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Abstract [ Objective] When the on-board signaling equip-
ment fails, relying on trackside secondary positioning equip-
ment for degraded operational train positioning and protection
requires additional trackside signaling equipment, incurring
high costs. Therefore, it is necessary to develop a beacon-
based degraded operation train positioning and protection
scheme without adding trackside equipment. [ Method] The
basic principle and equipment composition of the scheme are
introduced, detailing the principles of train positioning and pro-
tection. During degraded operation, the on-board beacon-based
secondary positioning equipment can read beacon information

and transmit it to the trackside ATP (automatic train protec-
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tion) equipment via a vehicle-wayside wireless communication
network. The trackside ATP equipment detects the position of
the degraded operational train based on the reported location in-
formation from faulty train and controls the opening of protec-
tion signal ahead of the degraded train according to line condi-
tions. This safely guides the degraded train to quickly exit op-
eration while ensuring that normal trains receive movement au-
thorization to maintain safe operation intervals between adjacent
trains. [ Result & Conclusion] The beacon-based degraded
operation train positioning scheme does not require additional
trackside equipment, allowing the degraded train to maintain a
close protective interval with normal trains, minimizing the im-
pact on the normal operation of subsequent trains, and ensuring
high operation organizational efficiency during faults. The fea-
sibility of this scheme is verified by relevant engineering appli-
cations and field tests.

Key words urban rail transit; train positioning equipment;

automatic train protection; beacon positioning equipment

Hi, CBTC (3 T {5 o) £l R C B
A58 KT R 58 R 5 A 8k, 0 4R T CBTC
Tl B L B O A R B e A A, oA 1
BEE A RIS 55 o T iR o 45 T k& (U B
T 2 B P B S 55 U G 1 (LA frT
CPSEARAT) TS E R A AU S
BT B S WEEE S TS IR ER A,
55 R MBS TR RE K, 5 H A%
it TR A AT S5 th s

055 A5 W 4 3 3 I L T X B L
JE 5 I3 DX B 7 a5 ok 0 D 0 I B o
RS, HETTTAG I R OB AT 9 40 . 7E L6 Y
BN U AL B A — LR A B At 2 W e -
LA G SRS PR AR 90T X B T A o5 AR 2
P FE 4 Tk 7E CBTC #30 T IE % 1817, #
ERGERT .

X1, AR SCHR H— o T3 5 14 R 95 17 91 4
SERL R BARr E (LL R IR A5 ARE LT 57 ) TEH



£11 8

FONVH AR A 5 B3R5 DA 1 TR 24 b2
FETARAR I UG RE A B (AR Tl K A5 s s 07 1%
) ARG E PSS E AL A, WS TR A
S5, (UFEFI CBTC RGEh L& L5 5
PR SE PGB AT 9 4 i 52 A7, LU TE R R 22 4 /Y
BFR T SR GLa 8 e 2 IR s B IFA
REOKG a7 11l i3 46 BCPIUE Fi 3% 25 255 90 4 A6 A D
B U B 551 A el e A R SR i

1 EHREM T R TIEREREBIZ & HAK

EbREN T S8 M TAR RS N 5, i 30
frbnsE LB R HUN S5 (5 AR 9 ID (B ) | F
K% EHZE ATP (B4 [ Shpi ) 54 AR5 il
B55 ATP B 58 A B G A T8 /7 B AR I , O
VARF iz A7 50 4 AR L O Sk S B [k G as A
PR EEA BT

PO 2 A5 o o 6 T 58 9 U 45 5 R /s T P
PR . P G b A e 2 R AR R S5
AN REEZiNI A

Xk e P g 23 0 A AR R S I A L
B AFm RE L B A ] 2B A8 8 4 s, S el
A G HEE R, IF i 0 B 555 ATP i
TG . R BOT B AR A, A PR
P A R e A AL B C AR A

fEbRE O B 1 TARIRE A Z 485 5 3wt
i, HEAEIRE LA IR TR, S R 2l (5 s
2ok (5 AR ID (5 B IE BHSS ATP g, 15
P (o B A 22 ik — 20 Ak BT 352 BUR R4 ID {5
Bo 125 ATP B 235 AL BRAS b e 03 15 AL 1E 1Y
fribs ID {5 B R R385 5B Ak B A B AR B
J& L SERAN AL o A R A A 1 1 1 B
JE& TR, NG R R LR ERS
EHG AR T & 0L R S H R —E

USRI A D 3B A5 e 4, WU B A5 s 2 o7 12 7
RAEBOEARL A 22X 91 IS AT 5 AR AT R, 2R
- M AR 8 R, A AR5 B MME bR E o
Rl A AR BT, 55 ATP 35 45K JC 5 4R A
TEATREGIBAT A G i LR B MR, T 2IE 8 A
AN R K A= N ST K 2 R DA B
R B iz B WU T 4

XF RIS GBS T s i TR 4200, 5 2
BREHR G, IS ERE M s S P55 ATP 54
AR, A b s (o 150 A ) AR T 7 512 B 5 () A Jey

A 5

B8 AV
I

----- ) ()

_ GEERD—— GRS GBI
[eamne | ([Eheee] [FRemE)

A

12 FK 12 ¥
H: 0. Q.0 R @ . O —HEHLKRE © &
[ —EhREMRE; O S5 ERBE; - —ERMNE.
1 RS G b s 6 8 A A 5 s R

Fig.1 Equipment system structure diagram of beacon positio-

ning scheme for electric passenger train
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Fig.2 Envelope diagram of normal train
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Fig.3 Envelope diagram of during on-board signaling

equipment complete failure
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Fig.4 Diagram of recalculated train envelope after passing

through beacon
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two beacons
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Fig.6 Diagram of train envelope when beacon is missed
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Fig.7 Train protection control logic and function allocation

based on beacon positioning
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Fig.8 Signal machine red light state before meeting

protective signal machine opening conditions
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Fig.9 Signal machine green light state after meeting

protective signal machine opening conditions
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Fig. 10 Principle of subsequent normal train protection based

on beacon positioning scheme
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