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Table 1 Basic operating data of Beijing-Shanghai high-speed railway

Station Number of tracks Segment Mileage (km) Running time (min)
Beijing South - - 0 0
Langfang 4 Beijing South-Langfang 59 12
Tianjin South 4 Langfang-Tianjin South 72 15
Cangzhou West 6 Tianjin South-Cangzhou West 88 16
Dezhou East 7 Cangzhou West-Dezhou East 108 19
Jinan West 12 Dezhou East-Jinan West 92 17
Taian 6 Jinan West-Taian 43 11
Qufu East 6 Taian-Qufu East 71 13
Tengzhou East 4 Qufu East-Tengzhou East 56 10
Zaozhuang 6 Tengzhou East-Zaozhuang 36 6
Xuzhou East 10 Zaozhuang-Xuzhou East 63 11
Suzhou East 6 Xuzhou East-Suzhou East 79 12
Bengbu South 8 Suzhou East-Bengbu South 7 15
Dingyuan 4 Bengbu South-Dingyuan 53 9
Chuzhou 6 Dingyuan-Chuzhou 62 12
Nanjing South 6 Chuzhou-Nanjing South 59 10
Zhenjiang South 6 Nanjing South-Zhenjiang South 69 12
Danyang North 4 Zhenjiang South-Danyang North 25 4
Changzhou North 6 Danyang North-Changzhou North 32 5
Wuxi East 6 Changzhou North-Wuxi East 57 10
Suzhou North 6 Wuxi East-Suzhou North 26 4
Kunshan South 12 Suzhou North-Kunshan South 32 5
Shanghai Honggiao - Kunshan South-Shanghai Honggiao 43 10

(P % 180 km/h) A1 0.4 (FEE A 120 kn/h) ARG BT %, R AP REFRSRIE T AOZE 1 213k
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Table 2 Design and simulation results of segment blockage scenarios

Number of trains

No. Time Segment B.locking Train. Peparture Deceleration Coi?rizt(ast)lon
time (h)  cancellation delay
0.6 0.4 06 04 06 0.4 0.6 0.4
1 10:00 Taian-Qufu East 0.5 0 0 4 4 9 10 5.26 5.43
2 10:00 Taian-Qufu East 1 1 1 6 5 10 12 6.07 6.27
3 10:00 Taian-Qufu East 2 9 8 7 9 8 13 6.24 6.98
4 10:00 Taian-Qufu East 3 17 17 [ 5 8 9 6.73 7.06
5 10:00 Taian-Qufu East 5 25 22 17 19 23 30 8.47 7.20
6 14:00 Suzhou East-Bengbu South 0.5 0 0 6 5 12 13 6.22 6.47
7 14:00 Suzhou East-Bengbu South 1 3 3 8 7 14 16 6.78 7.01
8 14:00 Suzhou East-Bengbu South 2 15 14 14 17 12 7 7.45 7.86
9 14:00 Suzhou East-Bengbu South 3 21 20 17 25 17 25 7.99 8.23
10 14:00 Suzhou East-Bengbu South 5 25 23 14 19 35 41 8.11 8.32
11 19:00 Nanjing South-Zhenjiang South 0.5 0 0 6 5 11 13 4.06 4.18
12 19:00 Nanjing South-Zhenjiang South 1 1 1 8 6 11 13 4.25 4.39
13 19:00 Nanjing South-Zhenjiang South 2 5 5 6 5 11 13 4.70 4.77
14 19:00 Nanjing South-Zhenjiang South 3 6 6 7 7 17 18 5.05 5.17
15 19:00 Nanjing South-Zhenjiang South 5 8 8 21 17 10 11 5.11 5.23

I, FEg IS AT AR R T a), FRIEIS AT SRS O B By IR P PR R FEE SRS, 22 B T AT S S 1R
IS T FRD T e BRI , " 2R 48 70 G R T RE PR
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Figure 2 The adjustment results performed by the dispatcher

22:00 22 30

/

77 //%///

VA

T T

20:30 21:00 21:30 22 00 22:30 23:00
Time
3 AERBELBIHAZAREG THITITRERR

Figure 3 The adjustment results performed by the proposed model without moving block constraints
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Figure 4 The adjustment results performed by the proposed model
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Table 3 Comparison of delay time and strategies of three scheduling methods

Serial number Figure 2 Figure 3 Figure 4

Delay time (min) Strategy Delay time (min) Strategy Delay time (min) Strategy

G7176 61 Departure delay 62 Departure delay 62 Departure delay
G9406 57 Departure delay 54 Departure delay 54 Departure delay
G7590 63 Departure delay 55 Departure delay 56 Departure delay
G9470 64 Departure delay 51 Departure delay 53 Departure delay
G4326 70 Departure delay 56 Departure delay 59 Departure delay
G7178 74 Departure delay 60 Departure delay 64 Departure delay
G1378 59 Departure delay 47 Departure delay 52 Departure delay
G4306 62 Departure delay 48 Departure delay 53 Departure delay
G7300 58 Departure delay 38 Departure delay 44 Departure delay
G7596 55 Departure delay 30 Departure delay 37 Departure delay
G9414 30 Departure delay 20 Deceleration 26 Deceleration

L JE TNV EMRIRAESEAE ST . EM L. BB A e, Bl 5 N, —ANEER T A
FPZETT R 5 AN IREse, F HLG A i T, Bk ] I, B AR DX ) R WA A R 41 17— AN /NI {HE
s+ BRI, G54 K 3 o dr, fEARAYIREE T, X a Ik shsem 17 11 5151 4, (22 mmfs
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Abstract During the daily operation of high-speed railways, unexpected events such as geological disasters
or equipment failure may lead to railway segment blockages. A long-duration segment blockage usually leads
to large-scale train delays, which cause significant inconvenience to passengers. Adjusting train schedules in
real time during segment blockages is an important issue for the dispatch and operation of high-speed railways.
For a segment blockage of a known time interval, a mixed integer nonlinear programming (MINLP) model for
train speed adjustment and train diagram adjustment is constructed. In this model, in addition to the common
scheduling strategies involving train cancellation and departure delay, the deceleration strategy is considered.
Under the constraints of traffic safety and station capacity, the objective is to minimize the weighted delays of
the three strategies. Additionally, the delay time owing to train speed reduction is calculated based on the train
kinematic model, and the safe interval of train operation is controlled using the moving block principle. The
model established in this paper can be directly simulated using commercial optimization software CPLEX, and
the scheduling scheme is guaranteed to be in real time. This paper also discusses the influence of the three
adjustment strategies, i.e., train cancellation, departure delay, and deceleration, on the total delay time. Finally,
the model is verified using an example of the Beijing-Shanghai high-speed railway. Results show that the model is
reasonable and effective. By implementing the model, a reasonable scheduling scheme can be achieved to address
practical problems, and the punctuality rate of trains can be improved.

Keywords high-speed train scheduling, segment blockage, real-time operation adjustment, deceleration opera-

tion, mixed integer nonlinear programming
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