
Research Article
Modelling and Simulation of ERTMS for Current and Future
Mobile Technologies

Christian Pinedo, Marina Aguado, Igor Lopez, and Jasone Astorga

Faculty of Engineering, University of the Basque Country UPV/EHU, Alameda Urquijo s/n, 48013 Bilbao, Spain

Correspondence should be addressed toChristian Pinedo; christian.pinedo@ehu.eus andMarinaAguado;marina.aguado@ehu.eus

Received 30 July 2015; Accepted 23 November 2015

Academic Editor: Nandana Rajatheva

Copyright © 2015 Christian Pinedo et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Nowadays, train control in-lab simulation tools play a crucial role in reducing extensive and expensive on-site railway testing
activities. In this paper, we present our contribution in this arena by detailing the internals of our European Railway Train
Management System in-lab demonstrator. This demonstrator is built over a general-purpose simulation framework, Riverbed
Modeler, previously Opnet Modeler. Our framework models both ERTMS subsystems, the Automatic Train Protection application
layer based on movement authority message exchange and the telecommunication subsystem based on GSM-R communication
technology. We provide detailed information on our modelling strategy. We also validate our simulation framework with real
trace data. To conclude, under current industry migration scenario from GSM-R legacy obsolescence to IP-based heterogeneous
technologies, our simulation framework represents a singular tool to railway operators. As an example, we present the assessment
of related performance indicators for a specific railway network using a candidate replacement technology, LTE, versus current
legacy technology. To the best of our knowledge, there is no similar initiative able to measure the impact of the telecommunication
subsystem in the railway network availability.

1. Introduction

TheEuropeanCommission in partnership with the European
Railway Industry has just set up the SHIFT2RAIL joint under-
taking in clear response to the increasing demands for higher
capacity and higher performance in this domain. One of the
key identified research issues is the development of train con-
trol in-lab demonstrators to minimize on-site testing activi-
ties. On-site testing activities may degrade performance indi-
cators in operational railway lines, since theymay introduce a
waste of time and resources.The ultimate goal of our research
activity is to reduce the cost of validation and verification in
the development of current and future railway train control
systems. In this sense, a significant effort is to be dedicated to
the construction of the European Railway TrainManagement
System (ERTMS) in-lab tools. The ERTMS is a standardized
train control system consisting of two subsystems: the Euro-
pean Train Control System (ETCS)—the Automatic Train
Protection (ATP) system—and GSM-Railway (GSM-R) as
the standardized digital radio communication system based
on Global System for Mobile Communications (GSM).

Although nowadays there are commercial ERTMS mod-
elling and simulation frameworks such as ERSA tool [1], tra-
ditionally they do not include communication technologies
and architectures in the same setting. And now, more than
ever communication technologies and architectures affect the
train control and command performance indicators and con-
sequently, at some extent,may get an optimized configuration
mode of the railway operation or may force a degraded one.

Moreover, train control and command, as a highly rele-
vant and critical Information Technology (IT) service, need
proper modelling so that “what-if” performance studies can
be carried out and, consequently, new technologies and app-
roaches, which could enhance transportation performance as
a whole, can be identified.

Last but not least, European train control industry is
facing the challenge of replacing the underlying and currently
obsolete GSM-R technology for an emergent or a set of emer-
gent communication technologies. Consequently, there is a
need for simulation tools that allow performance evaluation
of different candidate technologies. These simulation tools

Hindawi Publishing Corporation
International Journal of Vehicular Technology
Volume 2015, Article ID 912417, 11 pages
http://dx.doi.org/10.1155/2015/912417



2 International Journal of Vehicular Technology

should also recommend and facilitate future migration capa-
bilities by assessing that the high constrains of the railway
domain are always met.

Consequently, our contribution in this paper is to build
the first, to the best of our knowledge, train control simulation
framework that includes both ERTMS subsystems: the ATP
system plus the complete communication technology proto-
col stack. Moreover, this simulation framework is focused on
simulating current ERTMS and new ERTMS proposals based
on IP and newer wireless technologies.

Our paper is structured as follows. In Section 2, we pro-
vide an overview on ERTMS and their different components
and functionalities. In the following sections, Sections 3, 4, 5,
6, and 7, we detail the ERTMS modelling in a Discrete Event
Simulation (DES) platform and how we model the complete
protocol stack. Section 8 validates the model and introduces
simulation results obtained from the model. Section 9 com-
pares our proposal with other previous models for ERTMS.
Finally, Section 10 provides additional details on the benefits
of this tool, further research steps and conclusions.

2. Introduction to ERTMS

During the last twenty years the European Union (EU)
has been searching for an integrated Pan-European railway
system.Thus, this fact has motivated the interoperability bet-
ween the signalling and train control systems from the differ-
ent European railway companies. In 1994, the EU launched
the ERTMS [2] as the standard for signalling and manage-
ment systems in Europe.

