical derivatization
gas chromatography
(GC) as well as ambient
pressure laser desorption
ionization (LDI). The
combination of the two
analytical techniques
allows for the chemical
characterization

of a broad range of
compounds, including
volatile and non-volatile
species.

TBD

s  QOverlay of spectra on HRC / WAC

3D fusion

applying to the original place & time of

sample acquisition

(used only when
probes are available).
MOMA GC-MS and
TCD signals will occur
only sparsely during
the mission and most
likely be treated as a
unique opportunity.

Example of MOMA measurements.
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(Source: MOMA Team)

)



\usnrocc\PDS4\PASTEUR\RAMAN2\S0l0044\Frank23_v1.3.xml

® Measurements are
data blobs in 3D
overview

® Clicking therein
results in

® launch of custom
presentation HMI

® Read-out & Display of
Generic Instruments
Data
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Instrument data presentation:
Initial simplistic view
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Figure 6: MINERVA concept. The Instrument Teams (I1...13) use the generic importer tools (or —
in the case of vision — the existing vision processing results as available to JR) to ingest
mission data into the 3D Observation Data Base. From there it is available to the 3D
Visualization Engine with integrated GIS functionality, and the Non-spatial Data Analysis
Platform. Different users can share the same locations, observations, and launch visual
analysis of different instruments at a time.
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Ingestion into DBM

w Conversion of PDS(3) schemes into json
m Extraction of relevant information for the named use cases
® Adding (SPICE-based) localization to keep it a ,standalone” data basis

v > Dieser PC » DATA (DY) » CurrentProject » MINERVA » WP&-Assembly-And-Testing » 2019-01-14_MSL-products * chemcam » Sol_1082
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Microsoft Fral-...

[= c15_493555655rdr_f0491216ccam01082p3.meta E3 |

1 {

2 "Meta™: {

3 "aAbout"™: {

4 "Type”: "JR_FSP3_MetaFile",

5 "Yersion™: "1",

& "GenerationDateTime": "2015-01-14T14:51:48&5"

7 Fe

8 "EDS": |

9 "PdsVersion™: "3",
10 "Product_identification": {
11 "Product_id": "CL5_493555655RDR_F0491216CCaM01082P3",
12 "Source_product_ id": "CL5_ 453555655EDR_F0491216CCAMO1082M1",
13 “Product_creation_time" : "2016-01-25T08:325:45.000",
14 "Producer institution name": "LOS ATAMOS NATIONAL LABORATORY™,
15 "Mission name": "MARS SCIENCE I.A_BORA|TORY“,
16 "Target name": "MARS",
17 "Target_type": "PLANET",
118 "Planet_day number": "1082",
1 “Sequence_id" : "ccamOl082"™,

"Start_time": "2015-08-22T23:04:47.413",
"Stop_time": "UNE",

"Solar longitude™: "31.1%02",
"Instrument host_name": "MARS SCIENCE LABORATORY",

"Instrument_ host_id": "MSL",
"Instrument name": "CHEMISTRY CAMERA LASER INDUCED BREARDOWN SPECTRCMETER",
“Instru.ment_id": "CHEMCAM LIES",
"Instrument_type": "SPECTRCMETER",
"Product_type": "CHEMCEM-RDR"
be
"Product_description": {
"Spectrum_ product_ type": "CHEMCAM-RDR",

"Data_object_description™: {
"Header file": " (\"CL5_4953555655RDR_F04%1216CCAMO01082P3.CSVA\",1)",
"Data_file™: " (\"CL5_493555655RDR_F0491216CCAM0O1082P3.CSV\",1856 <BYTES>)"

[FE0 8]

br
"HEADER": {
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DBMS Concepts

® Metadata:
® Parsing: additional formats (XML/JSON)
® Indexing: new database models to index metadata

® Querying: configurable mechanism to map user supplied filters to database
models

® Vector based protocol to edit annotations
® Publish/subscribe infrastructure for live editing

@ Access controls
® Restrict access to services, collections, products (read/write) by user/group

® Python 3
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Interfaces

w CLI commands to manage collections/products
®m Create, delete, insert, exclude

® Access Control

® User/group concept
m Separate privileges to read from specific collections, products and read or write
annotations

® WEFS protocol to search for collections/products

® Mapping of search parameters to database indices
m Either KVP style: “parameter=value”

w Or using the CQL language https://minerva.eox.at/

opensearch/collections/all/json/
7cql=(planetDayNumber>925 AND planetDayNumber<929)
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Operations Environment

® Deployment as a series of Docker containers
®w PostgreSQL
®m Apache Web Server with EOxServer + MINERVA extensions
® Redis

® Using Docker Compose
® Require filesystem access (volume mount)

® Benefits:
® Reproducible environment (development, production)
®m Container specific encapsulated environment
® Minimal overhead
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PRo3D: Exploit object representation assets to
represent Instruments Observations’ footprints
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(15_4952637.,
(15_4B62633..

