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[Nlumination Estimation from Object Shadow and
Incomplete Object Shape Information Captured by an RGB-D Camera
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Abstract Optical consistency between the real world and virtual objects is an important issue in augmented reality (AR).
We propose a method to estimate illumination from an object shadow and incomplete object shape information captured
by an RGB-D camera. The environmental illumination can be estimated without any prior knowledge of the object shape.
The radiance of each light source is computed by solving linear equations derived from color and depth images. Since prior
knowledge of the object shape is not necessary, we can flexibly use/combine any objects. Thus, we can use/combine multiple

objects in the target scene to increase the accuracy and flexibility. Our experimental results show the characteristics of our

proposed method.
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Light estimation results :
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The top row shows object images used in our experiments. The second row

shows estimated light distributions and the rightmost column in the second row shows the scene captured

by a fish-eye lens camera. The bottom row shows also estimated light distribution ignored 13 light sources

around the camera and the rightmost column in the bottom row shows light sources of Ground Truth.
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Evaluation values of estimated light distributions compared with Coventional® .

Object name Box | Duckl | Duck2 | PenLight | Dolll | Doll2 | Sphere | Hemisphere | Combined

RMSE (x10~?) 6.9 6.6 6.9 8.3 7.3 7.0 7.6 8.2 6.4

Std.dev. (><1073) 7.6 7.1 7.5 9.1 8.0 7.0 7.6 8.2 7.0
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Evaluation values of estimated light distributions compared with Ground Truth.

Object name Box | Duckl | Duck2 | PenLight | Dolll | Doll2 | Sphere | Hemisphere | Combined Conventional®
RMSE (><1()73) 14.0 14.1 13.7 15.0 14.4 13.6 13.6 15.1 13.5 7.8
Std.dev. (><1073) 13.0 13.2 12.8 13.9 12.8 13.6 12.7 14.0 12.6 7.2
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Shadow rendering results: the top row shows shadow rendering results by using estimated light distribu-
tions, the middle row shows error maps with Sato et al.G), the bottom row shows error maps with Ground
Truth.
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Evaluation values of shadow rendering results compared with Conventional® .

Object name | Box | Duckl | Duck2 | PenLight | Dolll | Doll2 | Sphere | Hemisphere | Combined
RMSE
[pixel value] 6.1 9.1 7.3 9.1 9.1 7.8 7.6 9.8 7.2
Std.dev.
[pixel value] 5.3 8.1 6.4 7.7 8.3 6.3 6.8 8.9 6.4
Max
[pixel value] |58.9 | 128.7 70.6 90.0 140.7 | 68.6 66.5 82.8 66.0
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Evaluation values of shadow rendering results compared with Ground Truth.

Object name | Box | Duckl | Duck2 | PenLight | Dolll | Doll2 | Sphere | Hemisphere | Combined Conventional®
RMSE
[pixel value] 8.4 9.6 9.0 9.8 9.2 10.7 9.0 10.7 8.7 7.2
Std.dev.
[pixel value] 7.7 8.8 8.1 8.6 8.0 9.9 8.5 9.7 8.1 6.8
Max
[pixel value] 146.2 | 163.8 167.7 144.9 151.8 | 175.7 | 155.2 149.1 158.1 146.2
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