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Abstract: In combination of local surface fitting and generalized bisection optimization search, an auto-
matic registration method is proposed for the multi-view 3-D scattered point cloud registration in the
shape measurement of a large scale free-form surface. First, the standard least square surface is fitted
in a small local area of point clouds. According to the fitting residue, all the non-flat regions for given
point clouds are extracted. Based on the definition of “adjacency” and “reachability” of graph theory

and the statistical characteristics of spatial distribution of non-flat regions, the non-flat regions for
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pairwise adjacent point clouds are clustered and matched coarsely. Thereby, the initial transformation
is obtained. Then, a point in source point cloud is given and the most closed point and its correspond-
ing k£ neighboring points in destination point cloud are calculated. Furthermore, the Moving Least
Squares(MLS) surface fitting is performed for the £ neighboring points. The given point and its or-
thogonal projection point on the MLS surface are selected as the matching points. Finally, the gener-
alized bisection optimization search is employed to optimize the transformation. Experimental results
indicate that the proposed registration method is stable, reliable and without human interaction. It is
also suitable for the situation of offset sampling. The average registration seam is about 0. 02 mm
when 150 matching points in overlapping region are used in optimization calculation. The proposed

method meets the requirements of multi-view 3-D scattered point cloud registration in the shape meas-

urement of large scale free-form surfaces.

Key words: shape measurement; 3-D scattered point cloud registration; local surface fitting; general-

ized bisection search
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] BE 7 J5 F. 28358 12 48 TCP J5 ik 1 e o 4%
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JEASCR LS ICP Bk i e e 45 3. B W W A%
i, e B ICP 25 5L 78 /i . AR SO I 1 45 SR 7
Joi o BERERMY A SO AR AR B Ay <4 PR )
=<4 mm B, 358 22 W EE AT AT LR 7 7E 1. 6 mm?
PAPA AT AR 35 0 G 1) T o4 B8 . i /% 42 i) ICP
T AT A e <<1°, A r i <<1 mm i EfR
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Tab.1 Comparison of mean value of optimized results in different calculation points

o g IS %S HIE
R V. /mm’ o/rad B/ rad v/rad t./mm t,/mm t./mm
5 109. 14 —0.037 7 0.3851 0.043 4 —286.985 7 5.592 6 7.209 8
10 4.624 9 —0.107 6 0.386 9 0.050 9 —287.329 1 5.545 1 7.136 8
50 1.898 5 —0.086 6 0.378 6 0.057 9 —287.592 3 5.503 8 7.108 3
75 1.491 8 —0.086 5 0.374 7 0.050 0 —287.645 7 5.538 5 7.109 2
100 1.502 8 —0.086 3 0.376 6 0.0533  —287.6157  5.5180 7.108 6
125 1.500 4 —0.087 2 0.376 7 0.0519  —287.6201  5.5237 7.109 1

x2 FAETERHHRUERREZITLL

Tab. 2 Comparison of standard deviation of optimized results in different calculation points

— ﬁgmjr@gﬁ B S HObrR 2
V., /mm’ o/ rad p/rad y/rad t,/mm ¢,/mm t./mm
S 215,47 0.472 3 0.119 2 0.123 1 0.962 0 0.489 2 0.052 6
10 3.442 6 0.139 4 0.065 5 0.045 5 0.541 9 0.310 6 0. 0286
50 0.9857 0.027 0 0.008 0 0.021 0 0.191 8 0.122 9 0.003 0
75 0.109 3 0.016 2 0.006 7 0.002 2 0.040 4 0.021 1 0.001 0
100 0.038 4 0.016 7 0.004 4 0.003 9 0.023 2 0.021 8 0.001 1
125 0.039 3 0.016 3 0.004 3 0.003 0 0.029 1 0.017 9 0.001 0
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Tab.3 Comparison of registration results between ICP method and proposed method
. 1R 22 W B 41 LS RHME
Pl ,
. /mm’ o/rad B/ rad v/ rad t./mm ¢,/mm t./mm
A 1.500 4 —0.087 2 0.376 7 0.0519 —287.620 1 5.5237 7.109 1
ICP 1.570 1 —0.087 1 0.377 0 0.0519 —287.559 1 5.511 5 7.112 3

R4 WNESHBWME

ICPHESANE RN ELERITLL

Tab.4 Comparison of registration results between ICP method and proposed method after increasing pose parameter .

K IAm s - 15 26 N PLESH
At./mm V. /mm? o/rad B/ rad v/ rad t./mm ¢,/mm t./mm
1,000 0 33.478 9 —0.087 2 0.376 7 0.0519 —287.6337 5.520 4 7.036 1
' 1.503 6 —0.087 2 0.376 7 0.0519 —287.619 2 5.523 9 6.909 1
5 000 0 191.237 1 —0.087 2 0.376 7 0.0519 —287.629 3 5.530 59 6.927 5
' 1.503 5 —0.087 2 0.376 7 0.0519 —287.622 3 5.524 9 6.709 0
3000 0 438.288 7 —0.087 2 0.376 7 0.0519 —287.6256 5.517 8 6.835 2
' 1.506 1 —0.087 1 0.376 7 0.0519 —287.624 6 5.522 1 6.509 0
1000 0 791.303 9 —0.087 2 0.376 7 0.0519 —287.6337 5.5204 0 6.736 1
' 1.503 7 —0.087 2 0.376 7 0.0519 —287.618 4 5.5231 8 6.309 1
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