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Abstract: Aiming at the problems of the Harris operator using missing geometric information
after dimension reducing, large response value calculation, huge time consumption, low matching
accuracy of feature point pairs, and setting the corner response threshold manually, we propose a
complete and efficient adaptive coarse point cloud registration method for corner description,
extraction and matching. Firstly, the orthogonal gradient operator is introduced to improve the
traditional Harris operator. Then, the point cloud curvature constraint is used to realize the
adaptive screening and extraction of corner points, so as to make full use of the geometric
information of the point cloud, reduce the calculation amount of the corner point response value,
and improve the accuracy and efficiency of corner point extraction. Secondly, the feature
descriptor based on intrinsic shape signatures is proposed to construct the corner geometric
structure. Then combined with threshold detection and descriptor matching, the corner point
matching is expanded to the set, so as to complete the coarse registration between the source

point cloud and the target point cloud. Finally, the iterative closest point algorithm is used to
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realize the fine registration. The experimental results on the public data set show that: compared

with five existing feature extraction and coarse point cloud registration algorithms, the proposed

method can effectively mine more point cloud’s local and global features, and obtain the best

results. The correct corner matching rate of the proposed algorithm is 0. 93, and the extraction

time is 7. 63 seconds. The proposed method combined with the fine registration step has the

lowest rotation error, translation error and algorithm running time on the test data sets.

Keywords: coarse point cloud registration; Harris operator; corner response; curvature con-

straint; feature descriptor
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Fig. 1 Flowchart of coarse registration method
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Fig. 4 The three-dimensional feature point distribution

map based on farthest point sample algorithm
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Fig. 5 Feature points extracted by different feature

extraction algorithms
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Table 1 Experimental result and measurement indicators of

different feature extraction algorithms

(=873 PR RRAE S 4 ERIRIE T/s
3D-Harris-'™ 158 0. 74 9.68
Sobel-Harris™"! 152 0.79 9.83
Harris-CPDAM® 167 0.62 9. 42
1SSt 159 0.55 12.51
4PCSH 137 0.57 98. 47

NS Q=R 124 0.93 7.63

VI « 2 0P IO B0 O SR P
WE R PR, KWL E L BT R WK, 4PCS
RPN o R SN N s (L e S
AL PSS TR R R R R K
A Y T IR A HR BE 1Y 3D-Harris 5% fig
% 7 AN B A B B T X A FRAE PR R B R Ak
FIH =4z )45 B . AT, i 329 B 0% [ 38 W A
SRR R S PRIE T I A S P A A
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Table 2 Comparison of ey in coarse registration

RLBCHESS R

R

(=873
Bunny Dragon Happy Hand Armadillo
3D-Harris™"™ 0.109 1 0.108 7 0.118 2 0.105 6 0.100 1
Sobel-Harris"*"! 0.094 7 0.077 1 0.100 4 0.089 4 0.092 6
Harris-CPDAM 0. 091 2 0.073 5 0.079 6 0.057 2 0.117 3
ISS-SHOT ! 0.0719 0.088 8 0.075 2 0.082 1 0.068 9
BN W RS 0.056 9 0.045 1 0.067 4 0.039 8 0.046 3
T« 2 v MR EOHE A e (e .
%3 MBEAEENY e T
Table 3 Comparison of e, in coarse registration
€y
(=873
Bunny Dragon Happy Hand Armadillo
3D-Harris 0.981 5 0.978 6 1.064 1 0.950 6 0.900 8
Sobel-Harris 0.753 1 0.794 1 0.804 1 0.807 4 0.815 8
Harris-CPDA 0.820 6 0.754 6 0.716 4 0.784 8 0.876 5
ISS-SHOT 0.737 5 0.744 9 0.676 9 0.737 9 0.710 2
BN W RS 0.645 7 0.675 6 0. 606 7 0.538 4 0.597 5

T8 = 3 R IO RO A B I A
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Table 4 Comparison of T in coarse registration

. T/s
(%73 ;
Bunny Dragon Happy Hand Armadillo

3D-Harris 4. 44 8. 97 7.93 4. 36 9.01
Sobel-Harris 3.98 8.59 7.63 5.09 8. 87
Harris-CPDA 5.83 7.87 8. 17 4.78 9.77
ISS-SHOT 4. 05 8. 17 7.69 6.93 8.19
RS 3.04 7.07 5.79 3.33 7.96

T < AL s G
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ST IR T BEES R A X 3 Bl EAE L A o TE T A
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4.2.3 “HBEHHERAETEEERS AN
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Table 5 Comparison of ey in coarse and fine registration
s y K Vi Sy €R
HECAER I ER I Bunny Dragon Happy Armadillo
3D-Harris 0.003 9 0.002 7 0.002 8 0.005 8
Sobel-Harris 0.004 8 0.008 4 0.003 4 0.003 5
Harris-CPDA ICP 0.002 1 0. 006 5 0.008 1 0.002 9
ISS-SHOT 0.004 5 0.006 3 0.005 4 0.003 2
AP 0.001 8 0.002 4 0.002 1 0.0013
TE R oI e
A6 “HBLETAFBEETH RN e AT
Table 6 Comparison of e, in coarse and fine registration
€y
FL e R 5325 R IE S Bunny Dragon Happy Armadillo
3D-Harris 0.349 7 0.387 1 0.707 3 0.466 2
Sobel-Harris 0.520 9 0.696 6 0.615 6 0.432 3
Harris-CPDA ICP 0.234 9 0.885 9 0.484 6 0.2619
ISS-SHOT 0.450 9 0.559 6 0.290 9 0.442 2
AR P 0.174 6 0.137 4 0.208 9 0.1852

T« 3R I KO A e AL A
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Table 7 Comparison of T in coarse and fine registration
T/s
L IC o 5 9 G I o B 1
Bunny Dragon Happy Armadillo

3D-Harris 3.98 9.09 7.07 5.22
Sobel-Harris 4.88 9.41 8.47 5.79
Harris-CPDA 1Cp 4.53 8.43 7.89 5. 46

ISS-SHOT 4. 44 8. 60 7.92 7.74

VNG Q= R7 S 3.76 7.51 6.19 3.92

TE R PR B S e AL

HESE A I AT S T+ BE 08 0 )5 204 leAE Y W sk,
6 NASCHIBCHES L 45 & 1CP 303k A9 T k45

(a) Bunny (b) Happy

(d) Armadillo
6 ARSCHIECHEST IA 25 & 1CP 73k 1 B i 45
Fig. 6 Registration results of the proposed method com-

bined with ICP algorithm
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