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Welcome to the second issue of the ICT4CART technical newsletter. While,
in the first ICT4CART technical newsletter, we dived deeper into the results
from the use cases demonstrated in the German and cross-border sites
(you can read the first issue here). In this issue, we offer an overview of the
next two ICT4CART pilot sites, the Italian and the Austrian. More
specifically, this issue brings insights on the implementation of
communication technologies such as cellular and ITS-G5 short range
communication, and real time communication. Moreover, the reader may
find information on the dynamic adaptation of vehicle automation level
based on infrastructure information, on IoT services, as well as on several
ICT4CART’s use cases such as virtual mirror for intersection crossing
(urban), lane merging (highway) and smart parking.

ICT4CART IN A NUTSHELL
The project aims to provide an ICT infrastructure to enable the transition
towards road transport automation. Its main goal is to design, implement and
test in real-life conditions a versatile ICT infrastructure that will enable the
transition towards higher levels of automation (up to L4) addressing existing
gaps and working with specific key ICT elements, namely hybrid connectivity,
data management, cyber-security, data privacy and accurate localisation.
To meet this high-level objective, ICT4CART bring together, adapting and
improving technological advances from different industries, mainly telecom,
automotive and IT. It adopts a hybrid communication approach where all the
major wireless technologies, i.e. cellular and ITS-G5, are integrated under a
flexible “sliced” network architecture. This architecture ensures performance
and resilience for different groups of applications according to the needs of
higher levels of automation (L3 & L4).
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AUSTRIAN PILOT SITE
The Austrian Test Site, located in the city
of Graz, hosted the testing activities
related to ICT4CART’s distributed IT
environment and its flexible network
architecture. The Autrian pilot site also
includes 20km of A2 motorway between
“Laßnitzhöhe” and the City of Graz.
The test site is equipped with C-ITS roadside units (VMS information, road works
warnings, and other event information),
video cameras (traffic management,
single vehicle detection), single-vehicle
counters and environmental sensors.
The pilot site infrastructure is based on a
fibre-optic network that provides IPbased network connectivity to gantries.

KNOWLEDGE BOX
Graz is the second-largest
city in Austria and the
capital of the Austrian
state of Styria. Graz
counts a population of
over 330,000 inhabitants
and covers an area of
127.57
Km2.
Two
important
motorways
girdle the urban area in
the West and the South,
one including a 10 km
long
tunnel
(the
“Plabutschtunnel”). When
accidents occur on the
motorways, the urban
network serves as a
bypass. Therefore, these
roads
are
regularly
congested and the city is
facing a high traffic
volume.

Core Partners involved in
the Austrian test site:
ASFINAG (Leader), BOSCH,
AustriaTech, SWARCO, Tmobile A, IBM-IE and
AIRBUS.

Austrian test site

ICT4CART project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement no 768953.
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The goal of the Austrian pilot site was to implement, test and evaluate
three key technologies:
·ITS-G5 short range communication;
·Cellular communication;
·Real time communication with the traffic control centre;
For the scenarios tested in Austria, the information streams were
divided into two input streams. The first stream is the information the
vehicle receives via its internal sensors, like radar and video. This
information is being processed in a central drive assistance ECU,
which calculates the functional behaviour of the vehicle. The result of
this calculation is then sent to the actuation control, through which
the information reaches the actuators of the longitudinal and lateral
motion control that will actually move the car. At the same time, the
human driver is informed on the results of the calculation via the
human-machine interface.
The informational stream of the ICT4CART infrastructure via
communication ECU also hands over its information to the central
drive assistance ECU, where it is processed. The advantage of the
infrastructural information is that it has no real limitations of the
distance and visibility of a certain incident (like an accident ahead). The
internal sensors are not able to look around corners and slopes, but
the infrastructural information can add this information before the
vehicle will be able to perceive a certain incident. The ICT4CART
infrastructure and the vehicle information are combined and
therefore complementary to each other.

Scenario: West loop
The ICT4CART solution demonstrated in the West Loop scenario
revolves around reaction towards a certain accident occurring on the
road. More specifically, this scenario aimed to demonstrate the ability
to inform the human driver in advance when he needs to take control
of the vehicle.

ICT4CART project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement no 768953.

ICT4CART Technical Newsletter - Feb 2022

Warnings and information to the driver in the Bosch vehicle (Source Bosch)

As seen in the figure above, when an incident occurs, there are
several alternatives and courses of action to address the
unexpected event. For example, the vehicle may change lanes,
adapt its speed, exit the highway, or perform another similar
action. One of the other possible actions is to hand over the
control of the vehicle to the human driver. If the vehicle is not
capable of resolving the situation by itself, the driver is
requested to take over the control of the vehicle until the
situation is over. Thanks to the ICT4CART solution, the driver
will be warned about a specific incident, which could be an
accident or traffic jam, 60 seconds in advance. The warning will
be then repeated again 30 seconds and 10 seconds before the
switch. Due to the early information offered by the ICT4CART
solution, the driver can be prepared in advance. In comparison
with the sensor, the gained preparation time will be significant.
This implemented warning cascade with the mentioned
timespan and vehicle reaction was prototypically developed for
the ICT4CART use case and may vary in the future.

