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Abstract Three-dimensional (3D) local feature description is an important research direction in 3D computer vision,
widely used in many tasks of 3D perception to obtain point correspondences between two point clouds. Addressing the
issues of low descriptiveness and weak robustness in existing descriptors, we propose a local divisional attribute statistical
histogram (LDASH) descriptor. The LDASH descriptor is constructed based on local reference axes (LRA). First, the
local space is partitioned radially, and then five feature attributes are computed within each partition, comprehensively
encoding spatial and geometric information. In LDASH descriptor, we introduce a new attribute called distance weighted
angle value (DWAV) for local feature description. DWAYV is not dependent on LRA, thus enhancing the descriptor’s
robustness against LRA errors. Furthermore, a robustness enhancement strategy is proposed to reduce the interference of
point cloud resolution variations in practical testing on the descriptors. The performance of the LDASH descriptor is
extensively evaluated on six datasets with different application scenarios and interference types. The results demonstrate
that LDASH descriptor outperforms existing descriptors in all datasets. Compared to the second-best method (divisional
local feature statistics descriptor), LDASH descriptor exhibits an average improvement of approximately 16.3% in
discriminability and 7.5% in robustness. Finally, LDASH descriptor is applied to point cloud registration, achieving a
correct registration rate of 73% when combined with the five transformation estimation algorithms.
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Fig. 2 Generating process of LDASH descriptor. (a) Extraction of local surface around the keypoint p on the chicken model from the

U3M dataset; (b) construction of LRA on the local surface; (¢) uniform division of local space in the radial direction;

(d) calculation of five attribute values for each neighboring point; (e) statistical analysis of the distribution of the five attributes;

(f) statistical histograms of five geometric attributes; (g) generation of five sub-histograms; (h) final histogram H, sy
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Table 1 Characteristics of the six baseline datasets

Dataset  Scenario Challenge Scanner Quality #Model #Scene #Mz;t;:i}rnng
B3R Retrieval Gausslan noise, mesh decimation Cyberware 3030 MS  High 6 6 6
U3M  Registration Occlusion Minolta vivid 910 High - 75 433

U3OR  Recognition Occlusion, clutter Minolta vivid 910 High 5 80 188

QulLD  Recognition Occlusion, clutter, real noise NextEnigne Low 5 80 240
S3R  Registration Occlusion, real noise, outliers, missing regions  SpaceTime Stereo Low - 57 240
K3R  Registration Occlusion, real noise, missing regions Microsoft Kinect Low 69 284
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%2 LDASH i 15 i 2 $ise i 1
Table 2 Parameter setting process for LDASH descriptor
N, N, N, N, N, Npyu w, W, wWs w, wWs
Setting N, 2-20 15 15 15 5 5 1.0 1.0 1.0 1.0 1.0
Setting N, 5 2-20 15 15 5 5 1.0 1.0 1.0 1.0 1.0
Setting N, 5 18 2-20 15 5 5 1.0 1.0 1.0 1.0 1.0
Setting N, 5 18 15 2-20 5 5 1.0 1.0 1.0 1.0 1.0
Setting N, 5 18 15 17 2-20 5 1.0 1.0 1.0 1.0 1.0
Setting Np,,.. 5 18 15 17 13 2-2 1.0 1.0 1.0 1.0 1.0
Setting w, 5 18 15 17 13 8 0.1-2.0 1.0 1.0 1.0 1.0
Setting w, 5 18 15 17 13 8 1.0 0.1-2.0 1.0 1.0 1.0
Setting w; 5 18 15 17 13 8 1.0 1.6 0.1-2.0 1.0 1.0
Setting w, 5 18 15 17 13 8 1.0 1.6 1.0 0.1-2.0 1.0
Setting w; 5 18 15 17 13 8 1.0 1.6 1.0 0.8 0.1-2.0
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Fig. 6 Parameter settings for the LDASH descriptor (the large solid markers indicate the selected parameter values). (a) N,. N,. N,.
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Table 3 Parameter settings for nine descriptors