CCAMI2000°3 | 30/05/2015 13:25:36 WARS SCENCE LASC
£, CCAMI2I0P) | 30/05/2015 13:27:18 M2RS SCENCE LARC
5...CCAW2001

P31 30/05/2015 13:30:37 MARS SCENCE LASC
LCOMI200191 30/05/2015 13:31:42 MARS SCENCE LABS
CCAMI2001P] | 30/05/2015 13:33:24  WARS SCENCE L350

CL5_4862040

CL5_4862640.,

CRY_4862630.

CRE_4862642...

FAD_2862652

. CCAMI200073: 30/05/2015 13:36:15 MARS SCENCE LABC

CCAMI20NP) 30/05/2015 13:37:21, MARS SCENCE LABL
CCAMIINIL 30/05/2015 13:20:50! MARS SCENCE LAEC
COAMRONLE 30/05/2015 13:40:29) WARS SCENCE LABE
_FRAZI0323M1 | 30/05/2015 13:57:01 MARS SCENCE LABC

Lo

FlB_ 4362652

FRE_4862652

FRAZI0:23ML 30/05/2015 13:57:01 MARS SCENCE LASC
SFRAZM0323ME 30/05/2015 13:57:01 MARS SCENCE LABC




Data Dashboard Help Minerva
5 : — ;’:ﬁ Highlight Selection in PRo3D  Use as Filter in Pro3D | | Download ChemCam Spectral Data

importdate.. & [ [ B )
‘!l:' Minerva Main Dashboard [ The DaSh board BrOwser

N\

C s

-
osa

= Map View Trajectory

shows the available Colo by: Foous

Curve Property Definition

o
0,7
dashboards for analyzing the data
8
T 0,6
30000 g
=
< 0,5
o > '
- 17181 20000 3 %
L0 o
k Solar_azimuth 14087 e E:E» 0.4
8172 10000 = 5
5159 @
| - #
- n
i, & g i 5 I . & 0.2
= = = £ = = b~ <
g 0= 7 & = B = 2
o & Y 8 @ G 0,1
5 3 g i &= & S
n 7 “ “ = = 3+
: £ & g2 2 g & & 0
Instrument_name Screen-Space X

Solar_elevation

Timeline Histogram Scatter Plot  Parallel Coordinates o Details -
Data Table

2013 2014 2015 2016 2017 2018
Showing 75 of 75 columns
ARyt . . 9 Product_id Start_time Mission_nar
” I° as (15_4962630... CCAMIZ000P3 | 30/05/2015 13:23:14 MARS SCENCE LABC
(o) 30/05/2015 13:24:31 MARS SCENCE LABC
s : 30 30/05/2015 13:25:36 WARS SCENCE LABC
§ ’ e . 30/05/2015 13:27:18 W4RS SCENCE LA8C
3' - 25 T15_4862635.. 30/05/2015 13:30:37 WARS SCIENCE LAB:

(L5 _48c2e3 13 30/05/2015 13:31:42 MARS SCENCE LABC
3:30/05/2015 13:33:24 MARS SCENCE LASD

30/05/2015 13:36:15 MARS SCENCE LASC

Latitude 20

W
(=4

=
A_FRONT_LEFT_
Spectral Data

3
o J0IP3 30/05/2015 13:37:21 MARS SCENCE LASC
Z (degC) | 2 FaLy ".-30.‘05"2315 13:20:50 MARS SCENCE LASC

10

30/05 :40:29! MARS SCENCE LASC

. g 5 30/05; :57:01, MARS SCENCE LABC

> I 30/05/2015 13:57:01 MARS SCENCE LAS:

¥ - 0 30/05/2015 13:57:01 MARS SCENCE LA8C
v Start_time

vr vi § | Data records [in filter]: 137252; in focus: 137252 (100.00 %): Highlighted: 0
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Data Dashboard Help Minerva
Import data... . ) 2 B B & @ = H Highlight Selection in PRo3D  Use as Filter in Pro3D | | Download ChemCam Spectral Data

Choose Dashboard  — 7 Filter: On Map (- All -) & Instrument_type (- All -) & Instrument_id (- All -)

:"L: Minerva Main Dashboard ] Focus: Al [in filter]
I o T The Histogram and Statistics Overview

S Moment: Unique
|4

0 8890 17779 26669 35559 44449 53338 62228 71118 80007 88897 ShOWS Characte ristics Of the Values’ and

Distribution Name 0,7

m is directly linked to the Histogram,
j Scatter Plot and Parallel Coordinates. "
|

0,2

The Timeline shows the data in relation
to the selected timestamp :