ICT4CART project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement no 768953.
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KNOWLEDGE BOX
ICT4CART demonstrator concepts were developed in line with
the commercial rollout of C-ITS on Austrian motorways,
planned for 2021-2023. Since the rollout was started in the
course of the project, ICT4CART demonstrator will now
seamlessly evolve into the rollout infrastructure. As a result,
the scope of the Austrian test site evolved during the lifetime of
the project: at the start of ICT4CART, the Austrian test site
envisioned only the test track for automated driving around
the city of Graz. Now, thanks to the integration within the C-ITS
rollout, it comprises all motorways.
More specifically, the ITS-G5 rollout 2021-2023 has begun and
will install over 500 RSUs as well as an AMQP message broker
for coverage on the Austrian highway network. A number of
these RSUs are dedicated for sending out test messages. The
tests are being carried out on the dedicated test track for
automated driving on the A2 around Graz, the A4 around
Vienna and on the A13 at the border with Italy. The broker is
scheduled for 2023 and so a prototype was implemented for
ICT4CART. The broker was controlled by the Technical Exercise
application, adapted for ICT4CART.

ITALIAN PILOT SITE
The Italian test-site is one of the three test-sites of the ICT4CART
project. Different areas of two North-Italian cities, Trento and Verona,
were involved for both the highway and urban scenarios. The
infrastructure installed includes cameras and RSUs for monitoring the
environment.

ICT4CART project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement no 768953.

ICT4CART Technical Newsletter - Feb 2022

ITALIAN PILOT SITE
The Italian pilot site hosted the testing
of several different specific urban and
highway use cases:
- dynamic adaptation of vehicle
automation
level
based
on
infrastructure information;
- virtual mirror for intersection
crossing (urban) and lane merging
(highway);
- smart parking & IoT services
- cross-border Interoperability.
The highway scenarios were explained
in detail in the previous newsletter as
part of the cross-border test site,
therefore they will not be included in
this issue.
Core Partners involved in
the Italian test site: SWM,
LINKS, BRE, CRF and
WindTre

KNOWLEDGE BOX
The municipality of Verona
is a city located in the
North-East of Italy. It
counts
259,086
inhabitants and covers a
territory of 195 Km2. The
city has a road network of
over 1,000 km, and over
200,000 vehicles drive on
its roads daily.
For the implementation of
the
use
cases,
the
Municipality of Verona
provided:
- the outdoor parking lot
(where management and
ticketing
system
is
present);
- the required facilities at
the intersection and the
urban
traffic
control
system (i.e., traffic lights,
communication
capabilities and Traffic
Management Centre);

Did you miss ICT4CART first technical newsletter? Check it out here!

Adaptation based on Infrastructure
information (pedestrian)
The goal of this specific scenario was to test how the infrastructure can
support the connected vehicle in detecting a Vulnerable Road Users (VRU), e.g.,
a pedestrian or a cyclist, at an urban intersection when the VRU is not directly
visible (e.g., the road is obstructed). The piture on the left (source CRF) shows a
pictorial representation of the scenario execution.
ICT4CART project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement no 768953.
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Adaptation based on Infrastructure
information (pedestrian)
An urban road was monitored by the
ICT4CART infrastructure that is in charge to
detect VRUs (i.e. pedestrians) crossing the
intersection, to predict their movement
dynamics and to warn the incoming connected
vehicle about their presence and position. The
ICT4CART infrastructure was in charge of
providing specific information about the
presence of the VRUs to the connected vehicle
by broadcasting DENM-based V2X warnings.
Thanks to this information, the connected
vehicle can refine its driving action taking into
account the VRUs.

Urban parking

The urban parking scenario tested in the city of Verona aimed to test how
a connected vehicle searching for a parking space in an outdoor parking
lot. Once a vehicle is entering the parking area, the ICT4CART
infrastructure receives a notification that the vehicle is looking for an
available parking space. The vehicle request, concerning the parking data,
is processed and elaborated by the ICT4CART infrastructure together with
the data collected by a camera installed in the parking area. An online
Traffic Control Centre service of the municipality also provides the
available parking data. The ICT4CART infrastructure then broadcast the
information about the free parking lots through PAM-based V2X
messages.

Virtual mirror for non-signalized
intersection crossing

The virtual mirror for non-signalised intersection crossing scenario
aimed to test how ICT4CART infrastructure can support the connected
vehicle while crossing an urban intersection with not in-light visible
vehicles (e.g., road obstructions).
ICT4CART project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement no 768953.
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In the implementation of this scenario, a non-signalized urban
intersection was monitored by the ICT4CART infrastructure that is in
charge to detect road users, to predict their dynamics and to warn the
incoming connected vehicles about the presence and position of road
users that are crossing the intersection. The ICT4CART infrastructure
then provided specific information about the presence of vehicles and
other roads users to the connected vehicle by broadcasting CPM-based
V2X warnings.

GLOSA at signalized urban
intersection
A signalized urban intersection was monitored by the ICT4CART
infrastructure that, by interacting with a Traffic Control Centre service,
acquires the status information about the traffic light of the intersection.
When a connected vehicle is approaching the intersection, based on the
vehicle position, the ICT4CART infrastructure sends key information to
the vehicle: V2X-based information regarding the geometry of the
intersection (via MAPEM-based V2X messages), as well as real-time
information of the traffic light signal phase and timing of the intersection
(via SPATEM-based V2X messages).
Using this information and the position of
the vehicle, the on-board application
calculates the optimal speed to approach
the intersection at the next green phase
(Green Light Optimized Speed Advice –
GLOSA)
and
the
“time-to-green”
countdown (TTG). The connected vehicle
relies on the information received to
reach the crossing at the beginning of the
next green phase and refine its driving
action accordingly increasing the comfort.
A graphical representation can be found
in image on the right (source CRF).

ICT4CART project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement no 768953.
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