Descriptor Support radius Dimensionality Length
S 157, 15X 15 225
RoPS™" 157, 3X3X3X5 135
SHOT™! 157, 8X2Xx2xX11 352
Tris1™ 15r, 15X 15X 3 675
TOLDI? 157, 3X 20X 20 1200
MaSH"™" 157, 5% (10+8410) 140
SDASS™ 15r, 15X 5% 5-30 345
DLFS™! 157, 5X(9+12+12415) 240
LDASH 157, 5X(18+154+17+13+8) 355
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Fig. 7 RPC performance evaluation results of nine descriptors on six datasets (the number in parenthese is the AUC,, value of the
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Fig. 11 Two registration cases of CG-SAC transformation estimation algorithm combined with nine descriptors on U3M dataset

B, @S LB 1) 454G LDASH R4 (1) 5 Flvi 46
AT 3RAS T fe e A I A B0 o R LS 2 OE A T v
FIRF| 73% , X T UEM T LDASH i i 45 BA & 1
FARERSR . 2) FEPI A ECHER B (1D,
AEXT T HA 7, 454 LDASH 38 £5 1 CG-SAC H
Al 1530k AT LA G b TEC o X AT =, B E T LDASH
TR A 1 sk ) 1 o P E

5 &4 #®

P T —FoE A LDASH J5 38 55 F 35 58 4 5K G
3R B4R 5 H . LDASH i R 5 5 T LRA My 28, U%
& 1 K] 43 Jey B A ) ol B A SR B A A 54 JE M (f 4
R A B R P DWAV R = AN A B g M) 784 G S
JRI TR AR IR ) 2 T A5 B, o 12 07 ¥ ST 35 S A A AP e
R 37 B4 i S B A B8 i T A A X e A M Y
Be ko BAh, LDASH 3R £ i R BT & XF 8 = 43 Bt
BT G R R TR TR I, FRAR T A s o B R AR AL X
HORFE B T4 . 78 LDASH 38 £ 19 4 3 oo F2 v, 2
T —FEEE——DWAV., DWAV B A 4K i
LRA B8R TR LRARZ RSB, 1615
PRAE F AR K T LDASH R FF RO TERE . 5286 45 3
F W, LDASH #i i f7 A0 & TP BB 55 — 19 DLFS #fi i
PELVM IR T A 16.3% , A RETEE R T
A7.5% , BA R AR . R LSS
LDASH $§ 3 £5 1 7 e Al 1 L e S B B HE TP RS T
73% BYF- 4 IE BB AE R, FLPERE SR A9 DLFS #5877
3%, 7843 UE W LDASH 4 3R 25 B A ft i i e vfi 7
fE. T LRA I LRF (9 A 5 & M 25 W R Hi 52 i 45 34
fregPERE . Bk, AR IFRIX LRA A1 LRF 0] & & %
P & 7R 7 ik AT O

Ito
& % x #

(1] #Misc. Bl M5 = NP IR D] i 2R
IRIE TR R, 2020.
Hua B W. Object recognition under single-view scene

s

P

point cloud[D]. Harbin: Harbin Engineering University,
2020.

(2] U, HmARA, BRIR . LT AR AE B R A 1 05 = 8
i me e ). ot 50t T ik B, 2022, 59(10):

(3]

(4]

(6]

[7]

(9]

(10]

[11]

[12]

1215007-10

1015010.
Cai W, Yue D J, Chen Q. Point cloud data registration
based on binary feature descriptors[J]. Laser &

Optoelectronics Progress, 2022, 59(10): 1015010.

Guo Y L, Bennamoun M, Sohel F, et al. 3D object
recognition in cluttered scenes with local surface features:
a survey[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2014, 36(11): 2270-2287.

Guo Y L, Sohel F, Bennamoun M, et al. A novel local
surface feature for 3D object recognition under clutter and
occlusion[J]. Information Sciences, 2015, 293: 196-213.
Guo Y L, Bennamoun M, Sohel F, et al. An integrated
framework for 3-D modeling, object detection, and pose
estimation from point-clouds[J]. IEEE Transactions on
Instrumentation and Measurement, 2015, 64(3): 683-693.
Chen Y, Medioni G. Object modelling by registration of
multiple range images[J]. Image and Vision Computing,
1992, 10(3): 145-155.

