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Design of an Automatic Train Operation (ATO) system based on CBTC for 
the management of driverless suburban railways 
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Abstrac t- The interest of train signaling vendors in systems for driverless operation is gradually 
increasing in order to reduce the operational costs and improving the frequency of service. Many 
examples of installations all over the world follow the different available standards: VAL (Torino, Lille, 
Rennes), SelTrac (London, Vancouver, Shangai), etc. In this paper the focus is placed on the 
Communications-Based Train Control (CBTC) system, which is based on moving-block signaling. In 
particular, a design solution for the Automatic Train Operation (ATO) subsystem is presented. Numerical 
simulations in Matlab-SimulinkTM obtained through the modeling of the train and of the track make it 
possible to compare the provided control logics, under realistic conditions including the presence of 
constraints imposed by the safety subsystems. 
This work is part of the TRACE-IT project (Train Control Enhancement via Information Technology)
financed by the Regione Toscana and that has ECM RAILWAY EVOLUTION company as leader
project. 
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I.     Introduction

A. Preliminary specifications of system
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Table 1: Operative requirements
Stopping

Error
Maximum 

acceleration
Maximum Jerk

±10 cm ± m
s

± m
s

B. Modeling of the suburban train

B B

Table 2: Definition of convoy parameters

kg
kg
kg
kg
kg
M
M
M
M

K N/m
D N/m2

C. Modeling of the track

Table 3: Position of stations along the line

Table 4: Line design (slope and curves)

m m

m

 Starting point m  Distance from the previous station m  

85



New Perspectives in Measurements, Tools and Techniques for Industrial Applications

II. Description of control strategies
km/h

A. Closed loop speed control 

Kp, Ki, Kd

KpF, KiF, KdF

Table5: Controller PID parameters for closed loop speed control

B. Closed loop position control
m

km/h cm
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Table 6: Controller PID parameters for stopping at the station

II. Results

Architecture of the system

Implementation of scheduled service: 

Verification of compliance with the constraint signaling:
.

A. Architecture of the system

Hardware of  Railway Line
A Control Center:

ATC:
Passenger:

B. Implementation of scheduled service
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Table 7: Stopping error at the station: ideal case-full load

1,01 cm cm cm cm cm

Table 8: Stopping error with fixed delay of braking system (1s) 

Table 9: Stopping error with random delay

C.  Verification of compliance with the constraint signaling
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III. Conclusion
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