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SPOTLIGHT

Pioneering ATO
over ETCS Level 2

Interoperable ATO over ETCS is seen as key for the future automation of main line
railway operations in Europe. Valuable experience and feedback is expected from an
early implementation project on the Mexico City — Toluca suburban line.

MANUEL VILLALBA

utomatic Train Operation is

widely seen as the next big

boost for the productivity

and performance of main
line railways. Automation has been used
by metros for almost half a century, and
today the technology is well proven. Ur-
ban transit operators around the world
have been reaping important benefits,
yet the number of main line applica-
tions remains limited.

Several railways have announced tri-
als with ATO over the coming years,
while a handful of commercial applica-
tions are taking shape. One of the major
challenges is adapting ATO to the very
different operating conditions found on
mixed traffic networks.

It is relatively straightforward to pro-
vide automation within a closed sys-
tem, where the trains are all essentially
the same, with similar performance
characteristics and a handful of stand-
ard stopping patterns. But this is clearly
not the case where fast and slow pas-
senger and freight trains must share the
same tracks, sometimes run by different
operators. Some form of interoperable
technology is needed, which as yet is
not available off the shelf.

When discussing ATO, it is impor-
tant to distinguish between the four
grades of automation (Table I), which
require diminishing levels of human in-
volvement up to GoA 4 which is fully
unattended. In terms of technology,
the typical configuration can be repre-
sented as a triangle, with the onboard
ATO equipment driving the train us-
ing routes and commands set by an Au-
tomatic Train Supervision function in
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Fig 1. Being
developed by

the Ertms Users
Group, Unisic and
ERA, the proposed
architecture for an
interoperable ATO
over ETCS is initially
envisaged for GoA 2,
retaining a driver in
the cab.

the control centre and a separate Auto-
matic Train Protection system provid-
ing the safety overlay.

ATO over ETCS

In the main line arena, the Euro-
pean Train Control System offers a
standardised ATP function as part of
the architecture of the European Rail
Traffic Management System. This was
originally created to achieve signalling
interoperability across Europe, but it is
being applied more and more outside
Europe, thanks in part to the availabil-
ity of most elements off the shelf from
multiple suppliers.

It seems logical for any main line auto-
mation project to incorporate ETCS to
provide the ATP functions. But Errms

Table I. Grades of Automation

Grade of Train

operation

Automation

Setting train
in motion

train

Stopping

Operation in

Closing the event of

doors

disruption

is also about interoperability, and it will
be essential to ensure seamless opera-
tions across boundaries if the European
rail network is to become more competi-
tive against other transport modes.

To ensure the maximum benefit
from automation, the same system ap-
proach and interoperability require-
ments should extend to the ATO. Any
compliant train should be able to run
safely with the target level of auto-
mation as long as it is running over a
compliant infrastructure. That means
complementing ETCS with interoper-
able ATO, while minimising the impact
on the existing ETCS specifications.
This approach at the level of the wider
railway system goes far beyond the tra-
ditional project-oriented approach, in
order to ensure a smooth migration to-
wards automation.

Fig 1 shows a proposed architecture
for interoperable ‘ATO over ETCS'.
This is initially envisaged for GoA2,
which retains a driver in the cab. The

GoA 1 ATP with driver Driver Driver Driver Driver ATO overlay is Split into two subsys—
GoA 2 ATO with driver Automatic Automatic Driver Driver tems. The trackside elements are linked
GoA 3 Driverless Automatic Automatic Train Attendant Train Attendant to the control centre, and closely re-
GoA 4 Unattended Automatic Automatic Automatic Automatic

lated to traffic management over a wide
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geographical area. The onboard system
handles the actual driving, ensuring
optimum performance while consider-
ing factors such as energy consumption,
journey time and headway, as well as
passenger comfort.

The key to interoperability is a fully
standardised interface between these
two elements. Using an overlay ap-
proach, the ETCS and ATO compo-
nents are kept functionally distinct,
although there must clearly be some
onboard links to achieve the desired
functionality. For example, the ATO
needs to exchange data with the ETCS
onboard equipment to drive the train
automatically as close as possible to the
permitted speed curve, achieving high-
er performance than manual driving.
ETCS subsystems such as the odome-
try and event recorder can be shared, as
well as the Driver-Machine Interface
which presents both ETCS and ATO
information to the driver.

The same track-train communica-
tions system would be used, but with in-
dependent channels. Use of an IP-based
network instead of GSM-R would en-
able two different data communication
sessions to be provided by the same
on-board radio equipment, giving the
necessary quality of service for each
application.

From concept to specification
The AoE concept has been devel-
oped by a team drawn from the ErT™S

User’s Group and the Unis1c suppliers’

association as part of a TEN-T project
running from 2012 to 2014. This pro-
duced a system requirement specifica-
tion and a number of interface speci-
fications, which were presented to the

European Agency for Railways at the

roadmap is due to be defined this year,
working with the sector to finalise the
specifications; the aim is to have the first
GoA2 applications running by 2018-19.
Unisic is continuing to work on AoE
development, although the lead will
pass to Shift2Rail as this programme
becomes operational over the coming
months. As part of the IP2 workstream,
Shift2Rail will also address higher levels
of automation up to GoA 3 and 4. Early
implementation projects in Europe are
also envisaged to provide feedback un-
der real conditions and take the specifi-
cations to a higher level of maturity.