As it was pointed out before, ERTMS consists of two
blocks: ETCS and GSM-R as the standardized telecommu-
nication subsystem. The GSM-R architecture is based on the
GSM phase 2+ norm and some specific functions including
addressing and voice group call.

GSM-R is used in two of the three main operational
modes of ERTMS. In fact, there are more than three opera-
tional modes, for instance, for fail over and for coexistence of
trains equipped with ERTMS and tracks with national signal-
ling system, but the following ones are the main operational
modes of ERTMS.

Level 1.The track is equippedwith Eurobalises and optionally
with Euroloops. Both devices under normal circumstances
are switched off, but when the train crosses over them
they are switched on by electromagnetic induction and send
information about the speed limit thatmust be fulfilled by the
On-Board Unit (OBU) located inside the train.

Level 2. The OBU established a permanent communication
with the Radio BlockCentre (RBC) by using aGSM-R circuit.
The safety instructions are provided by the RBC to the OBU
and the track must be equipped also with Eurobalises, which
are only used for positioning purposes.

Level 3. In this level, positioning and integrity of the train are
performed by the train itself instead of being carried out by
the track.There is only a permanent GSM-R communication

between theOBUand the RBC, and there is no need for locat-
ing Eurobalises or Euroloops on the track side.

ERTMS Levels 2 and 3 require a permanent communica-
tion between the OBU and the RBC. Thanks to this perma-
nent circuit, it is possible to continuouslymonitor and comm-
and trains from the remote command centre by using theATP
system, which is the ETCS in the ERTMS.

In 1994, the decision in favour of GSM-R technology was
based onGSMsuccess in the Europeanmobile telecom indus-
try. In fact, an important step in the railway communication
scenario took place withGSM-R. In the last few years, railway
communication architectures have migrated from a juxtapo-
sition of different, and mostly proprietary, communication
solutions each of them addressing a specific IT service to a
single unique and integrated telecom architecture based on
an open standard as GSM-R.

Current specifications of ERTMS [3] define the GSM-R
interface and the protocols required for the communication
between the OBU and the RBC. ISO 7776/ISO 3309 are the
data link layer protocols required by the ERTMS specifica-
tion. T.70 is the network protocol and X.224 the transport
protocol. On top of these layers, the EuroRadio protocol is
used to establish safety connections between the train and the
RBC. Finally, the ATP application on top of EuroRadio sends
and receives ETCS messages to guarantee safety and prevent
train collisions.

Nowadays, there is a controversy regarding the possibility
to evolve from GSM-R towards a more robust, efficient, and
modern wireless technology [4, 5]. This evolution seems
essential to leave an outdated wireless technology with many
shortcomings [6] and to embrace the opportunities provided
by latest technologies [7]. There are multiple alternatives
such as the natural evolution from GSM-R towards General
Packet Radio Service (GPRS) [8] or the possibility to migrate
directly to Worldwide Interoperability for Microwave Access
(WiMAX) [9] or LongTermEvolution (LTE) [10]. In any case,
these newer wireless technologies are based on the IP family
of protocols and not on the previously briefly described one.
So, this change would imply not only a change of the wireless
technology but also a significant change of the underlying
protocols that are used in the ERTMS.

In the following sections, we explain how we have mod-
elled the current ERTMS specification andhowwemodel also
ETCS over other network technologies in order to get valu-
able information for any migration plan.

3. Approach to Model ERTMS

This section and the following ones describe the internals of
our integrated ERTMS simulation framework. Our context
of work is to model the bidirectional ETCS traffic exchanged
between trains and RBC over different communication pro-
tocols and network technologies mainly focused on GSM-R
and LTE. Figure 1 simplifies the understanding of the com-
munication architecture via three main blocks: application
block, communication protocols, and wireless technologies
that must be considered when modelling legacy and next
generation IP-based ERTMS.



International Journal of Vehicular Technology 3

To build the model, specially the legacy one, we fol-
lowed current specifications of ERTMS/ETCS published by
the European Railway Agency (ERA). More specifically, we
focused on the second set of specifications available. The
EuroRadio FIS document [3] defines the technologies and
communication protocols used for the current ERTMS speci-
fication. On the other hand, the use of new wireless technolo-
gies also implies the use of IP instead of the current protocol
stack. Nowadays, there is no standard to follow in order to
build our simulation apart from some documents studying
the possible evolution from GSM-R [4] or the requirements
to use GPRS instead of GSM-R [11]. Thus, the model built for
this new evolution of ETCS is flexible enough to test different
approaches.

