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Introduction
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China High-Speed Railway (HSR)——40000 kilometers
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Rescheduling is the key issue for emergency decision under disruption

« |If the dispatching is not reasonable, once an emergency occurs, it is easy to cause a large area of
train delay and other serious consequences, bringing inconvenience to passengers and reducing the
operation efficiency of high-speed railway

= )

2021.05 2018.12
Beijing-Tianjin intercity high-speed railway with Heavy snow cause multiple train delay in
severe delay since overhead line with foreign matter Changsha South Station
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How to propose a simple and effective rescheduling model and a fast solution
algorithm has become an urgent need for the efficient operation of high-speed

railway in China!

Train dispatching system is the "brain' and ""commander'" of high-speed railway system

Real Application

Theoretical research

Mainly handled
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Manual scheduling decision is not optimal
decision, which cannot guarantee high
efficiency and precise operation

@ NP-hard
@ Time consuming and suboptimal
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Different levels in railway planning
and scheduling

Network planning

strategic level

'

demand analysis

Passenger transport

!

Line planning

( Macro demand

Tactical level

v

Train timetable
scheduling

!

Station operational
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l

Rolling stock
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!

Crew scheduling
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Operational level
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Train timetable
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Rolling stock
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Artificial experience
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assignment costs/...
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Paper Contribution

* The train platforming rescheduling problem with train delays is
proposed and modeled as an MINLP problem.

* An effective genetic algorithm is proposed, with a novel mixed
encoding method with integer and permutation encoding schemes for
solution representation and a rule-based decoding method to obtain a
new train platform schedule. These encoding and decoding methods
can manage the entire constraints and guarantee the feasibility of the
solution.

» Experimental results show the efficiency and effectiveness of the
proposed GA compared with other algorithms.
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Problem Formulation
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Decision Variables

actual platform track assignment of train I, 1 if

*Li train | occupies platform track i; O otherwise
ti actual arrival time of train |

t? actual departure time of train |

q¢ actual order for train departure, 1 if train |
Lk

departures before train k; 0 otherwise

il >0 x;€{0,1}  ¢f,€{0,1}
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Formulation

Objective function

« Minimize the weighted sum of the total train arrival/departure delays
and the rescheduling costs of the train platform schedule

min Z =/1 +w/»

Zi=) (i =T")+ ) (] =T (1)

leL leL

7 = Z sgn(t; —T") + Z s.;g_lfn(rfF — 'ﬂd)+ ZZO.S

leL leL leLicl

Xii—x1i] (2)
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Formulation

Constraints

« Platform track assignment constraint

» Headway constraint for departure headway and arrival headway
 Departure order constraint of two trains at the station

« Dwelling time constraint

The arrival and departure times constraint
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Formulation

Constraints

* Platform track assignment constraint—— Y.,=1. vier 3)

» Headway constraint for departure - { ;;_f;f;qugk_Mgg_.x-;_,-__x-k_i._q;{k)_, ik eL
neadway and arrival headway [ ki€l (4

 Departure order constraint of two

i —tf > hiql, —M(1—qf,), V9ikeLl#k (5
—JL il —t > nlqf —M( —qf), VLkeLl#k (6

trains at the station

)

)

)

Gt +ql, =1, VikeL,l#k (7)

* Dwelling time constraint > - 2T T, Vel (8)
=T +d, Vel (9)

 The arrival and departure times —.{ 0>t Vel (10)
constraint W>Tf, Vel (11)

The problem is an mixed integer nonlinear programming problem which belongs to NP-hard
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Model Reformulation

22 :gﬂsgn -7 |+§isgn I~ Fé;lo Wi il | () min Z = 7| +wZ3 (18)
\ _ T / s.LMry >t8 -1, VIeEL (19)
Nonlinear terms Mrf? > rf" B ?}d? viel (20)
" ri<tf —T°, Vel (21)
ry = sgn(tf —Tf) A<l T, viel (22
72 = sen(if —Tf) > X —x1, VIELE] (23)
ry = | X —xuif p | - B
r3 >x;—Xi, VieLiel (24)
" rohe {01}, VieL (25)

rief{0,1}, VYieLiel (26)

