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Dozens of Vision Sensors on Planets
Hundred Thousands of Images

Vv rivis 4#7
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TAS-I / gmv/ETHZ / JR

Pan & Tilt

Sun Sensors (2)
Mechanism

X-Band Steerable
4+~ Medium Gain
Antenna

Camera Mast =

X-Band Low Gain
Antenna

Deployable Solar
anel (2)

Haz Cams (4)

Rosetta Lander Philae

SAM Solid Sample Inlets
Organic Check Material
CheMin Inlet

Turret-Mounted
Devices

Drill bit boxes

Observation tray
Robotic Arm
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PRoVIDE Objectives & Layout

« Many of the images were only processed under mission-pressure
without further exploitation =

« Harvest literally all [available] Planetary surface-captured vision
data

* Process in 3D Vision terms for further scientific exploitation
« Embed into 3D data base / Visualize in GIS (2D) and Renderer (3D)
| —

Science

Products Specification ‘
‘ S Exploitation
Data Catalogue

o}
o |Pathfinder Www »|  Public
® _ Engine
o Phoenix Processing
o}

Huygens
8 Luna
[0
-l

Robotic Missions Robotic Missions
Vision Data Vision Data

D
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Processing & Data Presentation Environment
S, PRoGIS (2D & Context)

MSSLUD - MSSLUP

— N i — Data Selection

MSSLU1

Task Distribution Daemon

riwie — riwle % riwle CC;
: < Knowledge

PRoVIP -1
—— /soft/imaging/projects/provisg/PRoViP A b O ut
PDS Mirror: r PRoViP -2 : 3 D P rOd u Cts:

/disk/ MERSCRATCH/scratc
h

MSSLUA

PRoViP -3

w PRoVIP invoke: riw
/disk/image_data9/mars/provide/provip_invoke =—"-
(list.xml; work_flow.xml; param_xml)

rw PRoViP working dir: r'w
J/disk/image_data9/provide/provip_work i
(intermedia file exchange between workflows)

T PROVIP result W
di rovide/provip_result

PRoVIiP: 3D Vision
Mass Production

PRo3D (3D
Geologic
Assessment)

