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Abstract
The SafeTRIP project targets the demonstrationregva satellite communication capable ITS
system in real-life situations. The integrationoinh vehicle and testing of all related
technologies in the field is a challenging tasktHis paper, we present the journey that was
undertaken by the SafeTRIP consortium from con@pdesigns to deployment for the
purposes of field trials and proof-of-concept. Taper begins by describing the steps taken
to facilitate early software development and repoiole integration results. Next, as many
components of the system were developed separatebrefully orchestrated integration had
to be performed in a lab setting. The last lechefjburney consisted of moving the integrated
system into multiple vehicles at two test sitegomgpanied by system tests and pilots. This
transition has proven to be one of the most intergsnd challenging aspects of the journey.
We believe that our approach, findings and reconatagons would be useful for the design
of commercial platforms and services that explaielite communication and targets the
mass market.
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Introduction

Satellite-based communication systems for use md®[1] and commercial vehicles have
been adopted by consumers in many parts of thedwdHe SafeTRIP system is based on a
new satellite communication system supporting twaysvwcommunication. Using S-Band
(2GHz) allows the use of small antennas and ea®gration into the car combining the
satellite system with terrestrial communicatiorkéinThe SafeTRIP platform [2] supports a
number of services designed to meet the needdofidaals [3] which are related to safety,
navigation, security, sustainability and infotairmhéAmong others, these are: emergency call
with video support (based on pan-European eCallef)ostolen vehicle tracking, road alerts,
collaborative road alerts, driver alertness and explorer.
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Background

The SafeTRIP project aims to develop an open platfand demonstrate its benefits through a
number of complete end-to-end ready-to-deploy sesvi improving road safety, mobility and
environment protection for passenger vehicles.grbposed services are primarily targeted to
address the needs of individuals travelling by reae. drivers and passengers of cars and
coaches. The SafeTRIP platform is composed of @rebitems aggregated into an On-Board
Unit (OBU), central items (Hub, Network Control @ex) and distributed items (Service
Enabling Platform). A smart middleware software mmg both on-board and centrally,
provides an abstraction layer to the services, ngpkhe SafeTRIP platform capable of
integrating alternative communication technologissich as 3G-4G) and of supporting
development and integration of third party serviddge SafeTRIP system (Figure 1) uses both
satellite communications and alternative groundwaoets in a fully interoperable and
integrated approach. This combination has a nummbenique features that, together with the
intrinsic safety and security characteristics @& #atellite-based approach, make it the most
suitable telecommunication technology for transgystems.

The SafeTRIP project, a project funded within EU-RBsearch program, covers the

development of a prototype useful for field expennts and demonstration of the key features.
Special attention was drawn on the overall softwanehitecture and the definition of clear

interfaces.
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Figure 1 — SafeTRIP System Overview

The development phase

This phase was guided by the architectural des#gntiat was formulated based on the
extensive user requirement capture undertakeneabélginning of the project. While some
components considered in the architecture werdsdl@icommercially, the heart of the system
— the SafeTRIP OBU — had to be developed usingdumstrial lab PC. In order to facilitate both
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the development and integration of the applicatitas would eventually be deployed on the
OBU, several steps were taken.

Virtual Prototype

The general approach of the Virtual Prototype (MR} to get a comprehensive solution that
enables an immediate software development. Usisg/R the development of software could
be started although not enough On-board Unit (OB&monstrator hardware was available for
all involved SafeTRIP partners at the beginningisTépproach also helped to ensure and
increase the understanding and interoperability software developed for the OBU
Demonstrator by different partners.

By defining a consistent set of libraries, API wvens and toolchain components, the porting
effort caused by varying development platforms.(am a development PC back to the OBU
Demonstrator) that frequently arise during the wsafe development, test and preliminary
integration phase has been minimized or even agdaidepletely. A further advantage is that
by providing a set of test-suites via the Virtuedt®type well in advance, the development and
the debugging of applications and services wersiderably improved.

