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A Study on the Protection Function by Expanding Moving Block
against Wireless Communication Loss in CBTC System
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Abstract The communication-based train control system is the most advanced system with high
transportation capacity and maintenance efficiency. This paper proposes a protection function that
ensures safety in the event of wireless communication loss in a communication-based train control
system. The proposed protection function offers protection by expanding the moving block in the event
of a wireless communication loss, and is a method of complementing the limitations of the CBTC basic
function that does not ensure safety for the front area of the train with communication loss. The
simulation confirmed that the proposed protection method could safely protect the train in case of a
communication loss by comparing it with the CBTC basic function. Simulation experiments were
conducted on entry into the main line platform, entry into the side-line of the main line platform, and
departure from the parking line in the depot. The protection function was confirmed by a
communication loss before entering the route during normal train operation. The simulation experiment
showed that the CBTC basic function checks the possibility of a collision accident by canceling the set
route and allowing the opposing train to enter, and the protection function by expanding the moving
block to check that there is no possibility of an accident because the set route cannot be canceled. The
proposed protection function can be applied to the KTCS-M standard in the future so that KTCS-M
applied lines can operate with higher safety.
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Fig. 1. Configuration of CBTC system
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Fig. 2. Moving block
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Fig. 3. Movement authority
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Fig. 5. Possibility of train collision due to operator
error when protecting basic functions of
CBTC
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Fig. 6. Protection distance over time by protecting
basic functions of CBTC
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Fig. 7. Protection by maximum moving block extension
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A s SRV, 2 DAt olEd A(D)% Eq
(4) 9 o] B4 £AE Wk A7k o FHE ATP 5
A 27) W9N(T,) H) 9 A S DA ol
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D,=D,+D, < Dy, )
where, D, denotes distance traveled at maximum
train performance speed from start of communication
loss to determination of communication loss, D,
denotes cumulative distance traveled at maximum
train performance speed per communication cycle

of ATP after determination of communication

loss
DlemaxXTd (3)
where, V.. denotes maximum train performance

speed, 7, denotes communication loss time

D2:E(Vmax>< Td’) (4)

where, 7. denotes communication cycle of ATP
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Fig. 8. Protection distance over time by moving block
extension
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Fig. 9. CBTC system configuration

AEH ol e Fig. 103} o] A4 ATP A,
A ATP ZA|, TA| ATS A9 A2 A% A2 g
< sk= A AlEEOlE, EAF 9E st A AlEE
ol 7A5tAtt. AA| CBTCE 2% %9 AdAAE
A2 L dFoE AlET ol FHdste] a4ttt
AR H1 &%= 60km/holH, Hd 2 5 =&
70km/he]tct}.

Fig. 10. Configuration for simulation
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Fig. 11. Start in the first simulation;
(a) Train simulator (b) Wayside simulator
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Fig. 12. Communication loss in the first simulation;
(a) Train simulator (b) Wayside simulator
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Fig. 13. Protection of operation by CBTC basic function
in the first simulation; (a) Control to release
entry route from up-line to up-line in 111 station
(b) Route released (c) Control to set entry route
from down-line to up-line in 111 station (d)
Route set (e) Create a train for entering 111
station from down-line to up-line
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(1101, 527.80mZ SLsIA © 23} spdHo|t}. Fig.
(o= 1119 44 57473 A X2 57 Alo] ShHol
H, Fig. 14(d)= &FE ols HYLSE g FFAol
o3t A= i Aloj7t E7Fsst] X2 A A7
A Az} shwiolct.

(d

Fig. 14. Protection of operation by moving block
extension in the first simulation; (a) D, in
wayside simulator (b) D, in wayside
simulator (c) Control to release entry route

from up-line to up-line in 111 station (d)
Route not released
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Fig. 15. Start in the second simulation;
(a) Train simulator (b) Wayside simulator

Fig. 162 54 541 £4 A¥oltt. Fig. 16(a)°l4
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Fig. 16. Communication loss in the second simulation;
(a) Train simulator (b) Wayside simulator
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Y F=2E A Aojshk= Aotk Fig. 17(b)e A4 Al
EdolE7} 74 B4l FHRE Hlo|EE $:4151A] F5lo
AA Gxp7t 2o JYsto] FRgt Aol ARt M=
S Aol AdgE dykg HojEr) Fig. 17(0& 101
o b4 FRpAol Sl tiF ExL 1019 ohA 57473
o2 AYJT 4 e A2E AHsh= A4 AlEEolH
shdoly, Fig. 17(d)= 1019 AHAdolA shd 7404 &
g A=27} = olA 1019 oh4l SIRFAlOIA BHA 57
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d

Fig. 17. Protection of operation by CBTC basic function
in the second simulation; (a) Control to release
entry route from up-line to down-line in 101
station (b) Route released (c) Control to set
entry route from turnback-down-line to
down-line in 111 station (d) Route set
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CBTC 712 7I5°l4 A AlEolE 9] Y14+ 101
o AAoA kA £ XS A= o] 24l &
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B4 7 FApe g0l 9zt iR G 7ol FE At
g 7570l lom T &2 bHS BT whol J
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Fig. 182 At ol HA g4 %3 7]%5°] CBTC
718 7159 HE535 /b WS E Hobols HUS B
ot Fig. 18(a)e 54 T4 AIFRE 54 4 &
o AR ER7} ol5{(D))stod ol HA Zol(D,)
7F (111, 210.80mE ZAA=SIL, ol HAgt Zo]
(DR (111, 210.80m)Z BL5HA oA T A2k
4 ol5(D,) §lo] olF HMo| YR FHE U=
Hoj&oh Fig. 18(b)ollA A AlEeold 3 23
Aol ot 1019 shAl 5747 A 2= 3% AolE ot
+ Zlol, Fig. 18(c) °lF #M gPgog Qs s
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Fig. 18. Protection of operation by moving block extension
in the second simulation; (a) D;+D, in

wayside simulator (b) Control to release entry
route from up-line to down-line in 101
station (c) Route not released
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Fig. 19. Start in the third simulation;
(a) Train simulator (b) Wayside simulator
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Fig. 20. Communication loss in the third simulation;
() Train simulator (b) Wayside simulator
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Fig. 21. Protection of operation by CBTC basic
function in the third simulation; (a) Control
to release entry route from parking #3 to
entry/exit inspection line (b) Route released
(c) Control to set entry route from parking
#2 to entry/exit inspection line (d) Route set
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Fig. 22. Protection of operation by moving block
extension in the third simulation protection;
(a) D,+D, in wayside simulator (b) Control

to release entry route from parking #3 to
entry/exit inspection line (c) Route not
released
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