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Local neighborhood feature point extraction and matching for

point cloud alignment
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Abstract: Point cloud registration is one of the key technologies for 3D reconstruction. To address the problems
of the iterative closest point algorithm (ICP) in point cloud matching, which requires high initial position and low
speed, a point cloud registration method based on adaptive local neighborhood feature point extraction and
matching was proposed. Firstly, according to the relationship between the local surface change factor and the
average change factor, feature points were adaptively extracted. Then, the fast point feature histogram (FPFH)
was used to comprehensively describe the local information of each feature point, the coarse alignment was
achieved combining with the random sampling consistency (RANSAC) algorithm. Finally, according to the
obtained initial transformation and feature point based ICP algorithm, the fine alignment was achieved. The
alignment experiments were conducted on the Stanford dataset, noisy point cloud and scene point cloud. The

experimental results demonstrate that the proposed feature point extraction algorithm can effectively extract the

Wis A#A:2021-05-27; &7 A#A:2021-07-29

EEWA: FK A RF -5 A BRI IR IIE (92052106); F5 H AR 5EE (61771385); BEPTA N N 4ERF 34 (20201C-42); [
PEOCHAR R S S = T I 4 (6142404190301); P52 T B AA MRS A b TR H (GXYD14.26)

TEH BN T2, 59, B, A S0, 4, WFRBOEBUR S %4 . BOE R ARG (5 S I %5 7 T 52

20210342-1



ISk A2

%54

www.irla.cn % 51 %

features of the point cloud, and by comparing with other feature point detection methods, the proposed method

has higher alignment accuracy and alignment speed in coarse alignment with better noise immunity; compared

with the ICP algorithm, the registration speed of the feature point based-ICP algorithm in the Stanford data set and

scene point cloud is increased by about 10 times. In the noisy point cloud, the registration can be performed

efficiently according to the extracted feature points. This research has certain guiding significance for improving

the efficiency of target matching in 3D reconstruction and target recognition.

Key words: 3D reconstruction;

feature histogram;
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Fig.7 Rough matching results of Bunny in different feature point extraction methods. (a) ISS; (b) SIFT; (¢) Harris3D; (d) Proposed method
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Tab.2 Alignment efficiency comparison of Dragon and Bunny for coarse matching in different methods

Bunny Dragon
Model
Matching error/10° m Time-consuming/s Matching error/10° m Time-consuming/s
1SS 2.33 2.10 432
SIFT 2.02 2.14 76.6
Harris3D 2.14 2.62 38.4
Proposed method 1.78 1.91 23.0
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Fig.8 Results of fine registration for Dragon and Bunny. (a) ICP algorithm; (b) Proposed ICP algorithm
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Tab.3 Comparison of alignment efficiency for Dragon

and Bunny fine alignment

Model Algorithm  Matching error/10° m  Time-consuming/s

ICP 0.00385 21.1
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Proposed -ICP 0.00391 2.5
ICP 1.1334 20.4
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Proposed -ICP 1.19131 2.1

fill B4R T 10 A5 A0 Ay s FE L iR 22 0 T, SCrP AR g
TR ICP Bk 25 BPTR, SCh Y SEVAAE Bunny A1

Bunny/10% noise (a)

Dragon BT #E H08E 2 7300/ 1 249 1.5% F1 4%, BT
WER R A2 T — BRIt S g
F AR E S AR P, AR A BCERCR
3.3 MRRERE S B AR

T B E R BT AR, XN TR A Y Bunny
S B S M R U M R T MR RS R 1 B
N=y.Np,y€[0,1], NoHF S = P I EEL. SO
XF 0°H1 45°() Bunny i = £ 85 2 B ¥ in 10% Al
20% M7 UL, TR IR B (E N 0, 7 225 mr.
P 9 AT 10 5AA N 10% F1 20% W75 55 4% /4 Bunny
FEANTRV ST A R B 9 0L o

© (d)

