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Multi-plan Collaborative Rescheduling of High-speed Train Operation Considering
the Utilization of Rolling Stock and Arrival and Departure Tracks

ZHOU Min' GU Hao-Xuan' DONG Hai-Rong' LIU Ren-Wei*> LIU Xuan'

Abstract With the rapid development of high-speed railways in China, the “eight vertical and eight horizontal”
high-speed railway network has become denser, presenting typical characteristics such as complex operating environ-
ments, high train densities, and long-distance cross-line operations. Once facing sudden events as strong winds, red
light bands, foreign objects on overhand lines and equipment failures, trains will deviate from the operating plan,
which in turn affects the departure line operation and electric multiple units (EMUs) turnover plan. Ensuring the
feasibility of EMUs and departure line operations while adjusting timetable is crucial to improving the efficiency of
train operation adjustments. To address departure line operations conflicts and EMU connection plans failure un-
der the scenario of bidirectional interruptions between sections, strategies as canceling trains, changing train depar-
ture times, switching departure lines, backup EMU connections are employed to adjust timetable, EMUs, and de-
parture line operation plans. A train operation coordination adjustment model considering EMU connections and
departure line operations is established based on event-activity network, a two-stage solving method is designed to
solve the model. The model and method are validated using actual data from Beijing-Tianjin intercity railway, the
results show that compared to “first come, first served (FCFS)” strategy, multi-plan coordination adjustment meth-
od can effectively reduce train delay time. Compared with overall solving method, the two-stage solving method can
ensure the model solution quality and effectively improve the model solving efficiency.

Key words Multi-plan collaborative rescheduling, utilization of rolling stock, arrival and departure track utiliza-
tion, event-activity network, two-stage solution
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Fig.4  Arriving and departing trains
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Table 3 Values of relative parameters

e ZH Jig =N
1 PN/ MF I E] L 2 min
2 [ 15 71 4= e /N BUR BB L 3 min
3 o AR R BEE 41 2 e /N 22 4 TR L, 2 min
4 BN /NS A]) L, 15 min
5 et i B A 9 %
6 T %% E R4 3 %
7 M 1 440 min
8 w1 1 000
9 w2 1
10 w3 1

4.2 HRIH

JEE Python A CPLEX 12.10 #(H fi, F-7EAL
3% Intel (R) Core (TM) i7-9750H @2.60 GHz,
WAF A 16 GB, #:4E &8N Window10 1] HLAX FXf
FITAe) 2 A Y R SR A 32t 47 SR S B i
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Fig.6

Rescheduled train timetable
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Table 4  The rescheduled train plans

T LE G AR 71 (EAVES JREEHI %
D1 06:21 07:17 51111511113 U3
D2 06:26 07:29 51111711133 U5
D3 07:01 08:04 51111711133 U6
D4 07:07 07:45 (07:37 311117 U4
D5 07:28 09:02 (08:37 311313(7)11133 U8
D6 07:53 08:31 (08:23 311113 ur
D7 08:31 10:03 (09:41 311113(7)13133 U9
D8 09:03 10:33 (10:06 311113(7)11133 Ul1
D9 09:08 09:46 (09:38 311113 uU10
D10 11:09 (09:25) 12:42 (10:28 511113(5)11135 U16(-)
D11 11:33 (09:46) 12:11 (10:16 311113 —
D12 11:00 (09:57) 12:32 (11:00 7(5)11113(5)11135 ~(U12)
D13 11:03 (10:16) 12:37 (11:23 3(5)1111511135 U13
D14 11:09 (10:52) 12:47 (12:02 7(5)11313(7)11(3)133 Ul14
D15 11:41 (11:30) 12:19 (12:00 5(3)11113 —
Ul 06:51 07:49 (07:33 424226 D10 (D6)
U2 06:58 07:46 (07:28 422226 D7
U3 07:41 09:13 (08:44 44222422226 D13 (D8)
U4 08:28 (08:25) 09:16 (08:55 422226 D14
U5 08:30 11:18 (09 33 6422242224(2)6 D11
U6 08:47 (08:45) 11:26 (09 442224244(2)4(2)6 D15
U7 09:32 (09:30) 11:38 (10:00 424(2)24(2)4 ~(D13)
U8 09:43 11:47 (10:53 1422244(2)424(2)4 —
U9 10:44 12:14 (11:47 42242422226 —
U10 11:00 (10:53) 11:50 (11:23 422226 —
Ul1 11:29 13:03 (12:39 64222424226 —
Ul12 12:26 13:56 (13:29 62242422226 —
U13 12:57 14:31 (13:52 4222242(4)2226 —
Ul4 13:14 14:42 (14:09 62222422226 —
U15 13:32 14:28 (14:14 424226 —
U16 14:19 15:49 (15:22 62222424226 —

