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Abstract  Accurate location information is absolutely vital for communications-based train control (CBTC) systems to
ensure safe train running. For the present purposes, a high-precision approach to train positioning is proposed in this paper
using optical camera communication and monocular vision measurement, which could present an effective solution to train
positioning with high precision, low cost, low maintenance and anti-interference. The images of light emitting diode
(LED) lamps are captured by a monocular camera, and the three-dimensional attitude angle of camera is measured by an
inertial measurement unit. The coordinates and shape information of LED lamps are obtained by optical camera
communication technology. The relative coordinates of the camera and LED lamps are acquired through the imaging
principle and geometric relationship to realize the train positioning. According to the real-life line data and train
parameters, experimental studies suggest that the maximum error of train positioning in the proposed method is 35. 56 cm,
the minimum is 1. 78 cm, and the average is 12. 26 cm, which can meet the requirements of train positioning accuracy for
CBTC systems.
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RI: radio interface;
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RU: record unit;
PM: positioning module;

IPM: image processing module;
VOBC: vehicle on-board controller;

BI: brake interface;

OPGI: odometer pulse generator interface;
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HMI: human machine interface;
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BTM: balise transmission module;
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Fig. 1 Subway train positioning system based on OCC
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Fig. 4 Subway tunnel scenario with fast train running
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Fig. 8 Structure of the train positioning system based on OCC
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Fig. 9 Principle of the keyhole imaging
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Fig. 10 Projection of LED lamps on the imaging plane

IM_ OM _ 1Q

1~y PN (3)
10 0.0 1Q
I
Z(jzo(‘M:r—C{xo(fc*:QXf, (4)
r

K OM AT FEVER (D A Ze, BIAR AL 0 8 LED
6 RS T B9 5 5 1Q S LED JG IR i 2E 42 r; OM > f,
O.0=~f, FAT1E M T , LED JE I 1615 % 1 A9 $5%
BE  IQ Rl & B 242 o

4 LED J% 5 5 A BLF A A7 B, A AL 3
LED St I8 F I 2Z 8] K 75 °F- 17, SL i, LED % 5 78 1%
BT T b 852 o W B | vhoo 3852 5 1A 1 B Y

JoT O 7 B AFTE A 22, QR 11 BT s o RA T R vl £ [
FRARBETE N BT LED G, LU T Sy s (3 46 B2
LED Jt I8 16 A BL AR F i b #9852, CD i 13 /Y
K, ABN@E L I'S P'Q AT W 5X . 5% AB K fi%
JRERAN A 12 PR o

N (4) ] LU

\\ \ \

N N \\
\ \\ l\
\\\ \\\ Q \\ B

Y %
S
imaging plane P’
FILL AR T LED b BB A
Fig. 11 Projection model of LED lamps under the titled conditions

1606001-5



El12 5% AB K fig J5 3
Fig. 12 Solving principle of the subtense AB

2r
Z(‘1: //><~f’ (5)
PQ
2r
A X f, 6
= p S/ (6)
2r
Z(‘,Szﬁxfs (7)

K, P'Q M LED IR 7E AL AR F 11 A9 A2 . Ik, iR
WX ) IHEM Z B G E., HELRER T PQ
WA B IR 2, RETCERIP'Q . N T i Hei% n)
R, SCRRL 1T 4R T 0 8045 1 R A9 K il (CD) B AR
WE Z BB EMIRER K., B Z,. Z,
Zuht,CD>AB>P'Q W, Z.,<Z.<Zy. T Z,
TCBR T Zo, BAM b Zo, 43 2o, Bk, AR ik H
ABREPQ WM KIS T RE N ENKE . HABI
ECH S, T2

AB R R AR EF 9 LED S8 5 i A 1E %
T Z (B A AC 26, EF RS R As AR R T A AR bR Al w v
Z A AN o1 0., E'F' S EF fE K ¥ 1l R $5

SEPIREPEY L
e _L_see
sina, [ sin @,
§01+§02:T{/29 (9)

K, ar o AR FR TR R w o 45T -5 K T2 6]
(A, TR

arcsin(a;/a,,>:a], (10)
arcsin(a:/av)zaz, (11)
r
Ze= X f, (12)
T

K a, a0 w0 i 1 BB B s a ok B B
Al IMU A . BI' (9Kl 454 3R (8) ~a(11) F il &
W 5 R A . KR (12) 3 Z AR (D), g
BESHT.

