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Verification of Fast Calculation of Energy-Saving Speed Profile by Parallel Dynamic Programming
Keisuke Sakai*, Wataru Ohnishi, Takafumi Koseki (The University of Tokyo)

It is important for electric railways to reduce running energy more to achieve carbon neutrality. Dynamic Programming is a common
method to optimize speed profile in the driving strategy approach for energy-saving. However, it needs huge computational costs to improve
the solution quality. The aim of this paper is to propose a parallel computing method to accelerate optimization with Dynamic Programming.

We evaluate the calculation time and solution quality by changing the number of processors.
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Fig.2. Concept of two parallel computing methods
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Table 1. PC performance

CPU AMD Ryzen 9 3900X (12 Cores 24 Threads, 3.8-4.6 GHz)
RAM 64 GB

oS Windows 10 21H2

Compiler | Microsoft Visual C++ 2022
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Table 2. Train specifications and line conditions

3.3km/h/s (0.917 m/s?)
3.5km/h/s (0.972 m/s%)

Maximum acceleration @

Maximum deceleration 5

Mass 295t
Resistance deceleration r 0.00001v% + 0.0002v + 0.056 [km/h/s]
Traveling time 7' 100s

Distance between stations L | 1000 m

Maximum speed V. 60 km/h
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Table 3. Simulation cases and results

(1) Coarse  (2) Fine space (3) Fine time

Phase interval At 0.5s 0.5s 0.25s
Lattice interval Ax 0.125m 0.0625 m 0.125m
Lattice interval Ay 0.0625km/h  0.0625km/h  0.0625 km/h
Penalty coefficient ¢, 8 8 8
Penalty coefficient ¢, 4 8 4

The number of control inputs 9 9 9
Energy E 6.5267kWh  6.4249kWh  6.6432kWh
Position error 0.037m 0.050 m 0.112m

Speed error 0.008 km/h 0.000 km/h 0.000 km/h
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Table 4. Supercomputer performance

CPU Fujitsu A64FX (48 Cores, 2.2 GHz)
RAM 32 GB per node

Compiler | Fujitsu Compiler

a
o
o
-
J

[+ (1) Coarse] i [+ (1) Coarse]
R
400 16
£
5300 15
k5]
B200f" 14
@ 4
S|t
© +
g 100 . 13] +

ot
+ o R

0 12

0 24 48 0 24 48
The number of threads The number of processes

K6 WHIEEEX T A—/—a L a—& OEEIEE

Fig.6. Calculation time on the supercomputer
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