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Integrated Optimization of Train Rescheduling and Speed Management

Abstract:

Considering Energy Efficiency Under Section Disruption

YUAN Ye', SHI Lingyuan’, YANG Xin’

(1. Beijing Metro Consultancy Co., Ltd., Beijing 100068;
2. School of Systems Science, Beijing Jiaotong University, Beijing 100044)

To address train rescheduling and speed management under section disruptions for urban rail transit, this study constructs

a mixed integer nonlinear programming (MINLP) model with decision variables including section running time, section acceleration
time, additional dwell time, and whether a train is affected by a disruption, aiming to minimize train traction energy consumption
and terminal arrival delay times, providing a coordinated multi-objective optimization framework for restoring train operations
in emergency scenarios, and thereby enabling rapid optimization of train rescheduling and energy-efficient speed profiles and
ensuring the safe and stable operation of urban rail transit systems. Considering the quadratic non-convex constraints in the
model, we reformulate the MINLP into a mixed integer quadratic programming (MIQP) model through Taylor approximation
method, enabling effective solutions via commercial solvers. Utilizing operational data from Beijing Subway Yizhuang Line,
numerical experiments validate the effectiveness of the MIQP in reducing train terminal delay time and traction energy
consumption. This research provides a theoretical basis for rail transit operators to optimize train dispatching and operational

control during disruptions.
Keywords: urban rail transit; train rescheduling; speed management; energy-efficient train operation; taylor approximation
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Figure 1 Illustration of the line layout and train speed profile
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Figure 2 Illustration of the rescheduled train timetable
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Figure 3  Illustration of the Yizhuang Line
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Table 1 Line parameters of the Yizhuang Line

REE—HA 2631  165.00 195.00 0.251 —71.104
BA— D41l 1275 90.00 116.00 —0.099 —88.455
DNZIT—EE 2366 143.00  169.00  0.152 —83.566
HE—REH 1982 13200  156.00 0.164 —74.762
REH—IAE 993 88.00 10400  0.060 —63.164
SAUB—FRA 1728 108.00 13500 —0.051 —97.216
ZRAE—RFEAHE 1090  98.00 120.00  0.190 -52.612
RWE—RGHE 1355  98.00 122.00  0.014 -78.935
RGA—FRFH 2337  143.00  169.00 0.161 -81.687
Rl#d—%#%& 2301  146.00 174.00  0.202 —74.554
Zi—KREH 2055 13200  156.00  0.138 —79.969
REH—KE 1281  100.00 119.00  0.069 —70.743
KRE—KE3E 1334 103.00 122.00 0.084 —70.636

URBAN RAPID RAIL TRANSIT = 97



EHIREIZE - F39% F3H 2026 £ 6 H

*2 HiSHIER
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Table 3 Comparison of actual and optimized train
running times for each section

[X 18] EIREATAT Rl s HKALBEATEES A%
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18 F— 7 EH 135.00 140.60 4.15
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RS A—F 5 154.00 144.55 —6.14
R i d—% 5 162.00 146.00 -9.88
ZiE—RES 146.00 140.95 —3.46
REH—RE 110.00 119.00 8.18
KRE—K FE 3k 114.00 122.00 7.02

5 £ 3| 464/(10° J) 191.57 184.87 -3.50
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Table 4 Comparison of impacts on train operation under
different disruption durations

PHT PEAES FIA K ES] S EBAKLESE R/

RARE  BFE/s  AEF/(10°]) FE IR AT 4] /3 ms
150 184.71 0.25 9

300 184.89 48.99 10

450 185.31 398.82 9

_— 600 185.69 1143.02 10
750 186.01 226743 9

900 186.28 3787.22 11

1200 186.67 7978.86 9

1800 186.82 21 009.04 9

150 184.71 0.00 10

300 184.87 35.91 9

450 184.97 211.72 9

P 600 185.11 501.68 10
750 185.23 916.06 10

900 185.31 1480.38 10

1200 185.44 2987.56 11

1 800 185.48 752244 9
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Figure 5 Rescheduled train timetable
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Figure 6 Pareto frontier under different weight combinations
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Table 5 Comparison with unoptimized results under
different weight weight combinations

BAALEAL  AATAIE T R A A% ABSTAIRE T F 3E AR 14 /%

0.1, 0.9) 1252 1 53.43
0.2, 0.8) 1261 153.20
0.3, 0.7) 1273 1 52.90
0.4, 0.6) 12.88 152.50
0.5, 0.5) 13.10 151.96
0.6, 0.4) 1334 1 51.29
0.7, 0.3) 1348 150.72
0.8, 0.2) 1355 150.32
0.9, 0.1) 13.57 1 50.04

B 13.08 151.82
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