$£59% F 16 H1/2022 £ 8 B/ EXBFFHE
KA ZM T Z )5 45 B AEHLAR bR & A Ak bR
RZ A A bR I S R
P.=RXPy+T, (13)
Py=R '"X(P.—T), (14)
P PR SRR A AR BIL AL A B P Y AR B 5 Py R AL
FEH T AR bR R rp A bR o a2 (14) W] DL ik
T B AR AR L PR A A TR O K B DL AR L
LA EAT RN L ARG R
3.3 EFVLCHWIEEEE
R Tl AR T i AT T i A e R AT S E A
AT T A 4 s SRR OCC g Ar LI A Y 5 o7
TR ZERIRL . Hodp R 22 R 4 B 81 4 A E A 4
RARZEA AT FEFN A sh B R X (k) TR 51 7
TERFERS 2 2T, 40 1 B2 B, R OCC & Ay % 4R
B3 ZE gy Ak A B L W AT IE Z0 5 4B AT
V(k) B 45 Gz g A R AT KR
X(k+1)=X(E)+V(E)T,+ 1/2[Téw (£)]. (15)
V(k+1)=V(k)+ Tow,(k), (16)
Aorb,w (k) Ry 28 KB J7 EEAE T AE P A T L e
HAEHE R 0T 28 0L W M o FE B8 42 5 bR
BAT R I R R B G IR S ARG A R BIDIRES
BY(k)=[x,v,,y,v] AT EKRN

Y(E+1)=®X(k)+ I'w(k), (17)
1 T, 0 0O TZ/2 0
. 0O 1 0 0 T, 0
Lp.do= s I'= °
0 1 T, 0 TZ/2
0O 0 0 1 0 T,

3.4 ETFOCCHINEEMRERE
ST EEfN O A B A BE L o R 2
PRI 4% o) 200 1 8 O 15 25, 1R 25 BRERT 7R
e=J(x,—m) +(y,—n), (18)
A (g, ) R R B Z0 B0 25 00 LS4 A 5 Cmyy ) A RS
ZZ 58 5L 7 1A B I 5 A AR R

4 PrTESEATR S

4.1 FEXWIEIT

R T HIESET OCC By Hb 8k 31 428 157 R G g
52 00 5 AR DL T R S 00 IR, R A AR B BB AT
AT N 13 () iR o v, 78 #8556 P15 1 72
LA LED G, BE 5 M T Y B B 1. 2 m, TRl BR A
1 m. LEDYEE N & g vh 0915 8 % 2% 0, fig LU
2 KHz 9 30 6 e 48 %% 36 HL 1D (5 B OB R A5 B 5 3 0o
ffi F§ T Teledyne DALS 72w 4 7= 1) NANO-CL-4060
e TR T A AL, AR ML [ 22 A 7 b, DA A A R T
AR R Bl 2k A% % A LA T AL B L A5 3 1
BE TR R 5 ELSE 6 T i S8

F13(b) N SR IR B 1 4 o S Tl B B
TF A 4R I SEPR IR BT, SR B30 Ak 145 28 A0 L S 2k 4K

1606001-6



$£59% £ 16 H1/2022 &£ 8 B/ 5B FZHE

(b) HP821
.\ O LED photoelectric
\'\dhv\.z“\\ N performance analyzer NANOCL-4060 transmitter
5 N\ )

K] AN
[ camera
compyter

power

13 I REs Kk fg . (a) SR BRIE 5 (b) 230 i 4%
Fig. 13 Experimental environment and equipment. (a) Experimental environment; (b) experimental equipment
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Table 1 Simulation parameters

Parameter Value
LED rated power /W 5
LED diameter /cm 5
Location unit size( LXWXH) /(mXmXm) 10.0X5.0X5.0
Coordinates of two LED lamps lamps /m (0,—2.5,5), (10,—2.5,5)
Vertical distance between camera and LED lamps /m 1.2
Focal length /mm 17.52
Image size /(pixel X pixel) 41122176
Pixel size /(pm>X pm) 3.45%3.45
Horizontal field angle /(°) 56.3
Maximum frame rate of the camera /(frame-s™ ") 87.6
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Fig. 14 Changing principle of the field of view
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