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Purpose of (3D) Vision on Mars

w Context ®w Inspection
® What is interesting ? ® Am | doing well ? ijerial Gailcge
w Where to go next ? @ Science. ... |

w Navigation w & Collaboration L3 e S
® Wheream| ? o i | ’ .
@ Which path to take ? AR
® Am | moving correctly ?

w Any hazards ?

a
of exposed stratigraphy
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Targets of Rover Imaging: Customers / Functions / Products

m Mission Clients = 3D Mapping
® Rover Driving Team to plan ® On-board path planning & hazard

_ _ avoldance
= Scientists to plan w On-ground for tactical & strategic

® Scientists to analyze planning

®m The Public ® Navigation
® For education ® On-board visual odometry

® On-ground absolute localization
W ASs tax payer

& For science | Vlsuallz_atlon | |

® Planning & understanding operations
® Planning & understanding science
w Context for instruments
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| PRoV|P Batch Stereo / 3D Vision Processing

® DTM, Panoramas, other 3D data products
from PanCam/NavCam/LocCam

Credits: MURFI Team

® PRo03D: Interactive Real-Time Rendering
® Huge multi-scale 3D data
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Planetary 3D Vision — PRo3D Viewer

Planetary Robotics 3D

Viewer (PRo3D) developed

by JR |Ong_term partner PRo?Dstandaloeevereioe (here: annotation mode)

VRVIS is an interactive real- =« c- 7 oo s v mi e
time renderer to explore 3D o o

# Annotations

vision products. e

http://pro3d.space/

Visible:

Technology

Show DnS:

Height:

HeightDelta:

Length:

Waylength:

3 Actions

PRo3D, short for Planetary Robotics 3D Viewer, is an interactive 3D
visualization tool to allow planetary scientists to work with high-resolution 3D

reconstructions of the Martian surface.
Remove:

Who uses PRo3D?

PRo3D aims to support planetary scientists in the course of NASA's and ESA's missions to find signs 1 Selection:

of life on the red planet by exploring high-resolution 3D surface reconstructions from orbiter and
rover cameras.
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interactive rendering of multi-scale 3D surfaces in
different render modes (i.e. solid, wireframe)

efficient large-context navigation in the 3D scene using
explore, free fly or orbital mode for overall scene
understanding

Ordered Point Cloud format* (OPC) containing 3D data as
real Cartesian coordinates (x/y/z) in different pre-
processed resolutions to facilitate position and
distance dependent level-of-detail rendering

visualization & navigation of huge datasets (,no limits”
due to out-of-core technique)

visual fusion of multi-sensor and multi-scale data

visualization and manipulation of other data, such as
vrml objects, trajectories, 3D point lists and sub-suface
radar scans

*OPC format developed by VRVis & JR

JOANNEUM

THE INNOVATION COMPANY RESEARCH ERYSTWYTH

UNIVERSITY

HIRISE geometry &
orthographic image

Rover positionson

SAFER pancam WISDOM

radar fusion

Sol1073" -

MER-B traverse

MER-B PanCam stereo
panorama captured on Sol1073

HiRISE super resolution texture:
Credits Tao & Muller, 2016

2 'Solid and wireframe rendering of SAFER pancam data
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handling of multiple textures and maps (DEM by-products) for 3D geometry g sies Ty Sobg®eyd N
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S oL MSL ang,MER-B data |

measurement tools for exact geological assessment of the surface

annotation of surfaces and other scene elements

view planning and simulated view functionality to simulate various instruments’ field of
view

user interactive transformations of all supported data types

multi user handling / data exchange

MSLE"Mastcam 100mm, WBL planning-Scenafio-
Sol 981 = Sol 986,-stereo base ~50m, distance to ROl ~170m
View planning foresees‘occlusiontin eam view Sok981
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Color coded accuracy map visualization g Annotations of regions and features


file://upload.wikimedia.org/wikipedia/commons/d/da/Roscosmos_logo_ru.svg

Lesa B D . . . vrlvis| ioaey
Supporting Data Fusion and Levels of Detall
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Interaction iIn PRo3D:

Geological Annotations §

Geometry
Style

Text

Projection

Derived Values
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Work In Progress:

Multiple Layers Data Structures & Rendering
Multiple Textures Attribute Layer
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e eareing Dlatform te Tover InstrumentPlatforms.dll —
- WISDOM PRo3D Robotic Interface

— Dillk&:GClRssmsmmnmnmnmmmnsumnusirsss il oy -
— ISEM, TSPP, ....
« Moving camera

Pro3D Viewer (Version 0.0.14m}
Stort ViewPlanner

a | ExoMarsRover -

Pick

| Points A

Unentacdhots
WisdomScans
Bookmarks
Lighting
# Trajeciones
« MER-B_UCL-Updated Traverse Sol722-10-S01168
1

* Generic interface

ExomarsViewlonfia
4 Platforms
ExoMarsRover
4 Measurements
MPoint
Mpoint |
MIPoint -
40 al »

— Allows defining mirror views as
additional instrument option

« Platform geometry and instrument
characteristics are defined in xml file

9 Rover
Rover: ExoMarsRover

Name: ExoMarsRover

« Interface: C functions and structs (can be
used with C++, C#, Python, ...