D
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Pao EPSC2015-291

& Orbit Images

Foster Program [/ Attendance Tue, 29 Sep, 17:45-19:15 / Poster Area

& spatial planetary image database in the context of processing

K. Wilfner, E. Tasdelen and the PRoVIDE project Team

- Provi12
1
e PRO;GEE—B = Browse It Structure [ SQL 4 Search  ¥¢ Insert [ Export 5} Ilmport | #” Operations = Tracking
—H] Tables
& New # Showing rows 0 - 29 ( 2,439 total, Query took 0.0006 sec)
T—_] Apollo_Image
T—_] DataType
T}] ﬁn':”::—DTM SELECT *
i) Imag FROM “MSL_Rover_Image’
T—‘_] Image_has_Image LIMIT 0, 30
+H=] Instruments
I
HE IPR [ Profiling [ Inline ] [ Edit ] [ Explain SQL ] [ Create PHP Code ] [ Refresl
T_‘_] MER_Rover_Image
'I"*._] Missions 1 > > Show : Start row: | 30 Number of rows: |30 Headers every | 100 rows
T—‘_] MPF_Image
——‘_’_] MSL_Rover_Image Sort by key: None
=il Columns
i, New + Options
il Azimuth +— T + Images_idimages Instruments NaiflD RoverlLatitude RoverLongitude KernelForLatlon Azimuth Elevation KernelForAzEl Start_Time Stop_Time Site Drive
il Drive [ & Edit % Copy @ Delete 87447 76231 137.442 45895 kernels msltxt | 58.3494| 86.6673 kernels mslixt |2012-08- 2012-08- 001 0008
il Drive_Int 07T04:50:59.5647 | 07T04:50:59.5647
il Elevation [ o Edit % Copy @ Delele 87448 76231 137.442 45895 kemels mslixt | 58.3494 86.6673 kemels_mslixt 2012-08- 2012-08- 001 0008
il Images_idimac 07T04:51:05.5663 | 07T04:51:26.5645
il Instruments_N. [0 &7 Edit %< Copy @ Delete 87449 -76231 137.442 -4 5895 | kernels_msl txt 68.8831| 254305 kernels_mslixt | 2012-08- 2012-08- 001 |D00B
—l KernelForAzEI 08T04:27:46.3539 | 08T04:27:46.3539
il KemelForLatlc | 1 > Edit 3z Copy @ Delete 87450 76231 137.442 45895 kemels msltxt | 412704 26.0286 kemels mslixt | 2012-08- 2012-08- 001 0003
il RoverLatitude 08T04:28:16.3525 | 08T04:28:16.3525
—il RoverLongitud: [ ¢ Edit F¢Copy @ Delete 87451 -76231 137.442 -4 5895 | kernels_msl txt 326165 29.8579 kernels_mslixt | 2012-08- 2012-08- 001 |D00B
il Site 08T04:44:43.3610 | 08T04:44:43.3610
—il Site_Int [] & Edit %t Copy @ Delete 87452 -76231 137.442 -4.5895 kernels_msl.txt -172.889 355951 kemels_mslixt 2012-08- 2012-08- 001 0D0OS
Start Time 08T04:45:42.3624 | 08T04:45:42 3626
—iH _
i Stop_Time Edit % Copy Delete 87453 -76231 137.442 -4 5895 | kernels_msl txt §1.1048 76.252 kernels_mslixt | 2012-08- 2012-08- 002 |D0O0D
| E
- Indexes 08T07-04:31.4413 | 08T07:04:32.4391
+- | OmitData_HRSC [] & Edit %t Copy @ Delete 87454 -76231 137.442 -4.5895 kernels_msl.txt 109.745 78.2325 kernels_mslixt | 2012-08- 2012-08- 002 000D
I - | = -
4| OrbiterData HIRISE 08T07:05:04.4400 | 08T07:05:04.4420
+-/—| Panorama Edit % Copy Delete 87455 -76231 137.442 -4 5895 | kernels_msl txt 139179 | 79.1281 kemnels_mslixt | 2012-08- 2012-08- 002 |D0O0D
= | 3
L Dhoniv teman 08T07-05:30.4401 | 08T07:05:30.4420
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Processing Engine PRoVIP

Il PROYIP: "MyMission’ - 10l =l
PDS Data  TIF Data  Parameter Impork  Help

« PRoVIDE processing core __
(mainly developed during FP7-PRoVisG) (.‘;i

° (11 M Mission Info
_ _Framework_ for planetary robotic (,— oo s [T oo mage: [or—
vision processing”

—Data Selection —#Available Functions

all. el CTLISFm -
single, sl DemzHazardMap
Demz'rmml
DemMerging
FlatFieldImage
FullDemCreation
Panarama
PhotoMetricStereo
ShapeFromsShading
SterecDemHazardvrml
| StereoReconstruction
SuperResolution

- Integration of variety of 3D Vision
algorithms (extendable)

Tew | Delete

KN

- Modular processing chains
(workflows / steps)

Load | Preview | Configure |

—workflow Description

- Parallel processing e el e

- PDSd a_ta processing / Spice ¥ shonresuts [INNNNNNNRNNNRNNNRRRNARRRNRRRRRRRNNAN (00 star processns |
kernel integrated ARERRRNRRRRRNR RN RN R RN oo concel |

Trace

Iq B e e e EEATAETr T P oo T

- S‘ e d u I e r — b aS e d 10/05/12 11:09:27 Image Sol_31511n156149727efF3900p163510m1 Lif added to selection ;I
10/05/12 11:09:27 Image Sol_31511n156149727efF3900p163510m1 Lif added to selection