Timeline Histogram Scatter Plot  Parallel Coordinates 3 Details -
Data Table
2013 2014 2015 2016 2017 2018
Showing 75 of 75 columns

e . - 40 Product_id Start_time Mission_narr
L 3% (15_ 4862630, CLAMIZI0NPY | 30/05/2015 13:23:14) MARS SCENCE LABS
‘ §' 173/30/05/2015 13:24:31 4RS SCEMCE LASC
L Solar_longitude o, 10 5/2015 13:25:36 MARS SCENCE LASC
g 2 0/05/2015 13:27:18 MARS SCENCE LS
Ny 25 § 0/05/2015 13:30:37 MARS SCENCE L322

<
: | ] 0/05/2015 13:31:42 WARS SCENCE LABC
LRde e 20 5 0/05/2015 13:33:24 M2RS SCENCE LABC
" 0/05/2015 13:36:15 MARS SCENCE LA82
H E 15 sty >y FEv Ay .
8 5/2015 13:37:21 MARS SCENCE LABC
Z (degC) ‘;u 10 0/05/2015 13:20:50 M&RS SCENCE L3482
05/2015 13:40:29) MARS SCENCE LABC
5 A2003231130/05/2015 13:57:01| MARS SCENCE LABC
AZ00323M1: 30/05/2015 13:57:01 WARS SCEMCE LASD
{4 - 0 (032311 30/05/2015 13:57:01 MARS SCENCE LABC

v Start_time

vr vi § ||Data records [in filter]: 137252; in focus: 137252 (100.00 %); Highlighted: 0
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Data Dashboard Help Minerva
Import data... . 2 B & & > & = B Highlight Selection in PRe3D Use as Filter in Pro3D | | Download ChemCam Spectral Data

Choose Dashboard  — <7 Filter: On Map (- All -) & Instrument_type (- All -)  Instrument_id (- All -)

gh
g ..! Minerva Main Dashbeard | Focus: Al [in filter]
A Histogram Overview Statistics Overview
__/_ v Curve Property Definition
A Moment: Unique

B |
0 8890 17779 26669 35559 44449 53338 62228 71118 80007 88897

Distribution Name

—{ T
|‘| i Pha
—{—T11+
|

Z (degC)

v

vr v‘i § || Data records [in filter]: 137252; in focus: 137252 (100.00 %); Highlighted: 0

4 = 1 - -
Selection of Categories ~ Map View Trajectory
Bar Chart Matrix Categories Color by: Focus
44553
37261 40000 0,7
8
@ 0,6
@ 30000 g
=
- ©
= 5 > 0,5
17181 20000 5
14087 2
10261 .o, 28 ¢ 0.4
10000 =
5159 @ i
o
- 7 |
- n
& = = = - b= 3
& & i E < £ & =
5 S o S 3 = = 0.1
o S 3 e = Oy iy =
2 2 2 == = 5 &8 £ 0
Instrument_name ' Screen-Space X
he Selecti f Cat les Vi
[ he Selection of Categories Views

ARS SCENCE LABC
SRS SCENCE (AR

SCENCE LAgC

provides a quick overview of the products
based on the provided categorical roles, in ==

SCENCE LABC

combination with the selected timestamp [

57:01 MARS SCENCE LABC

Start_time
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Data Dashboard Help Minerva
Import data... 1 D 2 B B A & = o Highlight Selection in PRo3D  Use as Filter in Pro3D |  Download ChemCam Spectral Data

Choose Dashboard  — <7 Filter: On Map (- All -) & Instrument_type (- All -) & Instrument_id (- All -)

' ’ Minerva Main Dashboard "1 Focus: All [in filter]
n Histogram Overview Statistics Overview Selection of Categories = Map View Trajectory
4\ Curve Property Definition = -
—— ) S — Bar Chart Matrix (Categories Color by: Focus
ST -
0 8890 17779 26669 35559 44449 53338 62228 71118 80007 88897 44553
Distribution Name 37261 40000 @ 0,7
T e 'g
@ 0,6
30000 o
8
1 ‘s 0,5
17181 20000 5
4087 o
Solar_azimuth 2408 E 0.4
10261 3 ‘
8172 10000 =
P # . - - ]
n
1 1 Kappa E %9 &= & = ] 0.2
) - .:.:‘. -i__- ~4; :' ,'U- 7]
= < 2 ] f, & - g
——— g £ & & & =] o
3 3 = i 3 o el
= - s “y A e =
= B = & 5 g g ] 0
Instrument_name Screen-Space X

Solar_elevation

Timeline Histogram

- BN [ he Map View shows the locations of
I 2 the products, as seen in PRo3D
_ § Trajectory View also shows the path
. t between the products
s :

vr vi § | Data records [in filter]: 137252; in focus: 137252 (100.00 %); Highlighted: 0




Data Dashboard Help Minerva
Import data... . 1B A & B Vo Highlight Selection in PRo3D  Use as Filter in Pro3D | | Download ChemCam Spectral Data

— < o

Choose Dashboard  — <7 Filter: On Map (- All -) & Instrument_type (- All -)  Instrument_id (- All -)
L !

