AR - 2538 % 2 58 20254 10 A < ERRY <

doi: 10.3969/j.issn.1672-6073.2025.05.010

ETEMGANRIPEIREREE
T B %% T 65| FEAT AL

BAsiE, & ' % %, & ', #=e!, How
(1. dE AW EAS mIs i E b, dbat 100044; 2. db i LR & it M b A ], b5t 100082)

W& B PO PE AT W L e B S R AR T, SR ISR PG KT R SR I A s 8 2 A KU
TRy i) 8, R I T S g A B R (R A s AT PR Y, T8 DA AR AR 220 e B T i AU g 4L 1K 51 s AT T R R
Il A RUZBAIR KR HRIEA TR M o e, DA TIT b 2k 42 1% o ) vl W 4y 461 ﬁAIh$mm%&ﬁ%ﬁ
WFFEEE RL W] S8 R AT e A8 AT AR R AR M EL , BET R SO 4L 5 42 S TS AT 1 45 Shoms ] A% e 2 s
SR )9k /> 16.4%, TR AT RER MIRD 14.1%, i Fe % NEOH Baskb, S 4a AT PRI R Ik 5 3008 1
FHETL . WFFEE RnT ig g h Wiz st RIS Aia T IRt 25

FEER: W PIERCE; PSR, BRIl R kAT

hE S ES: U231 XERFR SRS A X EHS: 1672-6073(2025)05-0072-11

Research on Train Operation Adjustment in Urban Rail Lines under Unidirectional
Operation Interruption Scenarios Based on Virtual Coupling Technology
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(1. School of Traffic and Transportation, Beijing Jiaotong University, Beijing 100044;
2. Beijing General Municipal Engineering Design & Research Institute Co., Ltd., Beijing 100082)

Abstract: To address the issues of reduced network transport capacity and increased operational safety risks caused by
large-scale passenger stranding when unidirectional service interruptions occur on urban rail transit lines, a train rescheduling
model based on virtual coupling technology is constructed, and the optimization model is utilized to characterize the train
rescheduling process under virtual coupling technology. A hybrid two-layer simulated annealing-genetic algorithm is employed to
solve the problem. Finally, taking a case of unidirectional disruption in a city’s subway line as an example, the feasibility and
effectiveness of the proposed strategy are verified. The results demonstrate that compared with the traditional reverse operation
strategy, the reverse operation strategy under virtual coupling technology reduces passenger total waiting time by 16.4%,
passenger waiting time at stations by 14.1%, and significantly decreases the number of stranded passengers. Moreover, the
flexibility and efficiency of train operation adjustments are substantially enhanced. The findings provide a modeling and
optimization approach for train rescheduling under similar operational disruption scenarios.
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Figure 1 Diagram of the interrupted line
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Figure 2 Diagram of reverse operation strategy
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Figure 3 Diagram of bidirectional trains passing through
a single-track sector after coupling
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Table 1 Explanation of Model Parameters and Variables
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Figure 4 Diagram of multiple-unit train formation

under virtual coupling technology
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in relation to train departure time

76  URBAN RAPID RAIL TRANSIT

b, ATV i R EATHEE i1 RZERIBE A,
AN IR ) 57870 A 38055 3 2 H50 R DAy R 2 ) o P B I T
BTN Rk N, B

(/Lm,C —xli,l’s,k)xOD;li, (k), i>1s,5'eS,,s'>s

Pros {ﬂm,k xOD, (), i=ls,5s'€S,,s'>s
(16)
@l R . LATHV A i {0 s vhiAE Ry 24T 57
SR e R EAT AN -1 AR A T
U BEAE s BhAEAT AT sulisfe By, o B

BE| 47,00 | Wi ELATR A SR, B

Dy i=LVs,s'eS,,s<s
W= ”
1,8,8 . ’ ’
Vi F Py Vi€{2I},Vs,s'€S,,s<s

(17)
EATENE i A s 0 S AR AR AR
SL\
W= z WiysViel,ses, (18)

s'=s+1

@ M REHCE . EATHA i 18 s BT 4 RA L

LD s B AR R AL, DL s sl 28 R B4
Fete NHCZ A, AP
s—1

YW, VielseS,\{1}
) s'=

a
Wi,s

(19)
0, Viel,s=1
OB EATHA i BT s s IFE 73R
FHCE N PATHVE § Blik s-1 SRR A,
Z s W RSB NEL, N b s uli AR N KL, AR
{Vm_l —wh +w, Viel,VseS,\{1}

wP Viel,s=1

i,5°

(20)

ORIk, PATHIE i 78 s SRR I
RN BRI E AT A § BT s—1 3k (01 7E T
AR b s BRI ANEL B

= {C—Vi,s_1 +wlo, Viel,VseS \{l}
’ C, Viel,s=1

© FFEFes . PATHIAE i 76 s Wi 4RI
B S TR AR W SRR A
BAME, 1

wp, =min{W, ., |, Viel,VseS, (22)

