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Urban Rail Transit Clearance Violation Judg-

ment Algorithm Based on Laser Point
Cloud Data
ZHAO Zhengyang, ZHANG Zihong, HUANG

Huichang, MA Quanzhou, LI Yang

Abstract Objective: Current methods for determining clear-
ance violations in URT (urban rail transit) can only provide u-
nidirectional judgments for violation cases, lacking the ability
to quantitatively describe the degree of violation and the margin
of non-violation, which hinders the implementation of refined

clearance health management and control. Therefore, research
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on the judgment algorithm for URT clearance violation is es-
sential. Method: Drawing on the judgment idea of using vec-
tor cross product method in computational geometry to deter-
mine the position relation between points and polygon planes, a
URT clearance violation judgment algorithm based on laser
point cloud data is proposed. The algorithm is implemented u-
sing the pointPolygonTest function available in the OpenCV
software, and a comprehensive platform for Beijing Subway
clearance big data is developed. The algorithm is validated in
two typical scenarios of Beijing Subway: vehicle cross-line op-
eration and new equipment installation. Result & Conclusion
The proposed algorithm uses cross-product calculations to de-
termine the number of intersections between vectors and poly-
gons, and judges the position relation between the detection
point and the polygon by the parity of intersection points. Con-
sisted of three processes: violation point determination, abnor-
mal point identification and processing, and clearance violation
amplitude calculation, the algorithm achieves accurate, effi-
cient, and automated judgment of clearance violations for dif-
ferent vehicle models on various lines. The developed compre-
hensive platform for Beijing Subway clearance big data facili-
tates visual representation of the clearance violation data. The
algorithm is successfully applied in practical scenarios of Bei-
jing Subway vehicle cross-line operation and equipment instal-
lation, achieving favorable application outcomes.

Key words urban rail transit; clearance; clearance violation
judgment algorithm; laser point cloud data
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Fig.1 Profile of a tunnel section
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Tab.1 Data coding structure of a tunnel section profile
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double LA, B m 1
long SRAERS Z) 1
Int T T AR R NV 1
double 55 1 ANEEE KUY x A bR, B0 mm 1
double 55 1 ANEEE AU y AR FR B mm 1
double 55 2 AR A x A bR, B0 mm 1
double 552 B AN y AR, B mm 1
double B N AEE S x AeFR, FLAL mm 1
double o5 N A Sy AebR, B mm 1
double TR AN Y AR, AL m 2
2
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5 FR SR 2 A A R S B A L,

JE T ARV UIE B A 22 AR L S AR I K G

PRI A DR 2T 7 A B A 0 25 7 R 1o 0 15 ) Bl 2

A% J5 B ST B . R S OC kA B AR AR b A

B CII/T 96—2018 { b Bk FR 5t b ofiz ) v 9 ML
- 37 .



PEATH A2 5 4 9 B S R0HE A b 3 R of A B R O Bk
e, LS AR (x, ) B AT B

2 HHIRERASEWRFALETEZAR

2.1 HKiMEERALE

IR PR AR A (] | 5 B Y LIRS A, iz
WO A BA m MR 5 0 AR A
WM T PR SR A T AR A iR i O BRI
ARAR FRAD ) A A Bl e, A SCR LR P FR 7 vk
Xof G DN K5 A 7 TIUAL B

T I X 22 AR N B R AT BR SR A o b R B
TESEAEAR AR A AL BR 500 mm LT o7 83 25 30
A 5 B o T8 o0 BT e B DX e e o RO
FE LU IR O 320 OF) 4 EH 8170 42458
SN TR R IR, s AT AR e i Bt
N5 FEUINPUL A TSR 5 Q% T2 =4
B Az BB A, SR A 1) SR Ao M ) 52 3 A
T8 5 5 = A ki MRS FLRE , PRI R A A Y
FRAEZ PO B B, R ECH =8 H W s
WA TCIL B G 1R A A S2 A 0 B AR B

bR b DB PR BRAE O 24 TR TR R R,
AFEMAT A2 4 PRI o Sk 5 BR A 5 0k He ik
T3, il oA B, bk R A i A bR Bk
ARSI A TEBL e AL BR F P AL B 500 mm LLTR 47
B, PR, ZEAR BRI HT A uE s\ AL BR /N T 500 mm
ARSI K . HHRR AR IR

TESCRIIEEAE U =1(x,5), (x,5,),,
oy b R (xg,y) e Us IR U H y, <500 mm
AR AR R 15 BT R U, B s by, =
500 mm, SERAab T 4R A /NN ERE IR Z S
Bl R T A A R SR S ER DI, A i R A R
SE AT AR S A 2 ) B BR 0 XU 5 X6 T2 5 42
TR A ARSI A, T AR AR BR A AR AR . PRt
TR R0 DX O] i 0 54 46 4T Y S A B
AW A e I A2 IR S 0] ) B0, DA TR A 804 v %
AT RSCR AR

X 22 SR IR 2R e R AT AR PR o A i, e o S £ P
BRER T de /N H AR I N BE 19 O AT DL G
Xof A I A AT 3 0, e e/ NN SR TE S B £ dJs v]
DUE B W iz 80t R R BR o 2007 ¥6 7T LA 2K
R A i, HOAS 23t B A 3 1 00 LR
AR

TESEMEAL AR 2R N, HR T A2 IR U A A 19 fie R

.38 .