Minerva Mazin Dashboard . Focus: All [in filter]

A Histogram Overview Statistics Overview ction of Categories = Map View Trajectory
4 Curve Property Definition . .
o MO TG Bar Chart Matrix Categories Color by: Focus
0 8890 17779 26669 35559 44449 53338 62228 71118 80007 88897 44553
Distribution Name 37261 40000 0,7
-
g 0,6
Phi 30000 o '
L
s 0,5
17181 20000 3
Solar_azimuth LA _g 0.4
]
2 0 S '
1 > 3172 10000 =
5159 0,3
- - n
1 5 & § E § & & B 0.2
o 5 = . A S
——— 5 s = 2 5 & % 2
, $ & % § & 2 & F 3
S S g§ E E ¥ 2 g
[ i 1 .
2 2 &8 =@ & § B £ 0
Jnstrumem_name SO’GQ(‘-'SDBCQ X
| Details —
n Data Table
[he spectral Data View shows the spectra
Product_id Start_time Mission_narr

1:30/05/2015 13:23:14 MARS SCENCE LASC
30/05/2015 13:24:31 MRS SCENCE (4B

of the ChemCam products, which need to

3‘:'.'05"‘72015 13:2 MARS SCENCE LAZC
b d I d d t ) 30/05/2015 13:27: ;
e downloaded firs A D T
-i (1S 486263 0/05/2015 13:31:42 MARS SCENCE LAB
«H. EI)'?"JIS 13:33:
J UD 2‘315 13:36:
H

1 30/05/2015 13:37:21 MARS 5C

30/05/2015 13:20:50 W4RS SCENCE LASC
30/05/2015 13:40:29 VARS SCENCE LABC
it 30/05/2015 13:57:01 MARS SCIENCE LASC
1 30/05/2015 13:57:01 MARS SCENCE LASC
130/05/2015 13:57:01 VARS SCENCE LABC

Details show all the products datain a
Table View

vr v] § |Data records [in filter]: 137252; in focus: 137252 (100.00 %); Highlighted: 0




LRI ¢ Ry N
User 1 User2 User3 User 4 [ ] J OA::\K \‘ E U ,\\."1
ég 3mn5f‘ar ‘ ii:\: : S N al-s_ l:;lalli:ala v r V .I S R E S C A R C H )

137.000 product entries

> 2000 Sols
PythonInterpreter.exe D:\Dev\ImproApps\Source\
200 GbyteS ImproApplications\Applications\Tools\MINERVA\

ImportMsl.py 'I"'”?rf‘nfz;:é_heigm»; 200"
5 |nStrU ments --pds-root-directory Emngd:Tb1dsgz3
Mastcam "D:\Projects\MINERVA\data products" e o e e
__pythgn_run_exe ‘}:instrument‘:{

"Name": "MARS HAND LENS IMAGER CAMERA",

|: rO nt H az Cam "Type'": "IMAGING CAMERA",

"Focal_length_in_pixel": "4645.2010830481 4644.8426406147",
"Pose": {

MAH L I "Frame": "Mars",
"Position™: "-2486639.762959 2289259.7627105 -276249.60945501",

"Position_unit": "meter”

"Orientation™; "86.499884 7.048773 -50,392477"
A P S X "Orientation_unit": "degree"
h
}
m m "Mission": {
e C a "Name": "MARS SCIENCE LABEORATORY"
}

"iﬁroduc;t": {
"Version": "V1.0",

® Emphasis on meta data, images & spectra e O e,

"Producer”: "MALIN SPACE SCIENCE SYSTEMS"

b
"PDS": {

w PDS3 -to —Json for ingestion preparation

"RECORD_TYPE": "FIXED_LENGTH",
"RECORD_EYTES": "1632",
"FILE_RECORDS": "3600",

"IMAGE": "(\"1092MHC0003060010400939C00_DRCX.IMG\")",
I i ST e S S ST PO




m PRo3D Viewer - 2.10.0-prerelease1_core - VRVis Zentrum fiir Virtual Reality und Visualisierung Forschungs-GmbH

rdinateSystem ¥ | 1km v @& CTRL+click to place coordinate cross Q Mars ¥ . gale2_core.scn

Non-spatial Data Minerva ]Surfaces Annotations

Analysis Platform

Apply Filter Clear Filter Clear Selection

) ’ (3 : . ' - ; ‘ - B - 5 S
max sol: 3000

MAHLI ' (8734)

APXS ® (317)
FrontHazcamR (3686)
FrontHazcamL ® O (5332)
instruments:
MastcamR (25730)
MastcamL ® Q& (33576)
ChemLib © @ (8751)
ChemRmi ® O (76%90)

