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Introduction

 Goal: Automation of train-scheduling for railway networks.

 First algorithm: Computing optimal speed profile over a given path

• Makes use of various train and path characteristics.

• Optimizes journey duration.

• Basic kinematic equations are applied.

• Approximates real-world conditions.

 Second algorithm: Time-dependent shortest path finding

• A* search 

• Straight line distance admissible heuristic function



Related Work

 Train scheduling is considered an NP-complete problem.

 Operations research techniques:

• branch and bound algorithm

• Lagrangian relaxation decomposition

• linear programming

• tabu search

• Dijkstra algorithm

• genetic algorithms

• ant colony optimization

 Machine learning techniques:

• Reinforcement learning (Q-learning algorithm)

• Deep neural networks



Problem Formulation (1/2)

 Railway network graph modeled as an undirected graph G = (V, E).

 Each path is composed of multiple segments.

 Path segment characteristics.

• length

• maximum allowed speed

 Train characteristics 

• length

• maximum speed

• acceleration 

• deceleration

 State

• position

 list of segments

 remaining distance

• speed



Problem Formulation (2/2)

 Problem definition: initial and goal state

 Optimal solution: minimum duration speed profile



Computing optimal speed profile over a

given path (1/6)

 Input: Path & Train characteristics, initial and goal state.

 Output: Optimal speed profile.

 An event-based approach is applied.

 An event happens when:

• the train’s head enters a new segment.

• the train’s tail exits a segment.

• the train reaches the (segment or train) speed limit.

 The time to reach each type of event is calculated and the speed profile is 
adapted accordingly.

 Difficult case: When entering a new segment, there might a be speed limit 
lower than the train’s current speed.



Computing optimal speed profile over a

given path (2/6)



Computing optimal speed profile over a

given path (3/6)

Train 

characteristics

Init & goal states

Path 

characteristics



Computing optimal speed profile over a

given path (4/6)

Path travel time

Input data validation

Optimal speed 

profile



Computing optimal speed profile over a

given path (5/6)

Time needed 

until each event 

State of the train at the 

start of the Iteration

State of the train at the event



Computing optimal speed profile over a

given path (6/6)



Shortest path finding (1/7)

 Input: G, Train characteristics, initial and goal state.

 Output: Optimal speed profile for the shortest path.

 A* search with a straight-line heuristic.



Shortest path finding (2/7)

 Detected paths are expanded until 
the nearest junction where 
multiple paths meet.

• Paths [S,A,B] and [S,A,C] are 
detected.

• Path [S,A,B] is extended into path 
[S,A,B,D,G].

 Graph weights: f = g + h

• G values: 

G([S,A,B,D,G]) =  59.16 seconds

G([S,A,C]) =  33.15 seconds

• H values are the time needed to 
travel the straight line distance 
between the last node of a path 
and the destination node using 
the train’s maximum speed.



Shortest path finding (3/7)



Shortest path finding (4/7)



Computing optimal speed profile over a

given path (5/7)

Shortest path travel time

Nodes of the shortest path

Optimal speed profile 

of the shortest path



Computing optimal speed profile over a

given path (6/7)

Expansion of the current path

G value computation



Computing optimal speed profile over a

given path (7/7)
The g values of all paths are 

equal to infinite.

The f values of all 

paths become equal 

to infinite.

Hence, the problem 

cannot be solved!



Conclusions

 Realistic problem formulation.

 Handles the train when at multiple segments.

 Backtracks in previous states when a deceleration is needed.

 Many more train or path characteristics can be added.

 Different optimization criteria can be used.

 Different algorithms can be applied for the fastest route search.

 Problem can be expanded to handle multiple trains in the railway network.

 Real-world data can be used.



Repository

https://github.com/Dimimano/Finding-Time-Optimal-Routes-for-Trains-Using-Basic-Kinematics-and-A-



Thank you for your time!

Questions?


