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Ski pistes segmentation and SLAM algorithm based on time-domain
waveform characteristics of LiDAR point cloud

JIAO Qian', MA Fei'®, WANG Zhiwei', YANG Yanli >, ZHENG Lifang' , LIU Boshen'"

(1. School of Mechanical and Engineering, University of Science and Technology Beijing, Beijing 100083, China;
2. Shunde Innovation School, University of Science and Technology Beijing, Foshan 528339, Guangdong, China;
3. Hebei Xuanhua Construction Machinery Co., Ltd., Zhangjiakou 075105, Hebei, China)

Abstract; To enhance the perception ability of snow field environments during nighttime and improve both the
maintenance quality and operational efficiency of ski pistes, this paper proposes a novel segmentation algorithm
based on time-domain waveform characteristics detection using vehicle-mounted LiDAR for the snow groomer and an
improved simultaneous localization and mapping ( SLAM) algorithm in ski pistes. First, based on a model of
reflectivity distribution of the point cloud, snow noise points are identified and processed using linear interpolation
to maintain the continuity of the time-domain waveform. Consequently, the grid is partitioned into specific scan
perspectives to accurately estimate the real-time slope based on the elevation variation between neighboring grids.
Then, a corresponding criterion for detecting step values in the time-domain waveforms is established to select the
boundary points between pistes and obstacles according to the typical obstacles in alpine ski resorts. The
segmentation can be achieved by enveloping the step values. Moreover, based on the segmentation results, features
are classified and matched using feature constraint methods to improve the mapping speed. Finally, tests were
conducted on the pistes of the Wanlong Ski Resort in Zhangjiakou. Experimental results show that the proposed
algorithm for segmenting ski pistes achieves an average processing time of 2. 36 ms per single-frame point cloud,
while achieving an accuracy rate of over 98. 54% . Moreover, when integrated into an improved SLAM approach
with snow piste segmentation capabilities, it can achieve segmentation accurately while demonstrating superior
mapping accuracy performance, as well as significantly reduced computational time.

Keywords: alpine ski resorts; vehicle-mounted LiDAR; snow noise; time-domain waveform; ski pistes
segmentation; SLAM
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Fig.1 Ski resort environment perception system based on vehicle-mounted LiDAR
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Fig.3 Flow of piste segmentation algorithm
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Fig.4 Distribution of point cloud reflectance
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Fig.5 Schematic diagram of laser point cloud with snow cover

(¢ indicates the laser scanning feature angle

2.2 ETREMEHEEMSETT
SRR Tk K A LT e T 58 i, Him
TV e KIEFE 6, =30°, P 6, =
20°; kil 0, =25°,0,,,, =18°;WIkiE 6, =10°,
0, =7°0 HIARBET A TES SES B EA
B, T EATH 200 &5 B I S 5 w0 Y B Bk
RN, ARYESEPRE EAE O, AR ZETT U7 10 ~
40 m, 5 x HIET I 70 ~ TS s B TR
Moz, JFRL 2 m Ry [ E ) B, 00 o3 1 55 T 28 ) b 2
15 A B JEAAS DX 0], s 6 s, LA A X [a]
Bz AR KR P AR A M AR AR 2 5 P, R AR AR AL
RRZIEISEES 6,
0 = Li arctan(
s (2, _9_5")2 + (Yon _9_””)2
(2)

6 ETREMMENSEREMGT
Fig.6  Slope estimation of piste based on fan-shaped grid
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Fig.7 Time-domain feature representation of continuity obstacle point cloud
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Fig.8 Time-domain feature diagram of discontinuous obstacle point cloud ahead
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Fig.9 Time-domain feature diagram of vegetation-obstacle point cloud
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Fig. 10 Simultaneous localization and mapping flow chart of alpine ski resort with piste segmentation
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