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Abstract

In this paper, we consider the geometric and photometric modeling of large-scale and intricately shaped objects,
such as cultural heritage objects. When modeling such objects, new issues occurred during the modeling steps
which had not been considered in the previous research conducted on the modeling of small, indoor objects.
First, 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. We propose a novel method for
searching the nearest neighbor by extending the search algorithm using a k-d tree. We constructed a merged model
in adaptive resolution according to the geometric and photometric attributes of range images for efficient use of
computational resources. Second, we reconstructed a 3D model with an appearance which successfully discarded
outliers due to specular reflection, by taking a consensus of the appearance changes of the target object from
multiple range images. The photometric attribute of the model can be used for aligning with 2D color images.
The third issue is complementing unobservable surfaces of an object. We propose a novel method to complement
such holes or gaps in the surfaces, areas which are not observed by any scans. In this novel method, the surface
of an object is scanned using various kinds of sensors. We efficiently complement them by taking a consensus of

the signed distances of neighbor voxels.
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[% 6: 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 approximate normal is then
used to determine further subdivision.

[% 7: Two images of the Great Buddha in Kamakura,

using LRS values as pixel values.
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10: An example of the histogram of the intensity val-
ues of consensus points. Some outliers due to specular
reflection are observed. In this case, the median value
is 0.04.
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13: Adjacent voxels to take consistency of the signs
of SDF
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14: Relationship between distance from a query to
the nearest neighbor and the number of records exam-
ined using the basic search algorithm for merging range

images.
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ined with the BOT test for merging range images.

DHHEBE LI%HE, FICIEthEL LRSEOM A%
EZELEBAETHD. FOHERKEOHKHELR
R BIERREE TR b BTV Al
N, EISRRHRA &I TR ET VB, CTIXT —
B, FHEEEBINELTHIENERETH T,
*7-, EF/NA EB, A& C DET Metro[3] &
WK O A R L, @ E %{ToTT —
ZBEHIK LS E ISR ERIETRETETY
L& L7 (8 1 1O Mean Difference) . &
FER, FOEBEHAKIADONE SITHATHERITN
&< (<imm) , BREBSRDZZERLT—F
BERHIETETWAZ EBbnb.



17: The model of China Buddha with RGB values as
photometric attributes
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18: Complementing the unobserved surfaces of the
Buddha
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# 1: Statistics of models of the Buddha: Our method
reduces the amount of data and computation time.
However, the mean differences are quite small com-

pared 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

RIHEEERE G LRMETNVEZAKT D20, B
BEEHEAE A DR O TPIOEFRIE A IR Y A, 3
RILETNVEMET L FECREL. ELFSH
HEEOBE ML & HFELRE L, BEREI N
LRy ORI 2 2 LA mrae & e o 7.

SE Xk

[1] PJ. Besl and N.D. McKay. A method for registration
of 3-d shapes. IEEE Trans. Patt. Anal. Machine Intell.,
Vol. 14, No. 2, pp. 239-256, Feb 1992.

[2] Y. Chen and G. Medioni. Description of compiex ob-
jects from multiple range images using an inflating bal-
loon model. Computer Vision and Image Understand-
ing: CVIU, Vol. 61, No. 3, pp. 325-334, 1995.

[3] P. Cignoni, C. Rocchini, and R. Scopigno. Metro: mea-
suring error on simplified surfaces. Computer Graphics
Forum, Vol. 17, No. 2, pp. 167174, June 1998.

[4] B. Curless and M. Levoy. A.volumetric method for
building complex models from range images. In Proc.
SIGGRAPH’96, pp. 303-312. ACM, 1996.

J. Davis, S.R. Marschner, M. Garr, and M. Levoy. Filling
holes in complex surfaces using volumetric diffusion. In
Proc. First International Symposium on 3D Data Pro-
cessing, Visualization, and Transmission, 2002.

H. Delingette, M. Hebert, and K. Ikeuchi. Shape repre-
sentation and image segmentation using deformable sur-
faces. Image and vision computing, Vol. 10, No. 3, pp.
132-144, April 1992

J.H. Friedman, J. Bentley, and R. Finkel. An algorithm
for finding best matches in logarithmic expected time.
ACM Transactions on Mathematical Software, Vol. 3,
No. 3, pp. 209-226, 1977.

A. Hilton, A.J. Stoddart, J. lllingworth, and T. Windeatt.
Reliable surface reconstruction from multiple range im-
ages. In Proceedings of European Conference on Com-
puter Vision, pp. 117126, Springer-Verlag, 1996.

R. Kurazume, K. Nishino, Zhengyou Zhang, and Kat-
sushi Ikeuchi. Simuitaneous 2d images and 3d geomet-
ric model registration for texture mapping utilizing re-
flectance attribute. In Proc. The 5th Asian Conference
on Computer Vision, Yol. 1, pp. 99-106, January 2002.

W. Lorensen and H. Cline. Marching cubes: a high res-
olution 3d surface construction algorithm. In Proc. SIG-
GRAPH’87, pp. 163-170. ACM, 1987.

5

[ouki

{6

[

[7

—_

[8

-

[91

{10]

[11] K. Nishino and K. Ikeuchi. Robust simultangous regis-
tration of multiple range images. In Proc. Fifth Asian
Conference on Computer Vision ACCV 02, pp. 454~
461, Jan. 2002. ‘

K. Pulli. Multiview registration for large data sets. In
Second Int. Conf. on 3D Digital Imaging and Modeling,
pp- 160-168, Oct 1999.

R. Sagawa, K. Nishino, and K. Ikeuchi. Robust and
adaptive integration of multiple range images with pho-
tometric attributes. In Proc. IEEE Computer Society
Conference on Computer Vision and Pattern Recogni-
tion 2001, Vol. 2, pp. 172-179, December 2001.

R. Sagawa, K. Nishino, M.D. Wheeler, and K. Ikeuchi.
Parallel processing of range data merging. In Proc.
2001 IEEE/RSJ International Conference on Intelligent
Robots and Systems, Vol. 1, pp. 577-583, Oct. 2001.

Mark D. Wheeler. Automatic Modeling and Localization
for Object Recognition. PhD thesis, School of Computer
Science, Carnegie Mellon University, 1996.

M.D. Wheeler, Y. Sato, and K. Ikeuchi. Consensus sur-
faces for modeling 3d objects from multiple range im-
ages. In Proc. International Conference on Computer
Vision, January 1998. .

R.T Whitaker. A level-set approach to 3d reconstruction
from range data. International Journal of Computer Vi-
sion, Vol. 29, No. 3, pp. 203-231, October 1998.
PENINLE, BT, JPN 5e S0 PRI R & ERAIE
D a8 A NREIGHGTE . I RIBLE SRR SRS,
Vol. J85-DII, No. 12, pp. 1781-1790, December 2002.

[12]

[13]

[14]

[15]

{16]

(173

(18]



X 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 represen-
tations and row (2) are polygonal 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.



