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Abstract Registering highly efficient and accurate point clouds with strong noise and inhomogeneous density
remains a challenging task. In this paper, we propose a point cloud registration algorithm based on keypoint
extraction and the improved iterative closest point (ICP). In coarse registration, we first fused the voxel grid
filtering and normal distance keypoint extraction and then computed the fast point feature histogram of keypoints for
feature matching. Then the random sampling consistency (RANSAC) algorithm was estimated and optimized by
correspondent relation for eliminating mismatches. In fine registration, we implemented the best bin first (BBF)
algorithm to search for the nearest point of £-d tree and set the dynamic threshold to eliminate wrong point pairs.
Finally, we used the improved accelerated ICP algorithm based on the “point-to-triangle plane” model to obtain the
registration vector. By registering the model point cloud and building point cloud, we compared the proposed
algorithm with other commonly used algorithms. The results demonstrate that the proposed algorithm is robust
against noise, and in particular, the running speed and registration accuracy are enhanced.
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Fig. 2 Keypoint extraction. (a)Voxel grid filtering; (b) extracting keypoints using normal distance
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Fig. 3 Distribution of keypoints under different parameters. (a) a,=0.3 mm, r=1.0 mm, ¢, =10%, m =5, the number

of keypoints is 658; (b) ao=0.4 mm, r=2.0 mm, ¢, =10%, m =5, the number of keypoints is 597; (¢) ao =

0.4 mm, r=2.0 mm, ¢, =10%, m=10, the number of keypoints is 364
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Fig. 4 Different nearest point models. (a) “Point to point” model; (b) “point to triangle plane” model
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Fig. 5 Coarse registration of model point clouds. (a) Feature matching; (b) correct correspondences

after improved RANSAC; (c¢) results of coarse registration
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Table 1 Coarse registration results of model point clouds

Size of Number Number of Number of correct

Dataset ) i Rys/mm
point cloud of keypoints correspondences correspondenses

Happy024 75582 433
102 75 0.44

Happy048 69158 381

Dragonl20 21833 382
80 53 1.04

Dragonl44 23530 411

Armadillo15 32208 405
97 64 0.96

Armadillo45 24813 371

2 IR R XA S SRR S R Y AR

Table 2 Comparison of coarse registration results of model point clouds by different methods

Happy Armadillo Dragon
Method - - -
Time /s Rys/mm Time /s Rus/mm Time /s Rus/mm
Uniform+FPFH+ SAC-TA 42.90 2.06 6.40 1.64 4.48 1.14
NARF+FPFH+ SAC-IA 28.67 2.18 16.40 1.76 8.43 1.91
ISS+FPFH+SAC-TA 17.80 2.53 9.09 1.15 10.17 1.02
KFPCS 6.70 1.29 3.28 1.03 2.71 1.09
Proposed method 1.23 0.44 1.80 0.96 0.61 1.04
a [ -
@ ‘,’- (b) . (©
— .. . .
dagstuhl
P \
e
UL |
hokuyo e

Bl 6 HAYE KB, (ORFEVEHES; (b ML RANSAC XT3 VE e 5 Bk 5 (o) KL M 45 SR
Fig. 6 Coarse registration of building point clouds. (a) Feature matching; (b) correct correspondences

after improved RANSAC; (¢) results of coarse registration

® 3 HRY SR SR SR

Table 3 Coarse registration results of building point clouds

Size of Number of Number of Number of correct
Dataset ] ) Rus/ (107% m)
point cloud keypoints correspondences correspondences
Dagstuhl000 81359 453
113 46 2.07
Dagstuhl001 81360 404
Hokuyo_0 370261 2695
565 123 1.82
Hokuyo_1 370277 3283
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Table 4 Comparison of coarse registration results of

building point clouds by different methods

Dagstuhl Hokuyo
Time /S Rms/m Tlme /5 RMg/m
Uniform+FPFH+

Method

27.20 0.0415 93.80 0.0267
SAC-TA
NARF+FPFH+
4.33 0.0360 63.70 0.0439
SAC-TA
ISS+FPFH+
12.04 0.0239 77.40 0.0206
SAC-TA
KFPCS 5.23 0.0249 29.70 0.0279
Proposed method 0.72 0.0207  12.09 0.0182
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Table 5 Comparison of fine registration results of model point clouds under different methods

Happy Armadillo Dragon
Method ; . -
Time /s Ryvs/mm Time /s Ryvs/mm Time /s Ruvs/mm

Standard ICP 18.90 0.082 7.60 0.170 5.80 0.230
GICP 32.23 0.055 15.10 0.091 11.50 0.167
L M-ICP 20.24 0.079 6.97 0.150 10.17 0.183
NDT 5.30 0.087 2.35 0.150 1.69 0.180
Proposed method 11.2 0.053 6.47 0.084 4.70 0.173
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Fig. 7 Fine registration of model point clouds. (a) Results of fine registration by proposed method; (b) chromatographic

comparison of point clouds distance deviation under fine registration; (c) registration error comparison of fine

registration among different methods

®6 AFEERRY A SRS R LR
Table 6 Comparison of fine registration results of building

point clouds by different methods

Dagstuhl Hokuyo
Method ) Rus/ i Rus/
Time /s ) Time /s
0% m) 0% m)
Standard ICP  15.70 4,77 105.6 2.82
GICP 23.97 4.31 121.7 2.43
LM-ICP 60.60 4.52 203.6 4.56
NDT 10.67 5.73 49.6 2.57
Proposed method 13.60 3.58 70.9 1.61

6 45 1w

Xof i R L S B 5 1 05 s AT AL
JIE TC A — N MR, B i — A R — L T
AR IS AL ICP 5 = B s . R T
VR A 2 % L 22 Bl B B0 IE 1 T B ik A T o
SRR AERS B L PERE . ST R W, T 4R I 1 B

B OB PR U AN R S R AE A BT BERE O 1
SBCH R 100 76 A7 O B AR T 45 AE i 58 31 5

O 24k T2 R0 RF T8] 1 6 » AT B4 1 4 41 R e I 1k
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Fig. 8 Fine registration of building point clouds. (a) Results of fine registration by proposed method; (b) chromatographic
comparison of point clouds distance deviation under fine registration; (c) registration error comparison of fine

registration among different methods
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Fig. 9 Registration experiment comparison of Gaussian noise point clouds under different methods.
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Fig. 10 Registration results of different point clouds with

. (a) Bunny;(b) happy;(c) armadillo

Gaussian noise ¢ = 0. 02 in proposed method.

(a) Bunny; (b) happy; (c¢) armadillo
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