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Abstract
cation-based train control) system, CTCS2 + ATO ( Chinese

[ Objective] Compared to the CBTC ( communi-

train control system level 2 + automatic train operation) sys-
tem requires longer usable track lengths due to its built-in pro-
tection zones, leading to increased construction investment for
some underground turnout stations. Since city railways tend to
have more underground stations, using the CTCS2 + ATO sys-

tem can significantly raise civil engineering costs. To improve
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the economic efficiency of such projects, it is necessary to
study a solution is needed to reduce the track usable length re-
quirements for city railway turnout stations using the CTCS2 +
ATO system. [ Method] While maintaining the same safety
protection distance, it is proposed to use virtual ground data to
ensure accurate stopping positions and setting up continuation
routes to shorten the effective track length at turnout stations.
Key considerations for this solution, such as unlocking methods
for continuation routes, signal placement, principles for con-
figuring virtual data, safety guarantees during fault scenarios,
and the setup of safety lines, are thoroughly analyzed. [ Result
& Conclusion] For unlocking continuation routes, a 'stop and
unlock’ method is recommended. At turnout stations with side
tracks, it is suggested to install safety lines in the track forward
direction instead of the reverse direction to improve the opera-
tional efficiency. For city railway turnout stations, the pro-
posed continuation route solution can reduce the distance be-
tween the platform end and the basic track joint in front of the
turnout from 70 m to 25 m. This can significantly reduce the
scale of underground stations, lower civil engineering costs,
and improve the project overall economic efficiency.

Key words city railway; signaling system; continuation

route; usable track length

MRIGIATHEAR AT, i TR T AP X BN B
(775, AT CBTC(JE Tl 5 9 445 ) R 45¢,
JLT CTCS2 + ATO ("SI 4 A shis 71 i R 5e 4
T+ BT F Bha AT ) ARG T SRR AT 2 7l B
EARRE A, e T i B 2 S D0 T, T S Bk i
g TR ORI 2 0 O 4 T i ek g
B H B2 TEE, 7 BF 580 DR 4 4 Jeon] TR B9 2%
AR HET CTCS2 + ATO ZR GE i i bk % 4= vl
JBOEA BN I o ARYE IO, 78 AT 42 4R 1 K
ML ER Y 60 m 22 44 B B JCIk ot — P A Y
U, AUT A 42 7 A% B J0 1 R 38 40 i B3 A5 4%
e, T A 3 5 4 R Pl A PR A 75 6 BT 1 1

- 337 -



g

O WSSz =

Hy A R (PGS T35 P04 S K50 .
M, ASCE T EETF CTCS2 + ATO £ %5 i 7 Bk % 14
B TE S 240 o IR A R R T A TR
1 AREZITE

T E AL I 5 o T T A RO T R R
THEREE R 7R RUEZ 2R IR B (fFHE 2 fa
S ) 3 75, R b, 396 ) A AR LA e ) A
HTHTHE T f CTCS2 + ATO RGEE T HuhifF 5l
HTJ7 CJRETE AN ) 142 42 B 47 BE 2 o0 B B 0 A
5 S HLAT T B J7 (P DA ) (4 47 DX B P, [] B
SR X BER FHA P 7 58, W 2k i e IR (B 7)) if
TPRE , AR 224

TS5k TR 3l TR R 4 kg TG s AN TREAM 4R 1Y)
Bl WML A 20k =, XT 80 R A5
ST s, TR 5 R G R TE A ALK RN
S+ ARy 28 U TG 7 v M AT 2 G
Ui AE IR PR AN RS E I

2 NEM&haa R sEtkizE

PUR AT 55k & 1G G 82 45 Bt 4745
Bro fR5Bearfm BANE 1 PR,

Sm

20m 45m

SESLE

X =T0m | RS S
O Ost L. M0, DX Qgsr
AAAT 1 U AA ! I I
: SRFEEHIN RS
o\z A

} 1 1
BT AN IEIE A 2 ol 5 B o A B s T 1
Fig.1 Diagram of signaling equipment layout at a turnout

station without side-track

2.1 EEHEADEREHFTR

FIE 2 P 1 1 BN St iy XA PR O %

1) LR ARSITS . h CTCOMESEY) &
GE e & A5 T n) B A Sk [ 2 o A AL, AT
fih 2 R O 4% J B2 e e 1E % T 1] ‘B DA R O S 25
B ROV AMER K Gont, BRBURE A 25 10 2 I B
FEAE S, 0 2 i PR AE A R A AR v A fi
FEO 2 G & 2R I s AR 4

2) BERMYT R, BB E N R E AL
IPRIE L [, 7 S 4 T A B 12 B Sk S 3 I,
AL R . B TIRATHERT 3 min J AT A4 %oF

- 338 -

2024 F

18 ERCRA B BRI, 5 G N A A5 A5 58 e
F A CRIA B0 0T 15 BAE R 9 A5 88 A5 e
B TES A Ra A5 EJS RIS X 4 2 F g% 0 AT A
B, FESVATTT TR [R) I 38 5 4 b 388 £ ik AH DG A
BiiFR4, 25 TSRS (Il BRI R 55 5% ) e A 3 51 42
O, PR A AT & A% Jeb 20 2 ol K B A 0 A8 8 30
A R L AR e AR R, nT 2% IR A A I BN
TTAfIA R 5 2O S S B AT A

