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Optimal Operation Plan Design for Virtually Coupled Trains
in Urban Rail Transit

YOU Ting', MA Fayun’?, MIAO Feng’, XU Gongde’, YANG Zhongping'

(1. School of Electrical Engineering, Beijing Jiaotong University, Beijing 100044;
2. CRRC Qingdao Sifang Rolling Stock Research Institute Co., Ltd., Qingdao, Shandong 266031)

Abstract: Virtual coupling technology realizes “virtual connection” of vehicles through vehicle to vehicle (V2V) wireless
communication technology. Since there are no mechanical coupling devices such as coupler between vehicles, dynamic
marshalling and unmarshalling can be carried out during the operation of vehicles, so as to realize flexible transportation
mode based on passenger flow. Based on the comprehensive optimization of passenger travel time and train transportation
efficiency, the optimization method of virtually coupled trains operation plan is proposed in this paper. Then, by taking an
urban rail transit line as an example, the optimization design results are given according to the original-destination (OD) data
of morning peak passenger flow. Comparing the virtual coupling optimization plan with the current plan, the virtual coupling
optimization scheme can not only ensure the transportation efficiency, but also effectively shorten the passengers travel time
and improve the service quality of rail transit.

Keywords: urban rail transit; virtual coupling; train operation plan; passenger travel time; transportation efficiency
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Figure 1 Schematic of virtually coupled trains
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Figure 2 Basic transport units of virtually coupled trains

SR gz B 5.0 T ARR B 703 1 R SR v R
TEHBIRACIZ ), B KRR e I EIA T oK . A
A 2 DA d iz oo o RE e, WFTT A5 AU
MAIBAT .

LA R R DA A R i 2 2 SR AR ARl TR, AR
i AU Zn 21 51 4 A i A Ml 15 7 SR L2 vl KRk 37
S
21 TFEEHEZERERIRATIEEWL

Bl 3 S Joi kG 0T B A0 R UL R AN A it
PR B K. s 3(a)fras, BAT 4 e BN R ulin
AL F 5l B A S R, R — A RS 2
G4, — IRl s et 1] 3(b) A PG 2 A1) 4 i v
L G AT A s RO A,
VA AT AR S N AR, PRI kB 5 G

L W e
L
(>
T v T 1
M
______ N
R =
F DS PP
(a) 34k
Lk i
T s B N
(.-
i T p
/«-———\
88 8 -
F 7 7
(b) f

3 JGRERLN IR A1) A A sl A s
Figure 3  Operation in station without the avoidance line
for virtually coupled trains
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Figure 4 Arrival scenes of virtually coupled trains requiring
the avoidance line
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Figure 5 Layout of tide avoidance station
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Figure 6 Departure of virtually coupled trains
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Table 1 The OD of passenger flow during peak hours (8:00-9:00) of an urban rail transit line AR

£ 1 2 3 4 5 6 7 8 9 10 11 12 13
1 0 16 32 48 44 48 36 48 48 48 48 2176 2180
2 4 0 12 32 20 48 8 44 48 48 48 1272 1276
3 16 8 0 36 32 48 36 48 48 44 48 2 096 2 096
4 36 12 8 0 4 44 16 48 48 48 48 1556 1556
5 44 16 40 20 0 32 12 48 48 44 48 1948 1948
6 40 16 36 32 8 0 12 44 48 48 48 1832 1836
7 16 16 40 48 16 28 0 4 24 28 44 956 960
8 48 20 44 40 32 48 16 0 24 24 48 1900 1900
9 44 40 48 48 32 48 16 36 0 16 44 2292 2296
10 32 12 44 44 28 48 16 32 24 0 24 1856 1 860
11 44 16 36 36 8 44 4 40 40 24 0 700 708

12 520 220 636 548 292 848 104 696 1752 880 2 000 0 40

13 528 228 648 540 296 848 96 700 1748 860 2000 36 0

x2 MURBESHRE

Table 2 Parameters of the optimize model
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Figure 8 Pareto front of the proposed optimization model
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Table 3 Optimal operation scheme for
virtually coupled trains
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Figure 9 Optimized operating plan for virtually coupled trains
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