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Launched various technological projects

Promoted various initiatives

seeks to advance automation in 
railways and leverage digitalization to 

make the mobility smarter, more 
efficient, and greener.

Introduction
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eco-friendly mobility in rail 

networks.
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Introduction

The railway sector is constantly innovating and harmonizing
smart solutions, products, and standards with the main 

objective of providing a more efficient, cost-effective, secure, 
competitive, and reliable mode of transportation.
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ATO: Automatic Train Operation
DAS: Driver Advisory System
MOP: Multi-objective Optimization Problem
OCP: Optimal Control Problem
OSP: Optimal Speed Profile
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• The majority of the studies concentrate on formulating an OSP for ATO systems, while a smaller
portion is directed towards the DAS, which generates an OSP for the driver to track during train
operation.
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• The OCP typically involves minimizing or maximizing a cost function, with
the KEC indicator frequently used in most scientific articles.
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• The MOP involves identifying the optimal solution values for several desired 
objectives. Typically, the KEC, KP, KSA, and KC indicators are considered in 
this method.
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• Numerical and heuristic algorithms have emerged as the most commonly
used optimization techniques

• Machine learning have garnered increasing attention in the field of 
automatic train operation.
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Conclusions

 This work provides an analysis and comparison of ATO high-level control solutions, and
introducing a novel ATO architecture based on GoA 3/4 from the X2Rail-4 project.

 This research categorized the existing single-train operation models into two groups:

• Single-point mass models that consider a train as a single mass point for simpler
calculation of forces acting on the train.

• Multi-point mass models that divide a train into multiple point masses for a more
detailed understanding of the forces acting on different sections of the train.
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 Numerical and genetic algorithms have emerged as the most commonly used optimization
techniques.
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