TELZE e AN i BT S0k S 1 A 1E 7 AT 3 T
BT H A BILIR A AR B B 2 KUK, H 2 J5 2k
KRS I 1] B, 53— 7 1) TE 20 ¥E I B 4
(AR ATER B 4 e B o) A 4, Mo SiE 252 33 g o ) 1
FATRIKE, SR AT ES) W IE ERCRA
—ERM [ B AR RS AR Rl ATP (51
AR SR, PR . LR A R
AR R D A5 RR A5 VA JE X S 22 E e E A R
IR TT 5%
2.2 ESHEREMHERE

R 5 S AL T )38 7 7 TSR A AR AL
AR AR G RIIE , 4 i 4 ol 17 25 g 4L B8 1 i 45
PLEE RSN LR EOR R T45 T 20 m, IERESR KT
30 m, T TR R S A bR s AT MU O 160 km/
h, 528 42 SR ) 3 7 BR  REAR ] , #E I IR
2l A RN e 5 S PR AR S B TR B R 2 BRI
LRARME, % 20 m it , BAARALEEE S 5 m, JCiE L
ATl BN CE B, 3 B S S LN
25 m,

o AR TC I, RSB R S A S L XT R
VOB AME S AL XU O L7 158 M8 2775 ), XTI
TS ML E R S AL SN 2 70 m YR, TEE
Ul B A 2H BX YT 2 s HH G LA RE A0 i
L XU N w5 S WL AHOCER B/ 5 B o 78 Hh il B
Bt BXT BAT P54 a5 PG B LA S B i 3 5
BL XU R A5 S AR A SCE B R R

G AEAE Rl e G Rt b, G A5 S LN
i BX I B HE R AF R, F BRI HUME S L X H 5
40 m( L P E) A1y EOA (47 1 1]
LK) o KRS, G40 e i B4 a2 H R Y
PERGREE fR 4L CTCS-1 ALk, 24 i H 3l 10 2%
A BXT AL, AR 45 BXT Ab-Ae SO 42 B A7 it 1Y
PEFEAR B BB 52 PR 5 A0 B 0 AT BOR, JF i IR
PR AR AT O (SEBR b 5 S L XT A& ) 4T
RE,



£12 1

2.3 HEHETREWESH

P T K2 00 B0 5 BEAE S 3 7 25 e A A 4 B S
BB R4 T 5T, 75 D 2 H B R DL 5 S B AR
AR—F IR, BODA T 3 B X 25 % 3l 1 25 A 4
PR 7 5 i A T 50 HT o

B A 3 SR A5 S L XT A 4 T
ZEBEARYEAE IE 2 11 B2 USCR 1 E 25 i A P IS R
T AE BB v I X BE CTCS-1 A, i k31 22473
7 A5 S HLRT 7, LS5 4 TCR (0 H #4518
PRSI0 ) USRI (Y B F B 2 0 R P 1
HAE BT, 48 e T g S K, & 580 4
E=SilEoi

TE RGP IE T B, IG BT K 3 e R 4 2%
T EBIUE S XUt . AR X5 S
FRGE AL R PR A, A O % S i S 50
m, HCYRERE S AL X B S PR (s S HL XTI 3%
/NTF 50 mFCE S, o S Nl A Bl xR
BN KB B R W 5 5 RGN R
TRV, VIR AR AT R I T A — B

[, 76 B 1) BB B 0L T, 2 4 78 85 5 B
T LA ST, L AR 2 mr I R Y S 1E
ML A2 R 3C, TN A B AT 5 T G, (R 81 425K
PRk A& Gk, T B0 B 05 7 B2, 51 26
MA (FTZEVFAT ) 288K 11 45—~ FH 2 53 X, DA fih &
S B A s, B L e, Ha R A%
PERFAR . 5075 P A 1 24 4 B S BB 42 7 S
NG N FBS (584 M%) # X H 8 PS (ior
Wids ) B, 91 42 UG & 2 B ]kt B PR MA 78 {
BB iii b

3 M&RERRINELHIRZE

H T TSR B AT AR AF AR B B T 75 5K, a3
Tl BN MR B A O 2 2 15 H 4 B 1)
RGN BMZR BB A 2w v Lo o B B I 5%
PEFIAS B4 B 1) 25 F PR, DO e 42 fE A
[, FLRA B 25 F R 2 e i 1 1) & 4, i
I OCEEE R R B S 4 5t 0l B AT 20 A o
WO RS, Aol (5 5 B A A B AN A 2 R o
3.1 FELHERENIERAESTTN

BEoh TR, JESE i 4 0 BE R i 807 SR AR A
PR, AT 2 JT 7R A SESE AR A e AN, e
K- T5 10 SCE I, AL i 4 1 A 4 i9E e I B
255 HL SCF &b ; 25 Jm £ K 4207 17 M {55 #L SF 1

T EMWEF

I, A 5 3 it i 1R A 2 it i 0 L2 AR 5 L SF Ak
TES e R e e v, SE 2 E 6 0 — AR A Bl A
WA, XS FEOEL R , Hm 1G s Jo ik
He e TS5 3G Bl 4 4 kil ELRE R AR R ER S
1G BB A A5 1 42 25 10, AT R R 2 A —
LA
20m 45m
i HE B3 B
L Sep e S SALX
Qs3 X30, &  QSCF
(L L ETLEN ' ’
A VQSI 301‘ 3G2 le\{% .
L N R AL
XFO Qg 161 G2 x110 as

K2 BNZBEE AT 2 0 5 5 B A R K

Fig.2 Diagram of signaling equipment layout at a turnout

station with side-tracks
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Fig.3 Diagram of signaling equipment layout without

safety lines
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Fig.4 Diagram of signaling equipment layout with

safety lines
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Fig.7 Simulation results of train automatic turnback
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