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Lidar Clutter Filtering of Unmanned Surface Vehicle Based on Panoramic
Image

Zhang Huang', He Jiazhou, Wang Jingshi, Jiang Jiarui

Information Fusion Laboratory, Jiangsu Institute of Automation, Lianyungang 222061, Jiangsu, China

Abstract The sea environment is complex, and the lidar installed on the unmanned surface vehicle will generate various
useless clutters in the process of detecting the target near our vehicle. And the useless clutters will affect the detection and
tracking process and threaten the safety of the unmanned surface vehicle in the process of autonomous voyage. Therefore,
it 1s necessary to effectively filter out all kinds of useless clutters generated by lidar on the sea. In this paper, the data
association between the lidar and panorama camera is carried out to achieve the pixel-level registration of 3D point clouds
and panoramic images in 2D images. According to the association results of the two kinds of data and the detection of
target ships on the panoramic image, the three types of point cloud clutters defined in this paper are filtered.

Key words image processing; unmanned surface vehicle; data association; object detection; clutters filtering
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Fig. 2 Introduction of lidar clutters in sailing scene
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Table 1 Part of specification instructions of sensor

Sensor Specification
Ranging: 40 cm=-200 m (target reflectivity: 20%)
Accuracy: =3 cm
Angle of view (vertical): —25°-15°
Lidar Angle of view (horizontal) : 0°~360°

Speed: 300 r=min '/ 600 r*min"'/ 1200 r-min "' (5 Hz/ 10 Hz/ 20 Hz)

Point number per second: 0-600000

Size: 114.00 mm X 108. 73 mm (diameter X height)

Panorama camera

Angle of view (horizontal) : 0°=360°
Output: 1920 pixel X 1080 pixel

Frame rate: 30 frames*s '

Anti-rolling characteristics: horizontal error after anti-rolling is smaller than 2°

Splicing blind area: <<10 m
Size: <750 mm X 700 mm
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Fig. 3 Schematic diagram of position and world coordinate system of vehicle body sensor
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Fig. 4 Principle diagrams of point cloud generated by lidar, and panoramic image generated by panorama camera. (a) Principle diagram

of point cloud generated by lidar; (b) panoramic image generated by panorama camera
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Fig. 5 Comparison of data volume between panoramic images and point cloud during 0.1 s. (a)-(c) Panoramic images taken in less

than 0. 1 s; (d) diagram of two-dimensional point cloud in 0. 1 s
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Table 2 Comparison between proposed algorithm and traditional clutter filtering algorithms

Algorithm Point set size Accuracy /% Recall /% Time /ms
Radius filtering 6157 83.1 88.4 7.6
Classic RANSAC algorithm 6157 72.6 99.4 16.5
Proposed algorithm 6157 95.4 99.9 17.9
) U8 R OR AT B AR T, X R TR % IR 1 I R v R R S PG ARG I R B H AR B R L 3K — T Rk A

ABRETE . RS HATT « 1A SCH kA
1 2R DR BRI %%‘“%%ﬁl@ﬁﬂ%%?ﬁ%ﬁﬁ
WA SCBUANIE R T AN T 2T R 2, kil
LG I HE AT 2% B DR BR B RSN FE I 5 2) AR SC Td‘/}i(lﬁ
BRI — AR B BR T B Ak, HAE I D 22 B R 4%
F B BR B B AE I

7 4k o7

Lﬂ‘i‘%‘ﬁﬁal_'?ém?l‘ﬁﬁﬁnuaéﬂaéﬂﬁﬁ/i Xt
R UCIEBR , e KRR JE R B T A 4

T HAEHEAT ,‘\\K%I\%%EF'x?U%ﬁFmYEZE’J%Dﬁ 5 [ i
T — b AR BOA [ AR AN (R D7 37 1 B 9 s Ok
AR T B 3 S s RO DE R 2% U, A SCUE PR T i Y
8 5 A LA — E R 4R T o

s % X #
[1] Elkins L, Sellers D, Monach W R. The Autonomous
Maritime Navigation (AMN) project: field tests,

autonomous and cooperative behaviors, data fusion,

sensors, and vehicles[J]. Journal of Field Robotics,

1810001-10



& 42 % 2 18 H3/2022 £ 9 A /FE2iR

[10]

2010, 27(6): 790-818.

ARARZAS . JE AN UAT PR BT D IE T FE (D], 10T Y195
BHEZ R, 2020.

Zou J J. Research on navigation environment perception
of unmanned ship[D]. Zhenjiang: Jiangsu University of
Science and Technology, 2020.

TR FE . R 77 2 RIBIL 8 A - 80 T 7 4 A0 I s A A )
(D] AE: ATk K2, 2016,

Na T. Detection of ahead vehicle obstacle based on radar
and computer vision[D].
Technology, 2016.
Prasad D K, Rajan D, Rachmawati L, et al. Video

from

Hefei: Hefei University of

processing electro-optical sensors for object
detection and tracking in a maritime environment: a
survey[J]. IEEE Transactions on Intelligent
Transportation Systems, 2017, 18(8): 1993-2016.
Thompson D. Maritime object detection, tracking, and
classification using lidar and vision-based sensor fusion
[D]. Daytona Beach: Embry-Riddle
University, 2017.

