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ASTRACT: The High Level Architecture (HLA [1]) has its origimsthe defense sector and was primarily
used to simulate vehicle and troops movements. HHawihe HLA is not limited to this area. It is yesuitable
for simulating rail traffic, in a simulated rail fnastructure, and the rail traffic safety systerhattcontrol that
same infrastructure. By doing so, one is able tottesrail traffic management systems that achatdperator
level.

Although it is not the first time that a simulatgrbuilt for the rail traffic domain, the simulatoiescribed in
this paper is unique in its modularity, scalabiland flexibility, thanks to the use of HLA. It isxible because
each safety system is implemented as a federaie migans that large rail traffic areas can be siatatl by

simply instantiating the required number of fedesateach protecting their own part of the rail astructure.

Just as in reality. That said, plus the fact thaing HLA allows distribution over multiple PC'’s, negkthis

simulator scalable.

This paper also describes which objects are sinsdlatvhich object attributes are published to theAHRun
Time Infrastructure (RTI) and what kind of desigrcidiens were made during the development of the
simulator.



1 Introduction Management System. But it will take years beforat th

_ _ _ _ system will be implemented and until that time éheiill
As in any other engineering area, modeling ange a variety of systems that has to be dealt with.
simulation is an important tool in the railroad usdry.
And just like in many other areas there exist adar Below is a brief summary of some of the safety eyst
number of models within different industries anq:hat are in use by the Dutch railroads.
departments, but the power of making several sitioums
interoperate hasn't been taken to its full poténme NX: The Entrance/Exit safety system [2], abbreviated as
examples of where modeling and simulation is used anx, has been developed in North America and was
for training of train operators, for evaluation different adopted by the Dutch rai|WayS to secure their gads.
designs and for test and verification purposess Paper As the name implies, only one train can enter dicec
focuses on a simulator that is used by the DuttWags and the signal will only allow the next train urttile first
to test their applications before being instaliedhie field. has left (exit) the section. It's a fail-safe syste
It describes howHLA has been successfully applied tdmplemented by electric relays. In The Netherlands a

create a modular, flexible and scalable architectior |arge number of rai|Way yards is still Secured\[xysafety
simulation interoperability. As a result, it is ngessible systems.

to test more complex configurations with combinasi@f

multiple simulated safety systems. The benefit & th vpI: Vital Processor Interlocking [4] can be seen a&s th
that the test environment resembles the real worliccessor of theix safety systemsvpi is a fail-safe,
situation more closely and the correct operaticas Ise  mjcroprocessor-based control system designed to tinee
verified to a higher degree than before. needs of interlocking control for mainline railrsadnd
mass transit applicationsvpl essentially executes a
program that consists of Boolean formulas that esges
dependencies between objects such as signals amd.po
Each railway station is supplied with its own set of
formulas, based on the particularities of the rail
infrastructure is has to secure.

1.1 The safety systems

Rail traffic safety systems ensure that only arheuited
train may enter a part of the rail infrastructuteaagiven
time. This is usually achieved by placing signaighe

entry of a specific path of the rail infrastructufsee EBS: Elektronische Beveiligingimis, wheresiMis stands

Figure 1). Dividing the path into sections and pating for ‘Sicheres Mikrocomputersysteem Siemens’. Itais

eqch section with a S|gnal increases the capatithe safety system that is functionally equalne andvpi. A
railroad because multiple trains can make use ef th

. A . variety of dialects of this system exists, eachhwat
available rail infrastructure, without the dangef o_. . : . .
collisions. slightly different mechanism of handling logicalfesg

rules.

ERTMS: European Rail Traffic Management System [3],
W a pan-European standard to be implemented overetkte n
O H® decades. At this moment only a small amount ofréile
infrastructure is secured IBRTMS.

Figure 1: rail infrastructure example 1.2 Automatic train security

When a train occupies a section, the signal shedsa
indicate to another train driver that it is nobaled in that
section. Of course this is a very simplistic dgsgwn, but
it is not too hard to imagine because of the resance
with the traffic lights at ordinary roads.

On many railroad tracks a system called ‘Automatain
Interference’ has been implemented. This system is
activated when a train driver ignores a speed sigmneed
sign. The speed of the train will automatically bduced
and eventually the train will be stopped. For our

There are many different rail traffic safety systemsimulation purposes, it has been decided that this
developed in different countries and by varioufunctionality will not be considered.

manufacturers. Each country has their specifiE3 Managing the traffic

requirements and each manufacturer developed their
system as they thought was most appropriate. #nl$  There are a number of systems, in a layered arehisc

until recent times that in Europe various countiiese 4 conrol the flow of trains that enter and leawéway
come to an agreement to implement one standardmystg;ations (Figure 2).