10/05/12 11:09:27 Image Sol_31511n156149727efF3900p163510m1 Lif added to selection

10/05/12 11:09:27 Image Sol_31511n156149727efF3900p163510m1 Lif added to selection

. .
10/05/12 11:09:27 Image Sol_31511n156149727efF3900p163510m1 Lif added to selection
10/05/12 11:09:27 Image Sol_31511n156149727efF3900p163510m1 Lif added to selection
10/05/12 11:09:27 Image Sol_31511n156149727efF3900p163510m1 Lif added to selection

: . of
[©Mom pROViDE
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MSL Mastcam (close range) left and right
Input Images Examples

« Left
— 769x433 px
* Right
— 1402x1402 px

www.provide-space.e
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Reconstructlon Process
pre-registration

Sparse point matching
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Reconstrumn Process
Registration / up-scaling

v riovis

i DLR

mastcam right
(full Image)
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Reconstructlon Process

Registration / up-scaling

DLR

registered
mastcam left
(image segment)
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Reconstructlon Process

Stereo reconstruction and mosaicking

Cutout of
reconstruction
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‘I Pro3D Viewer (Version 0.0.10c)
Scene Navigation Mode: Explore

Id: MSLMastcam_sol318
Path:  D:\2: '.S-Wemaumtag‘-sceri
4 Exomars.Base.Scene
4 Surfaces
¥IMSLMastcam_sol318
SceneObjects
CameraPaths
PathAnimations
OrientedShots
WisdomScans
Bookmarks
MeasurementList
Lighting
ExomarsViewConfig
Trajectories

BookmarkList:

| Add [{Delete

Name: CamView

Pos: (-3,9315|-1.9234 | -3,5214)
LookAt: (4,7713 | 1.6577 | -0,0003 )
Up: (0,3316 ] 0,1149 | -0,9364)

e PRo3D Realtime Data Exploration

Dist: 9,22

Bcene loaded D:\2015-Weltraumtag\scenes\MSLMastcam_sol318\MSLMastcam_sol318.xmi
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MER Pancam processing results

» Processing results using standard Pancam fixed baselength matching:
» Artefacts due to awkward stereo reconstruction geometry

MER-B Pancam Sol1073
Rover Perspective

o)
—
o
N
S
=
o
—
c
§=
(2]
S
o
>
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Two different data sets with a view overlap
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Enhancing far range quality by Wide Baselength Reconstruction:
1060/78/161 PanCam Sequence P2350

Image: JPL

©_@© Victoria Crater LB3 — Cape Desire
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Image: JPL

(<9 ® Victoria Crater LB3 — Cape Desire PROVADE
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Showing Effect of Wide Baseline vs. Fixed:
Changing viewpoint of fixed stereo 3D

Explore v | Measurement Mode: | Not A c ~ | Projection: | Geological ~

Path:

BoundingBox:

Ranking:
FlyTo Surface

Roughness:

Max Triangle Size 12
Shading Mode: | Standard ~
Render Mode:  |Solid ~
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Why W|de baselength ?
< MER Pancam processing results:

» Processing results using HVFM and SGM for matching
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Measurement Mode:

Path:

BoundingBox:

Ranking:
Surface

Toggle
— [r,

Roughnes:
Max Triangle Size Infinity
Shading Mode: | Standard ~

Render Mode: | Wireframe ~

Victoria_Crater\Mars_Victoria_Crater_
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Data Fusion: HIRISE / MER

 HIRISE registered into uniqgue MarsExpress HRSC Geometry
« MER Positions brought into same Context

UCL: Muller & Tao

PROGIS 2.0: MER-B stops & some Fulcra

09:15-09:30 (9:45-10:00 EPSC2015-359
Towards a better understanding of Martian surface processes: zooming in for a quantitative
assessment of key geomorphological features from super-resolution HiRISE images in comparison to

