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PRoViDE:  
Planetary Robotics Vision Data 

Processing and Fusion 

(10) German Space Center, Berlin, D 

, K. Willner (10) 
M. Giordano (4), E. Tasdelen (5),  (5), I. Karachevtseva (6), G. Traxler, G. 
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Dozens of Vision Sensors on Planets 

Hundred Thousands of Images  

ESA 

TAS-I / gmv / ETHZ / JR 

NASA - JPL 
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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) 
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Processing & Data Presentation Environment 

PRoViP: 3D Vision 

Mass Production 

PRoGIS (2D & Context) 

Data Selection 

Knowledge 

About  

3D Products 

PRo3D (3D 

Geologic 

Assessment) 
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Data Base: Relevant Surface Images…. 

& Orbit Images 
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Processing Engine PRoViP 

• PRoViDE processing core  
(mainly developed during FP7-PRoVisG) 

• “Framework for planetary robotic 

vision processing” 
 

- Integration of variety of 3D Vision 

algorithms (extendable) 

- Modular processing chains 

(workflows / steps) 

- Parallel processing  

- PDS data processing / Spice 

kernel integrated 

- Scheduler – based 

Processing directly from / 

to data base 
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MSL Mastcam (close range) left and right 

Input Images Examples 

 

 

 

 

• Left  

– 769x433 px 

• Right 

– 1402x1402 px 
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Reconstruction Process 

pre-registration 

• Sparse point matching 
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Reconstruction Process  

Registration / up-scaling 

mastcam right 

(full image) 
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Reconstruction Process  

Registration / up-scaling 

registered 

mastcam left 

(image segment) 
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Reconstruction Process 

Stereo reconstruction and mosaicking 

Cutout of 

reconstruction 

 

Ortho Image 

 

 

 

DEM 

(Distance Map) 
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Combination of 99 Mastcam Pairs 

PRo3D Realtime Data Exploration 
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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 

MER-B Pancam Sol1073 Bird’s Eye 

perspective showing strong matching 

artefacts in big reconstruction distance 

relative to given Pancam stereo base (30cm) 

~50m 
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Serendipitous Stereo Pairs: 
Victoria Crater – Matching overlapping views 

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 

Victoria Crater LB3 – Cape Desire 

Image: JPL 
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1061/78/196 PanCam Sequence P2351 

Victoria Crater LB3 – Cape Desire 

Image: JPL 
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Showing Effect of Wide Baseline vs. Fixed: 

Changing viewpoint of fixed stereo 3D 
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MER-B PanCam Sol1073 Single 

Stereo Pair processed using HFVM 

MER-B Pancam Sol1073 Single 

Stereo Pair processed using SGM 

Why wide baselength ? 

 MER Pancam processing results: 

 Processing results using HVFM and SGM for matching 



P
a

g
e

 2
6

 
V

e
rs

io
n

: 
1

2
.1

0
.2

0
1

5
 

G
e

rh
a

rd
.p

a
a

r@
jo

a
n

n
e

u
m

.a
t 

www.provide-space.eu 

Wide Baseline: Usable for Geologic Assessment 
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Data Fusion: HiRISE / MER 

• HiRISE registered into unique MarsExpress HRSC Geometry  

• MER Positions brought into same Context 

UCL: Muller & Tao 

PRoGIS 2.0: MER-B stops & some Fulcra 
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Overall Workflow of fusion 

MER OPC 
in IAU_MARS system 

MER OPC 
in IAU_MARS system 

MER GPC 
in IAU_MARS system 

MER GPC 
in IAU_MARS system 

MER PanCam data MER PanCam data HiRISE DEM & ORI MER Pancam data 

HiRISE GPC 
in MARS IAU2000 system 

Data Import 3D Reconstruction 
SPICE 

kernels 

MER GPC 
in MARS IAU2000 system 

OPC Export 

HiRISE OPC 
in MARS IAU2000 system 

MER OPC 
in MARS IAU2000 system 

Fused 3D visualization by PRo3D 
in MARS IAU2000 system 

Scene Generation 
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Coregistration & Fusion result 

HiRISE geometry & 

orthographic image 

HiRISE super resolution 

texture 

MER-B UCL traverse 

MER-B Pancam Stereo 

Panorama Sol1073 

Rover at position 

Sol1073 

HiRISE Super Resolution by Muller & Tao, UCL 
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The PRoViDE Workflow 
- Select 3D Vision 

Data Product from 

PRoGIS 

- Visualize / Analyse 

in PRoGIS 

- Open PRo3D 

Viewer via Remote 

Rendering  

(Ortner 11:30) 

- Perform Geological 

Analysis  

(Barnes 11:45) 
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PRo3D:  Embedding in full context of HiRISE 

DEM:Tens of Gbytes of data / scene 
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Further Exploitation of PRoViP / PRo3D 

• NASA Mars 2020 

Mastcam-Z 

• ExoMars PanCam 
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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. 

And the Moon… 
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Determination of Lunokhod tilts and geometric 

corrections 

Horizontal and 

vertical tilts 

 

Principal point 

in the image 
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Determination of observation points in ArcGIS  
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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. http://meetingorganizer.copernicus.org/EPSC2013/EPSC2013-532.pdf 

 

Abdrakhimov A., Basilevsky A., Karachevtseva I. Geological review of Lunokhod-1 area // 4M-S3, IKI RAS, Moscow, Russia, 14-18 

October 2013.  

Science exploitation of archive panoramas 

http://meetingorganizer.copernicus.org/EPSC2013/EPSC2013-532.pdf
http://meetingorganizer.copernicus.org/EPSC2013/EPSC2013-532.pdf
http://meetingorganizer.copernicus.org/EPSC2013/EPSC2013-532.pdf
http://meetingorganizer.copernicus.org/EPSC2013/EPSC2013-532.pdf
http://meetingorganizer.copernicus.org/EPSC2013/EPSC2013-532.pdf
http://meetingorganizer.copernicus.org/EPSC2013/EPSC2013-532.pdf
http://meetingorganizer.copernicus.org/EPSC2013/EPSC2013-532.pdf
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Access to Lunar archive data via Geoportal  
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Lunokhod-1  journey on Youtube 

https://www.youtube.com/watch?v=QXKkmpsWPuQ  

https://www.youtube.com/watch?v=QXKkmpsWPuQ
https://www.youtube.com/watch?v=QXKkmpsWPuQ
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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  

• PRo3D: 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 
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Dealing with Data & Software only… 

The research leading to these results has received funding from 

the European Community's Seventh Framework Programme 

(FP7/2007-2013) under grant agreement n° 312377 PRoViDE 

 


