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Smoothing and Inpainting Range Image using Trilateral Filter and Belief
Propagation
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This paper proposes two denoising techniques for noisy range images utilizing
reflectivity: range image smoothing by Trilateral filter and range image inpainting by Belief
Propagation. The new Trilateral filter utilizes the reflectivity in addition to the spatial and
intensity information so that geometrical features such as jump and roof edges are preserved
while smoothing. The range image inpainting technique based on Belief Propagation recovers
a deteriorated range image using not only the adjacent range values but also the continuity
of the reflectance image. We conduct simulations and experiments using synthesized images
and actual range images taken by a laser range finder, and verify that the proposed techniques
enables to suppress noise while preserving jump and roof edges and repair deteriorated range
images.
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Fig. 2 Range and reflecance images
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(a) Grayscale image (b) Range image

Fig. 3 synthesized images for simulation experiment
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Fig. 4 Denoised images by Gaussian filter, Bilateral
filter and Trilateral filter
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Table1 RMS error

RMS [mm]
Original image 45.8
Gaussian filter 17.8
Bilateral filter 14.1
Trilateral filter (proposed 11.7
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(a) Scene 1 (b) Scene 2

Fig. 5 Experimental setup
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Fig. 6 Range and reflectance images
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(a) Original range image

(b) Gaussian filter

(c) Bilateral filter (d) Trilateral filter

Fig. 7 Experimental results for a simple environment
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Fig. 8 Comparison of cross-section shape of the box
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(a) Original range image ~ (b) Gaussian filter (a) Original range image (b)Deteriorated range image
(c) Bilateral filter (d) Trilateral filter

(c) Deteriorated reflectance (d) Inpainted reflectance
Fig. 9 Experimental results for a complex environment image image
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Fig. 10 Partial enlarged views Fig. 11 Range image inpainting by Belief Propagation
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