@ overlapping rover Navcam image
Y. Tao and 1.-P. Muller

Version: 12.10.2015

Gerhard.paar@joanneum.at

Page 27



) m ) g Ki%umngham ﬁs ”f‘j%__ii E¥ABERYSTWYTH Imp?r('al College "y 'rlvis #7
/ sision DLR

Overall Workflow of fusion

D

HIRISE DEM & ORI MER Pancam data ﬂ
Data Import L ( SPICE 1 | 3D Reconstruction
| kernels | V4
HIRISE GPC MER GPC
in MARS IAU2000 system in MARS IAU2000 system
ﬂ OPC Export
N/
HIRISE OPC MER OPC
in MARS IAU2000 system in MARS IAU2000 system
M Scene Generation
N~

Fused 3D visualization by PRo3D
in MARS IAU2000 system
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MER-B UCL traverse
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- MER-B Pancam Stereo
- Panorama Sol1073

-

JIRISE Super Resolution by Muller & Tao, UCL (LT
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The PRoVIDE Workflow

- Select 3D Vision
Data Product from oo conacs Logo R
PRoOGIS

- Visualize / Analyse
In PRoGIS
Open PRo3D
Viewer via Remote
Rendering :
(Ortner 11 30) isble ponts: 1486819

- Perform Geological
Analysis
(Barnes 11:45)

11:30-11:45 EPSC2015-23
PRo3D - a tool for remote exploration and visual analysis of multi-resolution planetary terrains
C. Traxler, G. Hesina, and T. Ortner

11:45-12:00 EPSC2015-375
Geological interpretation and analysis of surface based, spatially referenced planetary imagery data
using PRoGIS 2.0 and Pro3D.

N
|@ R. Barnes, 5. Gupta, M. Giordano, 1.G. Morley, 1.P. Muller, ¥. Tao, J. Sprinks, C. Traxler, G. Hesina, T. Ortner, K. @

Sander, B. Mauschnegg, G. Paar, K. Willner, and T. Pajdla

Imperial College .
London VIivis i

Version: 12.10.2015
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In full context of HIRIS

PRo3D: Embedding

DEM:Tens of Gbytes of data/ scene

Mars_Victoria_Crater_V1.3
5\2015040

B¢ Exomars.Base Scene
4 Surfaces

4 SceneObjects
Mars Rover Spirit Opportun
CameraPaths

DPath&nimatinne

HiRl oriaCrater_SuperResolution

BoundingBox:

FlyTo Surface

Toggle

Roughness:

Max Triangle Size  [nfinity
O Shading Mode: [ standard +
>t Render Mode:  |Solid ~ |
@ :

ene saved : .\..\Mars\20150407_ExomarsViewer\Mars_Victoria_Crater\Mars_Victoria_Crater_V1.3.xml
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Further Exploitation of PRoVIP / PRo3D

Imperial College .
London VIivis i

e NASA Mars 2020
Mastcam-Z

Mastcam-Z.

S—— —— — —

%

S R s

Principal Investigator: Jim Bell - . '

Arizona State University

v

Www.provide-space.eu

ExoMars PanCam

Version: 12.10.2015

Gerhard.paar@joanneum.at

Page 32



—
~

2 Lok, .
The Um.ve(sng of % PRIFYSOOL
' | Nottingham 1. E f:%' 5t E¥ABERYSTWYTH :"Sggg?: College
. e u';f UNIVERSITY ¥

And the Moon...
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« Lunar surface data processing (new orbital images and

rover’s archive panoramas);
« Science exploitation of lunar data;
« Lunar data import engine;

« Access to Lunar data via MExLab Planetary Geoportal.