Config | Bookmarks | ViewPlanner | RockTypes | Semantics |

¥ ViewerConfig L4
LS

Near Plane: 0.10

Far Plane: 150000,0
Navigation Sensitivity: _l—
Import Triangle Size(m): 1000,000

Arrow Length:

1 PRo3D

3



T .
- .| JOANNEUM \
3D Visualization Engine 1 f:nogl-;;sau:a;’;t; . v r V 'I S R E S ,:_ A R C H )

MINERVA In Operation: Stimson Formation
& Instrument Data

» MastcamR (753)

» Mastcaml (528)

» Chemlib(152)

» APXS(6)

» MAHLI (40)

» ChemRmi (104)

» FrontHazcaml (74)

?» FrontHazcamR (40)

Config | Bookmarks

¥ Bookmarks

° . B rootQO +
) Bookmark #2




Example LOOk for MAHLl E@X VI ViS RESEARCH
night data sets in entire MSL mission

) Minerva - msl_full.csv - a X
Data Dashboard Help Minerva
""""""""""" mpotdata.. o [ @ = @ A & & E B Highlight Selection in PRo3D | | Use as Filter in Pro3D  Download ChemCam Spectral Data 870/\0)/0°8.€,050\6),0/8 4,866

Y Filter: All
! Focus: All

—} Map View

L

Bar Chart  Matrix ~ Categories Instrument_type M IMAGING CAMERA [ SPECTROMETER
44553 -0.2 1,2 14
0,7
37261 40000 ,
=
3 0,6
@
g 30000 g
£ 3 0,5
S P
= Q >
@ 17181 20000 5 g
14087 g 3 04
10261 24 P
8172 10000 b
2159 5 0,3
[ ’
£ & '
& & " s 0,2
o 2 ;: E ‘g l_—ll ] E
P < i 2 B £ 5 2
¢ i 9 E § : : "
! S g E E 2 3 &
= = 7] 2] e C =
n . 2 £ = = 2
2 E 2 & 3 g g = 0
Instrument_name Screen-Space X
QE— ~ Data Table
2013 2014 2015 2016 2017 2018 ‘
" Product_id Start_time Flat_field_correction Instrument_host_id Mission
250000 (15 4103631, CMITISZF) 09/01/2013 06:01:05 MISSING| MSL| VAR SCEN
(15_ 4103630, 15273 09/01/2013 06:02:14 MISSING MSL| MARS SCEN
(15410531, CCAMD115273 | 09/01/2013 06:04:02 MISSING MSLI MARS SCEM
s 200000 | 015, 410%632.. 15073 09/01/2013 06:05:11 MISSING MSL| MARS SCEN
(15 4103831, 152¢1/09/01/2013 06:08:03 MISSING
(2 15071 09/01/2013 06:09:51 MISSING
150000 .COAMI1L5273 | 09/01/2013 06:11:00 MISSING MSL| M4RS SCEN
M1152309/01/2013 06:12:09 MISSING MSL| MARS SCEM
- 15073 09/01/2013 06:21:19 MISSING MSL| M4RS SCEN

100000 1/09/01/2013 06:22:35 MISSING, MSL MARS SCEN

(05_ 4103643, CCAMIZISF3 09/01/2013 06:23:44 MISSING MSL| M43 SCEM

. . ) . o . . (15410364, COMNRI5273 08/01/2013 06:25:34 MISSING, MSL|aRS SCEN

50000 (s A1 1/09/01/2013 06:26:44 MISSING| MSLIVARS SCEN

. 3 = dE. e o | e .+ 15 4103 09/01/2013 06:29:36 MISSING, MSL|VaRS SCEI

. 2 I I S o . . - o v B CCAWI215273|09/01/2013 06:31:26 MISSING| MSL|MARS SCEN

- C o S st ) Ty R e SRS 43, CCAWISIP) 09/01/2013 06:32:34 MISSING MSL|MARS SCE
Start_time

vr yis Data records: 137252; in focus: 137252 (100.00 %); Highlighted: 0



@ Minerva - msl_full.csv o O X

Data Dashboard Help Minerva
impotdata... = [0 (@ = EH & & ¢ k= T Highlight Selection in PRo3D | | Use as Filterin Pre3D  Downlosd ChermCam Spectisl Data

