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Integrated Energy Efficient Train Trajectory Planning Optimization for Urban
Rail Transit Lines Based on MILP

ZHANG Miao, ZHANG Chaoyang, HU Yunging, QING Guangming, ZHANG Yu
( CRRC Zhuzhou Institute Co., Ltd., Zhuzhou, Hunan 412001, China)

Abstract: Energy efficient train trajectory planning for urban rail transit lines is a hot topic. One of the key measures to save
energy is to reduce tractive energy consumption. Aiming at the impact of train trajectory on energy consumption, based on the data of
the Changsha subway No.4 line, this paper establishes an integrated energy efficient train trajectory planning model, which is a mixed
integer nonlinear programming model with two levels. The upper level optimizes reserved time distribution and the lower level is
used to obtain an optimal train trajectory with the fixed running time given by the upper level. Train characteristics, speed limits
and grade profiles also are taken into consideration in this paper. The model is transformed into a mixed integer linear programming
model by introducing several transformation properties, and the MILP problem can be solved by several commercial solvers.
Simulation results show that the tractive energy consumption can be reduced by 16.5% and confirm the validity and practicability of
this model.

Keywords: train trajectory planning; energy efficient; urban rail transit; reserved times allocation; MILP (mixed integer linear
programming)
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Fig. 1 Schematic diagram of reserved time distribution
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Fig. 3 Double-level framework of the optimal model
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Tab. 1 Parameters of the Changsha subway No.4 line
b 18 &5 4 AR ¥E# /m b 18] &5 4 AR FEH Im

GZ—YL 1032 FB—BS 2028
YL—XJ 734 BS—HT 2049
XI—HW 2098 HT—SZ 763
HW—FY 2 055 SZ—CG 1346
FY—Cz 1324 CG—SM 1549
Cz—BJ 1621 SM—GT 1100
BJ—LG 1142 GT—SW 1339
LG—WY 1632 SW—ST 736

WY—YW 1083 ST—PY 871
YW—HS 1373 PY—CSN 1151
HS—HD 680 CSN—GD 2038
HD—FB 1737 GD—DJ 1586
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Tab. 2 Basic train parameters
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Fig. 5 Speed limits and grade profiles of the Changsha
subway No.4 line
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X=2 -0.000 147 0.050 0 [84.90, 128.00]
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X=2 ~0.000 060 0.0371 [178.90, 240.00]
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Tab. 4 Optimal results of energy consumption and
running time between inter-stations

SR &% RACTTIEAT HRACEIEAT RACATRRAE | BB AR [

Ak B /s B /s (KW-h) (KW-h)
GY 81.8 85.4 17.2 13.02
YX 70.9 65.6 17.7 17.83
XH 136.3 1393 205 14.42
HF 1325 143.1 16,5 10.18
FC 96.7 97.4 245 23.56
cB 121.3 1125 10.9 11.90
BL 93.6 95.4 20.4 19.04
LW 120.6 121.7 15.4 5.13
wY 90.8 85.1 17.4 16.73
YH 101.0 98.2 20.9 18.16
HH 71.2 64.5 108 8.42
HF 126.9 120.7 16.8 10.13
FB 133.2 139.7 19.6 12.72
BH 131.3 132.7 40.1 39.40
HS 74.2 66.9 12.2 11.65
sC 1125 98.9 11.7 12.03
cs 111.6 107.4 145 8.51
SG 88.2 94.9 16.8 10.13
GS 98.4 95.3 15.6 13.49
Ss 702 62.3 16.9 17.17
sp 78.4 77.6 11.3 11.98
PC 89.2 95.8 15.1 9.96
CG 130.9 136.4 21.4 18.56
GD 1485 1433 17 17.78
it 2510.2 2479.9 4212 351.90
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Fig. 8 Tracking control train trajectory between Pingyang and
South Changsha railway stations
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Tab. 5 Comparison of energy consumption between up
direction and down direction lines
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Tab. 6 Comparison of running time between up
direction and down direction lines
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