Instrument:

Pan Axis |
38.84892086330048

Tilt Asas

<l-- Left Wide Angle Camera (AUPE), as calibrated during SAFER field trial in Chile -->

AUPE>
- AUPE WAC camera specifications:

-25.1228201438849]

const char* pcPlatformId ):

Sensor Resolution: 2452 x 2056. Pixel si 3.54um. Sensor = B8.45x7.09mm. focal length: 12Zmm. ag be r n 2
39°x33%. -->
<Intrinsi > r ¥ x

< image dimensions in pg (PRo3D: for correct image size rendering) >

<Resolution>1024, 1024</Resolutions<! binning! > L RAaRs

<ZoomStep>

—— focal length in mm (PRo3D: as user information) ——> Dist: 111,94 r a int 5 :
<Focallength»12</Focallengths .
Bearing: 352,34 *7 GetNrofPlatformxes retrioves the mumber of all ax ving o modify che ext

<Filter>

-- filter id --» s Sad G e —
ilterIb>all</FilterID> Pitch: '7,12 e fors o WRILh BE OF
<! focal lengths per el (PRo3D: optiocnal/not used) > ' ' i 2 . ho s o platsom
{Fnr!a]Ii:gthp;il;sz?s;l?li.ﬂﬁZ 511{/?0;"51'\:&:;1’}'\‘;)() h Pos: [3376385-, ’325131-69. ‘121327-73. W
XPORT

<!-- angle (gon) for camera horizontal FoV-->

<HorizontalFoV>37.000</HorizontalFoVs - adapted with respect to reduced sensor size & Rendy
angle (gon) for camera vertical Fov

<verticalFov>37.000</vVerticalFovs>

_EXOMARSPANCAM_INSTRUMENTPLATFORM:
ed int GetNrOfPlatformAxes(

char® pcPlatformId ):

pted with respect to reduced sensor size due to binning & cut gfifs for AUPE ——>
<!-- pixel coordinates of the principal point --> i
<PrinciplePoint>512, 512</PrinciplePoint> * A
<GeometricDistortion> Z ot = 2 i 2 -
<Method></Method> . iR oy
E tangential & radial distortion coefficients > ik e ™ = : 3
cefficients></Coefficients> . 0 nror
</Geometricpistortion> » ar
</Filter> %8
</ZoomStep:>
</Intrinsica>
<RelativeOrientation>
<Referenceframe>WACL AUPE</ReferenceFrame>
<!-- 3D camera coordinates (meters) -

ormPointsonGround,
\t nNrofplatformaAxes ):

YZPosition»0.000, 0.000, 0.000</XYZFosition>

3D components of the camera up vector >

<CamUpVectors0.000, 0.000, 1.000</CamUpVectors

D componenta of the camera look 4t veeter —» (TH C &
<CamLookAtVector>1.000, 0.000, 0.000</CamLookAtVector> ERSITY DHB
ZmoundingBors DLR

cAwioins—A AEA  —A AAE A ANE« fowdmins

JR_EXOMARSPANCAM_INSTRUMENTPLATFORMS_EXPORT int UpdatePlatform( SPlatform* poPlatform ):
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View Planner

* Simulate views
— Cameras

— Footprints of
Instruments

Bounding box projected i
onto Planet DTM / Ortho

Dynamic / interactive
display for planning ———
— 1/0 of pointing angles N

HiRISE super resolution texture:
Credits Tao & Muller, 2016
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Global Wide Baseline View Planning & Verification
on HIRISE DTM & ORI - Long Range NaV|gat|on DTM

SN ML e T e
SMEL IS _MastCams_OnkXMMRawer

axsC arm_OekX
Hamwe IS8_MSL_MastTam |
s B +Plan
e IS
£
Opon Fostpnnt Foicer |

— - Stereo o

Tument A—L".

o »=  CLUPI &
— e = PanCam

& TSPP

WBS MSL Mastcam pair Sols 984-986 with 7m baselength (comparing real images and virtual renderings
of HIRISE base map from the same position); distance to main portions of the scene about 170m
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Inspiration / Complement for maintenance & display of observatlons & Landmarks:

3D HIRISE &
Rover 3D
Augmented
Database

Geo-
Located
Images

&

Target
Location
Displayed

Credits: NASA / JPL
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8 Chrome File

Edit

View

History

TRO

Bookmarks

ttro-sim.m20-training. jpl
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Window

Help

Query
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Registered
Image

Credits: NASA / JPL


file://upload.wikimedia.org/wikipedia/commons/d/da/Roscosmos_logo_ru.svg

.znﬂft . . \ N
\usr\rocc\PDS4\PASTEUR\RAMAN2\So0l0044\Frank23_v1.3.xml ‘ S V r V'I s é%’é?ﬁé%ﬂ )"1,)))

P Instrument data presentation within PRo3D:
AN Initial simplistic view

...... ‘ ' y i, ] oy

® Measurements are ——
i i !
. . ' ~° Sol=a4 B3

® Clicking therein _ SW Version=2.4.1 2

results In | Shift Scientist=Frank -

® |launch of custom A
presentation HMI .-

® Read-out & Display of
Generic Instruments
Data Dist: 11.93

SBearing: 338.78
Pitch: -33.37
Pas: [-15.83, -10.05, 1.1



file://upload.wikimedia.org/wikipedia/commons/d/da/Roscosmos_logo_ru.svg

MINERVA Scheme

ExoMars Instruments’ data:
- Footprints
- Frustrum
- GUID / PDS Link
- Relevant resources

- Images

- Spectra (ISEM,

[Ma_MISS], ..)

- H20% (ADRON)

- vtk file (WISDOM)

- Statistics

- Specific Instruments’ analysis
SW Launching

] @ ®
P ¥ T
User 1 User2 User3
|

|

( 3D Visualization Engine

Geospatial Data
I

3D mode

Geospatial Data ,
pr— ==

Analysis Results 3D
Observation
Data Base

PDS et al

I 12 13 |

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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PRo3D: Epr0|t object representation assets to
represent Instruments’ Observatlons footprints
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Visual Analytics: The Visplore Component
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WISDOM Ground Penetrating Radar Fusion

¥ [C=SaE—x

New v Open Save SaveAs Render Style: + LoD  Add Bookmark Center Scene W&| Cam Te Point Point To Peint Point

Scene (XML)
Surface (OPC)

Ia:

Path: C\Users\Gerd\Desktop\SAFE|
Camera Path

Oriented Shot (VPOS)
4 Exomars.Base.Scene

3D Model (VRML)
4 Surfaces

Wisdom Scans (VTU) Pland-sphericalDem-RGB
SceneCbjects
CameraPaths

Pathl
PathAnimations
OrientedShots
WisdomScans
Bockmarks
MezsurementList
Lighting
ExcmarsViewCenfg

Credits:
SAFER Team /
WISDOM Team

Scene loaded C\Users\Gerd\Desktop\SAFER-Chile2013-Pland-spherical-RGB\SAFER-Chile2013-Pland-spherical-RGB.xm|
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Credits: SAFER Team / WISDOM Team
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Science Collaboration
Aspect:Virtual Reality

m E.g. RAVEN Idea ™ Interactions on 3D Context
by Aberystwyth & Instruments’ data m Multiple
University ® Joint annotations Instances running
®m Joint Measurements In parallel
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Simulation by PRo3D (e.g. for training): pha).....
Place Shatter Cones within ,natural® environment

® 3D Reconstruction of real (terrestrial) shatter cones

® Place them in real scene

Ll :
L Start ViewPlanner
[ g~ |
‘ g ;EXP’OVE 2 g Mode: Point - Linear - a Id: shattercone
agn . | .
| Navigation | Measurements Style: - v| 25 E Place  path: Y:ACommon\Projects\mastcz [GoTo
| | Item

I [¥102_03_masked2

I [#102_03_masked3

I [ﬂ?i,‘.}é,:*wasﬁe:i
@Dinosaur_Quarry_‘i

SceneObjects

CameraPaths

PathAnimations

CrientedShots

WisdomScans

Bookmarks

at certain distance

Lighting
Trajectories
ExomarsViewConfig
Platforms
Measurements

[[]

s Viewer Properties:
Level of Detail Coloring:

=
Automatic Clipping Planes: ]
Near Plane: 0.01 @
Far Plane: 10005.38
~_~  Navigation Sensitivity: 063 &
UpVector NorthVector
X -os00f3 X 02243
Y osau V| 0149
zZ o200z o092/

Show UpVector: 1¥]
Show NorthVector:
update: v
. - . . S Arrow Length: 0.00 (]
Dist: 2,34 , ~ - — Line Length: 0.00 [
Bearing: 316,23 ’ Plane Size: 100 2]
zlt‘_:h : ;3 131 - Min Dipping Angle: 0.00 =1
os: [-3.180, =G _ Max Dipping Angle: 90.00

Ready
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Further Examples

JOANNEUM ,

w Positive identification challenging, but feasible. e~~~ & -
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V) 135ke
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CameraPaths
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= — — - =B8] =

e
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Item

Measurements >
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. - 72
Level of Detail Coloring: - o d
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CameraPaths
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ExomarsViewConfig
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Relevant Aspects not to forget...

