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Skull Point Cloud Registration Method Based on Curvature Maps

Yang Wen, Zhou Mingquan”, Guo Bao, Geng Guohua, Liu Xiaoning, Liu Yangyang
College of Information Science and Technology, Novthwest University, Xi'an, Shaanxi 710127, China

Abstract This paper presents a new skull point cloud registration method based on curvature maps to improve the
registration accuracy and convergence speed of the skull point cloud model. First, a three-dimensional shape block
centered on the feature points and containing its adjacent points is extracted from the skull point cloud, and all the
points are projected onto the two-dimensional plane. Furthermore, the projection points are quantized into the
corresponding units in the two-dimensional supporting area, and the weighted curvature is encoded as curvature
distribution images to construct the region curvature map descriptors of the feature points. Then, matching point
pairs are established by matching points with similar local shapes based on regional curvature map descriptors, and
the rigid body transformation relationship between skull point clouds is calculated using the singular value
decomposition method to realize skull coarse registration. Finally, the iterative closest point (ICP) algorithm is
improved by introducing dynamic iteration coefficients and used to achieve fine skull registration. The experiment
results demonstrate that the proposed rough registration method is an effective initial registration method.
Compared with the original ICP algorithm, the improved ICP algorithm increases the registration accuracy and
convergence speed by approximately 11% and 37%, respectively, and reduces the time-consumption by
approximately 34% . The bunny point cloud model is used to verify the generalization ability of the proposed
method. The results demonstrate that the registration effects of the improved ICP algorithm are better than those of
the original ICP algorithm.

Key words image processing; skull registration; regional curvature map; singular value decomposition; dynamic
iterative coefficient; iterative closest point algorithm
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Table 1 Comparison of registration efficiency of different

rough registration methods

Registration
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Fig. 9 Fine registration results of ICP algorithm
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Table 2 Comparison of registration efficiency of skull

point clouds

Number of Registration Time-consuming /
Algorithm .
iterations error /mm s
1ICP 46 3.652>10 * 47. 83
Improved ICP 29 3.243X10°* 31. 64

B AEFEAT T — UGS AU J2 7 A — YOk AR By S Al L
PEFT Y 52 1 T30 e 4 R I ) ) B T o Y

lateral
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Fig. 10 Fine registration results of improved ICP algorithm
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FRCHESS R . 78 M T e S5, 70 MG o i SR Al [ 7
EATANECIE . 76 U AT 40 e o S 56 i 43 B8 A ICP
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Fig. 11 Initial position
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Fig. 13 Fine registration results of ICP algorithm

e

front rear
14 Bt i ICP S50k 1 A0 B v 45
Fig. 14 Fine registration results of improved ICP algorithm
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Table 3 Comparison of registration efficiency of bunny

point clouds

Number of Registration Time-consuming /
Algorithm .
iterations error /mm s
ICP 32 8.495x10* 21.63
Improved ICP 18 7.876x10 ° 12.28
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S Je T B AR B SR L TR A B R A . A 13,
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TR G AR I TR %) 2 R R T A B 2 S A
BT LA L Bk A TCP B89k 7 3 S8 35 A7 B4 T o 45
REHE) AR TS, NEITUAEE. 5 ICP
SVEAH L, R Y ICP B9k 240 18 R s s sl T
A5 e T T 2R o AT S5 TP T L T oA R G
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AR T 700 44 %, B HERERTBEAR T 29 43 %0,
A TR R i A5 R g R S5 SR AR T LR . S
2o TCP Bk A b itk (1 TCP 5309k 76 e i RS 1 1
P& e AN WY Sk LA TG oA B ) RS SIO B B T
ICP Bk, X F 2 N ek ak iy ICP Bk A T %
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5.4 AEIBRERFENEAESERTLE

TEE LA 28 i) C o B30 1 RN el 1 ICP B30 1k
HEATXF BE S5y, %o LU G HESR VA A2 45 LO-RANSAC &
290 Super-4PCS & 377 | Go-ICP & 3% | PICP
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& 4 T LLE % i S sk, 5 LO-
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Table 4 Efficiency comparison of different registration algorithms

Number of point Number of Registration
Point cloud model Algorithm Time-consuming /s
clouds iterations error /mm
LO-RANSAC™* 48 5.689X10° 47. 86
Skull to be registered 210759 Super-4PCS*™ 35 4,384X10* 32.75
Go-ICP™¥ 53 4.930X10* 52.59
PICP™! 42 3.677X10 ¢ 41. 06
Reference skull 211234 IRLS-ICP™ 37 3.256X10 * 36. 63
Proposed algorithm 30 2.977X10* 29. 67
LO-RANSAC™" 29 2.899%10 * 18.21
Bunny to be registered 40000 Super-4PCS* 19 1.556X10* 13.22
Go-1CP™ 31 2.017X10° 20. 69
PICP"" 25 1.154X10°° 16. 95
Reference bunny 40000 IRLS-ICP" 22 9.255x10° 15. 48
Proposed algorithm 17 7.688x10 ° 11.94
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