Robotics, stereo vision and
lidar for lunar exploration
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. INTRODUCTION

IN THE CONTEXT OF SPACE EXPLORATION, AMONG OTHERS, TO MAKE POSSIBLE A MANNED SPACE MISSION TO
THE MOON OR TO MARS, THE ROVERS, THAT WILL BE SENT THERE AS PRECURSORS, NEED TO HAVE THREE
DIMENSIONS (3D) ENVIRONMENT MAPPING TOOLS. THANKS TO THEM, WE WILL BE ABLE TO CHOOSE THE IDEAL
LOCATION TO BUILD A VIABLE HABITAT FOR THE FUTURE MISSIONS. TO PERFORM A MAPPING, THERE ARE SEVERAL
TECHNIQUES. THESE MUST BE ABLE TO WORK IN EXTREME CONDITIONS, LIKE IN SPACE ON THE MOON, WHERE
THERE IS NO ATMOSPHERE OR IN SLIGHTLY MORE LENIENT CONDITIONS LIKE MARTIAN ATMOSPHERE (7 MBAR). IN
ADDITION, THEY MUST NOT GENERATE HEAVY DIGITAL DATA TO BE TRANSMITTED TO EARTH FOR ANALYSIS.

OUR CHOICE FELL ON TWO KNOWN TECHNIQUES, WHICH ARE RELATIVELY QUICK TO USE AND WHICH COMPLY
WITH THE RECOMMENDATIONS LISTED ABOVE: LIDAR (LIGHT DETECTION AND RANGING) AND 3D
STEREOPHOTOGRAMMETRY. IN THE SPECIFIC CONDITIONS FOR CARRYING OUT THIS PROJECT DUE TO COVID 19,
WE CHOSE TO BUILD OUR OWN 3D SCANNER BASED ON LIDAR SENSOR, WHICH IS EASILY FOUND ON THE
MARKET AND FOR STEREOPHOTOGRAMMETRY, WE USED A CAMERA IN OUR POSSESSION FUJIFILM X-M1 AND A
LOGITECH C920 HD PRO WEBCAM. THE OBJECTIVE WAS TO COMPARE THESE TWO 3D TOOLS.

THIS COMPARISON WAS MADE BY FOLLOWING A PROTOCOL THAT ALLOWED TO EVALUATE ITS TECHNIQ ON
THEIR PRECISION, THEIR RESOLUTION AND DISTANCE MEASUREMENT COMPARED TO THE SAME SCENE CARMIRED
UNDER THE SAME INITIAL CONDITIONS.
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Il. MATERIAL

For LIDAR:
- Sensor ( TF mini Benewake) e,
- 2 Servomotors (azimuth/elevation)
- Pan filt

- Microcontroller (Raspberry Pi 3)

- Power supply (20.000 mAh)

- Python

~ Software ( Matlab, Meshlab) 85.60 x 54 17 mm
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Il. MATERIAL

4896x3264 avec FoV: 83° at f=16mm 1920x1080 with FoV: 60°

For Stereophotogrammetry
- Sensor ( Fujiflm X-M1, Logitech C920 HD Pro)
- Cdlibration (Chessboard)

- Software (MicMac, Photomodeler, RealityCapture)
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Protocol # Comparison based on
- same conditions
- between same scenes

Pictures position

Known distances for

comparison

8




ll. METHODOLOGY AND RESULTS
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ll. METHODOLOGY AND RESULTS

Ist cave
stereophotogrammetry Ist cave Lidar
2nd Cave
stereophotogrammetry 2nd cave Lidar
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V. CONCLUSION

ADVANTAGES OF EACH
v" STEREOPHOTOGRAMMETRY: REALISM, FOV, DIGITAL DATA DEPENDS ON RESOLUTION
v" LIDAR: PRECISION, SMALLER UTILIZATION OF DIGITAL DATA, KEEPS PROPORTIONS, OBSCURITY

OUR EXPERIMENTATION LEAD US TO CHOOSE BOTH TOOLS AND TO FUSE THE RESULTS. THAT WAY WE
OBTAIN THE STEREOPHOTOGRAMMETRY REALISM AND THE LIDAR PRECISION.

1st cave:
stereophotogrammetry
and lidar results fused
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