UeAh, B sRe SRIEG e s, sy
s Ul R RTAE s'u B3R 2 B 1 s 3l Y A Y 3fe 2 e 11
tefE, B

@n



BT BN BRI E L L 55 PG R THIF)FiE 1T ET

up
4% s,8"

> OD}P,

s'=s+1
FATHNEE i A s 3 L ZERTAE 5l TR AR
W =W AR Vi€l Vs,s'eS,,s'>s  (24)

OB H . PATH 4 i A ERREAL S
BT AE s WG RF BT s U AR v, AR S
e oW, o %LZE%%%@W,” 27, Rl

,Vs,s'eS,,s<s’' (23)

Viss =Wiss = Wiss WViel,Vs,s'eS, (25)
ATV i AF s b R AN
X

Z Vi Viel,Vs,s'eS ,s<s"  (26)

I KEy Ti@ﬁ s br EAESRE BNHARE
uhi ARy R NH Bl
W},’s < Wi,s (27)
GIEE i AR 4w s SEbr B4R g MONEANRE @IS 41
AR R R A,

W <r (28)
FIZE i AR, s RASTHBIN (FIN 0-1 B He u; o M
BT w1, A5 K 05 élM&j@& M), I
TR HE TNV R,
WES =y —(l—ui,s)-M, U, € {0,1} (29)
B i AR s RIEHN, 3 G 2R &4 b
%, Bl

wh Zwi —u, M, u;, €{0,1} (30)

2.3 REGRESHTRKME

M TR A AL 2 R e AL, iR
TR AT AR R o BT ) RO K, AR A2y
AR IS, A SR A T HAR B A S 451
FEIN I o b0 (1 P S A A 455 51 4 2 A T
FRER DX BT PR < 1 3 280 I TR R 5 3k 4 3l B 1)
FARRM LW, T DIRTRECR, A3
T T RUZ IR K- IR A TSR A o AR A% Gt A 5
TR _E SRS S O B S, I A AR K
AT SEAL . SE R 6 Fros.

[ TG Lo i
| L !
: IR vs, K HAE A ik e |
| Wit | i
| ¥ | 1 SR |
i 3 e |

i | tptngEss f = v :
| 1 I
| o, AR e iR v !
| 1 ﬁ%ﬁ%gﬁﬁ |
| N !
i ] (R A) | !
i i v [
| P R 1N e i
| Pl I
| AN ’ A
i P i
i BRI 2 | [ e |
| A 7 |
[ _ *E%EMetorpolls{E'ﬂ'J H !
i L 5 R TR ]| R |
| N !
| il e |
i i [
@ N ;
| VeI, ERER || | !
: R |
i v || i
i | iR | | |
i i i
@ ! i
i [ I

Bl6  WZBHLE K- FIL TR

Figure 6 Flowchart of two-layer simulated annealing-genetic algorithm
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Table 2 Train stopping time S
1 50 50
2 35 35
3 30 30
4 30 30
5 35 35
6 40 35
7 40 35
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B - T S
8 35 35
9 40 35
10 40 35
11 40 35
12 50 45
13 50 50
14 50 50
15 40 40
16 35 35
17 60 60
18 35 35
19 50 50
20 35 35
21 30 35
22 45 40
R3 FIEXEZITHE
Table 3 Train interval running time S
S oEm e TR
1-2 90 90
2-3 110 110
3-4 110 120
4-5 130 120
5-6 120 120
6-7 110 110
7-8 110 110
8-9 145 140
9-10 90 85
10-11 105 105
11-12 110 105
12-13 120 120
13-14 130 140
14-15 90 90
15-16 100 110
16-17 100 90
17-18 100 110
18-19 120 120
19-20 80 80
20-21 130 130
21-22 105 100

3.1.2 EREUE
B AR R T SR T R A H 1 8:00~9:30
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Table 5 Partial AFC data

1 2 8 8:05 8:21
2 1 10 8:05 8:31
3 1 10 8:06 8:30
4 6 11 8:30 8:42
5 14 1 8:35 9:01
6 14 12 9:14 9:25
7 10 11 9:20 9:30
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Table 6 Online train position at the time of interruption
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Figure 9  Algorithm iteration diagram
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Figure 10 Comparative Adjusted Train Diagram
under Two Strategies
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Table 7 Results of train rescheduling
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Figure 11 Comparative Distribution of Stranded
Passengers under Two Strategies
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Table 8 Train rescheduling results under different
disruption durations in shorter interruption scenarios
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Figure 12 Trend of total waiting time for passengers
under different interruption durations in shorter
interruption sector scenario
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Table 9 Train rescheduling results of two strategies
under different disruption durations in shorter

interruption scenarios min
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Figure 13 Adjustment effects using two strategies under
different disruption durations in shorter interruption scenarios
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