KT, ZEWEAME, . - AMILE SR SR S T
EUL WOt 5 e ToEE R, 2021, 58(8): 0810014,
Zhang Y, Li X Y, Han X. Three-dimensional point
cloud registration method with low overlap rate[J]. Laser
&. Optoelectronics Progress, 2021, 58(8): 0810014.
W, RERT &, ST LTS AR B R AR AT iy B T e
FRE ] BOE S e F Ak, 2020, 57(14): 141022.
Yang S, Kang K X, Ma F. Image matching algorithm
based on gradient information descriptor[J]. Laser &.
Optoelectronics Progress, 2020, 57(14): 141022.

Dopp A, Eberle C, Howard S, et al. Data-driven science
and machine learning methods in laser-plasma physics[J].
High Power Laser Science and Engineering, 2023, 11: e55.
Zeng A, Song S R, NieBner M, et al. 3DMatch:
from RGB-D
reconstructions[C]//2017 IEEE Conference on Computer
Vision and Pattern Recognition (CVPR), July 21-26,
2017, Honolulu, HI, USA. New York: IEEE Press,
2017: 199-208.

Poiesi F, Distinctive 3D local deep
descriptors[C]/2020 25th International Conference on
Pattern Recognition (ICPR), January 10-15, 2021,
Milan, Ttaly. New York: IEEE Press, 2021: 5720-5727.
Bai XY, Luo Z X, Zhou L, et al. D3Feat: joint learning
of dense detection and description of 3D local features
[C1/2020 IEEE/CVF Conference on Computer Vision
and Pattern Recognition (CVPR), June 13-19, 2020,

learning local geometric descriptors

Boscaini  D.


http://dx.doi.org/10.3788/LOP202259.1015010
http://dx.doi.org/10.3788/LOP202259.1015010
http://dx.doi.org/10.1109/tpami.2014.2316828
http://dx.doi.org/10.1109/tpami.2014.2316828
http://dx.doi.org/10.1109/tpami.2014.2316828
http://dx.doi.org/10.1016/j.ins.2014.09.015
http://dx.doi.org/10.1016/j.ins.2014.09.015
http://dx.doi.org/10.1016/j.ins.2014.09.015
http://dx.doi.org/10.1109/tim.2014.2358131
http://dx.doi.org/10.1109/tim.2014.2358131
http://dx.doi.org/10.1109/tim.2014.2358131
http://dx.doi.org/10.1016/0262-8856(92)90066-c
http://dx.doi.org/10.1016/0262-8856(92)90066-c
http://dx.doi.org/10.3788/lop202158.0810014
http://dx.doi.org/10.3788/lop202158.0810014
http://dx.doi.org/10.3788/lop57.141022
http://dx.doi.org/10.3788/lop57.141022
http://dx.doi.org/10.1017/hpl.2023.47
http://dx.doi.org/10.1017/hpl.2023.47
http://dx.doi.org/10.1109/cvpr.2017.29
http://dx.doi.org/10.1109/cvpr.2017.29
http://dx.doi.org/10.1109/cvpr.2017.29
http://dx.doi.org/10.1109/icpr48806.2021.9411978
http://dx.doi.org/10.1109/icpr48806.2021.9411978
http://dx.doi.org/10.1109/cvpr42600.2020.00639
http://dx.doi.org/10.1109/cvpr42600.2020.00639

F 6155 128/2024 F£ 6 B/BAESXBEFZHE

[15]

[16]

[17]

(20]

[23]

[24]

[25]

Seattle, WA, USA. New York: IEEE Press, 2020:
6358-6366.

Rusu R B, Blodow N, Marton Z C, et al. Aligning point
cloud views using persistent feature histograms[C]//ZOOS
IEEE/RSJ Intelligent
Robots and Systems, September 22-26, 2008, Nice,
France. New York: IEEE Press, 2008: 3384-3391.

Rusu R B, Blodow N, Beetz M. Fast point feature
histograms (FPFH) for 3D registration[C]//2009 IEEE
International Conference on Robotics and Automation,
May 12-17, 2009, Kobe, Japan. New York: IEEE
Press, 2009: 3212-3217.

Zhao H, Tang M J, Ding H. HoPPF: a novel local
surface descriptor for 3D object recognition[J]. Pattern
Recognition, 2020, 103: 107272.

WuF Y, Yang X H, Ma Y Y, et al. Machine-learning

guided optimization of laser pulses for direct-drive

International Conference on

implosions[J].  High Power Laser Science and
Engineering, 2022, 10: el2.