Version: 12.10.2015

panneum.at

High-gain
antenna drive

High-gain A
antenna~__ A
Laser & :‘::
retroreflector

Radiator -

43 i F

Foster Program / Attendance Thu, 01 Oct, 115 / Poster Area -
Sealed instrument

P36 EPSC2015-532 compartment
Lunar rovers and archive panoramas: Past for the Future

Low-gain antenna

coolant

Block of chassis

Solar battery

e |sotopic heat generator
9th wheel

TV scanning
cameras

N. Kozlova, A, Zubarev, A. Solodovnikova, Yu. Rybakin, A. Garov, A. Abdrakhimov, and 1. Karachevtseva

D
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Determination of Lunokhod tilts and geometric
corrections

Select image

|
c«
.ﬂ

L R T AL e ST | 1.""
\

Horizontal and
vertical tilts

Principal point
In the image
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Determination of observation points in ArcGIS

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
DRES LA’ X9 o (db-130 - EEEBE ¥,
P Snapping~ O B O F R Q@ kil K-0 8@ BIRERTR
Table Of Contents a2 x . f
88
= = layers

=] Points_panoramas

* <all other values>
Precision

L1_track_MExlab_DLR
=] Point_Plan

Table
- B Byl O %

| A0 | shape* | 1d Pan_name Note Camera| Laty Lona x | precision |
0 | Point 0 |6-092 From Luna-17 v 38,237625 | -35,001504 1 B
1 | Point 0 |6-093 From Luna-17 v 38,237625 | -35,001504 1
2 | Point 0 |6-095 with Luna-17 h 38,237614 | -35,001626 1
» 3 | Point 0|6-102 measurable_track_7m long h 38,237463 | -35,000823 2
Point 6-098 with_L17_and_track h 38,237703 | -35,000793
Point ?pht 38,236749 | -34,998775
Point 2pit 38236622 | 3499881
Point 6-100 track's turn h 38,237615 -35,00078
8 | Point 6-101 Luna17, track h 38,237524 | -35,000821 1
9 | Point 0 |6-099 between 98 and 100 h 38,237657 | -35,000769 1
10 | Point 0|6-1237 test1 using track h 38,230617 | -34,896324 3
11 | Point 0 |6-12072 track turn in small crater, reverse 38,218877 | -34,993227 3,
12 | Point 0|6-121? track along crater 38,230929 | -34,996342 3
13 | Point 0 |6-1257 test1, t turn, big crater 38,218236 | -34,991487 3
14 | Point 0 |6-1257 test2 slow turn 38,218627 | -34,992676 3
|15 [Point 5181 Lunat 38,237484 | -35,001744 1 L
|16 [ Point 5182 Lunat 38237484 | -35,001744 1
17 | Point 5185 Lunat 38237784 | -35,001813 1
| | 18 | Point >-184 Luna1 38,237784 | -35,001813 1
| | 19 | Point 0[6-183 Lunal7 38,237484 | -35,001744 1
| | 20 | Point 0|6-178 Lunal7 v 38,237363 | -35,001447 1
21 | Point 0|6-179 Lunal7 38,237363 | -35,001447 1
22 | Point 0|6-180 Lunal7 38,237363 | -35,001447 1
23 | Point 0[6-186 Lunal7 h 38,237849 | -35,001724 1 [P Ve
24 | Point 0[6-153 Southern point 38,19845 | -34,980829 1 %
o« 40 M B | (0 out of 38 Selected)

[ Points_panoramas | Point_Plan [ L1 _track_MExlab_DLR [
TV VvV VT O DV IV o P AY o oo
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Science exploitation of archive panoramas

The geologic description of panoramas includes next characteristics:

1) The general description of terrain around - mare, highland.

2) Characteristics of environment: characteristics of relief, such as flat smooth plains, or rugged terrain.
3) Prominent geologic objects - big craters, mountains, large rock fragments.

4) The description of neighboring craters, including their size, class, type.

5) The description of rock fragments, including their size, class, type.

6) The description of the ground, including their structure, the characteristics of rover tracks.