Rl dn, BEREEE BRRn . T A OK I B R R R 25
R[] W R TR R 22241, 2020, 41(10): 1486-1492.
ZhuJ N, YuM L, Yang Y X. Overview of development

of unmanned-surface-vehicle

Aeronautical

sensing  technology[J].
Journal of Harbin Engineering University, 2020, 41(10):
1486-1492.

Wang H, Wei Z, Wang S S, et al. A vision-based
obstacle detection system for Unmanned Surface Vehicle
[C]//2011 1EEE 5th
Robotics, Automation and Mechatronics, September 17-
19, 2011, Qingdao, China. New York: IEEE Press,
2011: 364-369.

Kristan M, Sulic K V, Kovacic S, et al. Fast image-

International Conference on

based obstacle detection from unmanned surface vehicles
[J]. IEEE Transactions on Cybernetics, 2016, 46(3):
641-654.

Mei J H, Arshad M R. Adaptive shorelines detection for
autonomous surface vessel navigation[C]//2013 IEEE
International Conference on Control System, Computing

and Engineering, November 29-December 1, 2013,
Penang, Malaysia. New York: IEEE Press, 2013:
221-225.

SRR T HOGE IR R T SR K IE H AR 0 Ty
EWFRID] R B R R, 2020.

Qi X Z. Research on detection and recognition method of
USYV surface target based on lidar[D]. Wuhan: Huazhong

[11]

[12]

[14]

[16]

1810001-11

University of Science and Technology, 2020.

Weon I S, Lee S G, Ryu J K. Virtual bubble filtering
based on heading angle and velocity for unmanned surface
vehicle (USV)[C]//2017 17th International Conference
on Control, Automation and Systems (ICCAS), October
18-21, 2017, Jeju, Korea (South). New York: IEEE
Press, 2017: 1954-1958.

Chen X Z, Ma H M, WanJ, et al. Multi-view 3D object
detection network for autonomous driving[C]//2017
IEEE Conference on Computer Vision and Pattern
Recognition, July 21-26, 2017, Honolulu, HI, USA.
New York: IEEE Press, 2017: 6526-6534.

R E, 2R, WL, & E T 3D BOG T IS MK E
H pr w35 o 92 [T, 0% 5o i 722 ik g 2022, 59
(18): 1815006.

ZhouZ G, LiY Y, CaoJ W, et al. Research on surface
target detection algorithm based on 3D lidar[J]. Laser &.
Optoelectronics Progress, 2022, 59(18): 1815006.

Wk, BAEMN, HEE, 5. ETHOCE BN Z UM A
= B e 2k [T) WOk 5ot 72 3k, 2022, 59(12):
1228004.

Geng L, Cao C P, Xiao Z T, et al. Multiview point

cloud registration method based on laser radar[J].
Laser &. Optoelectronics Progress, 2022, 59(12):
1228004.

KB, BRiffE, 53Rt ST DBSCAN MO ik
Wi sk 0 A U (D). 90Ot SOt AR BE R, 2021, 58(24):
2428005.

Zhang C Y, Chen Z H, Han L. Obstacle detection of
lidar based on improved DBSCAN algorithm[J]. Laser &.
Optoelectronics Progress, 2021, 58(24): 2428005.

Chen Y S, Jilkov V P, Li X R. Multilane-road target
IEEE
Transactions on Aerospace and Electronic Systems,
2015, 51(1): 65-80.

Botha F J, van Daalen C E, Treurnicht J. Data fusion of

tracking using radar and image sensors[J].

radar and stereo vision for detection and tracking of
objects[C]//2016
South  Africa

moving Pattern Recognition
and Robotics and
Mechatronics  International ~ Conference  (PRASA-
RobMech), November 30-December 2, 2016,
Stellenbosch, South Africa. New York: IEEE Press,
2016: 16585476.

Redmon J, Farhadi A. YOLOv3: an
improvement[EB/OL]. (2018-04-08)

https://arxiv.org/abs/1804.02767.

Association  of

incremental
[2021-02-06].


https://arxiv.org/abs/1804.02767
https://arxiv.org/abs/1804.02767

	1　引        言
	2　海面点云杂波介绍
	2.1　杂波类型
	2.2　杂波影响

	3　激光雷达与全景相机时空对齐
	3.1　空间位置对齐
	3.2　时间对齐

	4　全景图像目标检测
	4.1　Yolov3网络设计
	4.2　Yolov3目标检测原理

	5　点云杂波滤除
	5.1　三维点云的二维映射
	5.2　二维点云图像的分辨率适配
	5.3　纵轴像素自适应匹配算法
	5.4　点云滤除

	6　实验结果展示
	7　结        论

