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Shape Reconstruction from Unorganized Cloud of Points
using Adaptive Domain Decomposition Method

Dong-Jin Yoo"

ABSTRACT

In this paper a new shape reconstruction method that allows us to construct surface models from very large sets of
points is presented. In this method the global domain of interest is divided into smaller domains where the problem can
be solved locally. These local solutions of subdivided domains are blended together according to weighting coefficients
to obtain a global solution using partition of unity function. The suggested approach gives us considerable flexibility in
the choice of local shape functions which depend on the local shape complexity and desired accuracy. At each domain, a
quadratic polynomial function is created that fits the points in the domain. If the approximation is not accurate enough,
other higher order functions including cubic polynomial function and RBF(Radial Basis Function) are used. This
adaptive selection of local shape functions offers robust and efficient solution to a great variety of shape reconstruction

problems.

Key Words : Shape reconstruction(3 g A 743), Polynomial function(¥}+32] &), Radial basis function(®l ol o] &
71% ¥<), Adaptive domain decomposition method(3 -3 4 H L T&H)
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Fig. 1 Local fit of a quadratic polynomial
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Fig. 7(a) Shape reconstruction of sculpture model
(raw unorganized cloud of points)

(® (®

Fig. 7(b) Shape reconstruction of sculpture model
(reconstructed sculpture model)

© @
Fig. 5 Shape reconstruction of human head model
(Number of domains : 400) : (a) quardratic,
(b) cubic, (c) radial, (d) adaptive

Fig. 8(a) Offset of human model(offset : 0 mm)

(@) (b)

Fig. 8(b) Offset of human model(offset : 4 mm)

©
Fig. 6 Shape reconstruction of human head model

(Number of domains : 1400) : (a) quardratic,
(b) cubic, (c) adaptive Fig. 8(c) Offset of human model(offset : § mm)
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Table 1 Computational time measurements for fitting and

polygonization

(H/W : IBM RS 43P 140 W/S)

Shape function Number of Computing
domains time(sec)

Quadratic 400 120
polynomial 1400 368
Cubic 400 124
polynomial 1400 380
Radial 400 700
implicit 1400 910
Adaptive 400 203
shape function 1400 412

Fig. 9(c) Offsets of stamping die(surface offset)

Fig. 11 Automatic generation of quadrilateral elements
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Fig. 12(c) Shape reconstruction from the large number of scanned points (detailed view of nose and ear)
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(a) bunny (b) dragon

(c) happy Buddha (d) horse

(¢) Armadillo

Fig. 13 Reconstructed shapes from the cloud of points
of Stanford 3D scanning repository

98

(a) rocker arm (b) dinosaur

(c) propeller

(d) whole body of male and female

Fig. 14 Reconstructed shapes from the cloud of points of

Cyberware
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Table 2 Computational time measurements (1em rs 43p 140 wis)

Model Number of Toom Tapom (Toom - Tavem) / Toom

points (sec) (sec) X 100 (%)

sculpture model(girl) 647,642 3,886 1,230 68.3

agripa 1,700,000 5,200 1,800 65.4

bunny 34,611 293 95 67.6

dragon 433,375 3,320 1,146 65.5

buddha 543,650 4,268 1,439 66.3

horse 96,966 830 275 66.8

armadillo 172,972 1,250 448 64.1

rocker arm 60,264 450 170 62.2

dinosaur 112,384 845 320 62.1

propeller 171135 890 3ds 61.2

male body 366,964 3,050 920 69.8

female bod; 263,980 2,550 810 68.2
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