Johnson A E, Hebert M. Using spin images for efficient
scenes[J]. IEEE

and Machine

object recognition in cluttered 3D
Transactions on Pattern  Analysis
Intelligence, 1999, 21(5): 433-449.
Yang J Q, Cao Z G, Zhang Q. A fast and robust local
descriptor for 3D point cloud registration[J]. Information
Sciences, 2016, 346/347: 163-179.

Tao T, Zheng G N, Jia Q, et al. Laser pulse shape
designer for direct-drive inertial confinement fusion
implosions[J]. High Power Laser Science and Engineering,
2023, 11: e41.

Salti S, Tombari F, Di Stefano .. SHOT: unique
signatures of histograms for surface and texture description
[J]. Computer Vision and Image Understanding, 2014,
125: 251-264.

Yang J Q, Zhang Q, Xiao Y, et al. TOLDI: an effective
and robust approach for 3D local shape description[J].
Pattern Recognition, 2017, 65: 175-187.

Zhao B, Le X 'Y, XiJ T. A novel SDASS descriptor for
fully encoding the information of a 3D local surface[J].
Information Sciences, 2019, 483: 363-382.

Zhao B, Xi J T. Efficient and accurate 3D modeling
based on a novel local feature descriptor[J]. Information
Sciences, 2020, 512: 295-314.

Taati B, Greenspan M. Local shape descriptor selection
for object recognition in range data[J]. Computer Vision
and Image Understanding, 2011, 115(5): 681-694.

Tombari F, Salti S, Di Stefano L. Performance

[27]

(28]

(29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

1215007-11

evaluation of 3D keypoint detectors[J]. International
Journal of Computer Vision, 2013, 102(1): 198-220.

Mian A S, Bennamoun M,

representation and

Owens R A. A novel

feature matching algorithm for

automatic pairwise registration of range images[J].
International Journal of Computer Vision, 2006, 66(1):
19-40.

Mian A S, Bennamoun M, Owens R. Three-dimensional
model-based object recognition and segmentation in
cluttered scenes[J]. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 2006, 28(10): 1584-1601.
Petrelli A, Di Stefano L. Pairwise registration by local
orientation cues[J]. Computer Graphics Forum, 2016, 35
(6): 59-72.
Guo Y L,

comprehensive

Sohel F, et al. A

evaluation of 3D

Bennamoun M,
performance local
feature descriptors[J]. International Journal of Computer
Vision, 2016, 116(1): 66-89.
Yang J Q, Zhang Q, Cao Z G. Multi-attribute statistics
histograms for accurate and robust pairwise registration of
range images[J]. Neurocomputing, 2017, 251: 54-67.
Guo Y L, Sohel F, Bennamoun M, et al. Rotational
projection statistics for 3D local surface description and
object recognition[J]. International Journal of Computer
Vision, 2013, 105(1): 63-86.
Yang J Q, Xiao Y, Cao Z G. Toward the repeatability
and robustness of the local reference frame for 3D shape
matching: an evaluation[J]. IEEE Transactions on Image
Processing, 2018, 27(8): 3766-3781.
Yang J Q, Xian K, Wang P, et al. A performance
evaluation of correspondence grouping methods for 3D
rigid data matching[J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2021, 43(6): 1859-
1874.
Bentley J L. Multidimensional binary search trees used
for associative searching[J]. Communications of the
ACM, 1975, 18(9): 509-517.
Lowe D G.
invariant keypoints[J]. International Journal of Computer
Vision, 2004, 60(2): 91-110.
Fischler M A, Bolles R C. Random sample consensus: a

Distinctive image features from scale-

paradigm for model fitting with applications to image
analysis and automated cartography[J]. Communications
of the ACM, 1981, 24(6): 381-395.

