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Abstract: Aiming at the problem of obstacle detection in
front of rail transit train, this paper proposes an obstacle
detection algorithm based on LiDAR and considering laser
This

algorithm uses the Euclidean clustering method to cluster

reflection intensity for fully automatic train.
the point clouds, and combines the adaptive threshold
processing of reflection intensity, VGF, clustering radius
differentiation and other methods to improve the speed
and accuracy of obstacle detection. The experiments show

that the algorithm has a good detection performance.
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Fig.1 Flow-chart of point cloud processing
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Fig.2 Image of data collection and experiment

B3 REBEREEAZHE

Fig.3 Original point cloud image of elevated section

B4 SERENRISREERELERESZE
Fig.4 Image after filtering the invalid point cloud

according to reflection intensity

E5 BRERYGEINES
Fig.5 Image of detecting target obstacle



10 [l o K 2 2 MCH 9K BE 2% O

6 FEXRIWLERE(=4HERRD)

Image of experimental results in tunnel sec-

Fig. 6
tion (3D bounding box deviated from the
original position)

K 3 Ot E s REM R IR S a R . B4R
%J;.ELW&EH‘?EFF@{EALIEFE’J@% A2
T 1A A V1 B SR (B A S A R 2B S i s
(CANBIE TE PR A2 0 S A 0 i ) BIplE bR . &
5 M BRIR K G T i = G B I B AR A4 067
B CAE R TR T A H AR Y =4k
ME . 16 7R T IR T R X B H AR B Ag4 1Y)
PURME L . = SR X B — BESE G R S0 TR [
Sy BRI B AR RSB E R R L R . thk ]
AT DUE Y HZ RS iz R OGRS
B 5 W 24 92 m I B ) O 457 2L Hb s 0 H A R

F1 ESRYRNEEEER(EY)
Tab.1 Warning information of obstacle detection
(part)

FEER A 2215 1,

K2 RErs) 4w .1 #589:91. 786 5 m
KR sy 5.1 .91, 7324 m
KB g5 .1 #8991, 702 3 m
*J{W?Ulzﬁﬁﬂ‘%' «rﬁ% .t EEI%'J :91.574 8 m
KB g1 #1RS.91.5174 m
R s 5.1 BE.91.439 1 m
KB g5 .1 #1991, 341 3 m

Ed

Ed

Ed

k2

k3

KBRS .1 BHE:91.256 5 m
KrnglEs ! g5 .1 1585:91.1352m
KR sy i1 H2.91.017 8 m
R BRI S - 1 B 90. 895 5 m
K BRI S - 1 .90, 799 5 m

2R T RO IR T ASFEALE N AR R R
W - T 14 S 30 5 B, RGN 25 2 i R ) e
T4 0 WA 5 R U ) OB 7F 15~25 m, 40~50
m Ph K 65~75 m = AN B BN AR AE = R ORTH]
(R B AS8) (31K R 0. 35 m (1) 2B 0 <7 Jy (KB AS-4) L i
K 0.5 m BB ES IR LA S m 2 1.7 m
9 TAE NG 1 A I 22 2 58 31 sl 1250 100 Y6 , Al
PEREHEF5 5 78 90~100 m B B BE P, = FOR [R] i 4
FRIRGEIN 434 39. 02 %6 ,46. 91 %L K 54. 88 %

20y MR IO TR IR A Bk BE R A 41, 7T BE 2 A
SRR A X BEE A i, B Ak i S T IO
B (field of view, FOV) ., T HEOEE A LS
(O E AR AE 2 SOh I B AL, JOvk BRI 2 3E 1 2
Fﬁaﬁﬁ%‘ﬁh WOZ AL T TE S B i R A A A )

SZBR , B I I R B 8 7E 80~100 m Z A . £84K
lﬂ?ﬂﬁ?ztmﬂ%aﬁﬁ%gﬁﬂ% JZFIL BRI
SRR I H RS R 2 2 A 92~95 m, [] A
VAR B 90 m AN 244 99. 6 Y0, FE S 100 m

—_— LAPIRRIIE 4 86. 29 %
*2 AERBYEARBAME THKRNZESE
Tab. 2 Detection rates of different obstacles in different positions
KR 0. 35 m B A7 5 PRI KR 0.5 m BT T RRERY) HEd1 7 m TAEAR
oI 58] B A AR x5 AP A oAl g

FLEA TR Kl fEsfi =R/ % LA Kl fEwf =/ % e KR %
15~25m 82(82) 100 85(85) 100 75(75) 100
40~50 m 80(80) 100 82(82) 100 78(78) 100
65~75m 75(78) 96. 15 85(85) 100 80(80) 100
90~100 m 32(82) 39.02 38(81) 46.91 45(82) 54. 88
feri 4/ % 86. 29




o511

W LA BRI I 4 A SE T RS A R T 11

ARSI ST f o 5 ML, CPU 55k
4.3 GHz, WAF M 64 Go BURE 68 s i B L1 5 R
B 3L 685 4 IFHEATRERT 40T, FLgh SRR 7 3% 3
fis . ATLAVE B MR 0 A 7E 14. 2 ms &