The model is implemented in Riverber Modeler [12],
formerly known as Opnet Modeler, a general-purpose DES
framework focused on networking. Riverbed Modeler was
selected because of the high number of protocols and tech-
nologies supplied and the broad support available. Further-
more, we have completed the Riverbed Modeler with specific
libraries for the railway communication domain not so
common out of this domain and obviously not available until
now in the simulation framework.

Following, we explain the implementation details of the
three main building blocks of our ERTMS simulation frame-
work developed in Riverbed Modeler.

4. Modelling the ATP Application
and Safety Layer

According to Figure 1 two layers are equally used regardless
of the communication protocols or network technology used
below: the ATP application and the EuroRadio protocol.

4.1. ATP Application. The ATP application is responsible for
providing safety in the railway domain.This implies blocking
the application of actions by the driver or even activating the
emergency brake automatically in trains without requiring
the intervention of the driver. Generally, ATP applications
consist of one client-server architecture where the client,
which is the OBU inside the train, must enforce safety mea-
sures ordered by the remote RBC. The communication bet-
ween these two components, in the case of the ERTMS signal-
ling system, is performed via ETCS messages.

ETCS messages are defined in the System Requirements
Specification document [13] of the ERMTS specification.The
document defines the type and format of ETCS messages.
However, it does not provide information about the ETCS
message flow because it depends on the ATP implementation
basis and the specific operational state of the train.

Consequently, in order tomodel a realistic ETCSmessage
exchange, we have made use of the standardized routines and
we use as a reference for implementation a real trace of ETCS
messages, which was provided by a train operator. A piece of
this real trace is detailed in Table 1.

In the trace inTable 1, the first threemessages are required
to establish an ETCS connection between the train and the
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Figure 1: ETCS over multiple communication technologies.

RBC. Once the session is established, three additional mes-
sages are required in order to exchange the capabilities of
the two devices that form the ETCS connection. From that
moment on, normal operation begins: RBC sends periodi-
cally General Messages, which must be acknowledged by the
train; RBC sends Movement Authorities to allow the train to
continuemovingwhereas the train answers themwith acknow-
ledgment messages; and the train sends Position Report
messages to inform the RBC about its current location. If
there is any loss of communication, this process should begin
again by reestablishing the ETCS connection and exchanging
the Validated Train Data information.

This message exchange has been implemented in
Riverbed Modeler with different models for the train and the
RBC. For example, the model for the ATP application in the
train node is shown in Figure 2. The model for the RBC is
symmetrical but more complex in order to support multiple
train connections simultaneously.

These models can be easily configured before launching
the simulation. For example, Figure 3 details the configura-
tion options for the train. In this case, it is possible to con-
figure when the train must try the connection with the RBC,
the connection retry period in case of connection loss, the
frequency for sending Position Report ETCS messages, if
Movement Authority Request ETCS messages should be sent
and its frequency, and so forth.

Apart from these models, eleven ETCS message formats
have been fully defined in Riverbed Modeler. Figure 4 shows
the format of the Position Reportmessage.This detailed char-
acterization allows setting the exact number of bytes permes-
sage to get realistic throughput estimations and it also allows
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Table 1: A piece of the real ETCS trace used to implement and validate the ATP application.

Time Source ETCS message Bytes
4:24:25.633 Train Initiation of comm. session 18
4:24:26.538 RBC Configuration Determination 19
4:24:27.133 Train Session established 21
4:24:27.276 Train Validated train data 47
4:24:28.037 RBC Acknowledgement of train data 22
4:24:28.120 Train Acknowledgement 22
4:24:43.037 RBC General message 18
4:24:43.120 Train Acknowledgement 22
4:24:58.037 RBC General message 18
4:24:58.120 Train Acknowledgement 22
.

.

.

.

.

.

.

.

.

.

.

.

4:29:36.638 Train Position report 32
4:29:37.538 RBC Movement authority 111
4:29:37.630 Train Acknowledgement 22
4:30:07.538 RBC General message 18
4:30:07.728 Train Acknowledgement 22
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Figure 2: Model for the ATP application of the train.

Figure 3: ETCS configuration options for the train.

using the desired fields to implement specific functionalities
in our models. For example, in the Position Report messages
D LRBG and V TRAIN fields are used to report the actual
position and speed of the train to the RBC.Depending on that
information, the RBC sends Movement Authority messages
to the train to allow themovement of the train up to a specific
position and under a specific speed limit. When this position
is reached or the ETCS connection is lost, the train stops.
Thus, the model can simulate how a communication loss
impacts the availability of the train service.