W . () H AR e LA 2 RAE R,

2) AN[EIH KT 5 2 A R SR 1) Bl ] 1

5 E Wip [R] Y B R A R, R A SR HE Y
UM B L R RN 2, BB R & 5
SR H G RN 5828k S (First come,
first served, FCFS) SIS BEAT LLEL. 13 3145 R an
x5 R, bR g pe 5 P ERI 51 4 AR
FEHE — i 7 5 T 4G SIS A FCFS 78 H AR E
5 G5 R E]. K 5 b g s
(9:20, 1, 100) FR7nH E 9 £ 20 075 1 X (8] (AL atrd
RN B]X[A]) A DX 8] HR WrRE LIS TE] 24 100 min.
K7 R 7 A FE R g T & K S5 FCFS

AR, WK 5 A HIES FCFS
4l R DAL 7 AR I R, A SRR
5 SR AR SR IS 8] KT FOF'S SRI%, {HH
RELEA RS IR) PN SR HS S e B AU e DIE AR, ELAE F
AL AT 5 N AL FCFS Sus L. SR,
H b R B3 B AR AR L IR AN B 82, 35 PR A P B
U R 73 51 4 Aol AT G B UL, AR Rt
WRPREe s — BRI B E R B, IR
SAFEII &GS

3) WA BORMETT 2R A 5 R 0 B

N3 T AR SCHT U (1 1 B BUSR A 5 12 3R g I
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Table 5  Train reschedule considering different strategies under different interruption scenarios
T 77 55t AW BRI (E P° (%) SRR E] (s) BOB S E 4R (41) HZE K FE IR ] (s) P (%)
(9:20, 1, 100) EIERER S 13 080 159.0 0 12 905
2.35 2.37
(9:20, 1, 100) FCFS 13 388 47.3 0 13 211
(9:00, 2, 90) 2H B RS 13 303 361.0 0 13 173
2.55 2.31
(9:00, 2, 90) FCFS 13 642 73.8 0 13 478
(10:00, 4, 60) R A 7 821 17.0 0 7671
0.06 0.33
(10:00, 4, 60) FCFS 7 826 6.9 0 7 696
(11:00, 3, 30) 21 A5 SRS 5994 3.0 0 5 864
0.21 0.21
(11:00, 3, 30) FCFS 6 007 2.7 0 5 876
14 000 &2, EARTImE 5T B FEHEAAHEFERHL T,
i A5 58 ; S G > T Y >
13 000 = Bl A H P BRI 75 B A6 R T (CPLEX SRAR)
,» 12 0001 H45{t: FCFS AT XA, ST st R BRSSO AE

MIEIR: FCFS

(9:20, 1, 100) (9:00, 2, 90) (10:00, 4, 60) (11:00, 3, 30)
77 5

K7

ENEE Y o7 NI ELE S

Fig.7 The results of different strategies under

different interruption scenarios

5 S, BAORMEE R INE 6 Froas. B 8 XA
[l 373 5% T P B BUKR A5 8 AR SR g8 ) I 1) 32 AT 06 B

I 3 AR AL I 5 N KSR A N 18] (R R 4 =
SR, B8 I A B Ak b

XS EL AR o s T LR, RSO i
PRI BCR AR 5 SRAT g8 00 o 5 B AR SR 120K
RO R A ZEANK, (HRTE SRR BRI T
JRHERBI R, X T TS, Wi
B3I 3R A5 0 g 1 o B L A sy T BRAR SRR T 1%,
R RONE S B R XA R AT, BT R B
B ZEH B AR K, CPLEX KA as AR AEAE —

R 6 AW R T EBEAKRESR

Table 6 The overall solution results under each interruption scenario

7R BN HF#ME SRAFERT ] (s) IO ) ik (51)) RUIE R[] (s)
(9:20, 1, 100) Bk SR AR 12 382 4180 0 12 362
(9:00, 2, 90) AR A 12 453 5 304 0 12 269
(10:00, 4, 60) BEARR R 7510 53 0 7395
(11:00, 3, 30) BARRAR 5 896 5 0 5 786

£ AR R BT B AL TR b
Table 7 Comparison of solution results under different weight coefficients

w1 w2 ws BRI BUES %% (9) SERRTA] (s) SR (s)
1 1 1 12 819 0 12 723 330.0
1 10 1 127 865 0 12 767 425.0
1 100 1 1278 215 0 12 767 359.5
1 1 000 1 12 796 015 0 12 795 314.0
10 1 1 12 819 0 12 723 326.0
100 1 1 12 819 0 12 723 319.0
1 000 1 1 12 819 0 12 726 307.0
1 1 10 17 214 3 17 064 251.8
1 1 100 18 130 3 17 223 227.0
1 1 1 000 25 463 3 19 585 605.7
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254 AU R BRI S B iz v et S AR T AT SR Ay
IR ATAT VYRR R A SO SL AR R RE S A AL
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SR, AR SCHTE 4L SN BE 08 12 51) 42 B SE 4R
i 125 i Tl 2 5 T AR AU X T e B SR £ 52
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