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Abstract [ Objective] During the evolution of existing DCS
(data communication subsystem ) towards a dual-mode four-
network system in the major signaling system renovation pro-
ject of Shanghai Rail Transit Line 3 and Line 4, there is a hid-
den risk that the trackside DCS single-point fault may cause the
failure of individual vehicle-wayside communication network.
It is needed to optimize DCS reliability through adjusting the
communication network structure. [ Method] Based on TACS
(train autonomous circumambulate system) structure and oper-
ation context, the DCS network structure is analyzed to identify
key nodes and links affecting DCS reliability. The optimization
scheme for DCS reliability is elaborated from both device and
protocol layers. Field tests of operating trains on a sample sec-
tion in the optimized scheme are conducted to evaluate the reli-
ability of DCS. [ Result & Conclusion] The optimized DCS

demonstrates high reliability, it significantly enhances the over-

all performance of signaling system.
Key words urban rail transit; DCS; reliability; communica-

tion network
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Fig.1 Diagram of TACS structure

ATS KM
ATS % [ I
SIG ZL T T
SIG # M MSW B s ==
PRP PRP
LI
e
WilFi 2 Rt | [P EpC

WiFi B o o wiom R R4, 0 0
AP AP LTELZRIEM AP AP

s é>PI:3PRP =L
O O

LTE-A [ TTE ik A,
LTE-B R [0 | rpras w00

xxxxx

E:LTE J£k A [ \LTE J4k B [\ Wi-Fi L4210 Wi-Fi JoLk i %

HILGAIERY 4 5K T ; SIG (7 %5 ) £L I\ SIG # M | ATS %K

[ . ATS %K/ .LTE-A [ .LTE-B [ \Wi-Fi £I. %\ Wi-Fi % ™l

DCS A 2Ll A5 [ 45 1 W AY 8 SR BRI 0 46 s MSW— 32 # L 5

PRP—IFATICARZE e WL s EPC—i i 43 4 #%.0 [ ; RRU—LTE Jf
CE AT ST

2 ALY LEFBLEACIE 3 4 S5 5 R 5L DCS 45y

A
Fig.2 Diagram of the signaling system DCS structure for
Shanghai Rail Transit Line 3 and Line 4 before

optimization

R MIZ (LU K “ LTE + Wi-Fi JCZ/”)

LTE | XA Fo 2 5 9 2% (LT R LTE JC
L7 ) SCRpZ R SR, BEAR B X2 % 1 S
ORI, L ERE I 0, TAE EH8 1.8 GHz,
FU - A 2K BE T 12 M 2k T 4R ) e R 7 1 7 OK
LTE Jo£k M)+ M (LTE Jo2k A W5 LTE JoZk B
W) R IR AL M 25 07 50, Bk RN A A 1 B
O PRI R G, S8 e AT A X

Wi-Fi il 20 59 JC 4 15 W 4% (LA T R Fk Wi-Fi
TR ) SRHUELL UM TUAR BT, TAE WA 2. 4

- 118 -

2024 F

GHz, Wi-Fi LM 2 8k’ ( Wi-Fi TCZE 41 W 5
Wi-Fi JoZik M) 58 &7, I-4T TAE, AR,

DCS 14 3815 W 2% B B 1 P FIEE A I ZH A

B 2 kA R ST PR T 2 2R,
SR SIG £, SIG i W, ATS K M | ATS ¥ K
W .LTE-A [% . LTE-B M1 Wi-Fi £ [ \Wi-Fi %/,
T 7K PP # I2: B A T sl i T I A B HL 5 AH 4B 4
i L E T RO AR R IR B W 2%, Horh SIG 41
I Ko SIG ik o9 ] oF A Hin 42 il S 55 e 45 1R 15 5,5 ATS
TR S ATS 3 W 1 R A% i 32 47 4T 55, LTE-A
W, LTE-B [ \Wi-Fi 1% [ Wi-Fi i [ F kA% i o
YRBAE B T RT W 58 s AT T
1B H A

FEA 3 M s e A R ZE B A

BSFEE A W B BT 45 A5 JC 2 N 2% 15 26
%, M LTE Jogk A W5 LTE Ttk B WY #L5%
TR A 5 A M Rl T W LTE-A % A&
LTE-B W (18 T M 22 e HL3d {75 s Wi-Fi o 2L 5
Wi-Fi JC4k 5 W (19 81 5515 &, 3 2 55 4 A ™[] B
T/ Wi-Fi 219 J Wi-Fi #9595 1 % 5 e AL 3
Fo P AWM L SE B T PSR A 2 ] Y o2
AL i