Updating SPICE Kernels & Instruments' calibration conditions

® Versioning in 3D products / localization of instrument data

Archiving OPCs
® Not PDS4 — compatible

Maintaining a unique 3D data base (cf JPL/ASTTRO)

® Fusion of HIRISE DTM & Rover imagery

® Mixture between engineering & science-driven products

® \Versioning, related to source data coming in, SPICE & calibration updates,....

Access rights to data between international teams
® Adding credentials to each data element?

Tools’ et al originators to be mentioned in publications (Digital watermarks...?)

PSA Synergies? = 3D GIS Functionality / close-range & multi-scale capabilities / ....

.... Many more aspects, requires workshop/s & training on their own

JOANNEUM N\ 8 A v rrase =
RESEARCH )))) & ERYSTWYTH#7
D)) SASERSTYIH S OHB
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Imperial College
London

Validation started: MSL Data Processing Results & Visualization in Use by Scientists

Barnes et al, 2018

AGU 100 Ul':.

Dist: 10.54
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Key Points:

+ Processing of images from
stereg-cameras on Mars rovers
produces 3-D Digital Outcrop
Madels (DOMs) which are rendered
and analyzed in PRe3D

» PRoAD enables efficient, real-time
rendering and geological analysis of
the DOMs, allowing extraction of large
amounts of quantitative data

+ Methodologies far sedimentalogical
and structural DOM analysesin PRa3D
are presented at four localities along
the MSL and MER traverses

Supporting Infermation:
+ Supporting Information 51

Geological Analysis of Martian Rover-Derived Digital Outcrop
Models Using the 3-D Visualization Tool, Planetary
Robotics 3-D Viewer—PRo3D

Robert Barnes' |, Sanjeev Gupta'| , Christoph Traxler® |, Thomas Ortner®, Arnold Bauer®,
Gerd Hesina®, Gerhard Paar®'_, Ben Huber®*, Kathrin Juhart®, Laura Fritz?, Bernhard Nauschnegg?,
Jan-Peter Muller®* |, and Yu Tao®

'Department of Earth Science and Engineering, Imperial College London, London, UK, *VRVis Zentrum fir Virtual Reality
und Visualisierung Forschungs-GmbH, Vienna, Austria, “Joanneum Research, Graz, Austria, *Now at ETH Zirich, Zirich,
Switzerland, *Mullard Space Science Laboratory, University College London, Londaon, UK

Abstract Panoramic camera systams on robots exploring the surface of Mars are used to collect images of
terrain and rock outcrops which they encounter along their traverse. Image mosaics from these cameras
are essential in mapping the surface geology and selecting locations for analysis by other instruments on
the rover's payload. 2-D images do not truly portray the depth of field of features within an image, nor
their 3-D geometry. This paper describes a new 3-D visualization software tool for geological analysis of
Martian rover-derived Digital Outcrop Models created using photogrammetric processing of stereo-images
using the Planetary Robotics Vision Processing tool developed for 3-D vision processing of ExoMars
PanCam and Mars 2020 Mastcam-Z data. Digital Outcrop Models are rendered in real time in the Planetary
Robotics 3-D Viewer PRo3D, allowing scientists to roam outcrops as in a terrestrial field campaign.

- Data Set 51
. Dm: St 52 Digitization of point, line, and polyline features is used for measuring the physical dimensions of geological
- Data Set 53 features and communicating interpretations. Dip and strike of bedding and fractures is measured by

: ';:" ::; digitizing a polyline along the contact or fracture trace, through which a best fit plane is plotted. The

. a

. Data Set 56 attitude of this plane is calculated in the software. Here we apply these tools to analysis of sedimentary
- Data Set 57 rock outcrops and quantification of the geometry of fracture systems encountered by the science teams of
: ';:“ :‘:: MNASA's Mars Exploration Rover Opportunity and Mars Science Laboratory rover Curiosity. We show the

. & et

- Data 5et 510

- Data Set511

benefits PRo3D allows for visualization and collection of geological interpretations and analyses from
rover-derived stereo-images.
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