4.2. EuroRadio Protocol. This protocol is also known as
Safety Layer or Safe Functional Module in [3]. This layer
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Figure 4: Format of the Position Report ETCS message.

provides safe communications to the upper ATP application.
It performs firstly peer entity authentication in order to
establish a safe connection among peers and it also verifies the
integrity of every message exchanged. If there is any error in
the authentication of peers or in the integrity of messages, the
safe connection is released or optionally an error is reported
to the upper application.All the ETCSdata is protected by this
layer, but the high priority data.This protocol is considered to
be used even in new deployments based on the IP protocol,
although in a future this layer could be replaced by other
protocols used already in Internet such as SSL/TLS or IPsec.

Instead of implementing the full protocol, a first basic
model of this protocol is included in the ERTMSmodel. This
model adds overhead bytes corresponding to the EuroRadio
protocol headers to the ATP application’s ETCS messages in
order to pass them to the lower layer and it also removes them
before passing the ETCSmessages from the lower layer to the
ATP application.

This layer has been implemented in a flexible manner, so
that it can be connected to the X.224 model, in the case of
modelling the legacy ERTMS, or to the Transport Adaptation
Layer (TPAL) Application Programming Interface (API)
of Riverbed Modeler, to model novel IP-based ERTMS
approaches.

5. Modelling the Communication Protocols

Depending on the wireless technology used, communication
protocols must be selected accordingly. Currently, in the
railway high speed domain, there are twomain approaches: to
use the OSI protocol stack defined in the document for GSM-
R, the legacy solution, or to use the IP based protocols for new
IP-based wireless technologies such as GPRS or LTE.

5.1. OSI Protocols. Communication protocols used by the
current ERTMS specification [13] are X.224, T.70, and LAPB.
Riverbed Modeler lacks the implementation of X.224 and
T.70 and the provided LAPB implementation must be also
modified.

5.1.1. X.224 Protocol. It is a transport protocol defined by
ITU-T [14]. It supports five transport classes, which offer dif-
ferent transport functionalities. However, ERTMS specifica-
tion [3] only uses the 2nd transport class (TP2), which is sim-
ilar to TP1 but with the functionality for multiplexing X.224
transport connections over the same network connection.
Furthermore, ERTMS specification also implements a cus-
tomized version of TP2 with some changes to standard TP2.
For instance, the segmentation and reassembling mechanism
of TP2 is not used in the X.224 implementation for ERTMS.

The X.224 model we have developed for Riverbed Mod-
eler provides the functionalities of X.224TP2with the specific
customizations required for ERTMS. This model supports
multiplexing of multiple transport connections. In order to
do that, we use two models: first model, the parent model,
which processes every X.224 packet and forwards it to the
secondmodel, the childmodel, which is responsible for man-
aging the X.224 connection the packet belongs to. Figure 5
shows the X.224 child process that manages one X.224 con-
nection.

5.1.2. T.70 Protocol. It is a network protocol defined by ITU-T
[15], which must interact with the transport and link layers.
The implementation for ERTMS specification [3] states that
this layer must only add the header bytes—2 bytes—and
provide segmentation and reassembly functionality.

5.1.3. LAPB Protocol. The data link layer is covered by the
HDLC standards with specific customizations for the railway
domain, which are detailed in EuroRadio FIS document [3].
Furthermore, Table 41 of [3] recommends values ranges to
configure parameters of the LAPB protocol. It is worth men-
tioning that in order to have accurate network performance
it is critical to model this protocol correctly, because packet
retransmissions are carried out by this layer.

Riverbed Modeler comes with a current implementation
of the LAPB protocol. Nevertheless, it was needed to check
that it meets the HDLC standards with the required modi-
fications according to the EuroRadio FIS document [3] and
to configure it with the recommended values for the railway
domain. Moreover, the model was also modified to be able to
run with the TDMAwireless model and the T.70 model since
the original implementation was supposed to work only with
the X.25 family of protocols.
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Figure 5: Model for one X.224 connection.
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Figure 6: Simulation scenarios for ERTMS over GSM-R and LTE.

5.2. IP Protocols. Riverbed Modeler supplies an in-depth
library of models for IP related protocols. Thus, no new pro-
tocols are required to be modelled and the TPAL API of
Riverbed Modeler is used to connect the developed EuroRa-
dio layer with the transport protocol.

The main advantage of the TPAL API is that it abstracts
the specific underlying transport protocol. In this way, the
upper layer can easily change between UDP or TCP simply
by changing the value of a configuration parameter instead of
coding the support for both protocols.

Although initially it is possible to use UDP and TCP, we
are making use of TCP to transfer ETCS messages because
it provides a guarantee and ordered data transmission similar
to the one required by the legacy ERTMS specification, which
is provided with the LAPB protocol.

