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Abstract: This paper presents a rapid method to align large sets of 3D scanned data automatically. The method
incorporates the technique of image registration into the pair-wise registration. Firstly, it retrieves two texture
images from the scanned data to align. A method is proposed to generate the texture image from the range image
when scanned data do not contain the texture information. Secondly, it detects the features using SIFT
(scale-invariant feature transform) on texture images, and a set of potential corresponding pixels is selected by
means of pre-filter and cross validation. Then a matching algorithm, based on RANSAC (random sample consensus)
algorithm, is applied to specify the matching pixel pairs between two images. All matches obtained are mapped to
3D space and used to estimate the rigid transformation. Finally, a modified ICP (iterative closest point) algorithm is
applied to refine the result. The paper also presents a method to create model graph rapidly for multi-view
registration which avoids aligning all pairs of range images. This reconstruction technique achieves a robust and
high performance in the application of automatic rebuilding 3D models of culture heritages.
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Fig.1 Range image which contains plenty of the geometry flaws
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) , ICP

(a) Two range images to align  (b) Texture images retrieved (c) Black points represent (d) Final result of the registration
from the scanned data, the corresponding 3D points
the white points in two images mapped from the matching
represent the matching pixels pixels in the texture images

(@ (b) (© (d)

Fig.2 Registration procedure for two range images
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(a) Two texture images to register (b) SIFT features (c) Candidates of the matching pixels  (d) Correct matching pixels
(a) (b) SIFT () (d)
Fig.3 Registration procedure for two texture images
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(c) Texture image for
k=32
(c) k=32

(a) Range image (b) Texture image for

k=4 k=64

@ (b) k=4 (d) k=64

(d) Texture image for

(e) Texture image for
k=128
(e) k=128

Fig.4 Range image of Terra-cotta Warrior model and the texture images generated from it

4

(a) Range image (b) Texture image (c) Texture image (d) Texture image

(e) Texture image

(f) Texture image

for k=4 for k=16 for k=32 for k=64 for k=128
(a) (b) k=4 (c) k=16 (d) k=32 (e) k=64 (f) k=128
Fig.5 Range image of Buddha model and the texture images generated from it
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C++
Minolta VIVID 910 . ;
640x480, 20~30 , 30
. , 2.2GHz Core2 2G PC
) 3s.
(235] 1. 6~ 8 Dazu(l)  Dazu(ll)
( ) (Buddha Armadillo )
, 35~10s. Laplacian
, 2. 9 Buddha Armadillo , 10
, SIFT '
SIFT ’ ,
, Dazu(ll) , 2.72m, 1.95m, 2.40m.
99 y 2700 , ,
) 30
Table 1 Result of registration with the texture images
1
Dataset Total range images  Total points  Total strips  Total time (s)
Kwan-yin 13 3127 391 5 32
Dazu (1) 45 12161 233 8 220
Dazu (I1) 99 27 173 866 23 1794
Table 2 Result of registration with the texture images generated from range images
2
Dataset Total range images Total points Total strips Total time (s)
Buddha 15 1099 005 1 46
Armadillo 23 578 375 7 47
Terra-cotta Warrior 54 10 932 156 10 602
Dragon Pillar 49 9117 437 13 491

Fig.7 Registration result of Dazu (1) model
7 Dazu(l)
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Fig.8 Registration result of Dazu (1) model
8 Dazu(ll)

Fig.9 Registration result of Buddha and Armadillo models
9 Buddha Armadillo

Fig.10 Registration result of Terra-cotta Warrior and Dragon Pillar models
10
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