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Point Cloud Registration Based on Neighborhood Characteristic Point
Extraction and Matching
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Abstract: In order to solve the problem of poor robustness and low registration accuracy of the iterative
closest point algorithm under noise interference and data loss, a point cloud registration method based on
neighborhood characteristic point extraction and matching is proposed. Firstly, a neighborhood
characteristic parameter is defined, which is composed of three parts: the £-neighborhood curvature of
the point, the normal vector inner product’ mean value of the point and the neighborhood points, and the
distance variance between the neighborhood points and the neighborhood fitted plane. Neighborhood
characteristic parameters and curvature characteristic parameters constructed on moving least square
surface are used to extract feature points twice. Secondly, three matching conditions are defined according
to the histogram features, and the correct matching point pairs are obtained by double constraints.
Finally, in the registration stage, the iterative closest point algorithm of bi-directional £-dimension tree is
used to achieve accurate registration. The experimental results show that the registration accuracy of the
proposed algorithm is more than 90% higher than that of the iterative closest point algorithm, and it can

effectively complete the registration of missing point clouds in noisy environment, which has obvious
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advantages in robustness and precise registration.

Key words: Machine vision; Point cloud registration; Neighborhood characteristic; Curvature; Iterative
closest point
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Table 1 Registration error of Bunny model

Registration error/( X 10 *mm)

Noise/dB
TICP MR-TICP  NCC-TICP  GCP-TICP NCCP-DTICP
25 64.809 0 07.630 8 56.401 6 24.416 8 16.171 0X10°*
30 63.314 0 06.079 5 54.328 4 32.335 8 08.545 7X107*
35 65.880 0 05.300 5 52.462 2 23.346 6 05.975 1X10*
40 67.878 0 04.214 9 04.214 5 16.095 9 03.852 5X10°*
% 2 Bunny %25y E £ B 8
Table 2 Registration times of Bunny model
Registration times/s
Noise/dB
TICP MR-TICP  NCC-TICP  GCP-TICP NCCP-DTICP
25 00.21 58.19 73.21 23.21 35.11
30 00.28 49.65 66.28 22.64 30.95
35 00.35 40.37 46.95 18.42 22.17
40 00.37 20.69 28.27 25.33 18.05

44 AEAHEEXREETERETHHNBHE R

FE 40 dB 5 37 (MR 8 IR B 4 i 10.096.30.0 %6 .50.0 %6 Y 54 Bt AL 25 G A B 58 UE B 9 AR K
165 G4 T ) FC o B8 70 76 B0 B AL 25 2R 05 o A A 2 B/ X6 07 96 28, A X b O B 9 A T M RE L B 5 —
Fft RMSE 1158 J7 i . Bl

) 1 N—m N
Sonse = [ 2 min[(@f —af)* + (vf —y]) T (=7 )] 2D

KON NE BB ESEm A ERPEECE. 2 m=0 1,220 5 (21) H%.
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Dragon #5574 {14 55 1 e i 1% 00 an 1 8 fr s, WIEl 8 BT LA tH NCCP-DTICP 5 MR-TICP #9 fic #i %5 5 41
4, Ht T TICP B35 .NCC-TICP 7E 44 B 26 2 FE /N T 10.00 %6 B B 68 58 WU AC o, 5K T 10.00 %6 B |y T
AT A5 4 i O S BCE R DG B D DB B R L DR I T RCR B 22 & R R AE B A2 ) W S RN RO BB O 1) R
it GCP-DTICP AREARGF MO BCHE 88 = 45 65 3% 3.4 W9 BAREE HE 47 40 A, AN ME R B AS SCORE 1 1 T T RS 2 o
B B HERL R AR MR-TICP #2757 40 % L) |-,

10.00% of data is randomly lost

(a) TICP (b) MR-TICP (¢) NCC-TICP (d) GCP-DTICP () NCCP-DTICP

K 8 Dragon £ A By Bt % & 5L

Fig.8 Registration of Dragon model

% 3 Dragon RE M EEIRE

Table 3 Registration error of Dragon model

Registration error/( X 10 *mm)
TICP MR-TICP NCC-TICP  GCP-TICP NCCP-DTICP
10.00 % 77.100 0 03.703 5 03.703 2 74.031 7 02.135 6 X102
30.00% 76.685 0 03.735 6 86.536 2 67.243 0 02.442 3X10°*
50.00% 76.652 0 04.085 2 63.268 1 56.548 5 03.160 6 X102

Data lost

% 4 Dragon & B 5 B /£ i 8]

Table 4 Registration times of Dragon model

Registration times/s

Data lost

TICP MR-TICP  NCC-TICP  GCP-TICP NCCP-DTICP
10.00% 1.19 89.86 42.30 53.46 37.65
30.00% 0.79 55.23 32.61 62.12 35.49
50.00 % 0.59 55.50 31.55 48.65 30.66

4.5 SMBIEHEE

Moo BCAE B R TE SCBR N 75 2 A 3R AR S 28 e N K 2% R A Creaform Handy SCAN 700
S YEEOC ORI VRV #EH (Bottle) (4 81 2= B Y AT BT E" 5690 BT 4 S0V AE SE B OR AR BN 1 A R
PE AL S PR PR, SRS AE 40 dB i M UM A BCIE RO BE AL B R AR Dy 50 AR BRAH PR BE R AT L BT 9
Bottle F A1 R i BC HEAH B0 . 48 5 J2 K B T 25 2R

O

(¢) NCC-TICP (d) GCP-DTICP (e) NCCP-DTICP

(a) TICP (b) MR-TICP

B9 Bottle £ A ty 45 7 B 1§ JL
Fig.9 Accurate registration effect of Bottle model
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Table 5 Registration error and times of Bottle model

Parameter TICP MR-TICP NCC-TICP GCP-DTICP NCCP-DTICP
Registration error/(X10 " *mm)  44.867 0  05.583 5 48.513 3 52.429 9 06.770 1 X102
Registration time/s 00.65 73.47 31.62 02.76 23.71

I 9 A& 5 AT, 76 52 b ) 4 i B st 2 v, TICP .NCC-TICP DU K& GCP-TICP A RE5E B 2 RS
BL#fE . TICP [z 47 i 8] 55 42 . 11 GCP-TICP % Bt #E i 22 fie K. NCCP-DTICP fl MR-TICP {14 Fic i 2550 #H 3
HRTH A ECERE FER IL S & e 1 98.8 %0, BLHERCR LT T 73.1%.

5 #ig

FEXT TCP 533 7E W A5 T I RECHE 25 5 55 0 T 68 R IR L TG YR B2 22 1 [m) R0, AR S 4R ) — ol 56 1 48 Jul oy
TIE s $ BOR DS T 1) 1 2= C 7 3 R AIE AR B MRSZ 30 ] LU - NCCP R AIE A5 1 £ it /0 HRE A 250 Hh 48 25 W) 46
PIC PR JRE. P e A L e s iR 2 A 2 451 5 Bl 2 1) IR HE SE 30 3R B NCCP-DTICP (19 it #E 28R L T MATLAB
R2018a 4y TICP, H 5 MR-TICP™' \NCC-TICP"" A J& GCP-TICP" A Lt , 76 A [F] #R 58 T ¥ R £ iF
PIC o R Y o 5 A M R TR T 45 2R B RS . (AR 5 IR B/ NCCP-DTICP b 276 A 2 L I 7E 3F BLAR I
IR %S B BC A B R AR R, TR — 20 B AR R AL AL TCP S0k 3k AR S5 8 4 Ji 22 R AR i 46 28 11 B 7).
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