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Abstract
straints to the model. Combining with the procedure of traditional iterative closest point (ICP) method, the registration
problem was described as a constrained optimization problem. Using parameterized method by Lie group and quadric

By analyzing the data set registration problem with anisotropic scale deformation, we introduced the con-

approximation to the objective function, the registration problem was translated into a series of quadratic programming
problems. Then, a novel scale-registration algorithm was proposed. The numerical simulations showed that such method
not only was rapid and accurate as the traditional ICP method, but also could deal with the registration problem with
large scale deformation. By introducing the constraints to the scale parameters, the algorithm was more robust. A way

for choosing the initial transformations was proposed to assume the global registration.
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Table 1  Comparisons of four methods to 2D data set registration problem
Besl [W75i% Zha {7775 R ICP Jiik Hik1
41 RMS 5% R RMS 5% RJE RMS %% RE RMS %%
(1) 766.8432 0.0000 0.0000 1.4468 21.7210 [1.4326, 1.4610] 21.4940
(2) 0.6104 0.9988 0.6058 0.9992 0.6852 [0.9991, 0.9985] 0.5908
3) 54.1790 0.3292 1.1462 0.3281 1.1430 [0.3329, 0.3231] 1.1151
(4) 58.0894 0.5460 3.0012 0.5456 2.9227 [0.5578, 0.5372] 2.8016
(5) 0.6076 1.0002 0.6071 1.0002 0.6071 [1.0004, 0.9998] 0.6070
(6) 6.4295 0.0000 0.0000 1.2210 2.1112 [1.1815, 1.3338] 1.3251
(7) 7.4156 1.1158 3.9865 1.1247 4.0463 [1.1710, 1.1311] 3.8603
(8) 0.5664 1.0002 0.5662 1.0002 0.5662 [1.0015, 0.9992] 0.5599
9) 2.7829 0.9647 3.2680 0.9485 3.1991 [0.9455, 0.9908] 2.5916
(10) 1.1440 0.9992 1.1455 0.9992 1.1455 [1.0003, 0.9990] 1.1429
(11) 34.3592 0.7108 4.1872 0.7232 4.2789 [0.6977, 0.7195] 3.5653
(12) 0.5626 1.0025 0.6428 1.0051 0.6950 [1.0008, 0.9994] 0.5600
(13) 3.0638 0.8962 1.6865 0.8815 1.5425 [0.8597, 0.8868] 1.5230
(14) 0.5694 0.9999 0.5693 0.9999 0.5693 [0.9997, 1.0002] 0.5682
(15) 8.2065 0.9692 7.9824 0.9499 7.7068 (0.8834, 1.1747] 4.6336
(16) 29.6675 0.7238 7.2896 0.7074 6.7918 [0.6715, 0.7517] 6.3816
(17) 126.5238 0.3324 0.8276 0.3314 0.6954 [0.3242, 0.3330] 0.6399
(18) 16.2802 0.0000 0.0000 1.9460 12.4341 [1.8487, 1.9975) 12.1230
(19) 8.4801 1.1225 7.3482 1.1628 8.2105 [1.1722, 1.1589] 4.8538
(20) 3.6876 0.0000 0.0000 1.2419 1.3547 [1.2470, 1.3433] 1.3412

'http://www-graphics.stanford.edu/data/3Dscanrep/ .
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Fig.2 Configurations of model data set, test data set, and registration results of Bunny data set
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Table 2 The initial configurations of Bunny data set with different scales
" Jigk ek £ T N g S
0.5 [ —0.0534 0.4425 —0.0602] 25.7695° [ —0.0437 —0.0477 —0.0392] 0.5046 [0.4753 0.4883 0.5461]
1.0 [ —0.0534 0.4425 —0.0602] 25.7695° [ —0.0057 0.0006 —0.0214] 1.0092 [0.9506 0.9766 1.0923]
2.0 [ —0.0534 0.4425 -0.0602] 25.7695° [ —0.0797 0.0972 0.0142] 2.0185 [1.9013 1.9532 2.1845]
10.0 [ —0.0534 0.4425 -0.0602] 25.7695° [ —0.2718 0.8699 0.2993] 10.092 [9.5064 9.7668 10.923]
100.0 [ —0.0534 0.4425 -0.0602] 25.7695° [ —2.4337 9.5625 3.5061] 100.92 [95.064 97.668 109.23]
#* 3 Bunny B AR R F Edl SRR DL RO S R
Table 3  Registration results of Bunny data set with different scales
LN IR AP A
W % RMS % P ) (s) JUE RMS #:% LH i) (s)
0.5 0.48999 0.00194 61 82.564 [0.48956 0.48995 0.49046] 0.00186 65 88.453
1.0 0.97998 0.00194 30 40.053 [0.97912 0.97990 0.98092] 0.00186 31 45.249
2.0 1.95996 0.00194 39 53.865 [1.95824 1.95980 1.96184] 0.00186 35 45.896
10.0 9.79982 0.00194 43 61.187 [9.79122 9.79902 9.80922] 0.00186 42 59.974
100.0 97.9982 0.00194 43 63.756 [97.9122 97.9902 98.0922] 0.00186 45 66.165
# 4 Dragon ZHEAEA F RS T Hm AR M UL AT 45 1
Table 4  Registration results of Dragon data set with different scales
LN RSP k1
I JUEE RMS %% Gz IR (s) U RMS &% P8 IR 8] (s)
0.5 0.49012 0.00581 49 42.405 [0.46882 0.49995 0.50136] 0.00532 55 50.543
1.0 0.98024 0.00581 52 48.267 [0.93764 0.99990 1.00272] 0.00532 61 55.841
2.0 1.96048 0.00581 41 38.418 [1.87528 1.99980 2.00544] 0.00532 48 45.962
10.0 9.80242 0.00581 55 52.561 [9.37641 9.99903 10.0272] 0.00532 57 55.356
100.0 98.0242 0.00581 55 55.026 [93.7641 99.9903 100.272] 0.00532 63 58.144
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Fig.3 Configurations of model data set, test data set, and registration results of Dragon data set
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Fig.4 Configurations of model data set, test data set, and registration results of HappyBuddha data set
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Table 5  Registration results of HappyBuddha data set with different scales

SR R UL 51
7 R RMS 8%  S¥ Wi (s) s RMS % S% Wi (s)
05  0.49009 0.00332 55 89.847 [0.48972 0.49011 0.49042] 0.00314 62 92.758
1.0 0.98018 0.00332 59 96.217 [0.97944 0.98022 0.98084] 0.00314 69 100.419
20  1.96036 0.00332 52 85.624 [1.95888 1.96044 1.96168] 0.00314 59 88.174
10.0  9.80183 0.00332 62 98.825 [0.79442 9.80224 9.80841] 0.00314 66 93.754
100.0  98.0183 0.00332 51 81.467 [07.9442 98.0224 98.0841] 0.00314 58 86.675
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