1B X AR/ IMEL X0 5 VA SN AR B H5e KAE Y o » 18
T (X s Yimax ) 5 (X, 500 mm ) P i 32 4 B R
P/ NIMERE (WL 2) o TEEUREE U, IR
Xin <X; <Xy 1500 mm <y, <y, JEHNEHESS
RBRABIT A, HaBds Bzt g, M 2 BdE 4 U, .
AbTFHETEAE S AW S A S 52 BRG]

B B 607
I 500
\ NEIETY
E 40t _
L L
\i 3.0 2
20  RA |
| 1.0 K-

N - =g R
3.0 -20—=1.0~0l—16—20 3.0
-1.0t x/m

K2 AEARRAR iR/ NMERETE

Fig.2 Minimum circumscribed rectangle of vehicle clearance
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Fig.3 Diagram of vehicle clearance violation judgment
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Fig.6 Display of clearance violation position on a rail

transit line in Beijing
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Fig.8 On-site checking of clearance violation object

WAFHA) 55 BeA, HAE Al A7 PR S B B 20
I A BEAT AR BRI . S bR | L 5 B R
BRAF D0 , 3 75 22 0 A O T T 22 o) T B B S = 48
JERPETIE T, SR FH 4 0 B 5 o8 L g A7 A BRI J3) , #
BAHAR VAT o A IR R 00, B IR g 7 4n
B9 B o SR UEAR SC A= BRI 0 59k 04 A 28k, o)
VBT 52303 25 ROT B IR (ULIAT 10) , JF 4%
HAZR T I WO AL S, 2292 PRAT 4 )5 e e 1
F 5 T IE R I HR R AR AR I AR
XAE—E B LI T AR SO IR 4R BRI 505
e

4 ZHiE

ARTOR JH R AR B3 A LA 3 S W AG: 0 A
SESubAIVA- SN UPE Pl i i s o S
POL 7 B0 I Sl L BR SR FROF 0 2k o 0 ik
e E AR BR AR | S8 5 P 1 A PR AR BIR i P
AR AR, A A R B AR BRI 5 RHE

¢ -EE
LBIAEHR: 17038.453
4,000 ]
: -
3,000 o ‘
*
2,000 D
1,000 ' I
0 L ! =2
T A — !

|
-4,000 -3,000 -2,000 -1.000 0 1.000 2,000 3.000

B9 It s i 4R A B /s A ]
Fig.9 Screenshot of none-vehicle clearance violation

display after adding equipment

B0 inhess 5 e s Al
Fig. 10 Model of additional communication equipment
OpenCV HAXFZ B 94T T2, HAE bRt 14 %
HBRER B L REAT TR IS T RAFRIROCR . %
SEVEAT RSB T [ B e AN () 46 3 b A BR
FRPRHE | R B K L SR A0, T D B 4 s 2os
TR ) 2k fi B X06 B T AR 1 I R A4t R 4y Jath

S 3Lk

(1] b, 55, 2iikis, &5, BT 5 B0 B Y N IR &
BORFHESRI[T]. HRTPENZEE , 2021, 34(3) : 46.
JIANG Zhibin, SU Malei, LI Hongyun, et al. Connotation and
technical features of rail transit interconnection| J]. Urban Rapid
Rail Transit, 2021, 34(3) . 46.

[2] ZEfh3E, RAVK, W0 FET OGN G i s 2k KR SUR I 2R 5t
[J]. #ATHEAcE, 2007, 20(5) : 70.
LI Ruying, WU Jigin, ZENG Ming. Metro clearance detection
based on laser measurement [ J ]. Urban Rapid Rail Transit,
2007, 20(5) : 70.

[3] s, AEL I THOCHS Ny Bk 14 b Bk B AR I 2 58
WHELI]. ZMBSE R4, 2013, 32(4) : 5.
MENG Guoqiang, ZHENG Rui. Research on metro gauge inspec-
tion system based on laser-photogrammetric method[ J]. Journal

of Lanzhou Jiaotong University, 2013, 32(4) . 5.
.41 -



(4] XM, PR, 5 TIOR8 (Y 2k % BR S AG 0 R 4t [10] ¢¥+ BT i 7 B Y B S R A R TR [ D] 22
[J]. BREKHOARAIHT, 2012(1) : 56. M 22 MBS, 2021,

LIU Weizhen, SUN Shujie. Railway clearance detection system HAN Jun. Tunnel boundary detection and visualization based on
based on laser scanning technology[ J]. Railway Technical Inno- point cloud data [ D]. Lanzhou: Lanzhou Jiatong University,
vation, 2012(1) : 56. 2021.

[5] FKE—, WYl 3T STM32 fREE R ARG C]/ [11] apf, Hieds, Bm. FIME SR TEEELWIB N
(AP ST)2018 4F A A ARAE 2B SCHE L) . dbat: Tl B[], Mg, 2009, 25(3) : 28.