6. Modelling the Wireless Technologies

Current ERTMS is built on top ofGSM-R.However, Riverbed
Modeler lacks specific GSM or GSM-R implementation. Ins-
tead, it has a generic Time DivisionMultiple Access (TDMA)

wireless model, which we use to emulate GSM/GSM-R wire-
less links. The TDMA model is able to provide a time slot
with the required bandwidth in the frequency band for GSM
and GSM-R networks, and so we can simulate and study the
ETCS data traffic sent through this channel.

On the other hand, in order to use newer wireless tech-
nologies, Riverbed Modeler already provides a detailed
implementation of modern IP-based wireless technologies
such aWiFi, WiMAX, or LTE. In fact, these implementations
make use of detailed channel model characterization for
different mobility and environment patterns that can be used
for exhaustive propagation studies.

7. Modelling the ERTMS Nodes

Once all the required protocols and technologies have been
developed, we define the different types of nodes involved in
the ETCS communication flow. Figure 6 shows two reference
scenarios to simulate ERTMS over GSM-R, based on OSI
protocols, and ERTMS over LTE, based on IP protocols.They
are ERTMS simplified scenarios showing all the different
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Figure 7: Train and RBC models for ERTMS over GSM-R.

types of nodes involved. The train or OBU and the RBC are
the main components of the system.These nodes support the
ATP service and exchangeETCSmessages between them.The
rest of the elements are the devices used to model the GSM-R
and LTE networks.

As depicted in Figure 7, legacy train and RBCmake use of
all the protocol layers required to encapsulate ETCSmessages
before sending them through the GSM-R end-to-end circuit.
The models used by the rain and RBC are quite similar, the
main differences are located in the ATP application and the
physical interfaces. On the one hand, ATP applications are
different because the ATP application of the RBC must sup-
port multiple instances simultaneously in order to control
multiple trains simultaneously. On the other hand, the train
has a GSM-R interface that is emulated with the TDMA
model, whereas the RBC has a wired interface.

Similarly, in an IP-based ERTMS scenario such as LTE in
Figure 6(b), nodes that Riverbed Modeler supplies with the
desired wireless technology—in this case LTE—can be mod-
ified to include the ATP application and EuroRadio layer on
top of the TPAL layer of the node. Moreover, wireless base
stations already modelled by Riverbed Modeler can be used
to build the desired communication network. Figure 8 shows
a LTE node of RiverbedModelermodified to support ERTMS
over LTE and consequently it performs as a train.

8. Simulation Results

In this section we present the results obtained from simu-
lating the scenarios defined in Figure 6 for GSM-R and LTE
communications. In this scenarios, the train is moving from
west to east at 50 km/h for 15 minutes. The train establishes
a ETCS connection with the RBC thanks to the existent

wireless communication access to the base station. It is worth
pointing out that we are applying the same ETCS configura-
tion for both scenarios in order to be able to compare them. In
fact, Figure 3 details the ETCS configuration applied in both
scenarios.

Firstly, in order to validate the correct operation of the
simulation framework, we generate a detailed log that con-
tains all the ETCS messages exchanged between every train
and theRBCduring the simulation. By crossing the real ETCS
trace, which was provided by a train operator, and this log, we
can verify that the exact sequence of ETCSmessages has been
replicated correctly in the simulation tool. Table 2 details
a piece of the logs obtained running a simulation for the
reference scenario shown in Figure 6(a).

Since we are applying the same ETCS configuration in
both scenarios, the rate of ETCSmessages, shown in Figure 9,
is exactly the same in both scenarios.

However, as it is shown in Figure 10, the bitrate of data
sent or received through GSM-R or LTE is quite different
due to the different protocol layers used in each case. Thus,
the TCP/IP protocol family introduces more overhead in the
communication. Nevertheless, this issue is not meaningful
since it is still quite low and LTE is a broadbandwireless com-
munication technology and provides more bandwidth than
GSM-R.

Another important key parameter is the latency in the
message exchange between the train and the RBC, graphically
depicted in Figure 11. GSM-Roffers amore stable latencywith
less jitter, although the latency is significantly higher than
in the case of using LTE. This result is caused by the use of
GSM Circuit Switched Data (CSD) in transparent mode, a
dedicated circuit, which is the data mode that must be used
in ERTMS according to the specifications and that provides



8 International Journal of Vehicular Technology

udp

ip_encap

tcp

tpal

lte_as

rsvp

ip

CPUmanet_rte_mgr

mobile_ip

lte_nas

phy

lte_ant_0_0

lte_port_tx_0_0

euroradio

atp-train

lte_port_rx_0_0

Figure 8: Model of one Riverbed Modeler LTE node modified to support ERTMS.

Table 2: A piece of the ETCS message log generated after the simulation.