called ErRTMS, which stands for European Rail Traffic



Safety Systems
—

Infrastructure

Figure 2: layered architecture

The functionalities captured in the components da$ th
layered architecture range from rail utilizationfesg,

automated train numbering, and train scheduling an

planning.
1.4 Evolution of rail traffic management systems

Each of the components contained within the raffitra

management system tends to have a long development

history: an increased utilization of the rail irdtaicture

leads to a continuous development of these compsnen

while still retaining a guaranteed reliability. Eugrmore,
components are usually built by different manufeatst

In order to guarantee a certain level of reliapilas well
as to allow flexibility in the delivery of new véoms of

The latter also contains the Graphical User Intexfac
which provides the tester with the means to mordiuad
manipulate the simulation during execution. Thigssful

to, for example, introduce a signal or point maehin
failure and test the behaviour of the control and
management systems. It can also be used to te&ch th
traffic controller on incident scenarios.

The control federate is also used to create and vemo
instances of simulated trains in the federate toatrols
the simulated trains. All of the above federates a
implemented as executables and together they foem t
HA_A federation (Figure 3).
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Simulated Safety Simulated
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Figure 3: federation

The simulated safety systems connect to the control
systems and use the same interface as their feal-li

components, each component has to be properlydtest®unterparts, which usually is a protocol over/ip and

before being integrated into the final
environment. Given the overall complexity of thdl ra
management system, this is not a straightforwastt, ta
and using simulation as the basic means of tegtisg be
the only way to cope with it.

2 Modeling the real world

First it has to be decided which of the systemsirnieehe
simulated in order to meet the test goals. Sineestfety
systems themselves are generic, while they arégroefl
with data that is specific for the rail infrastruct that
needs to be secured, we decided to simulate ther lovo
layers, while maintaining the real systems in thpar
two layers in the test environment. They are theteys
under test’.

2.1 Federates

Because we want to have a model of the real widd t
should be intuitive to both the developers as \aslithe
users of the simulator, we decided to have:

system;

One federate to simulate the behaviour and sfatee
rail infrastructure;

One to simulate the trains; and

One to control the whole simulation.

A federate for each real-life instance of a safet.

operationatthernet.

S

imulated Safety Systems
—

Simulated Infrastructure

Figure 4: real world + simulated systems

2.2 Simulated Objects

It is quite straightforward to find the objects tinave to

be simulated, when using an Object Oriented approac
While keeping the requirements in mind, we came up
with the following main objects (and their attribaj:

Trains (head and tail position, length, speed, target
speed, number);

Routes(id, from signal, to signal);

Points (id, position, required position, failure status);
Sections(id, occupied status, failure status);
Speedsigns(allowed speed);

Crossings(id, status, failure status); and

Power supplies(failure status).



By using an object hierarchy, we were able to $timec
approximately 20 objects into a logical class diagrThe
next step was to translate this object hierarchy the

HLA Federation Object ModeFom). For this purpose we
used the ‘VisualomT' editor from Pitch Technologies

(Figure 6), which helped in visually defining théject
tree.

The spatial representation of trains is somewhd&ereit

from what is usually seen in for example aircraft

simulation. A train has a considerable linear esitm,
which means that while the front end has left tta¢fgrm
the rear end may still be at the platform. Thisoisiewhat

similar to convoy models used in defense logistic

simulations. The environment where trains move
somewhat easier to model than traditional envirarime
The railroad system is described as a set of ineected
links. In fact, the infra federate is capable ofigiating all

rail infrastructure in the Netherlands, which cetsiof

more than B00 km of rails, more than B0 switches
and roughly 1@00 signals.

2.3 Interactions

All communication between federates is either \beot
reflection, or via interactions. The latter are uged
implement  communication between
components, such as in commanding signals or
querying the modeled infrastructure.

The implemented interactions can be divided intedh
categories. In the first category we find all iatetions
that are related to command & control, e.g. ingingc
trains, infrastructure or safety systems, as waell
monitoring the situation of the simulated trainsda
infrastructure. Examples of such interactions are:

of the infrastructure such as a point machine o
signal;

- TrainCommand: issues a command to a train
driver.

Most interactions are usually a result of, or aralirect
relation to, commands that are issued from thetiop
layers of the rail management system.

The common denominator of the second category 8?

interactions is the fact that they are all relatediriving
trains. These interactions provide creation, dettm,
speed, position and status modifications based
interaction between the trains schedule, the itriragire,
and the safety systems. The following interactions
exemplary for this category:

simulation

ElementCommand:issues a command to an elemen

AllowedSpeed:an interaction used in determining the

given the signs, signals and order speed dictating
elements;

TrackOccupied: specifies if a certain section of the
rail tracks is occupied or not. This triggers tladety
systems;

NextTrainStop: provides the location and distance to
the next stop the train should stop;

NextRailTrack: used in providing the next part of the
railtrack the train is driving on, given the curten
position and status of the infrastructure.