HH B ABRAT, 2018, 757. 70U Youjian, XIAO Longxin, CHEN Ding. A contrast between
ZHANG Guoyi, PENG Yakai. Design of tunnel clearance detec- two approaches to find whether the point being inside a polygon
tion system based on STM32 [ C] // Proceedings of Industrial [J]. Surveying and Mapping of Geology and Mineral Resources,
Construction 2018 National Academic Annual Conference ( Vol- 2009, 25(3) : 28.

ume II). Beijing: Industrial Construction Magazine Agency Co. , [12]  ZEgL, BEE, XNESR, &5 IR 018 28 8 B AL I R SE i
Lid. , 2018 757. BASAMES AT [ T]. BT A AGE , 2022(5) « 24.

[6] f A, SR, KRG, 4. 360°HOLH i AR EW T LI Wei, DAI Yuanting, LIU Feiran, et al. Research on dynamic
T A T8 PR A I A g R R (T AR T i 3c 2022 compensation method of clearance detection system for urban rail
(2):8. transit[ J]. Modern Urban Transit, 2022(5) : 24.

HE Renwei, DAI Yuanting, SONG Tianhao, et al. Application of [13] XL, FaR, BIEAE. FETREAR0 8520 ERTH
360° laser scanning technology in clearance detection of urban rail KAMMERLT]. KM &= 5 ek Jy, 2011, 31(2) : 89.
transit[ J]. Modern Urban Transit, 2022(2) : 8. LIU Deer, WANG Yongjun, LYU Guonian. Determination of to-

(7] BoGm, mevg, WHERk, 5. WOCHHHOR 7 B i RS o pological relationship between point and polygon based on vector
rRA R RS (D). Bl SR, 2013, 53(8): 89. algebra[ J]. Journal of Geodesy and Geodynamics, 2011, 31
DUAN Peiyong, XUE Feng, XIE Jinmei, et al. Research on the (2): 89.
application of laser scanning technology in railway clearance de- [14] ke, Hiahh. 5T 2SRl & M BLE IR 9 O B 5T
tection[ J]. Railway Engineering, 2013, 53(8) : 89. [J]. BRI T BhiE =g im , 2021(9) : 98.

[ 8] Hafl. T ot o5 2= BOHE 09 4k 6 PR S A8 T 56 5 17 AR F 52 DUO Jianhua, YANG Baizhong. Recognition method of railway
[D]. dbgt. Jbaisgim ok, 2017. tracks based on multi-sensor fusion[ J]. Modern Urban Transit,
YANG Ke. LiDAR based railway clearance detection [ D J. 2021(9) : 98.

Beijing: Beijing Jiaotong University, 2017. [15] skt 8o kilE 250 1]. BT L 205

(9] % BETHH Lidar SPGB R AR D]. B 2020(1) : 110.

T A2 Ko, 2021 SU Jinggi. Vehicle on-board lidar measurement system[ J]. Mod-
ZHONG Dan. Fast railway clearance inspection using mobile laser ern Urban Transit, 2020(1) : 110.

scanning point cloud[ D]. Chengdu: Southwest Jiaotong Univer- (ks H 491:2023 - 03 -01)
sity, 2021.

TWERVERVERETETETLE UL RERERERERE UL TETETE R UL RERERERERETETETERERERERERE LT Ll wlulpl gl gl gl gl vl el

(E#EFE 28 |) [J]. BB ACE NI, 2017, 20(3) : 136
DONG Yunyi, XING Kejia, YAO Yufeng. The evaluation on the LIU Yuwen, YOU Weixiu. Analysis of the related technical fac-
traffic safety risk of SAM joint commissioning and testing [ J ]. tors in urban rail transit vehicle type selection[ J]. Urban Mass
Railway Transport and Economy, 2019, 41(12) : 82. Transit, 2017, 20(3) : 136

(7] 8. R BRI EIRAT 222 4 PR S J3 BT B DT [10]  #igh. MEREWEACE AP R D], Jbat: hEEREFR
[D]. Jbmt: Jemtzgi@ ks, 2013. FHFF B, 2017.

FENG Xu. Study on the evaluation and key links for operation MIAO Bo. Study on the related technology of consulting of metro
safety of high-speed railway integrated commissioning and testing vehicles [ D ]. Beijing: China Academy of Railway
[D]. Beijing: Beijing ]iaotong University, 2013. Sciences, 2017.

(8] #hakta, T30, WAL, . I e S (10 i 3R R Al B [11] MEE%, BifkEE. PUBCELRMBT[M]. L. ARy
Ko (1] ﬂﬁi)ﬂcrh’ﬁll_ﬁaﬁ, 2022(8) : 75. iRk, 2010.

WEI Zhiheng, WANG Wenbin, LI Minghang, et al. Analysis of YE Xiafei, GU Baonan. Rail transit line design[ M]. Shanghai :
urban rail transit infrastructure testing model for greenification Tongji University Press, 2010.
[J]. Modern Urban Transit, 2022(3) . 75. (Wseks B #9.2023 =03 -01)

(9] XUESC, JZEF. i B 3em 4R Ak BT SSH AR K 5 40

.« 42 .