Y Filter: All
.| Focus: Start_time [31.5.2012-6.8.2018] x Exposure_duration [34708 ; 49852]

n of Categories = Map View
Bar Chart  Matrix  Categories Instrument_type M IMAGING CAMERA W SPECTROMETER
- 5 -0,2 1,2 1,4
2 0.7
o
=
=1 0,6
15 §
< =
= 1 1 S 0,5
g 18 5
¢ 5 @
-
E 2 08
= 9
0.5 +
@
g 0,3
w
= tc ?
g’ r:".‘ & =2 g Q e | E e
g :. 2 = - = = g
5 & = = 3
S = S £ =2 = W ka 0,1
o =3 i 3 w3 -, §
3 (=] S :) > P oJ =
= = = & = i o=
g = = = = & 2 2 0
Instrument_name Screen-Space X
Timeline B | Details =
Data Table
2013 2014 2015 2016 2017 2018
Product_|d Start_time Flat_field_correction Instrument_host_id Mission
250000 1230MHICOSE. . 504000_DRCK| 22/01/2016 06:14:43 False MSL| M4RS SCEN
505006 _DRCX 22/01/2016 06:15:30 False MSL| MARS SCEI
0206MI 16/06/2018 13:57:13 False MSL| MARS SCEM
- _.I._ 200000 13:57:13 False MSL| M&RS SCER
E 275 FRAZIO206M1 | 16/06/2018 13:57:13 False MSL| MARS SCEN
= 0543MA00213..674000_DRCK 14/02/2014 18:06:32 False MSL| MARS SCEI

Use the Timeline View

to find products with long
exposure durations

Start_time

vrvy i s Data records: 137252; in focus: 6 (0.00 %); Highlighted: 0



@ Minerva - msl_full.csv - = X

Data Dashboard Help Minerva
Importdata... o [ (& B B A & = B Highlight Selection in PRo3D | | Use as Filterin Pre3D  Downleed ChemCam Spectial Deta

' Filter: All
. Focus: Start_time [12.7.2012-6.8.2018] x Exposure_duration [34708 ; 291361]

Selection of Categories ~— Map View
Bar Chart Matrix Categories Instrument_type M IMAGING CAMERA Wl SPECTROMETER
5 -0,2 1,2 1,4
60 0,7
3
50 é 0,6
2
. 40 =
= 0,5
S 305 >
. S =
=1 o
20 § §,— 0,4
11 §
N S e =
" = <
if L &5 &= 0,2
] o & t, g &= & &
= - & 5 = = b=t
ﬁj é é = [=3 lﬁ'. o L(,
‘,‘: § ¥y} \{ ﬁ § e o 0,1
= % o J : = = .
2 o S = = i = e
. % '.7. = el = E e
g 2 2 g = = = & 0
Instrument_name Screen-Space X
: Data Table
2013 2014 2015 2016 2017 2018
e Product_Id Start_time Flat_field_correction Instrument_host_id Mission
250000 IDGAVHICD47. 554000 _DRCX 04/08/2015 17:47:18 False MSL| MARS SCEM
105AHI00N7. .555000_DRCX| 04,/08/2015 17:48:27 False MSL MARS SCEN
QO0_DRCX 04/08/2015 17:56:13 False MSL| MARS SCEM

200000 | 105amHIG0 {_DRCX 04,08/2015 17:57:20 'MSL] MRS SCEI

\

)
J
v

: ] , ' The MapView shows the
S pveis _kun__soo |y 3l |ocation of the products
as seen in PRo3D

vr vi §  Data records: 137252; in focus: 103 (0.08 %); Highlighted: 0



&) Minerva - msl_full.csv — O X

Data Dashboard Help Minerva
Importdata... = [ [ B 8 & & & E & Highlight Selection in PRo3D | | Use as Filterin Pro3D  Downlosd ChemCam Spectizl Deta

Y Filter: All
.| Focus: Start_time [12.7.2012-6.8.2018] x Exposure_duration [34708 ; 291361] . Screen-Space X [0,47836 ; 0,52045] X Screen-Space Y [0,32234 ; 0,36935]

v ” . a ¥ - = =
Bar Chart Malrix ~Categories |Instrument_type M IMAGING CAMERA M SPECTROMETER
56 -0,2 1,2 1,4
30 0,7
25 8
3 0,6
&
= 20 o
2 S 0,5
S 155 >
=4 @
£ o
o
10§ | & 0.4
m -
0
-5 — o o
i b = E‘; & b = 5 02
: & E = 2 = & 2
= (=1 - =
{3 O £ E = u é L’ 0.1
= o < % o 5 % 5 -
2 "-,5 ;x':' = = = — >
g g — g g % wy -
= + F S S = = 2 0
Instrument_nam Screen-Space X
Timeline o —
Data Table
01.2016 07.2016 01.2017 07.2017 01.2018 07.2018
Product_id Start_time Flat_field_correcion Instrument_host_id Mission
. 250000 LDESVHICDYT. ESLCWJ[_DPEIAOL'OS:?O15 17:47:18A False. MSL.V.LF\S SCEN
105AVHINY7. 355C0C_DRCX 04/08/2015 17:48:27 False MSL| MARS SCEM
1DSMHI0047. . STECD0_DRCX 04/08/2015 17:56:13 False MSL| MARS SCEM
R 1054WHI0047. .57100¢_DRCX 04/08/2015 17:57:20 False MSL] MARS SCEM
E 00000 1123WHI0047...§1500_DRCX 04/10/2015 09:03:13 False MSL| MARS SCENM
s 1123WHI0047. . §18000_DRCX| 04/10/2015 09:04:20 False MSL M4RS SCEN
e
=
o
o 150000 .
g e >election now
2
a4 ® - .
Sl llE only contains a
> e ° LR J E -