Early implementation in Mexico
While the final specifications are
still under discussion, CAF Signalling
has had the opportunity to pioneer a
commercial application of AoE on the
Mexico City — Toluca commuter line
now under construction. Electrified
at 25 kV 60 Hz, this 57-7 km double-
track line with five stations will serve
a suburban region with around 800000

TREN INTERURBA

MEXICO-TOLUC

end of 2014.The aim at that time was to
include the AoE function in the Base-

line 3 Release 2 specification adopted
earlier this year. Additional technical
work in 2015 included discussions with
representatives of the wider European
rail sector about integrating AoE into
the agency’s longer-term strategy for
the development of new functions
linked to ErRTMS.

Although AoE was not formally in-
cluded in Release 2 as envisaged, it was
included in the Longer-Term Strategy
Report recently published by ERA. It is
described as a relevant ‘main contributor’

to the evolution of ETCS. A detailed

inhabitants; it has been designed to
carry around 270000 passengers per
day. With the trains running at up to
160 km/h, the end-to-end journey time
is expected to be 39 min, whereas the
same trip by road can take 2 h today.

Under the €690m contract awarded
at the end of 2014, CAF is leading the
consortium, which also incudes Isolux-
Corsin for the civil works, AZVI for
the track and electrification, and Thales.

CAF itself will supply a fleet of 30
trainsets equipped with regenerative
braking. CAF Signalling is responsible
for the control centre, ETCS onboard
equipment and the full ATO system
including both onboard and trackside
equipment. Thales is providing the
trackside signalling equipment, includ-
ing the interlocking and ETCS Level 2
radio block centre, as well as the tele-
communications network.

The project began in 2015, allow-
ing the train control system to be de-
signed from the outset using the AoE
draft specifications. The route has been

Civil works for

the Mexico City

- Toluca line are
well underway.
The installation of
railway systems,
including track,
electrification

and signalling, is
expected to start by
the end of this year.
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designed for high-density operation
using metro-style ‘distance to go’ prin-
ciples and attended ATO to GoA 2.
Driving between stations will be auto-
matic, but the drivers will be required
to close the doors at each stop; they will
also be able to operate the trains manu-
ally during periods of disruption. Trains
will run at a peak headway of 2-5 min,
with a maximum of 24 trains/h.

The line will be fitted with ETCS
Level 2 following SRS Version 2.3.0d.
Although AoE development is mainly
being made in the context of ETCS
Baseline 3, this early implementation
should demonstrate that the interopera-
ble concept will also work with Baseline
2. The critical interface specifications
follow the draft AoE standards, notably
Subset 126 for the interface between
ATO onboard and trackside and Sub-
set 130 for that between the ETCS and
ATO onboard equipment.

The same GSM-R radio system will
serve both ETCS and ATO functions,
but using independent channels. This
guarantees that the quality of service
required for ETCS communications is
not affected by the AT'O. No modifica-
tions to the RBC are needed to accom-
modate ATO.

The automatic driving system will
control the train between stations, and
includes a ‘skip-stop’ function, allowing
the train to run through selected stations
at a safe reduced speed. Four different
profiles are being defined for each inter-

station journey, such as ‘fastest possible’

where the ATO drives as close as pos-
sible to the maximum speed allowed by
the ETCS, or a more energy-efficient
profile which uses as much coasting as
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can be reasonably accommodated.

The ATO trackside equipment will
receive the traffic management instruc-
tions from the regulation system at the
control centre, transmitting the journey
profiles and target timetable to the trains
through the interoperable interface.

Further evolution

Although the Mexico City — Toluca
line is not yet operational, the pro-
ject development work so far confirms
that interoperable AoE offers many
advantages. Most significantly, it has
confirmed that a standard and inter-
operable approach to GoA2 is feasible,
combining ETCS as the ATP function
to ensure safety with an ATO overlay
based on the draft specifications.

'This configuration ensures a high lev-
el of functional independency between
ATO and ETCS. The automation func-
tionality and performance is not limited
by ETCS, except for the safety con-
straints imposed by the ATP. No modi-
fications have been needed to the RBC,
and the concept can be implemented
using ETCS trackside equipment to
either Baseline 2 or 3.

AoE is a powerful concept built on
interoperability and standardisation.
While it can be applied to a standalone
project such as Mexico City — Toluca,
the concept itself is oriented to a wider
railway network. Having a configura-
tion that allows an ATO-equipped train
to run automatically over any equipped
section of the network should simplify
the deployment and migration process,
reducing the level of investment needed
and delivering huge benefits to railway
operators.
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