Software Distribution

Software Distribution in this case means the distion of software components from the
developer to the user. In the framework of the BRI® project several partners took the role of
the developer. The user’s role is mainly associatdthe role of the overall system integrator.
The idea behind the design of the OBU Demonstrdidual Prototype was to address the
needs of these two roles. One of the requiremerts that the user should be able to
automatically (as far as possible) install and aggrsoftware components — and this without
the need to know about details of the installateod upgrade procedure. However, the
developer requires detailed information about Hrgdt system and how to install software
components. In the best case, the information winersoftware will be installed is sufficient.
From the user’'s perspective a software databaseaanautomated installation of selected
software should be provided. The OBU Demonstrasselsystem has its origin in a Debian
Linux Distribution. In order to meet the predefin@djuirements, the decision was made to use
Debian Package Management System for the SafeTd®Wase distribution and particularly
for their final integration. This meant that allftseare components developed for the OBU
Demonstrator had to be available as Debian binack@ges. Additional, it provides an easy
way to express the dependencies to other packdgesneed to be installed for proper
operation. Summarized, this kind of package distidn benefited significantly by the
definition of the Virtual Prototype and offers foermore an easy way to install new software
versions or to upgrade existing ones.
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SOAP based APIs

In the SafeTRIP project, several hardware and soéveomponents had to be developed by
different project partners. In order to supporeiaction between the different components,
there was a need to have a formal description @fsthftware interfaces that would allow
parallel implementation and testing to happen. $BAP" protocol and WSDL. files for the
formal description of these kinds of interfaces aversed. SOAP is commonly used for
interfacing with web services on the internet. Thain advantage of adopting this standard
protocol was the abundance of tools that facilidatee development and testing of the
interfaces that were implemented.

Common Logging Mechanism

The idea of the Common Logging Mechanism (CLM) weasffer the partners a single service
with an easy-to-use data interface for centralizsgbrding of arbitrary logging information.
Like the popular Linux syslog service the CLM cacept and process logging messages from
any application. Unlike the Linux syslog, the dats saved in binary format instead of simple
text. The applications were differentiated on tlasi® of an ID tag that accompanied each
logging message. In addition, the CLM continuosstyed the location information (e.g. GPS)
and the overall system status information so thlaremorded data/messages are always
correlated with position and time information. Givdat the disk space available on the OBU
was limited, the logging data had to be compres$éit was also done by the CLM. For
increased usability of the system, the CLM was giesi so that it was possible to
automatically copy the logs from the OBU disk tmemory stick. This would allow logs to be
collected with ease during the trials subsequeiithys had two main advantages — firstly, it
would allow the unloading of the OBU disk, and sy, in the event that there was a disk
failure during the trials, not all data would bestloif they were downloaded through the
memory stick on a regular basis. The data on theang stick was then to be uploaded to a
centralised server for post-processing. The pastgssing output is then used to populate
multiple databases and making the logged dataadblaifor detailed analysis.

The integration phase: from concept to reality

During this phase, both the hardware componentssafidiare modules had to be integrated
and validated. What made this task even more clgifig was the heterogeneous nature of the
components and modules. For instance, while somrte p@re automotive compliant, others
were derived from laboratory equipment (industf&l, power supply, etc.). In order to ease the
SafeTRIP platform integration and to prevent midtigssues from arising concurrently, the
integration has been carried out systematically$igg a step-by-step set of tests. Additional

! http://www.w3.org/TR/soap/
2 http://www.w3.org/TR/wsdl.html
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features of the architecture were progressiveltallesl and activated to ensure that the system
behaved properly at each iteration. Thanks toapjgoach the risk of unexpected integration
problems occurring was minimized.

The first part of the integration phase was cargatlin a laboratory at DLR premises near
Munich. During this phase, no Radio Frequency (B&lipment was used and the whole
SafeTRIP platform (OBU and Hub) was integrated laderatory rack (Figure 2). This allowed
the work to focus solely on the integration of 8efe TRIP applications with the middleware
[4] and the hardware components of the OBU. It eqsally possible to check the correct
behaviour of the server components of the platfand certain applications simulated in the
laboratory. Thanks to the good communication amuargners during the development phase
and to the use of a common software componentsafo(debian binary package), no major
issues were faced during this part of the integratphase, although automotive and
non-automotive modules were integrated together.

The RF-components have been tested also in a dledtrenvironment first, using fading
channel simulators. Fraunhofer carried out initéesits of the performance of the satellite link
before integration with the application softwarefull test was postponed to the tests after the
next part of the integration work.