9 10% M7 1) Bunny 7EAS R 51 T AOHLICATLE 5, (a) ISS; (b) SIFT; () Harris3D; (d) SCH 7 e
Fig.9 Rough matching results of Bunny with 10% noise under different methods. (a) ISS; (b) SIFT; (c) Harris3D; (d) Proposed method
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Fig.10 Rough matching results of Bunny with 20% noise under different methods. (a) ISS; (b) SIFT; (¢) Harris3D; (d) Proposed method
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Tab.4 Alignment efficiency comparison of Bunny with 10% and 20% noise for coarse matching in different

methods
Bunny with 10% noise Bunny with 20% noise
Model
Matching error/10° m Time-consuming/s Matching error/10™° m Time-consuming/s
ISS 3.28 6.17 432

SIFT 6.39 Fail

Harris3D Fail Fail
Proposed method 3.11 4.15 23
(@) (b)

11 10% F1 20% M7 119 Bunny FGECHESE R (a) 228 ICP 539%; (b) SCH ICP 5k

Fig.11 Results of fine registration for Bunny with 10% and 20% noise. (a) ICP algorithm; (b) Proposed ICP algorithm
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Tab.5 Alignment efficiency comparison of Bunny with

10% and 20% noise fine alignment

Matching error/ Time-consuming/

Model Algorithm 10°m s
ICp 2.75 143.3
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. roposed -
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. Icp 242 149.7
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i Proposed -
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Icp 2.34 38.5
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K 14 M35 5 2 Room il Land 2 22 it ICP 55
TR T SRR AR S ICP Bk e ESS R, £ T R
Room il Land £ & 5 e 5 i A6 5 A 45 8 . AR 4l
& 14 F15% 7 Al %0, 5200 ICP BevESA A L, JE T4

(© (d

Fig.12 Rough matching results of Room in different feature point extraction methods. (a) ISS; (b) SIFT; (c) Harris3D; (d) Proposed method
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Fig.13 Rough matching results of Land in different feature point extraction methods. (a) ISS; (b) SIFT; (¢) Harris3D; (d) Proposed method
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Tab.6 Alignment efficiency comparison of Room and Land for coarse matching in different methods

Room Land
Model
Matching error/m Time-consuming/s Matching error/m Time-consuming/s

ISS 0.4622 121.7 0.0328 167.4

SIFT 0.2091 182.8 0.0294 214.0
Harris3D 0.3845 89.5 0.0347 138.6
Proposed method 0.1962 67.3 0.0273 67.3

(a) (b)

Kl 14 Room 1 Land MRSTCHES S (a) oML ICP 557%; (b) 3CHH ICP B3k
Fig.14 Results of fine registration for Room and Land. (a) ICP algorithm; (b) Proposed ICP algorithm
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FEMERRAR T O RS B2, (HER T 120 10 A BC s AR 3 18 5 R, i T — AT 3 ) AR
AR R AE S ORIV L ) 5 S BCHE T 1. TR
% 7 Room fl Land f5HEC A RIBC /AR Z 3 b FAIAL 5 200068 Jr i e i A8 AR D1 HEA T 437, ARG
Tab.7 Alignment efficiency comparison of Room and H & W R al 2 2 A R T 5 R AR S AN AR AL R T8 K
Land fine alignment ANBEIBURFAIE A5, 38 5 FPFH 2545 4 38 B AIE 2 1 Jeg

Model  Algorithm  Matching error/10 °m  Time-consuming/s WAE B, 5 A BE ML RE — B0 20k R A7k e o,
tom 1P 0.164108 171 0 R AR am ICP 54k, 5Bk A 25 I TTAR A
ProposedACh oA e VLR T BRACR . 2R AR R 0 238 1
a nomezs o W 2 L R 5 2

Proposed -ICP 0.023802 37

SEH, G5 AR (1) FEMLRCE S, AL T 1SS, SIFT Al
Harris3D 5.7k, Fr4d 7 ik 78838 5 = L ICEl iR 22 L
BN T 29 16.5%. 12.0% 1 21.5%, - 359 VG firt 18 & 4
TEBEAILRAE — B FE AR i AR Rl -, X a5 T+ T4 51%. 64% FI 37%, et i = LIl 2% 1

4 4 &
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