! i li 3 I ’ N
=Y A+ V4 0.5r (17) ‘
1;, | ,gi, ’ ;’:E ’ Constraints (3) — (14). (27)

The reformulated problem is an mixed integer linear programming problem which belongs to NP-hard
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Proposed Method
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Encoding and Decoding
 Using a mixed encoding with integer-value and permutation-value
; ; i Depart lority of
I: Set of tracks L Se-t of trains Platform track assignment eparﬂlljret prlorlty 0
* e.0., 3tracks 7 trains | € Ta'”s
« Range [1, I]]. ()1 = 3) /# ™\ A ™\
* Range [1, |L]]. (IL| =7) 1323|121 |1]3|2|4a|5]|6]7

 There are unfeasible region if we use real-value encoding to represent the
adjusted arrival and departure time, and constraints handling should be
designed

 The dimension and solution space Is much smaller with the permutation-
based encoding
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Encoding and Decoding

 Obtain the occupied track and arrival/departure time through the
decoding procedure
 Occupied track is obtained through the integer-based encoding
 Departure order is obtained through the permutation-based encoding
 Decide arrival/departure time satisfying different constraints
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Encoding and Decoding

 Obtain the occupied track and arrival/departure time through the
decoding procedure

 Conflicts when trains occupy the same platform track

5G

The arrival and departure time of the

subsequent train is adjusted according train i+1 ° 12
to the safety interval time constraint i 2
8 /
o Safety o 6
train 1 ., interval ,train i+1 3 4
i time i 11 s 10
3G ; - \ 6G /
a a
ti ti 1:i+1 ti+1
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Encoding and Decoding

 Obtain the occupied track and arrival/departure time through the
decoding procedure
 Conflicts in the arrival routes

—_

The arrival and departure time of the
subsequent train is adjusted according  traini+1  traini_
to the arrival headway constraint ot~ Sl i

: train i+1

8

. 6
E Arrival headway )li 3 \ 4G / 4

5G < . 11 \ / 10
E t-d 6G

1+1

i train i

3G =
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Encoding and Decoding

 Obtain the occupied track and arrival/departure time through the
decoding procedure

 Conflicts in the departure routes

train i+1

- W B

The departure time of affected trains
with lower priority is adjusted
according to the departure headway

e —_—

constraint
train i+1,
5G :
. t .
Departure headway
N
* R t
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Proposed Genetic Algorithm

 Population Initialization
« Platform track assignment randomly generated integer with the range [1, |I|]
 Train departure priority randomly generated permutation with the range [1, [L|]

* Selection Operator
* Roulette wheel selection
 The individuals are selected with a probability according to their fitness values.
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Proposed Genetic Algorithm

» Crossover Operator

)

Parent individuals Child individuals

Single-point crossover for the
integer value encoding

« Mutation Operator

Randomly selected

After
mutation

I
\
Before
mutation

Single-point mutation for the
integer value encoding

—)

Parent individuals Child individuals

Modified order crossover for the
permutation-value encoding

Randomly selected two points
| |

Before
mutation

After
mutation

Swap mutation for the permutation-
value encoding
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Computational Experiments
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Computational Experiments

* 6 platform tracks for downstream trains

e Trains (_Jlownstrefam Trom_ 12:00 to 22:00 / e \

« Safety interval tl_me. 3min | 6

» Headway for arrival/departure: 4min R e .

» Weight w in the objective function:1 & 101 ~ - Ie >

9
/

« Number of trains |L|: 60/70/79 ~ > I
N

 The arrival delay is randomly generated 3
between 1 to 20 min at a occurrence N /
probability of 0.5

* Altogether 6 test instances

« Compared algorithms: SaDE., CLPSO.
GA(Real-coded) with random key algorithm
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Computational Experiments

Table 3. Results of the comparison on the objective value of different algorithms.