Figure 2: SafeTRIP platform during integration phase in the laboratory

In the second part of the integration phase, th&tesy was tested in an uncontrolled
environment including the real satellite radio liffkhe OBU moved from the lab setting into a
test vehicle (Figure 3) so as to carry out fielstdewith RF components (antennas, satellite,
hub) and monitor the behaviour of the applicatioien used under real conditions. The goal
of these preliminary field tests was to detect ptgé¢ problems when moving out of the
controlled lab-environment well ahead the starth& official field trials. Focusing on the
applications, the driver HMI mounted (Figure 3 (b)) the dashboard provided access to the
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navigation application and all driver related S&¢¥ services (Road Safety Alert,
Collaborative Road Alert and Stolen Vehicle TragjinThe passenger services (Multimedia,
Live TV and Info Explorer) could be accessed thitowgl10 inches Tablet PC which was
connected to the OBU through WiFi. The Emergendy &= vice designed to be used by both
driver and passengers could be triggered usin@pattdn interface. Furthermore a monitoring
system (available via the Tablet PC) has been im@ttéed so as to ensure the driver of the
correct functioning of the OBU.

The most challenging part of this integration phases to correctly tune all the different
parameters that impact the data transmission aceptien over the satellite link. As the
antenna, the hardware and the software came friferatt partners, some difficulties were
encountered during the first field tests to reeiéive emitted data from the vehicle at the server
side. After some deep and thorough investigatidiseotransmission settings facilitated by the
use of the CLM, parameters could be better tundd sbtain a stable satellite communication
link for the field trials.

(b)
Figure 3: DLR Test vehicle (a), the driver HMI (b) and the rack containing the OBU (c)

Intensive tests were then carried out with thevekicle around DLR premises to monitor the
behaviour of applications when subjected to flutituain satellite coverage and reception —
typically found under real world conditions. Figuréa) shows the trail displayed on the server
side of the fleet management applications — ilaistg the route used by the DLR test van
during a typical test session. During this sessad@ollaborative Road Alert was emitted by the
DLR test van to simulate an accident and was cthyreeceived on the server side (Figure 4
(b)). Furthermore the Road Safety Alert applicatias equally tested — and successfully
displays an alert on the driver HMI (Figure 4(c)).



SafeTRIP: Satellite Enabled ITS Services for Cars

(a)

Figure 4: Test Vehicle Tracking (a), CollaborativeRoad Alert (b) and Road Safety Alert
(c)

Finally Figure 5 illustrates the different infotaient services available for the passengers. The
latter can access the services using a Tablet R@ected to the OBU through Wi-Fi. The
applications that are available include Live TV, atveer forecast and Info Explorer [2] which
displays the main POls around the vehicle’s pasitAll these services were rigorously tested
during the integration phase.

Figure 5: Infotainment applications available on tke Tablet PC

From Lab to Field Trial

Having successfully tested the SafeTRIP systerabirahd in the DLR van, the next challenge
was to test and validate the system on reguldrveiaicles. 4 vehicles were equipped with a
complete and identical configuration, 2 cars fog 08 the French motorways and 2 vans for
Spanish motorways. In spite of the fact that keysnees were taken during the development
phase to ease integration, and the tests duringntegration phase were encouraging, the
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transition to regular vehicle opened up a numbepretiously unidentified and unresolved
issues with both the system and the applicationgatticular, the system behaved differently in
different vehicles. This is not atypical of largedecomplex integrated systems.

A patrticular challenge that had to be met was #wggaphical dispersion of technical partners
and test sites across Europe. The preliminary teste carried out at trial sites in Paris and
Barcelona. During the tests, the tester was abieaoh technical partners in France, Germany,
Spain and ltaly for assistance by phone, and themkise remote connection facilities on the
OBU, support could be provided remotely by conmegto the OBUSs through cellular network.
The logging mechanisms and the modular approactt inséhe design of various software
components — supported systematic identificationsefies and instant resolution in some
cases. However, some issues were more complexaahtb ibe deferred for extensive analysis.
A reference system put together during the intémgnaphase proved to be very useful in
investigating complex issues and resolving themceOresolved, software patches were
disseminated through the software repository t@lsyonise all systems.

In spite of necessary steps taken during all pres/jghases to ensure the smooth transition to
the trials, the preliminary tests carried out dgrihe pre-trial phase revealed that there was a
much bigger gap than anticipated between the dparaif the integrated demonstrator
(prototype) in a lab or tests and its behaviouhewild.

For instance, while the antenna was designed fdegeintegration and safe installation by
taking a shark antenna form-factor to replace tipécal FM radio/GPS/GSM antenna, its
operation in real world conditions were sub-optiraatl generated results that were different
from the tests carried our during the integratibage. As it turned out, the antenna worked well
for satellite signal reception, but not for transsin; therefore, an additional antenna had to be
installed to handle the transmission.

