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Object Shape Modelling from Multiple Range Images
by Matching Signed Distance Fields

TAKESHI MASUDA'

Modelling an object shape from multi-view range images requires: removal of measurement
errors, registration of data shapes and their integration. We propose a method that solves
these tasks in a unified framework by using the signed distance fields (SDF) as shape repre-
sentation assuming that the data shapes are roughly pre-registered. The SDF's of data shapes
at every sampling point are compared to determine matching. The data shapes are integrated
by averaging matched SDF's at every sampling point, and each data shape is registered to the
integrated shape so as to reduce the SDF displacement. These procedures are solved together
by iterative loops that terminate when no more registration is required. A polygon surface
model is directly generated from the SDF representation of the integrated shape. The method
is free from cumulative pairwise registration errors because all data shapes are registered to
a common integration shape. The outliers are detected by comparing multiple views statis-
tically, and no precise modelling of measurement errors is required. The method is generally
applicable to wide variety of input data shape representations because it uses only low-level
features like signed distance and surface normal.
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Fig.1 Parameters representing local linear approximation
of the signed distance field.
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Fig.2 Distance between two SDFs at point p defined by

integrating difference of signed distance within the
neighbourhood.
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Table 1 Notations of SDF samples of the data and integrated shapes in the data
and integration coordinate systems.
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Fig.3 Sampling of an input data shape S*(1 < a < N)
by determining SDF[p, T'*(S<)] at every sampling
point p on the lattice in the integration coordinate
system.
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Fig.4 Registration of a sampling point p by matching
SDF's.
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Fig. 5 Surface reconstruction by transforming the

bounding surface of interior and exterior voxels.
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Fig.6 Bounding surface of interior and exterior voxels (a)
is transformed to a smooth surface by replacing
the vertex coordinates with the closest point coor-
dinates, which is shown by wireframe in (b) and
with shading in (¢). The surface is rendered more
smoothly in (d) by adding surface normal informa-
tion to vertices.
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Fig.7 Experiment with synthetic range images.
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Fig.8 Experiment with real range images. Input images,

plot of Elfig, ¢1] and RMS[ig], overlap of data shapes
before and after registration, distribution of op on
the integrated shape, and distribution of pr on
data shapes are presented from top to bottom.
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