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RYUSUKE SAGAwA,t KO NISHINO,!® RYO KURAZUME!
and KATSUSHI IKEUCHI?

In this paper, we consider the geometric and photometric modeling of large-scale and in-
tricately shaped objects, such as cultural heritage objects. When modeling a large-scale and
intricately shaped object, a huge amount of data is required to model the object. We would
like to propose two approaches to handling this amount of data: the parallel processing of
merging range images and the adaptive algorithm of merging range images. First, we devel-
oped a parallel computation algorithm using a PC cluster which consists of two components,
the distributed allocation of range images to multiple PCs, and the parallel traversal of sub-
trees of octree. Second, we constructed a merged model in adaptive resolution according to
the geometric and photometric attributes of range images for efficient use of computational
resources. Moreover, we propose a novel method to construct a 3D model with an appearance
by taking a consensus of the appearance changes of the target object from multiple range
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Fig.1 Zero-crossing interpolation from the grid sampling

of an implicit surface.
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Fig.2 Naive algorithm: An example of inferring the incor-
rect sign of a voxel’s value, f(x), due to a single
noisy triangle.
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Fig.3 Consensus surface algorithm: First, we find the

nearest neighbor point from the center of a voxel
(the solid arrow). Second, we find the nearest neigh-
bor points of other range images from it (the dotted
arrows).
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Fig.4 Consensus surface algorithm: The signed distance is
chosen from the consensus surfaces inside the circle.
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Fig.5 A 2D slice of the octree splitting volume. The reso-
lution is high around the surface and low elsewhere.
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Fig.6 Two images of the Great Buddha in Kamakura,
using LRS values as pixel values.
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Fig. 7 An example of the histogram of the intensity values

of consensus points. Some outliers due to specu-

lar reflection are observed. In this case, the median

value is 0.04.
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Fig.8 Parallel computation of signed distances.
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PC and parallel traversal of partial trees.
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Fig.11 Our method approximates neighboring range im-

ages points to a plane and computes its normal
vector 7 by principal component analysis (PCA)
for the cloud of range image points. The approxi-
mate normal is then used to determine further sub-
division.
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Fig.12 Edges connecting adjacent voxels in an adaptive
octree: 3D space is partitioned into cubes or
quadratic pyramids, etc. Marching cubes can be
applied to these irregular forms without creating
new tables of mesh generation for each form, be-
cause they are considered to be degenerated and
transformed cubes.
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generated by MC.

O00O000100BASE-TX 00000000000
0000000000 14000000000000
0000000000 MO00000000000
000DMO000000000000000000 @™
000000000000000000000000
0000000 Cyrax 240002500 0000000
000000000 00000000000 Minolta
VIVID 900'Y 00000



Vol. 44 No. SIG 5(CVIM 6)

014 0O000DOOOO0MOOOOOOOOoODOOOoOOoOoonO
goooooooooooooooooooo

Fig.14 Top row: Kamakura Buddha (left), Nara Buddha
(right). Middle row: China Buddha, Bottom row:
Thai Buddha
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Table 1 Results of computation time of merging with
different number of traversals.

# of Traversals Computation Time
1 945 min.
2 450 min.
4 227 min.
8 116 min.
16 61 min.
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Fig. 15 Relationship of the number of traversals and

computational time.
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Table 2 Statistics of models of the Buddha: Our method

reduces the amount of data and computation
time. However, the mean differences are quite
small compared to the Buddha size.

# of points | Time for Integration | Mean Difference

(A) | 3.0 million 61 min. N/A
(B) | 1.4 million 25 min. 0.99 mm
(C) | 1.7 million 30 min. 0.44 mm
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Fig.16 Merging results of the Kamakura Buddha: Column (A) are the models

created without adaptive integration. Column (B) are the ones created by
adaptive subdivision only based on the curvature of the surface. Column
(C) are the ones with adaptive subdivision by the estimation of curvature
and LRS. Row (1) are wireframe representations and row (2) are polygo-
nal representations of these models. Row (3) are the images rendered with
LRS values. The far upper and far lower rows are zoom-ups of the forehead
of the Buddha.
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Fig.17 The model of China Buddha with RGB values as
photometric attributes.
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Fig. 18 The model of Nara Buddha generated by the integration process.

019 0000000000000 0O00000O00
Fig.19 The model of Thai Buddha and the wall.
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