Train Infra Safety

is position

p{track occupied

Figure 5: interactions between train schedule,
infrastructure and safety system

A third category is related to interactions for siation
control such as introducing system malfunctionafust
changes or adaptations to the infrastructure, seliredule
or mechanisms of the safety systems:

PlaceTrain: places a new train on the simulated rail
tracks;

RemoveTrain: removes the train from the simulation;
ModifyElement: changes the characteristics of a
certain infrastructure element.

in

r

3

a
n3.1 Code generation

Design decisions

g’o speed up the development of the simulator, and to
qauickly adapt to alterations in theMm, a code generator
was developed that reads them file — created by the
/Visual OMT tool — to generate C++ objects and a ‘generic
framework’ of object reflection and interaction kiéing.

It is one of our major design decisions made eanlyin

the project to extend the level of generalityHoh into

the communication layer of each federate. Thisltegdin

the aforementioned generic framework. This has tesul
in a major speed increase in the development di eac

e federates. Furthermore, it provides a highilfiéty in
adapting to changes in tifem during the whole project
lifecycle.

r

?An further advantage of the code generator and the
agenerality of thecom-editor is that it can be used in future
HLA projects as well, since no domain-specific
information is needed to generate the code.

maximum speed a train is allowed to travel on ekira
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Figure 6: screenshot of FOM-editor

3.2 Federation time management

Because the simulator connects to real world systém
was decided to use a fixed time step that is symibed
to the wall clock time. Because of the flexibilibffered

4 Future
4.1 Visualization

The Control federate provides an event-logging wmdo
on the graphical user interface. In this window all
significant events that appear during the simutatime
logged. The user can define the level of detdilgshown
per federate type, by selecting and enabling ttadiahle
modes: errors, warnings, information, debug details
Another window shows the actual status of the Shtiorh
objects, such as trains and point machines.

An additional federate is the visualization modulis
provides a dynamic graphical view of the statusthaf
simulation, which is more intuitive to the end us@ne or
multiple segments of the railway infrastructure sinewn,
including tracks, signals and safety sections.iSestthat
are occupied by a train light up yellow. This funality
facilitates the tester to compare the train colgroliew
from the control center monitors with the situatiarthe
simulated environment, at a simple glance.

The visualization has been extended with a command
option. By clicking at a particular signal it's tgacan be
changed, and a track can be set to left- or rigddihg.

This can be used by the tester to interfere in jistem

by HLA, it is always possible to change this in a futurand to adjust settings to simulate malfunctioningl a
version and support, for instancas fast as possible disturbances. This also shows the poweHIof, since it

simulation.

makes no difference whether the interaction origisa
from the simulation controller or from another feate.

The Controlcul is a separate federate and responsible for

starting the other federates,
configuration file. The Controlcul offers the tester
functions to start trains (typically just one orotwrains,
with the option to run a complete schedule withtfvienty
trains), introduce system failures and pause, resanu
restart the simulation. The latter
implemented by usingLA synchronization points.

3.3 Transfer of ownership and DDM

based (o] Y- B 0 =) a1 1§ = Amsterdam/Amsterdam Centraal/OBE-blad 1A (200769)

functions ardg

At this moment, the simulator does not make use d
features like transfer of ownership and dynamicadat
management. However, the design for a future wversig

<
Toon labels

could be modified so that f.i. a signadwteis owned by
the appropriate simulated safety system rather than
infra simulator. In the current version the safsygtem
sends an interaction to control the state of thgnali
object.

Toan gehesl

Figure 7: screenshot of visualization federate

4.2 Simulating Control and Management Systems

A subsequent step will be to simulate the contaglet
and the management layer as well. This will prowtiue
user with a complete train traffic control system &



box”. In other words: a complete simulation envireant
that can be run on a single laptop. Such a systembe
used for training purposes for train traffic coflers to
get familiar with the system or to exercise incide
scenarios. It can also be used to study future ggsaim
infrastructure topology, to measure capacity otaian
yard or to prepare for major maintenance activities

4.3 Integration of third-party simulators

The HLA allows us to integrate software modules fro
another manufacturer into the federation. This wag
possible to reuse proven functionality for a specfety
system simulation in our federation environment.

In order to simulate the behaviour of a particidafety
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system, a stand-alone simulator had already beéithor Biographies

developed. As a proof of concept we wanted to natieg

this simulator without modifying the existing code.FRED VAN LIESHOUT is a technical specialist at the

Fortunately, this existing simulator hags@/iP command
and logging interface. So we developeddan adapter to
connect and integrate the external software pack#ge
the existing federation. Control of the new federa
provided by the general graphical user interfacehef
simulation system. This whole exercise turned out
work just fine.
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