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A field robot in natural terrain is required to recognize and avoid terrain slopes for
efficient and safe operation. Stereo matching of visible images and shape-from-shading have

been widely used for those requirements.

However, the schemes have such problems as

degradation of accuracy in low-textured terrain and the large computational cost. Therefore,
this paper proposes a terrain slope estimation method using a single infrared camera. The
proposed idea is to utilize the differences of surface temperatures between slope and flat
surface, which is caused by the difference of solar radiation. Candidates of terrain tilt angles are
estimated from the energy balance equation. This paper introduces a voting-based method to
identify the estimate of tilt angle. Accuracy of the proposed method is evaluated by simulation,
where the surface temperature is determined by the energy balance equation.
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Fig. 1 An example of low-textured terrain on Mars

(Image by NASA/JPL)
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(b) Thermal image

Fig. 3 Visual and thermal images of a gully
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Fig. 4 Energy balance of the surface'”
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Fig. 5 Difference of solar radiation at varying direc-

tions and tilt angles(p.m. 0:00)
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Fig. 6 Extraction of the optional points
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Fig. 7 An example of the optional points at multiple

times
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Fig. 8 An example of the voting result
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Fig. 9 Tilt angle estimation error (p.m. 0:00)
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Fig. 10 Number of points at each estimation error (p.m.
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Table 2 Mean and standard deviation of estimation error

Time 9:00 9:30 10:00 | 10:30 | 11:00 | 11:30 | 12:00

Mean [deg] 0.0415 | 0.0375 | 0.0349 | 0.0326 | 0.0320 | 0.0311 | 0.0322

Standard deviation [deg] || 0.0889 | 0.0818 | 0.0777 | 0.0732 | 0.0721 | 0.0712 | 0.0727
Time 12:30 | 13:00 | 13:30 | 14:00 | 14:30 | 15:00
Mean [deg] 0.0337 | 0.0360 | 0.0386 | 0.0506 | 0.1265 | 0.4206
Standard deviation [deg] || 0.0754 | 0.0795 | 0.0844 | 0.1269 | 0.4648 | 1.4055
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Fig. 12 Solar radiation at varying directions and tilt
angles(15:00)
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