Source Log message
Train X224 OPEN sent correctly
Train Transport layer connection established
Train Initiation of a communication session (155): T TRAIN = 10048 NID ENGINE = 0
RBC Initiation of a communication session (155): T TRAIN = 10048 NID ENGINE = 0
RBC Configuration determination (32): T TRAIN = 10058
Train Configuration determination (32): T TRAIN = 10058
Train Confirmation of a communication session (159): T TRAIN = 10068 NID ENGINE = 0
Train Validated train data (129): T TRAIN = 10068 NID ENGINE = 0
RBC Confirmation of a communication session (159): T TRAIN = 10068 NID ENGINE = 0
RBC Validated train data (129): T TRAIN = 10068 NID ENGINE = 0
RBC Movement authority (3): T TRAIN = 10078 M ACK = 1
RBC General message (24): T TRAIN = 10088 M ACK = 1
Train ACK of validated train data (8): T TRAIN = 10078 M ACK = 1
Train General ACK (146): T TRAIN = 10088 NID ENGINE = 0 T TRAIN ACK = 10078
Train Movement Authority (3): T TRAIN = 10078
Train General ACK (146): T TRAIN = 10089 NID ENGINE = 0 T TRAIN ACK = 10078
Train General message (24): T TRAIN = 10088 M ACK = 1
Train General ACK (146): T TRAIN = 10098 NID ENGINE = 0 T TRAIN ACK = 10088
RBC General ACK (146): T TRAIN = 10088 NID ENGINE = 0 T TRAIN ACK = 10078
Train Position report (136): T TRAIN = 10098 NID ENGINE = 0 D LRBG = 0 V TRAIN = 0
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a constant delay in the transmission independently of the
network load. On the other hand, the evolution of GSM
towards new broadband wireless technologies implies the
migration from circuit switching technologies to packet
switching. These packet switching technologies offer a much
better delay but they are prone to higher jitter indicators.

Finally, GSM-R has a limitation in the capacity of trains
due to the number of circuits available per cell. In fact, busy
junction scenarios represent one of the key limitations of
currently deployed legacy GSM-R technology and it is one
of the reasons to consider other wireless technologies. On
the other hand, broadband wireless candidate replacement
technologies such as LTE use packet switching technology
and thus it does not have such a limit. However, there is an
implicit limit due to the best-effort policies, which are usually
applied in packet switching technologies. These policies, in
loaded network conditions, may degrade the communication
performance by increasing the latency, the jitter, and the
packet losses. To solve this issue, it will be necessary to limit
the traffic up to a certain level or to enforce Quality of Service
(QoS) mechanisms.

Figure 12 shows the mean latency experienced in the
communication between one specific train and the RBC
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Figure 11: ETCS latency with GSM-R and LTE.
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Figure 12: ETCS latency with LTE and different network load.

when there are multiple trains connected to the same base
station. In this figure, different scenarios are evaluated: a
single train scenario versus a 10-train scenario and a 20-train
scenario. All these scenarios are realistic scenarios and corre-
spond to different busy junctions. In order to obtain statisti-
cally valid results, the simulations were performed 30 times
for each case. As it is shown, the mean latency of the ETCS
connection increases on the basis of the network load. By
modelling the full protocol stack—specific ETCS application
layer included—this simulation framework provides valuable
guidance to identify the maximum number of trains in busy
junction scenarios for the different candidate communication
technologies or even to consider the provision of additional
data services verifying that the QoS of the ETCS traffic is not
affected.



10 International Journal of Vehicular Technology

9. Related Work

The complexity of the ERTMS leads to the use of ERTMS
modelling and simulation platforms for mainly three pur-
poses: (1) to verify and validate implementations, (2) to carry
out performance and “what-if” analysis on ERTMS, and (3)
to study new proposals.

Firstly, the second set of the ERTMS specification covers
a complex group of documents, actually more than 50, which
are constantly evolving and generating new versions. Thus,
it is not easy to guarantee the fulfilment of standards and
the interoperability between software implementations of
different manufacturers. For example, in order to prevent
specification errors, authors in [16] propose a model for for-
mal verification and validation of the implementations.As the
aim of the presented tool is the reduction of costs associated
with the field test of signalling deployments by simulating
them, formal modelling of ERTMS does not apply. However,
both strategies play a key role in a common strategy, which is
the reduction of the CAPEX associated with the deployment
of a new product and the decrease of OPEX derived from
the reservation of railway corridors for the field tests. Our
model is not a real implementation. Moreover, it is based on
a real trace of ERTMS devices that are supposed to pass all
the required validations. Thus, the validation of our model
is firstly carried out against this real trace and secondly
against the set of ERTMS specifications. As a future research
point, we will integrate our simulation platformwith external
ERTMS/ETCS devices or software implementations already
validated thanks to the use of System-in-the-Loop (SITL) and
the ESYS module of Riverbed Modeler. Thus, it would be
possible to test different ETCS use-cases with the commu-
nication protocols and ERTMS nodes developed in our sim-
ulation platform without requiring the implementation and
validation of these specific ETCS use-cases in the simulation
platform.

