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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 

2018.12

Heavy snow cause multiple train delay in 

Changsha South Station

2021.05
Beijing-Tianjin intercity high-speed railway with 

severe delay since overhead line with foreign matter
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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!

Mainly handled 

by dispatchers 

based on their 

experience 

under

emergencies

①Formulate mixed integer 

linear/nonlinear programming 

models (MILP/MINLP)

②Use exact method, 

metaheuristics, or AI technique

Manual scheduling decision is not optimal 

decision, which cannot guarantee high 

efficiency and precise operation

① NP-hard

② Time consuming and suboptimal

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

Real Application Theoretical research
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Different levels in railway planning 
and scheduling

Train Timetable Rescheduling 

Train Platforming Rescheduling 

Minimize total delay/total platform track 

assignment costs/…



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

Symbol Description

𝑥𝑙,𝑖
actual platform track assignment of train l, 1 if

train l occupies platform track i; 0 otherwise

𝑡𝑙
𝑎 actual arrival time of train l

𝑡𝑙
𝑑 actual departure time of train l

𝑞𝑙,𝑘
𝑑 actual order for train departure, 1 if train l

departures before train k; 0 otherwise
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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
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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

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



Model Reformulation
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Nonlinear terms

The reformulated problem is an mixed integer linear programming problem which belongs to NP-hard



Proposed Method
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Encoding and Decoding

• Using a mixed encoding with integer-value and permutation-value

• e.g., 3 tracks 7 trains

• Range [1, |I|]. (|I| = 3)

• Range [1, |L|]. (|L| = 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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Departure priority of 

the trains
Platform track assignment

I: Set of tracks L: Set of trains



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
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Encoding and Decoding

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

• Conflicts in the arrival routes
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Encoding and Decoding

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

• Conflicts in the departure routes
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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

• Mutation Operator
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Computational Experiments
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Computational Experiments

• 6 platform tracks for downstream trains

• Trains downstream from 12:00 to 22:00

• Safety interval time: 3min

• Headway for arrival/departure: 4min

• Weight w in the objective function:1 & 10

• Number of trains |L|: 60/70/79

• The arrival delay is randomly generated 
between 1 to 20 min at a occurrence 
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

• 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

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

• It 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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Computational Experiments

• Converge curves of the four algorithms 
on instances No. 3 and 6

• The proposed GA converges faster than 
other algorithms at the beginning

• Both the proposed and real-coded GA 
have a high convergence speed

• The final result of the proposed GA is 
better than those of the other algorithms.
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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.

• A novel encoding and decoding method are specially designed.

• Obtained near-optimal solutions within one minute.

Future Research
• Consider a more complex railway station with more arrival/departure 

directions

• Consider the uncertainties in the dynamic environment

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

Q&A
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