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A Study on Terrain Slope Estimation using an Infrared Camera

for Planetary Exploration Rovers
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In recent years, planetary surface exploration missions by rovers have been actively performed.
Rovers are required to recognize the surrounding environment autonomously for an efficient and safe ex-
ploration. Above all, terrain slope estimation is one of the essential techniques, which is conventionally
performed with stereo cameras or shape-from-shading techniques. However, those schemes have problems
such as the degraded accuracy in low-textured terrain and the heavy computational cost. Therefore, this
paper proposes a new method that uses the difference of surface temperatures between flat and slanted
surfaces. It is known that the difference of solar radiation generates the gap in surface temperatures,
which can be remotely detected with an infrared camera. The proposed method estimates terrain tilt
angles using the energy balance equation and a single thermal image from the infrared camera. The
method is validated with a field experiment in Izu-Oshima island. The developed thermal-based tech-
nique potentially increases the applicability to various terrain types regardless of the terrain appearance.

Key Words: Planetary Exploration Rovers, Environment Recognition, Terrain Slope Estimation, In-
frared Camera, Surface Temperature
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Fig.1 An example of low-textured terrain on Mars (Im-
age by NASA /JPL)
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(a) Visual image

(b) Thermal image

Fig.3 Visual and thermal images of a gully
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Fig.4 Energy balance of the earth’s surface|6]
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Fig.5 Simulation of solar radiation at varying directions

and tilt angles
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Fig.6 Difference of solar radiation(Direction 180[deg])
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Table 1 Experimental setup

0O0ooooo 80 60[pixel]
000000000 | 640x480[pixel]
0000 20.0[0]
0000 50(%]
000 20.0[0]
000000000 1.0[m]

0000 0.25
000000 0.54
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Table 2 Result value

001|002

00 0] 20.6 | 234
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0000 (0O000)[W/m2 — [ -75.60
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(a) Visual image

(b) Thermal image

Fig.8 Visual and thermal images of an experimental spot
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Fig.9 Tilt angle estimation result

Fig.10 Tilt angle estimation at 33 spots
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