Instance  |I|/|L|/w/delayed trains SaDE CLPSO Real-coded GA  The proposed GA CPLEX
l 6/60/1/29 991.95 = 7.05 977.30 £5.21 963.80 = 6.10 950.20 + 6.01 933.00
2 6/70/1/37 1100.35 +7.42 1079.95 + 5.60 1059.15 +4.72 1042.25 +7.79 1021.00
3 6/79/1/39 124275 = 14.62  1212.15 = 10.47 [173.40 = 5.61 1145.00 + 6.94 1119.00
- 6/60/10/29 2163.50 £ 16.16  2069.00 +24.89 1991.00 +£37.63  1863.75 +47.95  1738.00
S 6/70/10/37 242595 +20.91 234240 £ 26.68 2233.80 £36.98  2079.90 £ 48.76  1943.00
6 6/79/10/39 277455 = 38.01  2642.10 £27.86  2525.05 £55.71  2267.95 £56.97 2111.00

* The proposed GA outperforms other three algorithms.
* The best value from the proposed GA approximates the exact value with a GAP

between 1% to 4%.

« All the result are obtained within 40 seconds, which guarantees real-time

rescheduling.
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Computational Experiments —

43 47 51 54 3 7 1216 30 43 47 51 60 69
13G - - HE BN - . 1GFr 1 I HENE [ | I Il [ ] |
6 9 13 21 24 53 65 68 6 11 21 24 34 39 53 54 65 68
11G |- N T ] En N 11G | | | H B H B L J | Il N
11 18 23 29 34 41 44 56 13 18 22 32 41 44 43 56 61
9G - | Il EH EHhE HE | . 9G H BH B | H Hu 1 N |
2 14 17 20 27 3 3739 42 48 52 55 58 62 66 70 2 10 17 20 25 2B1 37 42 48 55 58 66 70
7G -l Il . 1 N INHE E NEEEI E I B - 7G il [ | Il B Inm | 1 | Il = =B 1
4 10 15 19 22 25 28 3335 38 45 49 57 61 64 4 9 15 19 23 28 33 3538 45 52 57 62 64
ClCR | H E EEEE EEI B | B | H HBE 7 sa- N IEEE B EEEE Il B =N =R
1 5 8 12 16 26 3032 36 40 46 50 59 63 67 1 5 8 14 26 29 36 40 46 50 59 63 67
BG’I N B Il IEENE = LB 7 3G’I H = e N BN | H = HE B
1 | 1 | 1 | | | |
12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21.00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00
Fig. 1. Original train platform schedule for instance No. 2. Fig. 2. Rescheduled train platform schedule for instance No. 2.

 For instance No. 2, the number of delayed arrival trains is 37. The number of total rescheduled trains is 52.

* |t can be drawn from the figures that the unoccupied resources in the platform tracks (11G and 13G) are
effectively used.

* For example, during 13:00 to 17:00 in track 13G and 15:00 to 18:00 in track 11G, tracks are unoccupied
most of the time according to Fig. 1. While in the rescheduled train platform schedule, these tracks are
more effectively used.
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Instance No.3

Computational Experiments - e
» Converge curves of the four algorithms
on instances No. 3 and 6 -
 The proposed GA converges faster than N
other algorithms at the beginning

stance No. 3.

* Both the proposed and real-coded GA o
have a high convergence speed ===
» The final result of the proposed GA is
better than those of the other algorithms.

Fig. 4. Convergence curves of different algorithms for in-
stance No. 6.
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Concluding Remarks

 The train platforming rescheduling at a high-speed railway station is
formulated as a MINLP problem.

« A mixed encoding GA is designed to solve the problem.
* Anovel encoding and decoding method are specially designed.
 Obtained near-optimal solutions within one minute.

Future Research

. g_onsi_der a more complex railway station with more arrival/departure
Irections

 Consider the uncertainties in the dynamic environment

 Consider an inteﬂrated_ model with train timetable rescheduling and train
platforming rescheduling
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Thank you for your attention!

Q&A
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