EHIBEAMM T A LB EEME S A
LAMEMY . 4 LTE i 20 K 2ol i 4 8 AW
55 LTE il =X/ 42 0 A STl (5 W 4% 4% , Wi-Fi
il R g it ZE 8 AN 5 Wi-Fi il X i 2 842 A
BATGIEAE M AR %, AT SEBLAE 2R CC 5155145
Z R ICARE
1.2 DCS WA g5

AT 2 48 R A% 45 22 AN 1] Wb b 42 1L IR 55 1)
J7, B 5 B B o 0 B B 2 e s g
FEDIREAS[H] BT 1) g

XFF TACS M5 , AR AES 44750k #2 v DCS
KA, W B4 55 2 8] ) E 585 R 2
)2 2% 2% 38 A5 Bdie , J5 229 E s 17 2 52 35
M, AT UL, DCS ff nl 55 M B 8252 i 38 SR 4R i 1 i 17
RO Ak o3BT 28 5, AR G 2 i OGBS AN
I, T T DB IR 4% v 2 A 2 R B T 22 A R
AR BLE A IS A
1.2.1 RLiEFEM%

LTE + Wi-Fi JoZ& W 7F 5 Hb K 25 o Bl & 1 0k
ST IR I A% B A A0 ) R A BBt AN 2
SEMAAH DG 55 o



£11 8

LTE + Wi-Fi JoZ& [ i 4 > M i [7] B A% i 15
B, Wk 1 EA B X 2 - b JC 38 17 I 28 7E AN
TP 0 AU, SOk T 1 ~ 3 SR TCE (5 B
rH TS Y 2 - H o £ B 5 R KU

155 RRU Fl AP SR HITUARTE 74,2 & BBU
(B A BRERTT) 7342 2 A LTE 5T M 32 #r AL,
PIE AP 5345 A 2 4> Wi-Fi 5T S8 AL, DA PRIIE
BN ZE AT B AN 52 M) - bR A
1.2.2 %F®

SIG 41/ W . ATS ¥ JK/ 3% K W . LTE-A/B [
F Wi-Fi £1/ 3 R4 1 4 408 T W, (B AN )
APV 55 % , A 2 [ AN 25520

RAITURE TR 2 k7™, B 15k
I ATAR g1t B 36 5 AR s L RE % Hhy 5y —
kT M SEIHE ) H L, H T 2 57 M R 1%
i 3 A R, A A R A O 7 D) 4 Y
2 WA AETE SR D4 s (]

MR 1 sk AT R EE, T AR 2SR
KA 1 HLEF s W e B B A8 B DR A S e R A
BAASERRR T MRP (PR 5 ) PR, H o ) )
X 50 ms,

1.2.3 BARW

FEF ] FPoCy RN L 8 155 PRP RS 4 1 ik
B 4k PRP, F|H PRP Jy & & Jin Wi-Fi fil LTE P fp
TCLBAFHE I . P57 B A Kk U 42 5% PRP
B AL PR 5, 3 2k W 2% TG 283 15 5% B[R] B 1) 2 2%
PRP &4, PRP 4 Jc 2 ik B 8 b 17 5% &, 9 %
Fel B AR AL, T S 55 5 AR R A G
LIUR G- M .

1.2.4 DCS #98u3 L 4% &

SIG 21/ W v HLAT Bk X 2% A B 114 - b 3
R MR B AN 3 i, 24 1A kR4 T
VERF, #7%15% PRP 5% MSW kA= f , 4k %40
55 L, ) 2 - M A5 ek ok . Al L,
#1155 PRP [t MSW 2y DCS %55 R A, Kt i

-

-
P3P EAsK 7 I T A I ) 2 - Hbd £ P 2% 2 4 s T 1
Fig.3  Diagram of vehicle-wayside communication network

structure during single sub-network operation before

optimization
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Fig. 4 Diagram of vehicle-wayside communication network
structure during single sub-network operation after

reliability optimization
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Fig.5 Diagram of single vehicle-wayside communication network structure in DCS reliability optimization

scheme performance testing
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