Pl  handfull products

Start_time

V r Vis Datarecords: 137252; in focus: 38 (0.03 %); Highlighted: 0



'@ Minerva - msl_full.csv - O X

Data Dashboard Help Minerva
Importdata... o [J [# [ E & & = B Highlight Selection in PRo3D | | Use as Filterin Pro3D  Cownloed ChemCam Spectis] Dete
7 Filter: All 0
| Focus: Interval: Start_time x Interval: Exposure_duration . Interval: Screen-Space X x Interval: Screen-Space Y  Instrument_name (MARS HAND LENS IMAGER CAMERA)
' N A e ’,~ - R S e Tt ) ] )
: ‘Selection of Categories = Map View
Bar Chart Matrix Categories Instrument_type M IMAGING CAMERA I SPECTROMETER
i -0,2 1,2 1,4
30 0,7
25 8
5 0,6
g
=2 S 0,5
= 15 ? >
! @ a
= o
o
0§ & 0.4
= =
&
5 2 0,3
wm
" " "
g l.—lé’ 8 & g = 2 i 0:2
wh © L= B : e o
w e
| . & o g = = 01
2 2 o = = S &
= = = £ £ et s =
v = = w [¥2] -
o = o = &
g g g & & = = = 0
Instrument_name Screen-Space X
Data Table
01.2016 . 072016 01.2017 07.2017 01.2018
Product_Id Start_time Flat_field_correction Instrument_host_id Mission
106AMHE0047. . 554000_DRCX| 04/08/2015 17:47:18 False MSL| MARS SCEN
110000 (0047...355006_DRCX 04,/08/2015 17:48:27 False MSL| MARS SCEN
S7HQ00_DRCX| 04/08/2015 17:56:13 False MSL| MARS SCEN
i 047..37100¢_DRCX 04/08/2015 17:57:20 False MSL| MARS SCE
w - 1 p
E 100000 11230400047, .§15006_DRCX. 04/10/2015 09:03:13 False MSL| MARS SCEN
S 1Z3VHICOST. 15C0E_DRCX D4/10/2015 09:04:20 False MSL| MARS SCEN
B
= 90000
8l
g om those we onl
! EY h W
X 80000
70000 E C
e e products

Start_time

V r vis Datarecords: 137252; in focus: 30 (0.02 %); Highlighted: O



@& Minerva - msl_full.csv — O X

Data Dashboard Help Minerva
Importdata... o [ [ =2 B A @ = B Highlight Selection in PRo3D | | Use as Filter in Pro3D

i Downlced ChemCam Spectral Data
................................ 3

¥ Filter: All
.| Focus: Interval: Start_time X Interval: Exposure_duration . Interval: Screen-Space X x Interval: Screen-Space Y . Instrument_name (MARS HAND LENS IMAGER CAMERA)

Selection of Categories = Map View
Bar Chart  Matrix  Categories Instrument_type M IMAGING CAMERA W SPECTROMETER
i -0,2 1,2 1,4
30 0,7
25 8
8 0,6
=
= 3 0,5
B 155 >
¢ 5 @
= o
<
10 S = 0.4
= L
@
5 g 0,3
v
= 0
& b = H & g & & "
S & & = = < = =
% = =3 = - -
g S & b = ¢ & B 0.1
= & = = o S S =
= = i i - - =
2 = s g g & < £
= = = S & = = 2 0
Instrument_name Screen-Space X
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MINERVA Use Cases ‘ 2 fja\h‘ﬂ*»))j