References:

Karachevtseva I., Kozlova N., Nadezhdina I., Zubarev A., Abdrakhimov A., Basilevsky A., and Oberst J. New processing of Luna
archive panoramas and geologic assessment of the Lunokhod landing sites // European Planetary Science Congress, London,
United Kingdom, [EPSC2013-532], September 08-13, 2013. hitp://meetingorganizer.copernicus.org/EPSC2013/EPSC2013-532.pdf

Abdrakhimov A., Basilevsky A., Karachevtseva |. Geological review of Lunokhod-1 area // 4M-S3, IKI RAS, Moscow, Russia, 14-18
October 2013.
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Access to Lunar archive data via Geoportal

& MEXx Planetary Geoportal Geodesyand i3
7 i artography ¢
A @ Lq b MIIGAIK Extraterrestial Laboratory (MExLab)

Moscow State University of Geodesy and Cartography (MIIGAIK) Node

INITED KINCOOM « CHENA « MALAYSIA

@l Products/Layers

i 4E|9)@

=] File/Preview

* | Style  Name State
L| 1 moon:KaguyaTC oK
[J 3 | meon:LandingSite oK
O moon:LRO_NAC oK
O [ moon:LRO_NAC_DEM oK
‘ [] 1 moon:PanoramasCentral oK
[[] 1 moon:PanoramasCylindrical oK
[¥] [ moon:PanoramashoProject oK
] 3 | meon:PanoramasOrth oK
] 3 | moon:PanoramasSpherical oK
¥] ] moon:route oK

=

e =)

moon:KaguyaTC - Preview id 31726 MPyr

Longitude: -34.94679093° Latitude: 38.23458373° M1:12520 ¥Ynpaenenne obvexramn i - o

Moon Airbrushed Global Warp MEx

Moon LOLA shaded relief (236m/px) MEx

|=] Table view [V] show selected only

NNLOX

Moon LRO WAC mosaic (100m/px) MEx

Mosaic_Number

Mission_Name Projection Lunar_Day

6181 Lunokhod-1 (Luna-17) Not Projected 3
6-183 Lunokhod-1 (Luna-17) Not Projected z
6-99 Lunokhod-1 (Luna-17) Not Projected 1
5-98 Lunokhod-1 (Luna-17) Mot Projected 1
[1 [ I O]

» Poster Program [/ Attendance Tue, 29 Sep, 17:45-19:15 / Poster Area
P8 EPSC2015-804

[ MExLab Planetary Geoportal: 3D-access to planetary images and results of spatial data analysis

I. Karachevtseva and A. Garov
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https://www.youtube.com/watch?v=QXKkmpsWPuQ
https://www.youtube.com/watch?v=QXKkmpsWPuQ

¢! EYABERYSTWYTH ITp?r('al Chlege Vr vis #7

)l -ucL ¢ i T @)
Wrapup '"PROVIDE Innovations
Into Planetary Science Community

« Surface Image 3D Batch Processing, based on Scheduler /
processing everything in Data Base directly from PDS

 MSL Mastcam processed 1st time fully in batch

« PROGIS 2.0: 2.5 D GIS for pre-assessment

* Lunokhod Image Data & Web Portal

 PRo03D: 3D Geologic Assessment / Remote Rendering

* Fusion Satellite & Rover 3D Data / Super Resolution

« Serendipitous stereo / wide baselength stereo / multistereo

 FIRST INTEGRATED AUTOMATIC PROCESSING / DATA
BASE / GIS / 3D RENDERING SYSTEM FOR
PLANETARY SCIENCE

omom PROVIDE

:12.10.2015
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RESEARCH )))

T Imperial College .
EABERYSTWYTH | 1 dion Virivis il

SMW1.8
Demonstration - Zooming in-and-out of Mars: new tools to interact with multi-resolution
Mars datasets (public) ywyad 30 Sep, 16:00-17:30 / Room Mars

Convener: K. Willner &
R The research leading to these results has received funding from

@ @ 7 : 3 the European Community's Seventh Framework Programme @
S gy (FP7/2007-2013) under grant agreement n° 312377 PRoVIiDE
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