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Range Images Registration Using Mixed Integer Linear Programming

SHIZU SAKAKIBARA,! YUusuke KouNoOIKE,? Yusr SHINANOT?
and IKUKO SHIMIZU3

A novel coarse registration method using Mixed Integer Linear Programming (MILP) is
proposed. Our approach finds the global optimal registration parameters that are indepen-
dent of values of invariant features. In addition, our algorithm automatically adjusts error
tolerance depending on accuracy of given range image data. First, without any assumptions
about the variance of noise, we give a definition of the best balanced optimal registration that
robustly aligns two range images with the best balanced accuracy. Next, we give two different
MILP formulations for the coarse registration: minimization of errors between corresponding
point pairs under the constraints on the number of correspondences, and maximization of the
number of correspondences under the constraints on the error tolerance between correspond-
ing point pairs. Then, we propose an algorithm finding the best balanced optimal registration
of range images by solving these two MILP problems repeatedly. Our experimental results
show that our method for coarse registration is highly effective.
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01 00000 RANSACOOOOODODODOOOODOooOoOO
Table 1 Error evaluation of MILP-based registration and RANSAC-based registration.

ooo o oooo RANSAC-base
ooo oooo gooo ooo oo oooo gooo ooo oo
() 0o ooo oo (0) 0o ooo oo
b00 0.00 786 0.32 1.87 0.33 98 0.57 1.61 0.42
b02 0.02 751 0.31 1.66 0.32 68 0.42 1.54 0.32
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02 0000000000000 e=02500000000
Table 2 Data computed with parameter € = 0.25 by the
MILP-based method.
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Table 3 Data computed with parameter H = 1.00 by the
RANSAC-based method.
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01 0000000 “Stanford Bunny” 000000
Fig.1 Result of “Stanford Bunny”.

02 0000000 “Horse” DODOODODO
Fig.2 Result of “Horse”.

03 0000000 “Armadillo” 000000
Fig.3 Result of “Armadillo”.
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Fig.4 Result of “Pooh”.
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04 00000 “Pooh” DODODODODOOOODOO
Table 4 Error evaluation of data set “Pooh”.

oo pgooo RANSAC-base
ooog 0000 0000 0OooOooo oooo oooo 0000 0Oooooo oooo
good ogd ooogoo oooad oo goooo gooo

(o-0) é]\"] ooao ooo gooood ooo ooo ooo gooooo ooag
0-20 0.25 1311 1.01 0.09 0.09 18 5.01 0.18 0.75
20-40%* 0.47 8484 2.25 0.08 0.43 6 1.35 0.05 1.10
40-60 0.18 3309 1.01 0.02 0.27 99 0.60 0.07 0.36
60-80* 0.45 29782 1.97 0.07 0.21 938 1.24 0.09 0.90
80-100 0.18 5761 2.15 0.03 0.23 50 8.75 0.11 0.52
100-120* 0.48 18899 2.09 0.10 1.94 116 4.15 0.29 1.50
120-140 0.18 6237 1.44 0.01 0.98 180 1.68 0.04 1.47
140-160 0.17 11157 1.79 0.03 0.21 52 0.85 0.06 0.12
160-180 0.22 86972 2.50 0.03 1.02 184 6.25 0.18 1.22
180-200 0.13 62695 0.13 0.12 1.00 26 17.73 0.85 3.55
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220-240* 0.23 31545 9.56 0.28 1.62 10 6.76 0.20 0.71
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300-320 0.23 3284 0.17 0.06 0.68 25 1.37 0.06 0.47
320-340* 0.39 7793 4.00 0.13 1.57 1 2.79 0.18 0.55
340-0 0.21 2178 0.19 0.09 0.33 533 1.18 0.09 0.53
ooo - 19496 1.95 0.07 0.72 176 3.74 0.17 0.89

05 0000 NOOODOO “Pooh” O 220024000
Table 5 The change of N (between 220 degree and 240
degree, “Pooh”).
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