ID Actions Envisaged Results / technical comments MINERVA ID Actions

RVA
components 5 ‘ onents
[UC-1] | Add ExaMars science team data and ExoMars instrument data are held in the DB and can be | DBMS [UC-10]| Search the data of laboratory \}e( \'\ 0o 5, PRo3D
meta information to the DB; emphasize | accessed by scientists. instruments (spectrome*~ 'ag e 0 'ax\?’ ‘ (\g e
PDS format : | A\ \1 \ \‘(\‘3 \_e.“
[UC-2] !, Add ExoMars PanCam 3D Vision Surface image data can be immediately explored in a DBMS [UC-11]] Ma_| 5\\’“ G\' 6 ¥’ (®) 0o e C!G C‘\\,\ “PRo3D
“=argsults to the DB. spatial manner. Bve - 13\,\ . (\N\% “(\E‘- . \\G% patial
[uC-3 . | Outcomes of typical database queries. DBMS, PRo3D G‘ ‘aG\‘e(\ a Q'a\ ,a'(\d G\‘e’(\‘é
[UC-12] \! \_53 (-a \'(\\ ey
| . 0(\ ? G ) (o) ‘\) Visplore
[uc = 2=t is visualized. Overview of available | DBMS, PRo3D . QB(E’\ ?(Qd\) e\( 3 . a‘)e‘-c‘\
Ve ——=ra gyverlaid that can be [UC-13] d\% . \)\‘a‘ \Q\; \\\ ‘\(\6\( t DBMS, PRo3D,
rla ) 0\‘6 " _wof products with Visplore
[UC-5] | Select any data blobrow... DBMS, PRo3D,

6\(\3@6 .

—coverage per instrument /
\‘(\e' _«oN [ etc_, possibly to inform taking further
~amples with particular characteristics

~alE g_, get timelines of previous exploration DBMS, Visplore

in the “spatial” map or e.g. on @ me.

line. Multi-selections of data blobs are Ve

allowed. of the largest oam.

data are listed in a data €Xpre.

view plane.

[UC-6] | Measure / annotate on 3D surfaces in Measurements/annotations are available in DB anowe.._

PRa3D. be accessed by other users in PRo3D DBMS, Visplore
[UC-T7] | Store the actual product selection and User specific application entry. Set pointer ont~ .

e.g. camera views as “session profile” product on server DBMS? as bei=—

that can be re-loaded and manipulated | specific selection M~
at a later time.

"_O G ~articular products, and the clustenng

[UC-8] ~user handling: different users - . o . - S
. - products by their characteristics . ¥

[U ) 7 nt nghtsrfor loading & \0(}3"_\0 . S.‘-\GS (e.g., the shape of their spectrum) ~

[UCE 7 ] ‘-ac'\_eﬂ‘ DBMS [UC-16]| Context-aware selection of products by . ore
. Cha ’ pgoa[imspmfe location/time/rover orientation “ O -
transionm. finstrument specific meta- -
rfg'}:tg};ng différen. information/etc. as well as by features eW { '\‘E\'\S‘“C‘S
S

g

/
® Client generates query, user selects whan ./.?d/O/' Q’ . SEM C
such as download, display, mark as component ora..., rl// m Ofre/a R
viewing protocol (e.g. Viewing of OGC-WMS delivering R, é?l‘en thn
requiring meta data and spectra (both for download). WFS supports dows,.. i/

? Minimal version: Storage locally of a dedicated file
_ different users can |

UC-17] Bit
=nlore. Server supports [ ]

h Visplore only cha

10| jgt Afsimmmn Aot

Clien UC_B] MU‘“ user handhng . . or user [[UC-18]| User- o) «oMS, Visplore
ot | ' ifferent rights for loading anad . spect types, | - vetween
OAut be gl‘u’E’.ﬁ differ . ” ar- at theil \f
speci . . ( i f“es ] . [UC-19]| Annota _persistent knowledge representation DBMS, Visplore
NF;rro m‘aﬂ lpu \Eltl ﬂg SGSSIOF\ pr?’_“s —=cussea; uniy small group of hav;e bte e“c ot the pr.laductshas tag si e_%_, ta:clgging Slr_!'bsets of
peopl, B context- e 1) images as place where water has flown, where

particular chemical elements prevail, etc.
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Applications Programme (ASAP14) funded by BMVIT. JR, VRVis

and EOX co-finance the activity. De mo on Wed N eSd ay

SMW1.15
3D GIS MINERVA Interactive Demo — Geospatial overview of full MSL mission with instrument interrelations»
Convener: Gerhard Paar Q, | Co-convener: Thomas Ortner Q,

Wed, 18 Sep, 13:30-15:00 [ Ceres (Room 14)

MINERVA (see https://meetingorganizer.copemicus.org/EPSC-DPS2019/EPSC-DPS2019-496.pdr being presented in MITS, Mon Sept 16th, 13:45-14:00 in
Room Moon) provides a 3D data base, an interactive 3D viewer with GIS functionality and a visual analytics platform that helps find correlations between
data coming from different instruments to discover new modes of scientific exploitation. We demonstrate the system with emphasis on data presentation
and interaction of five instruments of the full MSL mission. You will see how to find out new correlations between instrument data, associate across
instrument and telemetry data (spatially, temporally and in the multitemporal space of meta data), and find new and astonishing patterns in the data. Al
s visualized in real-time, based on the multiscale 3D vision data products from HIRISE and Mastcam.
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Approaching Virtual Environments & ... Thanks!

® MINERVA: www.minerva-space.at

® PRo3D: www.pro3d.space

® Visual Analytics:

https://www.vrvis.at/research/projects/visplore/
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