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Real-time recognition of flat areas for lunar landing using the shape-from-shading technique.

Hiromi GOMI " [0 Shuichi SASA® 0 Isao YAMAGUCHI" 2
Tetsujiro NINOMIYAF 0 Yoshiro HAMADAF !

ABSTRACT

The shape-from-shading technique is surveyed for application to obstacle avoidance for lunar landing. Tsai and

Shah'’s algorithm is accurate, but it is time-consuming and sensitive to its boundary condition. Pentland’s

algorithm is robust and fast; however, it produces artifacts in reconstruction. We propose a real-time scheme of

extracting flat areas instead of obstacles with Pentland’s method.

Key Words: image processingdshape from shading[obstacle avoidancesoft landing.
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Figure 2. Simple model of image generation.
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Figure 4. Reflectance map.
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Figure 6. Crater reconstruction by the Tsai & Shah method.

OPentland0 00 SFSOODOOOOODOOOODOCOOO
O0O0OOOOOFgure7.00D00OOCOODOODOODODOO
gbobooooboboooooooobooboooo
goooooobbooobooooboooooobobooo
gboooooboboboboboooboooooboono
gooooooon

This document is provided by JAXA.



Shapefromshading0 OO0 0O O0OOO0OOOOOO 7

Figure 7. Crater reconstruction by the Pentland method.
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Figure 9. Mountain reconstruction by the Pentland method.
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Figure 10. Effect of shadows on reconstruction by the
Pentland method.
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Figure 12. Ptolemaeus crater (128x 128 picture elements.
By courtesy of H. Fukushima[17]).

000000000000 000Ptolemaeusd 00 0O
0gooooooe200001800000000000
Ptolemaeus0 0 0 0O 0 128x 1280 OO Figure 12.00 0
000D00OSFSODOODOOO000O0D0OOdDOdPtolemaeusd
000 13kmO0d0d24kmO0 0801000000
O014kmOO0O0O
gdboooboobooobuoobboobooobooboo
ooooo
gdobooboobboobboe20b0oUobisedd
oood
gdboboobuoobobooboo+ 2500
000000000000+ 7000000+ 800
gdbobd1nni10bodoooo4d
oooooooooo o
gdbooooboobooboboobooosa
O0o0oU0ooOoOoooooOoooooOmeng
gdoooooboobuooboboobbooobooo
O0o00oooo0o0ooooi0o0bO0o0ooooooo
gdooooboobo40™obooboboooboo
gbobooooooboooDmoobooobobo
g3pgoog
OTsai&ShahOD OO OOODOOOOODOOOOOOOO
00O0DOO00OOoOOoDOoD0O010000000MO Tsai
&Shah[10] 000000000 0OOODO OITsai & Shah
00000000 AmmoniusDO000000ODOODO0O
000000000 Pentland0 00 Figure13. 00O 0O
oo0oooboooboobobooooboooooo
0000000000000 00Pentand0 00000
00000 Tsai&ShahOOOOODOOOODOO 1/20
/40000000
0000000000000 0D00O0O Tsal & ShahO O
PentlandD OO0 0O0ODOOOO0OO0OO0O0OOOOOOOOOO
goooobooboboboboboboboboboobooo
ggbooooobuooboobboobbooooboo
gooooobooobooooog
OPentland0 0000000 O0O0Figure 13.00000
000o0o0oo0ooboooooDobooooooboo
ggbooooboooobg
goo0oooobooboooobooboooooo
ggboooobuooboobobooboobooo
0ooooooooooooboooboon
obdbOobOoooobooboobooo8OOoboOoDbDO
ooo0d014kmOD0O0O000O0O011kmOOOO0O
Ptolemaeus0 00000 24kmO0000000O0O 05
Oo00oo0o0oooOoOo0ooOoooooooooOg
gooooon

This document is provided by JAXA.



10 oboboboboon w44ro

Figure 13. Reconstruction by the Pentland method.
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Table 2. Regional Fourier coefficients of Ptolemaeus.

D,,. : the relative flat domain.
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Table 3. Distance resolution of a stereo method (b =2 m, f=0.01m, 1 p.e.=7.4x 10°m).

Distance 1000 m 100 m 30m t0m
. Image resolution 1 p.e. 740 m 7.4 m 0.7m 0.07 m
Distance
resolution )
Image resolution 1/10 p.e. 74 m 0.7 m 0.07m 0.001 m
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Table 4. Explanation of the second-order-moment method by shape-from-shading.

Incident angle o (deg) 25 45 65 75
Mean brightness z 217 166 95 58
Threshold vV 19.3 293 345 32.8
u ./ cos g 240 235 225 224
Allowable slant(deg) 9/+16 9/ +10 -9/ +10 9 /49
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Table 5. Hapke parameters of the moon [20][31].

Single Opposition surge

scattering Asymmetry | Macroscopic

albedo width amplitude | parameter roughness

[ h B; é F

Disk-integrated 0.21 0.07 2.01 -0.10 20.0 deg
Dark terrains 0.12 0.12 1.16 -0.14 8.1 deg
Average terrains 0.25 0.06 1.84 -0.11 20.6 deg
Bright terrains 0.33 0.05 1.83 -0.09 24.0 deg
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