Perhaps more importantly from the trial perspectivere the issues related to practical aspects
of allowing real end users interact with the systerd the applications. The first hurdle was the
size of the system itself. The use of an indusRi@lhas been necessary in the context of the
SafeTRIP project as the focus had been on flexitdedware configuration rather than
miniaturisation. While perfectly understandablenfra technical perspective, this is likely to
hinder user acceptance of the system. Furtherntioeesystem required the provision of an
additional battery to avoid draining the vehicle&tery — contributing to the inflated size of the
system and filling almost the entire trunk of orie¢he trial vehicles (Figure 6).
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Figure 6: The OBU and power supply in the vehicle'srunk

Another issue was related to the type of serviogiged by telecom operators across Europe. A
UMTS connection was included in the SafeTRIP pflatfoto act as an alternative
communication link to the satellite link. In areagh UMTS coverage the capacity can be
increased or additional redundancy is providedhsyterrestrial link complementary to the
satellite link. Using UMTS added additional chafies, as it happened, the service provided by
the different telecom operators is not fully homoaes in the European context; for example,
the VOIP (Voice over IP) for emergency call is sapported by all European operators.

In the integration phase, the focus of the testslie®en on the correct operation of the system
and application, with preliminary tests conductdtheut real end-users. A challenge for the

pre-trial preparation phase was to give due consita for the usage of the equipment and

application in the wild. Regular users were unlkel treat the system with the same care as
testers and developers, typically using the apjdinoa and features in a random fashion. For
instance, a specific powering procedure was reduoestart the system. This procedure, if not

followed, would lead to unexpected behaviour. Thresning material had to be prepared for

end-users — both for using the system and thecgtjoins.

Conclusion

In large and complex projects such as SafeTRIPintegrated and easy-to-use Package
Management System is a good technique for a fabtefficient software distribution and
installation process — at all stages of the prdjech development through to trial phase where
the uniform dissemination of fixes is desirable n@intain consistency between multiple
instances of the system on OBUs. It is also cleatr such a software distribution system will
not cover all issued coming up during the hardviegration. An additiondield integration
phasewould be beneficial in large integration projedtattaim to undertake trials with real
users. This would allow sufficient time and effartoe spent on fine tuning the system.
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A reference system is essential for debugging isesv throughout the development,
integration and trial phases. This reference sy$t@sproven to be very useful for SafeTRIP as
it has enabled detailed tests and analysis to béuabed using appropriate tools to reproduce
certain system behaviours on the field and to tesiwot reported issues. On the field, it is
very difficult — if not impossible to conduct sudhtailed troubleshooting without the adequate
tools. This reference system will be maintainedulghout the SafeTRIP trial. It is also
recommended to have an adequate number of spéeensyand units. During the pre-trial tests,
as expected, some systems have suffered from hexdwalfunctions, and thanks to the
foresight of the consortium, prompt substitutiomldobe provided in order to pursue further
testing.

Unlike many R&D projects, which conclude with orstrated tests, SafeTRIP aims to deploy
and test the system with real end-users — a fédbrseperformed within projects of such
complexity. The consortium was aware on the chgleof such tests, nevertheless we
underestimated the effort necessary to bring @&sy$tom the laboratory to “end-users”. While
initial test results do show a number of issues$ tesd to be addressed, the road to trial is
already paved and the upcoming trials will providresting results as well as lessons for
future large integrated ITS projects dealing withnplex technologies.

Acknowledgement
The authors of this paper would like to thank tlaetpers within the SafeTRIP consortium.
They are in particular thankful to the FP7 and Eheopean Commission for funding the
SafeTRIP project.

References

1. Seager, W., Knoche, H., Sasse, M.A. (200%)-centricity - Requirements gathering for
triple play servicesln Interactive TV: A Shared Experience TICSP AdjumocPedings of
EurolTV (2007)274-278.

2. Fremont, G., Grazzini, S., Sasse, A., Beeharee, A2R10). The SafeTRIP Project:
Improving Road Safety for Passenger Vehicles ugimgy Satellite Communicationi
Proceedings dff S World Congress 2018usan.

3. D2.1.1 User Requirements — Initial. Availablenttp://www.safetrip.eu/publications

4. Beeharee, A.K., Niemann, B., Titomanlio, S., Gr&u, (2011).SafeTRIP — A Green
Architecture for an Open IT$n Proceedings &" ITS European Congreskyon.

5. Beeharee, A.K., Fremont, G., Grazzini, S., Vaccafo, Rodriguez, J.L. (2011).
Coorperative End to End User Services in SafeTRIfProceedings 8" ITS European
CongressLyon.

10