Albarelli A, Rodola E, Torsello A. Fast and accurate
surface alignment through an isometry-enforcing game[J].
Pattern Recognition, 2015, 48(7): 2209-2226.


http://dx.doi.org/10.1109/iros.2008.4650967
http://dx.doi.org/10.1109/iros.2008.4650967
http://dx.doi.org/10.1109/robot.2009.5152473
http://dx.doi.org/10.1109/robot.2009.5152473
http://dx.doi.org/10.1016/j.patcog.2020.107272
http://dx.doi.org/10.1016/j.patcog.2020.107272
http://dx.doi.org/10.1017/hpl.2022.4
http://dx.doi.org/10.1017/hpl.2022.4
http://dx.doi.org/10.1017/hpl.2022.4
http://dx.doi.org/10.1109/34.765655
http://dx.doi.org/10.1109/34.765655
http://dx.doi.org/10.1016/j.ins.2016.01.095
http://dx.doi.org/10.1016/j.ins.2016.01.095
http://dx.doi.org/10.1017/hpl.2023.35
http://dx.doi.org/10.1017/hpl.2023.35
http://dx.doi.org/10.1017/hpl.2023.35
http://dx.doi.org/10.1016/j.cviu.2014.04.011
http://dx.doi.org/10.1016/j.cviu.2014.04.011
http://dx.doi.org/10.1016/j.patcog.2016.11.019
http://dx.doi.org/10.1016/j.patcog.2016.11.019
http://dx.doi.org/10.1016/j.ins.2019.01.045
http://dx.doi.org/10.1016/j.ins.2019.01.045
http://dx.doi.org/10.1016/j.ins.2019.04.020
http://dx.doi.org/10.1016/j.ins.2019.04.020
http://dx.doi.org/10.1016/j.cviu.2010.11.021
http://dx.doi.org/10.1016/j.cviu.2010.11.021
http://dx.doi.org/10.1007/s11263-012-0545-4
http://dx.doi.org/10.1007/s11263-012-0545-4
http://dx.doi.org/10.1007/s11263-005-3221-0
http://dx.doi.org/10.1007/s11263-005-3221-0
http://dx.doi.org/10.1007/s11263-005-3221-0
http://dx.doi.org/10.1109/tpami.2006.213
http://dx.doi.org/10.1109/tpami.2006.213
http://dx.doi.org/10.1109/tpami.2006.213
http://dx.doi.org/10.1111/cgf.12732
http://dx.doi.org/10.1111/cgf.12732
http://dx.doi.org/10.1007/s11263-015-0824-y
http://dx.doi.org/10.1007/s11263-015-0824-y
http://dx.doi.org/10.1007/s11263-015-0824-y
http://dx.doi.org/10.1016/j.neucom.2017.04.015
http://dx.doi.org/10.1016/j.neucom.2017.04.015
http://dx.doi.org/10.1016/j.neucom.2017.04.015
http://dx.doi.org/10.1007/s11263-013-0627-y
http://dx.doi.org/10.1007/s11263-013-0627-y
http://dx.doi.org/10.1007/s11263-013-0627-y
http://dx.doi.org/10.1109/tip.2018.2827330
http://dx.doi.org/10.1109/tip.2018.2827330
http://dx.doi.org/10.1109/tip.2018.2827330
http://dx.doi.org/10.1109/tpami.2019.2960234
http://dx.doi.org/10.1109/tpami.2019.2960234
http://dx.doi.org/10.1109/tpami.2019.2960234
http://dx.doi.org/10.1145/361002.361007
http://dx.doi.org/10.1145/361002.361007
http://dx.doi.org/10.1023/b:visi.0000029664.99615.94
http://dx.doi.org/10.1023/b:visi.0000029664.99615.94
http://dx.doi.org/10.1145/358669.358692
http://dx.doi.org/10.1145/358669.358692
http://dx.doi.org/10.1145/358669.358692
http://dx.doi.org/10.1016/j.patcog.2015.01.020
http://dx.doi.org/10.1016/j.patcog.2015.01.020

	2　构建LDASH描述符
	2.1　构建法向量和DWAV
	2.2　构建LRA
	2.3　局部特征编码

	2.3.1　属性值计算
	2.3.2　属性值统计
	2.3.3　点云分辨率变化鲁棒性增强
	2.3.4　最终的直方图生成
	3.1　数据集
	3.2　评价标准

	3.2.1　RPC
	3.2.2　转换误差
	3.3　参数设置
	3.4　测试的所有描述符的参数设置
	3.5　测试项目

	3.5.1　描述性
	3.5.2　鲁棒性
	3.5.3　效率
	3.5.4　点云配准中的应用
	4　实验结果与分析
	4.1　描述性
	4.2　鲁棒性
	4.3　效　　率
	4.4　点云配准中的应用


