Opto-Electronic Engineering Artl Cle

% ¢ x 4

20194 , 55463 , 574

DOI: 10.12086/0ee.2019.180268

FEE B IER T = =it
&l

BYMH, £E27, K 4R

050003

T AT A EMOLE A5 Z P EA R FbE 0 P, R — AR TR B R E B ik, kg

St Z 4 b m AT R RAATLAG I, A IRIEADAR B 0 B K JE B et xt B £ Bl A&, KRBT REe4a4n

éiﬁ;’il‘ﬁlﬁﬁ TR Qéﬁ%/‘*‘}é%@%ﬁi&ﬁh\#ﬁ, AR KAARAE R RAAFAEBME R4, RS T B AEmH
JE A HEAUR . MAHF AR, @A, UG5 KRR EATILA P IR G XK. RO REAE Y

*ﬂéﬁ iﬁ;%&ﬁk%F)ﬂEi&@%A%éi, R At ik Be R, ARTARFobg R F, REEARBREZH

H I F| o

KR ZgPOLF A, wEsF;, KREFE, LR, £

PETHES: TP3N MEkARSAD: A

SIAER: £Fm, £H4, KR AREBFER T Ezmaa3[J]. w14, 2019, 46(7): 180268

Ground segmentation from 3D point cloud using
features of scanning line segments

Cheng Ziyang, Ren Guoquan®, Zhang Yin
Department of Vehicle and Electrical Engineering, Army Engineering University, Shijiazhuang, Hebei 050003, China

Abstract: Aiming at the problem of accurately segmenting the ground in real-time from 3D LiDAR point cloud, a
ground segmentation algorithm based on the features of scanning line segments is proposed. The algorithm first
performs de-noising and pose correction on the 3D point cloud, then divides the scanning line according to the
Euclidean distance and absolute height difference between adjacent points. Next, the characteristics of the adjacent
line segments such as spacing, slope, and absolute height difference are analyzed. The maximum likelihood
estimation is used to solve the feature threshold function, which improves the adaptability of threshold. Finally,
comprehensively considering the undulating and inclined complex terrain, the scanning line segments are marked as
segments of flat ground, segments of slope and segments of obstacle by formulating the new horizontal and vertical
classification strategies. This algorithm has been successfully applied to the unmanned ground platform. The usage
and comparative test show that the algorithm can detect the ground stably and efficiently in both urban and field
scenarios.
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Fig. 5 Segmentation results in urban structured road scene. (a) Results for human remark; (b) Segmentation results of
this paper; (c) Segmentation results in ref.[13]; (d) Segmentation results in ref.[14]
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Fig. 6 Segmentation results in wild undulating road scene. (a) Results for human remark; (b) Segmentation results of this
paper; (c) Segmentation results in ref.[13]; (d) Segmentation results in ref.[14]
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Fig. 7 Segmentation results in complex undulating scene. (a) Results for human remark; (b) Segmentation results of this paper; (c)
Segmentation results in ref.[13]; (d) Segmentation results in ref.[14]
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Table 1 Result comparison of segmentation algorithms in different scenes
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Ground segmentation from 3D point cloud using
features of scanning line segments

Cheng Ziyang, Ren Guoquan®, Zhang Yin
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Ground unmanned experimental platform

Overview: The development of unmanned vehicles is very rapid, but most of the studies are based on the urban
environment, while the ground segmentation in the complex environment still faces many challenges. The problems
include: 1) in the bumpy terrain, the platform will have changes in pitch, roll and suspension; 2) the LIDAR points are
unevenly distributed, such as the measurement points in the area close to the LiDAR are densely distributed relatively,
while the distribution of measurement points in the area away from the LiDAR is sparse, which results in a large range
of gaps between different scanning lines; 3) in the case of processing a few millions of points, the accuracy and real-time
of the segmentation are difficult to balance. This article conducts research aiming at the problem of accurately
segmenting the ground in real-time from 3D point cloud in various environments. Considering that the existing
methods are complex, long time consuming, or selected features are not universal, a ground segmentation algorithm
based on the features of scanning line segments is proposed. The algorithm first performs de-noising and pose
correction on the 3D point cloud, then divides the scanning line according to the Euclidean distance and absolute height
difference between adjacent points. Next, the characteristics of the adjacent line segments such as spacing, slope, and
absolute height difference are analyzed. The maximum likelihood estimation is used to solve the feature threshold
function, which improves the adaptability of threshold. Finally, comprehensively considering the undulating and
inclined complex terrain, combining the distribution characteristics of the features of scanning line segments, the
scanning line segments are marked as segments of flat ground, segments of slope and segments of obstacle by
formulating the new horizontal and vertical classification strategies: firstly select the line segment with the smallest
height from the scanning line closest to the radar origin and mark it as the initial ground scanning line segment. Then
determine the line segments type in the scanning line closest to the radar origin horizontally and determine the
segments type in other scanning lines vertically. This algorithm has been successfully applied to the unmanned ground
platform. The effect of the actual engineering application indicates that, the features selected in this paper have high
sensitivity and easy extraction, which are less affected by noise than single point features. The segmentation algorithm is
highly efficient and robust, which can detect the ground stably and efficiently in structured road scene, wild undulating
road scene and complex undulating scene. And the comparative test results of the algorithm in this paper with the local
elevation estimation algorithm in Ref. [13] and the feature fusion algorithm in Ref. [14] show that the segmentation
effect of this algorithm is superior to the other two algorithms in accuracy and time-consuming.

Citation: Cheng Z Y, Ren G Q, Zhang Y. Ground segmentation from 3D point cloud using features of scanning line
segments[]J]. Opto-Electronic Engineering, 2019, 46(7): 180268
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