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Abstract-

Automatic Train Operation (ATO) systems are widely deployed in metro
networks to improve punctuality, service regularity, and ultimately the
sustainability of rail operation. Although eco-driving optimisation has been
extensively studied, no previous work has provided a systematic, side-by-side
comparison of the two ATO control philosophies most commonly implemented in
metro systems worldwide: (i) Type 1, based on speed holding followed by a single
terminal coasting at a kilometre point, and (ii) Type 2, which uses speed
thresholds to apply either continuous speed holding or iterative
coasting& ndash;remotoring cycles. These strategies differ fundamentally in their
control logic and may lead to distinct operational and energetic behaviours. This
paper presents a comprehensive comparison of these two ATO philosophies using
a high-fidelity train movement simulator and Pareto-front optimisation via a
multi-objective particle swarm algorithm. 40 interstations of a real metro line
were evaluated under realistic comfort and operational constraints, and
robustness was assessed through sensitivity to three different passenger-load
variations (empty train, nominal load and full load). Results show that, once
nominal profiles are implemented, Type 1 has up to 5% variability in running
times, and Type 2 has up to 20% variability in energy consumption. In
conclusion, a new ATO deployment combining both strategies could better
balance ener gy efficiency and timetable robustnessin metro operations.

Index Terms- automatic train operation; ATO; energy optimisation; metro
systems, railway systems, energy efficiency; speed profile design; train
simulation; eco-driving; robustness; sustainable transport

Due to copyright restriction we cannot distribute this content on the web. However,
clicking on the next link, authors will be able to distribute to you the full version of the

paper:
Request full paper to the authors

If you institution has a electronic subscription to Sustainability, you can download the
paper from the journal website:
Access to the Journal website



https://www.iit.comillas.edu/publicacion/revista/en/2807/Efficiency and Running Time Robustness in Real Metro Automatic Train Operation Systems: Insights from a Comprehensive Comparative Study
https://doi.org/10.3390/su172411371

Citation:

Dominguez, M.; Fernandez Rodriguez, A.; Cucala, A.P.; Fernandez-Cardador, A.
"Efficiency and Running Time Robustness in Real Metro Automatic Train Operation
Systems: Insights from a Comprehensive Comparative Study”, Sustainability, vol.17,
no.24, pp.11371-1-11371-28, December, 2025.