Secondly, somemodels are used to carry out performance
analysis on ERTMS. In this sense, [17] presents a Unified
Modeling Language (UML) model for the ERTMS Level 2.
This model can be used to perform simulations and obtain
theReliability, Availability, andMaintainability (RAM) values
in order to verify that the railway system is meeting specific
RAMgoals such as a specific value of unavailability. However,
this proposal does not model properly the communication
subsystem. In fact, the network failure is modeled according
to probabilities to have a failure or to recover from a failure.
Instead, our model could be used to obtain the network
failure statistics of one specific scenario.

Finally, as mentioned before, there is also an important
piece of work on developing models to study new proposals.
In this sense, authors in [18] and in [19] present models to
study new communication proposals.

Authors in [18] explain the use of satellites technologies
for railway localization and perform simulations to study
RAM properties of the proposed system. Our model is used
for OBU-RBC communication and not for railway localiza-
tion. Consequently, it could be also used to study OBU-RBC
communication via satellite since RiverbedModeler supports
satellite communications and terrain modelling. Thanks to

this study, it could be verified if this kind of communication
meets the QoS requirements for GSM-R defined in the
Subset-093 [20], EIRENE SRS [21], and EIRENE FSR [22],
and it could be also possible to compare obtained QoS values
with those obtained from the GSM-Rmodel thanks to apply-
ing the same ATP to different communication technologies.

Authors in [19] also propose to use Riverbed Modeler,
named it as Opnet Modeler in the paper, to validate the
migration towards LTE. However, this proposal does not
model ETCS as a process but as a specific flow of unformatted
packages. Modelling ETCS as a process offers the advantage
of modelling more realistically the protocol and also its pro-
cedures like error handling and reconnection. Furthermore,
as said before, our ETCS model can be applied to different
protocol stacks to compare simulation results among them.

10. Conclusion

In this paper we present the internals of our ERTMS model
developed over a DES platform. This tool is an integrated
simulation framework to study the network performance of
the ERTMS communications between the OBU and the RBC
and its impact on the availability of the train service. Thanks
to the developed framework, ERTMS communications can be
tested against unusual situations such as abnormal electro-
magnetic conditions or specific GSM-R deployments, which
could be quite costly and difficult to check in real deploy-
ments or even in controlled environments such as small
labs. Apart from that, this model is a crucial tool to study
innovative approaches and strategies that affect train commu-
nications.Thus, for example, the current trend on considering
IP and new wireless technologies for the next ERTMS speci-
fication can also benefit from this simulation model in order
to assess and validate approaches against the constrains of
the railway domain and the specific applications used in
this domain. Last but not least, the modelling methodology
presented in this work may serve as a reference to other
approaches to model other critical industrial communication
services and protocols.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

The work described in this paper was produced within the
Training and Research Unit UFI11/16 funded by the UPV/
EHU. This work was supported by the EU FP7-SEC-2011-1
Collaborative Research Project entitled SECurity of Railways
against Electromagnetic aTtacks, SECRET Project. This work
was also supported by the Spanish Ministry of Economy
and Competitiveness through the SAREMSIG TEC2013-
47012-C2-1-R project (Contribution to a Safe Railway Oper-
ation: Evaluating the effect of Electromagnetic Disturbances on
Railway Control Signalling Systems), funded under the call



International Journal of Vehicular Technology 11

Programa Estatal de Investigación, Desarrollo e Innovación
and oriented towards Retos de la Sociedad 2013.

References

[1] ERTMS/ETCS Operational Simulator, European Rail Soft-
ware Aplications, http://www.ersa-france.com/index.php/en/
menu-products/9-ertms-operational-simulator.

[2] S. Abed, “European rail traffic management system—an
overview,” Iraqi Journal for Electrical and Electronic Engineering,
vol. 6, no. 2, pp. 172–179, 2010.

[3] European Railway Agency, “ERTMS/ETCS EuroRadio FIS,”
Mandatory Specification SUBSET-037 v3.1.0, 2014.

[4] IDATE andWIK, “Evolution of GSM-R,” Tech. Rep. ERA/2014/
04/ERTMS/OP, European Railway Agency, 2015.

[5] IP Introduction to Railways—Version 2.0—Guideline for the
Fixed Telecommunication Network, UIC—Rail System Depart-
ment, 2013.

[6] A. Sniady and J. Soler, “An overview of GSM-R technology
and its shortcomings,” in Proceedings of the 12th International
Conference on ITS Telecommunications (ITST ’12), pp. 626–629,
Taipei, Taiwan, November 2012.

