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Research on Application Requirements and
Key Technologies of Train Virtual Formation

JI Yuqing, OU Dongxiu, CHANG Ming, NING
Zheng

Abstract Train virtual formation is a new type of train flexi-
ble formation technology based on train-to-train communica-
tion, and has gradually become a research hotspot in the indus-
try. Flexible train formation can effectively solve the problem
of uneven spatial and temporal distribution of rail transit pas-
senger flow, it is also of great significance in terms of energy
saving and consumption reduction. In this paper, the capacity
bottleneck problem of rail transportation network and its de-
mand for flexible train formation are expounded, the practical
application cases and characteristics of flexible train formation
at home and abroad are compared. With an analysis of the
technical concept of virtual formation, the coupling and decou-
pling processes of virtual train formation are studied. On this

basis, the key technical support (including train active real-

time positioning with high accuracy and low-latency, highly re-
liable vehicle-to-vehicle wireless communication, etc. ) and
core technologies (including the optimization of highly intelli-
gent, adaptive train formation cooperation, the multi-vehicle
collaborative control and protection with high safety and strong
resilience ) required for the application of train virtual formation
are proposed.

Key words rail transit; flexible formation; virtual formation
First-author’'s address College of Transportation Engi-

neering, Tongji University, 201804, Shanghai, China

Wt 91U T S 3 ) 4 3 B SR A H AR B, L
TR g 5 H A )b Ay BT A Al ST 2R
B E AR E AR, 8 AR S G IT 47 (0] bR
L T 25 26 o g 7 5 3 T v 76 X
IIPIE S R IS A A R R R,
B SR DTSN TS o 0 (i R T 17
3 S R B ) BT R BN B, A A I R — S
RREG SRS R AR, O e, AR SCHE R T G
73RN RIZE Y 5 81 4 2 5 A TR BE Y 4 BA
MTFIEL s 17, WEAE 22 i 70 AL v 6 I B 119 3 i 1
J1, XRE R w AR U I BEA 42 YA 4T R AR B Y
i 55 7K ¥ (A IR SR P v 5 B /N 2 77 50, 300 4 5y
H ] B BB AR AR S B, Sl A R aT Hp 2 520
RIEABEERE L.

1 SIERERANTERSIRSH
1.1 FERERANERSH
111 st & K AR M-S 8 18 328 J)#LE

TN ST A S A T B (T RS TR R B/ X

RO B ) 32 B s T3 AEARROR, Hoas T B A%

* B R HRFARA T FIH (52172329) 5 B iRREDH (22ZR1422200,21DZ2204500 )

s W FARH

.57 -



SR RITRR ) %5 8 2R 4R ) =R B M a8 . Tl
BB AT FR SRR LR /N AR R 3 2k
BN T a)—& 1 o) s BHIRE B, IatiP ek
TR G — I3l 3 — A B (UL 2) , PR H AR
TROPTE L, HIEHSRIMN S E 2 a2, i

S-30 S-50 S-1

7 S22 e T-1
T-1 S-1 T2
S-4 © S-2

a) FLM LA

b) FhZgm

B R R %L aE 8 BN E 5 AU 2051 4238
ERIAIRR , Hoz Sy C AR, s BEAGZAZ Ul G BEY
SOV LRI AL, T R 2 2151 47, U REA AL
REMWAT - PAIFER AR, i i 1A% 0 1 18 B 38 T
S n)

$-3
T2, 0° S-1 T-1 T2  S2

4
O_M---o
L Y
L Y
©S-4

) /NI KT

T8 T W s 5 S o HE Ll
1 BB Sl L A O T B 3 R R A

Fig. 1

g

HRPH

P i

P2 2k AR I T8 B i) (Ct P R AR B
Fig.2 Example of core channel section ( Xuzhou-Bengbu

section on Beijing-Shanghai Railway)
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Schematic diagram of 3 types of rail transit core channel section
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Fig.3 Schematic diagram of 3 types of rail transit branch line section
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Fig. 4 Example of Y-shaped branch line section ( Shanghai
Metro Line 11)
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Tab.1 Application comparison of flexible train coupling technology in various projects around the world
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Tab.2 Comparison of train coupling modes
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Fig. 5  Schematic diagram of operational control of virtual

coupling train formation
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Fig.6 Schematic diagram of virtual coupling and decoupling process of virtual coupling train formation
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