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A Globally Convergence Algorithm

for Range Image Registration

Based on Consistency Evaluation

of Rigid Transformation of Correspondences

SHINGO YAMADA! and Ikuko Suimizuf!

In this paper, a globally convergent algorithm for registration of two range
images is proposed. Our method finds the consistent combinations of the cor-
responding feature point pairs with largest similarity by formulating as graph-
based optimization problem. The consistency of rigid transformations is evalu-
ated using triplets of feature point pairs. While the number of the all possible
triplets of feature point pairs are very large, we reduce the candidates of the
triplets based on the shape consistency, one-to-one correspondence assump-
tion, and disntance consistency of all pairs of feature points. By introducing
the graph kernel algorithm, the globally optimal combination of the triplets of
feature point pairs is found by evaluating the similarity robustly using SIF'T.
Experimental results show that our algorithm is robust and available about
valious models.
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Fig.1 Overview of the proposal method.
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Table 1 Shape classification using shape index.
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Fig.2 Example of feature points extraction by SIFT.
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Fig.3 Generating one to one corresponding.
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Fig.4 Generation of three to three correspondences.
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Fig.5 Conflicting three to three correspondences.
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0 7 Models of donkey, chameleon and plaster figure
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Fig.8 Experimental results of three models by the proposed method.
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Table 2 Registration of donkey model by the proposed method. Table 3 Registration of chameleon model by the proposed method.

0oooooo 0oooooog 0oooooo oooooog 303000 0000 [°] | 0000 [ms] 0oooooo oooooo 0oooooo 0oooooo 303000 0oooo [°] | oOo0OD0 [s]
0° 20° 15/41 15/43 22/22 20.041018 319 20° 40° 3/14 3/60 1/1 19.394639 0.188
20° 40° 24/43 21/44 134/168 19.920304 679 40° 60 ° 28/60 26/161 130/130 19.484203 0.996
40° 60° 19/44 17/46 149/199 19.760784 848 60° 80° 56/161 62/204 937/956 19.689342 5.923
60° 80° 17/46 15/40 54/59 19.831147 321 80° 100° 87/204 83/248 708/726 20.294088 12.469
80° 100° 15/40 17/52 94/121 19.961301 444 100° 120° 146,/248 154/238 7778/8298 19.484078 350.922

100° 120° 15/52 15/38 61/217 19.996613 701 120° 140° 131/238 132/213 3708/3862 19.390232 61.604
120° 140° 5/38 5/36 3/5 20.032995 158 140° 160° 92/213 93/185 1281/1416 20.548414 14.787
140° 160° 6/36 6/38 2/3 20.345076 176 160° 180° 94/185 87/155 1275/1406 20.432495 10.903
160° 180° 11/38 9/38 16/17 19.944643 195 180° 200 ° 36/155 35/95 42/50 19.525611 1.241
180° 200 ° 4/38 4/35 2/2 19.854646 151 200° 220° 19/95 23/149 21/27 21.023952 0.775
200° 220° 14/35 14/48 43/43 20.137721 272 220° 240° 65/149 76/236 769/785 19.695704 8.338
220° 240° 13/48 15/60 14/17 19.986616 285 240° 260 ° 163/236 177/283 7415/8192 19.511729 322.633
240° 260 ° 16/60 16/51 87/87 20.060041 375 260 ° 280 ° 186/283 165/273 7245/8096 20.443062 312.362
260 ° 280° 8/51 8/38 5/5 20.258061 160 280° 300° 166,/273 163/256 18904/21195 19.794905 4200.097
280° 300° 6/38 5/43 4/4 19.924681 170 300° 320° 132/256 113/196 9344/9933 20.456628 523.699
300° 320° 7/43 7/33 9/9 20.187100 162 320° 340° 26/196 27/81 46/54 19.712518 0.809
320° 340° 5/33 5/48 3/3 19.973644 172 340° 0° 4/81 4/46 2/2 20.203855 0.187
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Fig.9 Comparison with conventional methods(Donky model).
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Fig.10 Comparison with conventional methods(Chameleon model).
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Table 4 Registration of plaster figure model by the proposed method

000000 | 000000 | 000000 | 000000 | 30 3000 | OOOO [°] | DOOO [ms]
0° 20° 8/57 8/57 15/15 19.974022 282
20° 40° 13/57 13/59 131/131 20.227085 564
40° 60 ° 8/59 8/36 11/11 19.683737 165
60 ° 80° 4/36 4/28 2/2 19.355928 106
80° 100° 7/28 6/27 9/12 20.711942 130
100° 120° 6/27 6/31 18/18 20.560250 149
120° 140° 8/31 7/37 13/13 19.851790 197
140° 160 ° 9/37 9/30 8/274 17.059498 696
160 ° 180 ° 3/30 3/22 1/4 22.967889 92
180 ° 200° 7/22 7/30 8/8 18.987834 145
200° 220 ° 8/30 9/32 16/23 18.348088 198
220° 240 ° 6/32 6/29 11/11 19.240094 134
240° 260 ° 6/29 6/26 7/10 19.873926 111
260 ° 280 ° 4/26 4/33 2/2 20.658350 124
280 ° 300° 7/33 7/32 11/17 19.736013 149

300° 320° 5/32 5/60 9/9 19.371611 221
320° 340° 24/60 22/61 270/273 19.603029 1245
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Fig.11 Comparison with conventional methods(Plaster figure model).
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