[7] J. Moreno, J. Riera, L. De Haro, and C. Rodriguez, “A survey on
future railway radio communications services: challenges and
opportunities,” IEEE Communications Magazine, vol. 53, no. 10,
pp. 62–68, 2015.

[8] S. F. Ruesche, J. Steuer, and K. Jobmann, “The European switch,”
IEEE Vehicular Technology Magazine, vol. 3, no. 3, pp. 37–46,
2008.

[9] M. Aguado, O. Onandi, P. Agustin, M. Higuero, and E. Jacob
Taquet, “WiMax on rails,” IEEE Vehicular TechnologyMagazine,
vol. 3, no. 3, pp. 47–56, 2008.

[10] A.D. Zayas, C. A.G. Pérez, and P.M.Gómez, “Third-generation
partnership project standards: for delivery of critical communi-
cations for railways,” IEEE Vehicular Technology Magazine, vol.
9, no. 2, pp. 58–68, 2014.

[11] D. G. Fisher, “Requirements on the GSM-R network for
ETCS support: capacity, performance and RAM,” Tech. Rep.,
Banedanmark, Copenhagen, Denmark, 2008, http://www.bane
.dk/db/filarkiv/5594/Requirements%20on%20the%20GSM-
R%20Network%20for%20ETCS%20support.pdf.

[12] Riverbed, Riverbed Modeler, http://es.riverbed.com/products/
performance-management-control/network-performance-man-
agement/network-simulation.html.

[13] European Railway Agency, “ERTMS/ETCS system require-
ments specification,” Mandatory Specification SUBSET-026
v3.4.0, European Railway Agency, 2015.

[14] ITU, “Information technology—open systems interconnec-
tion—protocol for providing the connection-mode transport
service,” ITU-T Recomendation ITU-T Rec. X.224 (11/95),
Telecommunication Standardization Sector of ITU, 1995.

[15] ITU, “Network-independent basic transport service for the
telematic services,” ITU-T Recomendation ITU-T Rec. T.70
(03/93), Telecommunication Standardization Sector of ITU,
1993.

[16] M. Ghazel, “Formalizing a subset of ERTMS/ETCS specifica-
tions for verification purposes,” Transportation Research Part C:
Emerging Technologies, vol. 42, pp. 60–75, 2014.

[17] S. Qiu, M. Sallak, W. Schon, and Z. Cherfi-Boulanger, “Model-
ing of ERTMS level 2 as an SoS and evaluation of its depend-
ability parameters using statecharts,” IEEE Systems Journal, vol.
8, no. 4, pp. 1169–1181, 2014.

[18] J. Beugin and J. Marais, “Simulation-based evaluation of
dependability and safety properties of satellite technologies for
railway localization,” Transportation Research Part C: Emerging
Technologies, vol. 22, pp. 42–57, 2012.

[19] P. Sondi, M. Berbineau, M. Kassab, and G. Mariano, “Gen-
erating test scenarios based on real-world traces for ERTMS
telecommunication subsystem evaluation,” in Communication
Technologies for Vehicles, M. Berbineau, M. Jonsson, J.-M.
Bonnin et al., Eds., vol. 7865 of Lecture Notes in Computer
Science, pp. 223–231, Springer, Berlin, Germany, 2013.

[20] European Railway Agency, “GSM-R interfaces—class 1 require-
ments,” Informative Specification SUBSET-093 v2.3.0, Euro-
pean Railway Agency, 2015.

[21] UIC, “EIRENE system requirements specification,” Tech. Rep.
UIC CODE 951 v15.4.0, European Integrated Railway Radio
Enhanced Network, 2014.

[22] European Integrated Railway Radio Enhanced Network,
“EIRENE functional requirements specification,” Tech. Rep.
UIC CODE 950 v4.0, European Integrated Railway Radio
Enhanced Network, 2014.



International Journal of

Aerospace
Engineering
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Robotics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Active and Passive  
Electronic Components

Control Science
and Engineering

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 International Journal of

 Rotating
Machinery

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation 
http://www.hindawi.com

 Journal ofEngineering
Volume 2014

Submit your manuscripts at
http://www.hindawi.com

VLSI Design

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Shock and Vibration

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Civil Engineering
Advances in

Acoustics and Vibration
Advances in

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Electrical and Computer 
Engineering

Journal of

Advances in
OptoElectronics

Hindawi Publishing Corporation 
http://www.hindawi.com

Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Sensors
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Modelling & 
Simulation 
in Engineering
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Chemical Engineering
International Journal of  Antennas and

Propagation

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Navigation and 
 Observation

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Distributed
Sensor Networks

International Journal of