14. 8 ms Z [, P HIE L 14. 5 ms. SR UM %55
VR ) 4 T 0 W A

14.9
14.8 )
2 14.7
g ° '} °
~ s L4 [ ] '
146 '“:"‘, g‘.:.-.". e :;,.ﬁs . %-(b s 2 . i‘ =
e”_ o e . s
¥ 145 ,’,..o,...‘k....‘!..., s.!‘....‘.f....t.: "'&k ..... “ h‘ a.
! W . “v'¢e Spe. s 1Y
i 144 0,3 o, e, 4 . s vty ¥
e | o 9 [ ] ’.. A s . : . °
’  § o o ®
322 20 30 40 50 60 70
) /s
E7 EiERERSWTE
Fig. 7 Algorithm time consuming analysis
RS GEERTE
*x3 HEIERSWER(ES) BN AR
Tab. 3 Algorithm time consuming analysis (part) BT Seub b e
AT ORBE R
AR B HRERT /ms MR BARIGEERT/  BARALE BFERT /ms ‘
ms %%iﬁk H
14. 345 0.117 14. 462
14345 0.145 14. 490 [1] RODRIGUEZ L, URIBE J, VARGAS-BONILLA J.
14. 345 0.145 14. 490 Obstacle detection over rails using hough transform [C]//2012
14.200 0.129 14. 329 XVII Symposium of Image, Signal Processing, and Artificial
14.200 0.129 14.329 Vision (STSIVA). Medellin, Colombia: IEEE, 2012
14. 338 0.135 14. 473 317322,
14. 345 0.117 14. 462 . e T
14. 345 0.145 14. 490 (2] FEL, SP2E . BL T Hu AR S RRAE () 2 % S0 10 A I 58 vk

ARSCER T — R ] 4x A ShstT RS 6y,
% RO B B A HOL T A AT PRSI A O
il IR AR 1% 1 = AT IR ISTF 58 i 4 w7 B
PRGN o TR G T A B 5L R
Ak AR 5 2 AT RS TUAL BE [ I VGE, 2
SR A FE 2 O AR TR A SR L
SERRWIZIS AT R AR R IR RE

fE& STmk = PR :
et Sk
B kBT S e
2K SRR RIE

[J]. gkl 2018, 40(10):68.
DONG Yu, GUO Bi. Railway track detection algorithm based
on hu invariant moment feature [J]. Journal of the China
Railway Society, 2018, 40(10):68.

[3]  ERTEE, BJH, XN, 55 . BRSPS UG J7
] Rz R (A AR , 2014, 45(7) :2496.
WANG Qianxuan, LIANG Xifeng, LIU Yinglong, er al.
Railway rail identification detection method using machine
vision [J]. Journal of Central South University (Science and
Technology) , 2014,45(7) :2496.

(4] PEM . & WAL BIE RAR YO RN R G ARBIE[D].
Kk KEERF, 2010.
PANG Bo. Research on laser scanning system and technology
for obstacle detection of high-speed railway [D]. Tianjin:
Tianjin University, 2010.

[5] AZIM A, AYCARD O. Layer-based supervised classification
of moving objects in outdoor dynamic environment using 3D

laser scanner [ C]//2014 TEEE Intelligent Vehicles Symposium



12 [l o K 2 2 MCH 9K BE 2% O %5 50 %
Proceedings. Dearborn, USA:IEEE, 2014: 1408-1414. Hefei University of Technology (Natural Science), 2019(10) :
(6] AR, XUHE, ERAR . HT = 4RO RIS R K A 1311.
BERTTELT] RAEBOR, 2017(8):19. (9] DY, WM, S, A5 OGS AT 2 U
ZOU Bin, LIU Kang, WANG Kewei. Dynamic obstacle ROsZma I IE [T ], 064, 2016, 37(4):11.
detection and tracking method based on 3D LiDAR [J]. XIA Guofang, HU Chunmei, CAO Bizheng, ez al. Study on
Automobile Technology, 2017(8):19. the influence of laser incident angle on the reflection intensity of
(7] Ak, DBy, R0 LTk DBSCAN B 0% i 4238 the point cloud [J]. Laser Journal, 2016, 37(4):11.
WO F IR BR AL FLBORBT S [J]. AR BAL, 2017 [10] dwdhdd, 1, WO, 45 . 56T KD Tree B AIRAR IS 98
(3):135. BFRREE AT ABUMNAIDIFELT]. 1K TRE, 2019(12) 11410,
BAO Ruisheng, MA Xin, CUI Yiming. Research on data FAN lingjing, WANG Li, CHU Wenbo, et al. Research on
processing technology of intelligent vehicle lidar based on pedestrian recognition in cross-country environment based on
optimized DBSCAN algorithm [J]. China ITS Journal, 2017 KDTree and euclidean clustering [J].  Automotive
(3):135. Engineering, 2019(12) : 1410.
[8] VEMLWA, A%, Wi, & I THOCE RS WERER (11 BWSG, FRN, B BT/ SR B KD R R 4 25
B RE RTINS BRER [T ], A LT RSl (A SR Bttt () IHAHLRGN ], 2012, 21(3):87.

fi), 2019(10):1311.
WANG Shicai, TAN Dongkui, XIE Youhao, ez a/. Obstacle
detection and tracking for intelligent vehicle based on density

characteristics of point cloud using 3D lidar [J]. Journal of

LIAO Ligiong, BAI Junsong, LUO De’ an. Integrated point
cloud storage structure based on octree and KDTree [J].

Computer Systems &. Applications, 2012, 21(3):87.



